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The topic of physical activity interventions for the treatment of Alzheimer’s disease (AD) has been discussed for decades, but there are still inconsistent views on the effect of its intervention in different studies. With the increase in randomized controlled trials (RCTs), it is necessary to update newly published studies and systematically evaluate the effects of physical activity interventions. Scientific citation databases (e.g., PubMed, EMBASE, etc.) and registration databases (e.g., ISRCTN, CHICTR, etc.) were checked to screen RCTs and systematic reviews of physical activity interventions in AD. Then extract and review the intervention methods and their evaluation results in the included studies. Spearman correlation method was used to test the association between the mean difference (MD) of intervention results and activity time. The Hedges’g method was used to combine continuous data to analyze the standard MD (SMD) of different intervention types or time subgroups. The overall results show that physical activity intervention can improve the cognition, neuropsychiatric symptoms and quality of life (Qol) of AD patients, but the duration of the intervention significantly affected the outcome of the assessment. Subgroup analysis results showed that an intervention duration of 2–5 months had a significant advantage: cognitive function (Minimum Mental State Examination: SMD = 0.47, 95% CI = 0.33 ∼ 0.61, P < 0.01), neuropsychiatric symptoms (Neuropsychiatric Inventory: SMD = −0.48, 95% CI = −0.85 ∼−0.11, P < 0.01), and quality of life (Qol-AD: SMD = 0.47, 95% CI = 0.23 ∼ 0.71, P < 0.01). The systematic review and analysis results of updated RCTs suggested that short-term (2–5 months) physical activity interventions were more beneficial in improving cognitive function, neuropsychiatric symptoms and Qol in patients with AD. And there was no evidence of differences in the effectiveness of different physical activity interventions.
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INTRODUCTION

Alzheimer’s disease (AD) is a common type of senile dementia (Lane et al., 2018). Early physical activity intervention has a positive preventive effect on AD high-risk population (De la Rosa et al., 2020), but a review of a prospective cohort study shows that physical activity is associated with reduced risk of vascular dementia, not AD (Norton et al., 2014). At the same time, many randomized controlled studies of physical activities used to improve cognitive impairment, neuropsychiatric symptoms or quality of life in AD (Qol-AD) population have reached inconsistent conclusions. For example, in the results of a recent randomized controlled trial (RCT), 6 months of aerobic exercise significantly slowed down the natural decline of the overall cognitive ability of patients with mild to severe AD, but there was no difference compared with those with general stretching exercise (Yu et al., 2021). However, in another RCT reported by Sobol et al. (2016), aerobic exercise intervention was not found to significantly improve the Minimum Mental State Examination (MMSE) and Neuropsychiatric Inventory (NPI) scores of AD patients, but only improved the patients’ motor function.

Physical activity has a complicated process to improve cognitive ability. An inappropriate physical intervention therapy will reduce the quality of life of AD patients, increase the condition of AD patients and the burden of their caregivers. The benefits of single exercise therapy on the cognitive function and life ability of AD patients was not significantly different from the results of multi-modal interventions (Lamb et al., 2018; de Oliveira et al., 2019). These inconsistent results will interfere with physical therapists in making better rehabilitation programs. Therefore, simply pursuing whether a certain interference factor significantly improves the cognitive or motor function of AD patients is not conducive to the strengthening of favorable factors, but hinders the improvement and formulation of the best rehabilitation program. In addition, the lack of control for confounding factors is also the reason why many studies have reached inconsistent conclusions. Based on a systematic review of previous research results, this study aims to evaluate the effect of physical exercise on improving the cognitive impairment, neuropsychiatric symptoms and Qol of AD patients by adding new RCTs.



MATERIALS AND METHODS

The data and information used in this study follow the requirements of the dissemination and application policy of public databases (e.g., PubMed, CNKI, etc.).


