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Background: Alzheimer's disease (AD) is a neurodegenerative disease characterized by progressive memory deficits, cognitive decline, and spatial disorientation. Non-pharmacological interventions to treat AD have been reported in many meta-analyses (MAs), but robust conclusions have not been made because of variations in the scope, quality, and findings of these reviews.

Objective: This work aimed to review existing MAs to provide an overview of existing evidence on the effects of five non-pharmacological interventions in AD patients on three outcomes: Mini-Mental State Examination (MMSE), activities of daily living (ADL), and Alzheimer's Disease Assessment Scale-cognitive section (ADAS-cog).

Methods: The databases PubMed, Cochrane Library, Embase, and Web of Science were searched to collect MAs of non-pharmacological interventions for AD. Two reviewers independently conducted literature screening, data extraction, and quality assessment. We assessed the quality of MAs with the Measurement Tool to Assess Systematic Reviews (AMSTAR) 2 and assessed the evidence quality for significant outcomes using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system.

Results: We found 10 eligible MAs, which included between three (133 patients) and 15 randomized trials (1,217 patients), and five non-pharmacological interventions, namely, acupuncture therapy (40%), exercise intervention (30%), music therapy (10%), cognitive intervention (10%), and repetitive transcranial magnetic stimulation (rTMS) (10%). All the included MAs were critically low to low quality by AMSTAR 2. Acupuncture therapy and exercise intervention showed the preliminary potential to improve ADL and MMSE. rTMS and acupuncture therapy show benefits in decreasing ADAS-cog, and there were some evidence of improved MMSE with cognitive intervention. All these outcomes scored very low quality to moderate quality of evidence on the GRADE system.

Conclusions: Non-pharmacological therapy shows promise for the treatment of AD, but there is still a lack of high-quality evidence. In the future, the quality of the original research needs to be improved, and strictly designed MAs should be carried out following methodological requirements.
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INTRODUCTION

Dementia is a common public health problem globally, affecting approximately 47 million people worldwide, and is expected to increase to 131.5 million by 2050 (Alzheimer's Disease International, 2015; Arvanitakis et al., 2019). Alzheimer's disease (AD) is a neurodegenerative disease characterized by progressive memory deficits, cognitive decline, and spatial disorientation. Among all types of dementia, AD accounts for 60–80%. An estimated 5.8 million Americans aged 65 and older are living with AD in 2020 (Alzheimer's Association, 2020). The incidence of AD in China was reported as 6.25 cases per 1,000 person-years, and the median standardized mortality ratio was 1.94:1 (Chan et al., 2013). With the progressive death of neurons and damage to brain tissue, AD becomes more severe over time. The progression of AD will lead to problems with memory and, eventually, physical disability (Alzheimer's Association, 2020). AD patients also often have other concomitant diseases that may exacerbate progression and symptoms (Haapasalo et al., 2015). AD is officially listed as the sixth leading cause of death (Xu et al., 2020). With the aging of populations, the high cost of AD imposes an increasingly heavy burden worldwide on patients, family members, healthcare systems, and society (Maresova et al., 2018; Pedroza et al., 2019).

Currently, the main pharmacotherapeutic options for AD are cholinesterase inhibitors (donepezil, rivastigmine, and galantamine) and memantine (O'Brien et al., 2017). However, none of these can slow down or stop the damage and destruction of neurons or the progression of the disease (Alzheimer's Association, 2020). Therefore, more potential and effective treatments need to be assessed. In recent years, increasing attention has been focused on complementary and alternative therapies for AD; among them, non-pharmacological therapies play an important complementary role (Olazaran et al., 2010; Zucchella et al., 2018).

Meta-analyses (MAs) have been conducted to summarize the efficacy of different types of non-pharmacologic therapies for AD (García-Casares et al., 2017; Cammisuli et al., 2018; Sá et al., 2019). However, strong conclusions have not been reached owing to the wide variation in scope, quality, and outcomes. Although study (Kishita et al., 2020) has shown that non-pharmacological interventions improve depression, anxiety, and quality of life in people with dementia, they did not identify the different types of dementia. Therefore, as an overview, we evaluated the quality of MAs of non-pharmacological therapies and summarized the evidence on their effects on the Mini-Mental State Examination (MMSE), activities of daily living (ADL), and Alzheimer's Disease Assessment Scale-cognitive section (ADAS-cog) outcomes in patients with AD.