Search Strategy

Keywords include “physical exercise,” “aerobic exercise,” “Alzheimer’s disease,” “cognitive impairment,” “meta-analysis,” “systematic review,” and “neuropsychiatric symptoms.” Scientific citation databases include PubMed, EMBASE, CNKI, Web of Science and Cochrane Library. Registered databases include ISRCTN, ClinicalTrials, CHICTR and ANZCTR. The database retrieval time occurred on 1 October 2021. Searching formula include (i) ((systematic review[Title/Abstract]) OR (meta-analysis[Title/Abstract])) AND (Alzheimer’s disease[Title/Abstract]) AND ((aerobic exercise[Title/Abstract]) OR (physical exercise[Title/Abstract])), (ii) ((aerobic exercise[Title/Abstract]) OR (physical exercise [Title/Abstract])) AND (dementia[Title/Abstract]) AND ((cognitive impairment[Title/Abstract]) OR (neuropsychiatric symptoms[Title/Abstract]) OR (quality of life[Title/Abstract]) OR (physical function[Title/Abstract])).



Inclusion and Exclusion Criteria

Inclusion criteria: (1) The type of experimental design is a RCT; (2) The literature clearly states that the subjects participating in the experiment are AD patients; (3) At least two assessment results of cognitive impairment, neuropsychiatric symptoms and quality of life are included; (4) The cognitive impairment assessment scale is mainly based on Mini Mental State Examination (MMSE) or Alzheimer’s Disease Assessment Scale - Cognition (ADAS-cog); (5) Physical activities include aerobic exercise, treadmill, cycling, fast walking, balance and strength training; and (6) Have a detailed exercise plan and time control, and exercise regularly for at least 2 months.

Exclusion criteria: (1) Participants were patients with vascular dementia or other types of dementia; (2) The intervention results did not report the evaluation data of the scale, or did not record the difference of the results; (3) If there are cases of loss to follow-up or withdrawal from training, the baseline evaluation results of the subjects who have completed the training period are required; and (4) Observational retrospective research.



Data Extraction

According to the PICOS principle, the population, intervention, comparison, outcome and study design information were extracted. In addition, the newly included literature was evaluated with reference to the Cochrane risk bias tool. The evaluation items included random cohort allocation, allocation hiding, double blinding of participants and staff, blinded evaluation results, complete report data, selective reporting and others. Each item is divided into three levels: unclear, low-risk, and high-risk. The higher the level, the more limited the evaluation of evidence in the corresponding research. Data extraction (Liang, YJ and Su, QW) and bias risk assessment (Sheng, ZR and Weng, QY) were performed by two different authors, and the results were reviewed by a third author (Niu, YF).



Statistical Analysis

First, this study conducted a retrospective analysis of the studies included in the previously published systematic review or meta-analysis. Spearman method was used to analyze the correlation between assessment results and different activity time, including baseline and the intervention time or follow-up time. Then, a meta-analysis was performed with the newly added RCTs to test whether the results were consistent with those before the update. In this study, the Hedges’g method was used to combine standardized mean difference (SMD) between groups to reduce the deviation caused by the small sample size in each RCT. All relevant analysis processes were completed in R-4.1.0 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Basic Characteristics of Updated Literature

According to the literature retrieval and screening process of PRISMA (2021) (Page et al., 2021; Figure 1), in addition to 21 studies in previously reported systematic reviews (Cammisuli et al., 2018; Du et al., 2018; Liang et al., 2018; Jia et al., 2019), this study updated 7 related articles (Table 1), two of which were retrieved from CNKI database of China. All included literature were provided as Supplementary Data Sheet 1.
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FIGURE 1. Flow diagram of literature retrieval and screening (PRISMA 2020 statement).



TABLE 1. Basic information of updated RCTs.
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Systematic Review of Previous Reports

After reviewing 25 different documents included in 4 systematic reviews (Cammisuli et al., 2018; Du et al., 2018; Liang et al., 2018; Jia et al., 2019), it was found that 4 of them (Van de Winckel et al., 2004; Kwak et al., 2008; Miu et al., 2008; Arcoverde et al., 2014) recruited patients with other types of dementia, so they were not included in this study. As shown in Figure 2A, although these four systematic reviews were published in 2018 or 2019, there are still quantitative differences and omissions in the included literature.
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FIGURE 2. Overview of studies included in the previous reported meta-analysis of physical activity interventions for cognitive function, neuropsychiatric symptoms and quality of life in Alzheimer’s disease. (A) Venn plot of the included studies in the four previously reported systematic reviews. (B) Spearman correlation test between the intervention time and the delta-means of ADAS_cog, MMSE, NPI, and Qol-AD. (C) Distribution of dementia and corresponding intervention types and counties of all included studies. (D) Distribution of intervention types and corresponding conclusions of all included studies (ADAS_cog, Alzheimer’s Disease Assessment Scale - Cognition; MMSE, Minimum Mental State Examination; NPI, Neuropsychiatric Inventory Questionnaire; Qol-AD, quality of life - Alzheimer’s Disease; delta-means, the difference between the results of each reevaluation and the baseline in each study).


Subsequently, in the 21 RCT results, the differences in the MMSE, ADAS-cog, NPI and Qol-AD of AD patients with different physical activity interventions relative to the baseline scores are calculated as dependent variable “delta means.” The results of Spearman correlation analysis of fitting the time regression curve (Figure 2B) show that MMSE (R = 0.48, P < 0.01), NPI (R = −0.62, P < 0.01) and Qol-AD (R = 0.87, P < 0.05) have a significant correlation with the duration of physical activity.

Reviewing the characteristics of interventions included in the study (Figure 2C), 41% of the included studies assessed the intervention effects of aerobic exercise, while 26, 18, and 15% of the included studies assessed the intervention effects of walking, exercise programs, and physical activity, respectively. Among them, 28% of the research results are from AD patients in China, and six studies of the research results reported in Chinese are from the CNKI database. In this study, the results from the CNKI database were used as a subgroup retrospective analysis. It is worth noting that Spearman correlation analysis showed that there was a significant correlation between exercise intervention and the duration of activity. However, no significant correlation results were found in subgroup of other databases (Table 2).


TABLE 2. Correlation test of means change difference (delta-means) at different time points.

[image: Table 2]
We found that the aforementioned six studies all used aerobic exercise as an intervention method (Figure 2C). Stratified analysis of aerobic exercise and other types of exercise as subgroups showed significant correlation results only in the aerobic exercise intervention group, while there was no significant difference in other exercise intervention conditions (Table 2). In addition, as shown in Figure 2D, 72% of the studies concluded that physical activity intervention is effective on the functional ability of AD patients, of which about 59% (69% of the total) also positively improved cognition. Only 36% of studies indicated improvement in neuropsychiatric symptoms.



Updated Results of Meta-Analysis

By adding the new RCT results (Figure 3), ignoring the influence of confounding factors such as training time, types of physical activities, assistance from professional therapists and types of caregivers, the development of planned and purposeful physical activities can improve the cognitive impairment (MMSE: SMD = 0.46, 95% CI = 0.29 ∼ 0.63, P < 0.01; ADAS-cog: SMD = −0.23, 95% CI = −0.4 ∼−0.06, P < 0.01), neuropsychiatric symptoms (NPI: SMD = −0.3, 95% CI = −0.52 ∼−0.08, P < 0.01) and quality of life (Qol-AD: SMD = 0.2, 95% CI = 0.05 ∼ 0.35, P < 0.05) of AD patients.
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FIGURE 3. Pooled SMD forest plot of the results of physical activity intervention on MMSE, ADAS_cog, NPI, and Qol-AD. (SMD, standard mean difference; ADAS_cog, Alzheimer’s Disease Assessment Scale - Cognition; MMSE, Minimum Mental State Examination; NPI, Neuropsychiatric Inventory Questionnaire; Qol-AD, Quality of Life - Alzheimer’s Disease).