METHODS


Protocol and Registration

We undertook an overview of MAs in line with Preferred Reporting Items for Overview of systematic reviews (Bougioukas et al., 2018), together with the prospective protocol registered in INPLASY (registration no. INPLASY202070014). Ethics approval was not required.



Literature Search

A comprehensive search of four databases comprising PubMed, Cochrane Library, Embase, and Web of Science was undertaken up to 15 May 2020 for MAs evaluating non-pharmacological interventions currently used in AD patients. References from related articles were also searched. There were no language restrictions. The details of the search strategy are given in Supplementary Material 1.



Inclusion Criteria

The inclusion criteria are: (1) population: participants diagnosed as AD; (2) intervention: specific non-pharmacological intervention including, but not limited to, acupuncture therapy, music therapy, exercise interventions, etc., was performed alone or in combination with other treatments; (3) control: medication or placebo or another type of treatment corresponding to the intervention was applied as a comparison; (4) outcome: outcome measures were quantitatively reported as MMSE, ADL, or ADAS-cog; and (5) study: MA of randomized clinical trials (RCTs).

The participants were diagnosed as AD by common criteria such as the National Institute of Neurological and Communicative Disorders and Stroke Alzheimer's Disease and Related Disorders Association (McKhann et al., 1984; Dubois et al., 2007), or it was clearly stated that the subjects of the study were AD patients.



Exclusion Criteria

The exclusion criteria included: (1) AD patients combined with other diseases and mixed samples (AD participants and other types of dementia, mild cognitive impairment, or other related neurocognitive disorders), (2) immunotherapies (vaccine, monoclonal antibodies) and nutritional components (nutraceuticals) administered, (3) systematic reviews (SRs) without MAs of outcomes, (4) SRs with network MAs or Bayesian MAs, and (5) protocols, meeting abstracts, and MAs without full text.



Study Selection

All retrieved studies were imported into Endnote X9 software, and duplicate results were deleted. Based on the selection criteria, two independent researchers (Liaoyao Wang, Yijun Zhan) selected the relevant studies after screening titles and abstracts. Inter-assessor discrepancies would be resolved by discussion or arbitration of a third reviewer (Jian Pei).

The full text of all potential articles was obtained for a detailed evaluation according to the inclusion/exclusion criteria, and the final relevant studies were shortlisted. Any disagreement was resolved by a discussion with a third reviewer (Jian Pei) or by final group consensus.



Data Extraction

A standard form was used for data extraction from all MAs, containing the following: year of publication, first author, database, number of included trials and participants, type of interventions, outcomes, quality assessment tools, main findings, etc. Data were extracted by two independent reviewers (Yiwen Cai, Yijun Zhan). Any discrepancies were resolved by consensus after all the authors re-reviewed the study.



Assessment of Methodological Quality

We used A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2) (Shea et al., 2017) to assess the methodological quality of the included MAs. AMSTAR 2 is a comprehensive critical appraisal tool for SRs of randomized and non-randomized studies that have simpler response categories than the original AMSTAR and, more importantly, is not intended to generate an overall score but instead focuses on weaknesses in critical domains (Shea et al., 2017). A psychometric study found that AMSTAR 2 is a valid and moderately reliable appraisal tool (Lorenz et al., 2019). The process of assessment was independently performed by two of the authors, and any discrepancies were resolved by final consensus among all the authors. AMSTAR 2 has 16 items in total, each of which is evaluated as “yes,” “partial yes,” or “no.” Seven items (2, 4, 7, 9, 11, 13, and 15) were considered as critical domains that critically affected the validity of a review and its conclusions. Overall confidence in the results of the review was rated as “high” (none or one non-critical weakness), “moderate” (more than one non-critical weakness but no critical flaws), “low” (one critical flaw ± non-critical weaknesses), and “critically low” (more than one critical flaw ± non-critical weaknesses) (Shea et al., 2017). The details of the 16 domains of AMSTAR 2 are shown in Supplementary Material 2.



Assessment of Evidence Quality

The Grading of Recommendation, Assessment, Development, and Evaluation (GRADE) (Guyatt et al., 2008) system was used to assess the evidence quality for each outcome on four degrees (high, moderate, low, and very low quality) by two authors independently. There are now more than 110 organizations from 19 countries that have endorsed or use GRADE to judge the quality of evidence bearing on clinical questions and to develop corresponding clinical practice guidelines (Gordon and Guyatt, 2020). We used the GRADE assessment of evidence quality, with the following criteria. For each significant outcome, we initially awarded high quality because these were based on RCTs. We then downgraded the confidence according to five aspects: risk of bias, inconsistency, indirectness, imprecision, and publication bias. A final consensus among all the authors resolved any discrepancies among two of the authors.




RESULTS


Study Selection Process

The searches identified 6,504 published studies, and after screening the titles and removing duplicates, 41 potentially eligible studies were selected for a closer scrutiny by retrieving the full text. Finally, we included 10 MAs (Lee et al., 2009; Alves et al., 2013; Rao et al., 2014; Zhou et al., 2015, 2017; Dong et al., 2018; Du et al., 2018; Huang et al., 2019; Jia et al., 2019; Wang et al., 2020). The study selection process is shown in Figure 1.
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FIGURE 1. Study selection process.




Characteristics of the Included Studies

The 10 selected MAs reported 3–15 RCTs with 133–1,217 AD patients. Four MAs (Lee et al., 2009; Zhou et al., 2015, 2017; Huang et al., 2019) assessed the effects of acupuncture therapy, three (Rao et al., 2014; Du et al., 2018; Jia et al., 2019) assessed exercise (aerobic exercise/physical activity/cycle ergometer exercise/brisk walking, etc.), one (Alves et al., 2013) assessed cognitive stimulation therapy (memory-training program/attention-stimulating activities/cognitive training), one (Wang et al., 2020) assessed music therapy, and one (Dong et al., 2018) evaluated repetitive transcranial magnetic stimulation (rTMS). The details of the included MAs are shown in Table 1, and the specific type, content, intensity, and duration of each of the five interventions evaluated in these MAs are shown in Supplementary Material 3.


Table 1. Characteristics of the included meta-analyses.
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Methodological Quality of the Included MAs

The methodological quality of three MAs (Zhou et al., 2017; Dong et al., 2018; Huang et al., 2019) was low, and that of all the others was critically low. All included MAs specified their inclusion and exclusion criteria, including PICO (population, interventions, comparators, and outcomes), undertook a comprehensive literature search, used a useful technique for assessing the risk of bias, and used appropriate methods for the statistical combination of results. Only two reviews (Zhou et al., 2015; Dong et al., 2018) had registered and had a protocol before performing the review. Six MAs (Alves et al., 2013; Zhou et al., 2017; Du et al., 2018; Huang et al., 2019; Jia et al., 2019; Wang et al., 2020) discussed publication bias. The results of the evaluation by AMSTAR 2 are shown in Table 1 and Figure 2.


[image: Figure 2]
FIGURE 2. Evaluation results of the included meta-analyses by AMSTAR 2.




Evidence Quality of Outcomes

This overview focused on three outcomes: MMSE, ADL, and ADAS-cog. The evidence synthesis for each outcome by the GRADE system is summarized below and in Table 2. There were 10 (41.67%) moderate-quality evidences, 11 (45.83%) low-quality evidences, and three (12.50%) very low-quality evidence.


Table 2. Quality of evidence by Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system.
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MMSE

Nine MAs (Lee et al., 2009; Alves et al., 2013; Zhou et al., 2015, 2017; Dong et al., 2018; Du et al., 2018; Huang et al., 2019; Jia et al., 2019; Wang et al., 2020) reported the MMSE. Three of the interventions (acupuncture therapy, exercise, and cognitive intervention) improved MMSE significantly. Acupuncture vs. drugs (MD = 1.05, 95% CI: 0.16, 1.93; very low quality; Zhou et al., 2015; WMD = 1.96, 95% CI: 0.66, 3.26; moderate-quality; Huang et al., 2019) and acupuncture vs. no treatment (MD = 3.74, 95% CI: 1.34, 6.14; low quality; Zhou et al., 2015) improved the MMSE. A combination of acupuncture and drugs vs. drugs alone (MD = 2.37, 95% CI: 1.53, 3.21; low quality; Zhou et al., 2015; MD = 1.41, 95% CI: 0.97, 1.85; moderate-quality; Zhou et al., 2017) improved the MMSE. Exercise intervention (SMD = 1.12, 95% CI: 0.66, 1.59; moderate-quality; Jia et al., 2019; MD = 2.53, 95% CI: 0.84, 4.22; moderate-quality; Du et al., 2018) and cognitive intervention (MD = 0.87, 95% CI: 0.26, 1.48; low quality) (Alves et al., 2013) significantly improved the MMSE.



ADL

Six MAs (Lee et al., 2009; Rao et al., 2014; Zhou et al., 2015, 2017; Huang et al., 2019; Wang et al., 2020) reported on ADL. Acupuncture and exercise intervention demonstrated a significant effect on ADL. Acupuncture vs. drugs (MD = −1.29, 95% CI: −1.77, −0.80; very low quality; Lee et al., 2009; MD=-2.80, 95% CI: −4.57, −1.02; low quality; Zhou et al., 2015; WMD = 1.99, 95% CI: 0.65, 3.34; moderate-quality) (Huang et al., 2019) improved the ADL. A combination of acupuncture and drugs vs. drugs alone (MD=-2.64, 95% CI: −4.95, −0.32; low quality) (Zhou et al., 2015) improved ADL. Exercise intervention (MD = 0.80, 95% CI: 0.42, 1.19; very low quality) (Rao et al., 2014) improved ADL.



ADAs-Cog

Only four MAs (Zhou et al., 2015, 2017; Dong et al., 2018; Huang et al., 2019) reported the effects of two interventions (acupuncture and rTMS) on ADAS-cog. Two reported superior effects of acupuncture than drugs (MD = −5.14, 95% CI: −8.75, −1.53; moderate-quality; Zhou et al., 2015; WMD = 5.56, 95% CI: 1.10, 6.03; low quality; Huang et al., 2019) with regards to ADAS-cog. tTMS compared with sham rTMS (MD = −3.56, 95% CI: −5.82, −1.48; moderate-quality) (Dong et al., 2018) decreased the ADAS-cog.





DISCUSSION


Main Findings

In this overview, the different non-pharmacological interventions showed potential in reducing or improving the relevant outcomes, reflecting the clinical efficacy of these interventions. Exercise intervention showed the preliminary potential to improve ADL and MMSE. The cognitive intervention improved MMSE. rTMS may decrease ADAS-cog, and there was some evidence of improved MMSE, ADAS-cog, and ADL with acupuncture therapy. Efficacy was lacking for music therapy on the included outcomes for AD patients.

We used AMSTAR 2 and the GRADE system to assess the methodological quality and evidence quality of 10 MAs of non-pharmacological therapy for AD. The results for methodological quality by AMSTAR 2 showed that only two studies (Zhou et al., 2015; Dong et al., 2018) provided a protocol and had been registered. The lack of registration may result in a great adjustment of the research process as expected. Five of the MAs (Rao et al., 2014; Dong et al., 2018; Du et al., 2018; Huang et al., 2019; Jia et al., 2019) were screened and selected by two researchers, which was beneficial to accurate literature selection. The sources of funding are not reported in any of the included MAs, which may reduce the credibility of the research results due to potential conflicts of interest. Therefore, MAs of non-pharmacological therapy for AD should be registered and have a reported protocol before the study is carried out, and we should pay attention to any observed heterogeneity of the results of the review. The evidence quality of all the included outcomes was degraded. This overview of 10 studies and 24 outcomes showed that the quality of evidence was low and very low (58.3%); moderate evidence accounted for only 41.7%, and there was no high-quality evidence. Despite the potential efficacy of non-pharmacological interventions, the strength of evidence for all outcomes is still unsatisfactory.



Role of Non-pharmacological Interventions


Exercise Intervention

According to a prospective cohort study, exercise is one of the healthy lifestyle factors that contribute to a lower risk of AD (Dhana et al., 2019). There is now strong evidence linking regular physical activity or exercise to higher cognitive function, decreased cognitive decline, and reduced risk of AD (Brown et al., 2013). Exercise may also play a role in maintaining/improving brain health by increasing the peripheral concentrations of blood brain-derived neurotrophic factor (BDNF) (Marinus et al., 2019). Research suggests that the mechanisms of physical exercise include enhancing Aβ clearance rates or reducing deposition and promoting hippocampal synaptic plasticity. It has been found that physical activity counteracts AD-associated declines in mitochondrial and immune system function (Intlekofer and Cotman, 2013). Physical exercise affects many mechanisms at the cellular and molecular levels. It improves the production of neurotrophic factors, neurotransmitters, and hormones and promotes neuronal survival and neuroplasticity (Mahalakshmi et al., 2020). However, evidence that short-term, single-component exercise interventions promote cognitive function and prevent cognitive decline or dementia in older adults is largely insufficient (Brasure et al., 2018). Our overview found that exercise intervention effectively improved MMSE (very low quality of evidence) and ADL (moderate quality of evidence). Exercise is an available intervention for AD that is worthy of further research and promotion.



Cognitive Intervention

Cognitive intervention is typically classified as cognitive stimulation, cognitive training, and cognitive rehabilitation. Enhanced brain plasticity may be a component of the mechanism underpinning the cognitive improvements associated with cognitive interventions (Jeong et al., 2016). However, the benefits on ADAS-Cog are generally not clinically significant, and difficulties with blinding of patients and the use of adequate placebo controls make comparison with the results of dementia drug treatments problematic (Huntley et al., 2015). Our overview found that cognitive intervention was effective for the MMSE, similar to the previous study above (Huntley et al., 2015).



Music Therapy

The results of study suggested that music therapy is effective in enhancing cognitive function and mental well-being, which can be recommended as an alternative approach to managing AD-associated symptoms (Lyu et al., 2018). Three independent, yet interconnected, mechanisms can be hypothesized to underlie the beneficial effect that music plays in enhancing memory in persons with AD. These include activation of dopaminergic pathways, sympathetic arousal, and default neuronal connectivity (Peck et al., 2016). However, although the evidence for short-term improvement in mood and reduction in behavioral disturbance is consistent, there are no high-quality longitudinal studies that demonstrated the long-term benefits of music therapy (McDermott et al., 2013). Our results concur with those from the cited studies.



rTMS

TMS is a non-invasive and painless technique that generates an electric current-inducing modulation in cortical excitability, which can stimulate and regulate the cortical function of the brain (Rabey and Dobronevsky, 2016). There is strong evidence that rTMS exerts significant neuroprotective and pro-cognitive effects in AD through the expression of hippocampal BDNF (Yulug et al., 2018). The study shows that rTMS can significantly improve cognitive ability in patients with mild to moderate AD. Stimulation of multiple sites and long-term treatment improved AD-associated cognitive performance, but heterogeneity among the studies was inevitable and may have influenced our results (Lin et al., 2019). Our overview found that rTMS was effective on ADAS-cog but not on MMSE.



Acupuncture Therapy

Acupuncture therapy is a unique non-pharmacologic therapy in Chinese medicine that may protect neurons from degeneration and promote axonal regeneration in neurodegenerative diseases such as AD (Li et al., 2014). Related research has demonstrated that acupuncture improves spatial learning and memory ability by ameliorating the dendritic structure (Kan et al., 2018). It is also suggested that acupuncture improves the cognitive function of AD by regulating glucose metabolism, enhancing neurotransmission, and reducing oxidative stress, Aβ protein deposition, and neuronal apoptosis. However, it is still challenging to clarify which specific signaling pathway contributes to the acupuncture effect (Cao et al., 2016). Recently, there has been increasing evidence that acupuncture may be an effective and safe way to treat AD. However, the results among SRs and MAs show varied and heterogeneous effects, making it difficult for clinicians and policymakers to conclude overall treatment efficacy (Lee et al., 2009; Zhou et al., 2015, 2017; Huang et al., 2019). Our overview found that acupuncture was effective for the MMSE, ADL, and ADAS-cog. We suggest that the role of acupuncture should be considered in the development of AD clinical practice guidelines.




Suggestions for Future Research

The objective of any AD treatment is to achieve clinically meaningful symptom reduction in patients. Despite the promise of emerging therapies, existing pharmacological treatments dominate the AD treatment landscape (Ivashchenko et al., 2018), despite the lack of evidence on their effectiveness and inevitable side effects. For example, some antipsychotics are associated with an increased risk of stroke and death in individuals with dementia (Maust et al., 2015; Ralph and Espinet, 2018). In a subgroup of persons with AD, antipsychotics were associated with increased fracture (Watt et al., 2020). Given this, non-pharmacological therapy presents a potentially significant supplementary treatment for AD. The effectiveness of non-pharmacological therapy, including psychosocial interventions, for improving cognition or slowing down the progression of cognitive impairment in AD patients has been confirmed (Duan et al., 2018). When dealing with AD patients, it is suggested that clinicians should not forget non-pharmacological interventions.

“Determining the effectiveness of non-pharmacologic therapies can be difficult because of the large number of unique therapies tested, the diversity of therapeutic aims (from the improved overall quality of life to improvements in specific symptoms), the diverse stages of dementia represented (from mild to moderate to severe), the diverse types of dementia that may be present among participants in a particular study given the pervasiveness of mixed dementia, and the lack of standard methods for carrying out any individual therapy. With these multiple factors to consider, it is challenging to group together and compare non-pharmacologic therapies” (Alzheimer's Association, 2020). Therefore, future research needs to focus on the type and the form of non-pharmacological interventions that are most effective for the different severities of AD. Preliminary data suggest benefits on three outcomes related to cognitive function and quality of life. Furthermore, methodologically rigorous and adequately powered primary studies are necessary for each non-pharmacological intervention, reporting on consistently defined core outcomes in patients with AD.



Strengths and Weaknesses of the Review

A comprehensive evaluation of the efficacy of multiple non-pharmacologic interventions in patients with AD is currently lacking, so we summarized and compared the determining efficacy of five non-pharmacologic therapies evaluated in 10 MAs. To our knowledge, this overview of MAs is the first to compare multiple non-pharmacologic strategies to facilitate decision making systematically. To reduce the risk of bias, we only included MAs of RCTs and excluded narrative reviews and reviews with non-RCTs and observational cohort studies. We assessed the quality of the reviews against the 16 domains of AMSTAR 2, which, compared with AMSTAR, has a wider range of applications and more scientific evaluation methods (Shea et al., 2007, 2017). We assessed the significant outcomes by the GRADE system to determine the strength of evidence. Most of the evidence of the included primary trials were acknowledged as of poor quality. We also identified the deficiencies of current studies and make recommendations for further research on non-pharmacological interventions for AD.

However, there are still some shortcomings. The number of included studies was limited, and some studies of non-pharmacological therapy for AD did not meet the inclusion criteria, such as plasmapheresis (Luengo-Matos et al., 2017), dance (Ruiz-Muelle and López-Rodríguez, 2019), light treatment (Mitolo et al., 2018), spaced retrieval training (Oren et al., 2014), and physical therapy interventions (Zhu et al., 2015). These studies were not evaluated, but their clinical effectiveness cannot be ruled out. We need more scientific and standard studies in the future. Besides that, only three main clinical outcomes (MMSE, ADL, and ADAS-cog) were included. The MMSE is a cognitive test that is the most common and widely used cognitive screening measure as part of the evaluation for AD (Folstein et al., 1975; Tsoi et al., 2015), and it has good validity and reliability (Razani et al., 2009). In AD, the decline in ADL is increasingly recognized as a source of considerable social, health, and economic costs (Alzheimer's Association, 2020), and ADAS-Cog (Rosen et al., 1984) is the most widely used general cognitive measure in clinical trials of AD. Research demonstrates that a three-point decline in ADAS-Cog may be an appropriate minimal clinical relevant change for clinical trials of early AD (Schrag and Schott, 2012). Unfortunately, despite the advantages, other outcomes reflecting AD status were not included, which need to be discussed further.




CONCLUSION

Although there are gaps in the literature and a lack of high-quality evidence, the findings from this overview suggest that non-pharmacological interventions are important for AD patients. In the future, the quality of the original research needs to be improved, and strictly designed MAs should be carried out following methodological requirements. Higher-quality trials and patient-based MAs are needed to determine the benefits of specific non-pharmacological interventions.
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