The results showed that there was significant heterogeneity in the combined effects of MMSE, NPI and ADAS-cog (I2 > 50%, P < 0.05). Meta regression (Table 3) suggested that activity time was one of the reasons for the heterogeneity of MMSE and Qol-AD (P < 0.05). In addition, grouped by average physical activity time for 5 months, the t-test results showed that the difference of delta-means in the observation indicators (MMSE, NPI, and Qol-AD) had obvious advantages in the intervention group with less than 5 months (Figure 4A). Therefore, it is necessary to further explore the effects of different physical activities and intervention time on AD patients.


TABLE 3. Updated subgroup stratified meta-analysis results.
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FIGURE 4. Compared the delta-means generated between baseline and intervention outcomes. (A) T-tests of the delta-means of MMSE, ADAS_cog, NPI and Qol-AD at different intervention times. (B) T-tests of the delta-means between aerobic and other exercise of MMSE, ADAS_cog, NPI, and Qol-AD. (ADAS_cog, Alzheimer’s Disease Assessment Scale - Cognition; MMSE, Minimum Mental State Examination; NPI, Neuropsychiatric Inventory Questionnaire; Qol-AD, Quality of Life - Alzheimer’s Disease; delta-means, the difference between the results of each reevaluation and the baseline in each study).


The results of the subgroup analysis are shown in Table 3. All of the exercise intervention groups “< 5mon” have significant significance, and the differences in the aerobic training subgroups are particularly worthy of attention. However, in all intervention time periods, the advantages in delta-means of aerobic exercise was not significantly different from other exercises (Figure 4B).




DISCUSSION

Alzheimer’s disease is a common type of dementia in the elderly, but it is not an inevitable result of aging. It is estimated that the total number of dementia patients will reach 100 million by 2050 (Breijyeh and Karaman, 2020). In addition to genetic, environmental and head trauma factors, obesity, hypertension and hyperlipidemia caused by poor lifestyles are also risk factors for AD (Risk, 2019). The prevention and treatment of AD has gone through decades of exploration and attempts. Early clinical trials have also reported many effective pharmacological and non-pharmacological treatments (Breijyeh and Karaman, 2020). Common non-pharmacological interventions such as music therapy (Gómez and Gómez, 2017; Lyu et al., 2018), multisensory stimulation (Han et al., 2017; Maseda et al., 2018) and exercise therapy (Hoffmann et al., 2015; Vidoni et al., 2019) have yielded considerable improvements in cognitive impairment or ability to live daily in a number of small-scale RCTs.

For senile AD caused by multiple factors, the impact of various physical activity interventions on the patient’s cognition and daily activities has a complex process of change, such as thinking judgment, balance control, and emotional management (Brasure et al., 2018). The long-term care of AD patients not only brings psychological and physical burdens to informal caregivers (Cheng, 2017; Frias et al., 2020), but also affects the benefits of treatment. Including the treatment process of the disease and neuropsychiatric symptoms, the negative impact on the caregiver will reduce the self-cognition and evaluation of Qol in AD patients (Cheng, 2017). This may explain that the MMSE, NPI, and Qol-AD assessment results of AD patients tend to deteriorate again after a long period of physical exercise intervention. For example, in our subgroup analysis results, the physical activity intervention over 5 months in present study did not improve the neuropsychiatric symptoms and Qol of AD patients compared with the “< 5mon” intervention group.

Moreover, AD is a progressive degeneration of nerve cells caused by various factors such as age, and there is still no officially recognized pharmacological or non-pharmacological pathway for the plasticity of nerve cell function (Cummings et al., 2019). Currently, only two classes of drugs including cholinesterase inhibitors (Saxena and Dubey, 2019) and N-methyl D-aspartate (NMDA) antagonists (Chang et al., 2020) have been approved by the Food and Drug Administration (FDA) for the treatment of AD. But these two drugs can only improve the symptoms of AD and are not used to cure or prevent AD. The cause of this result may be irreversible damage or aging of nerve cells, cholinergic system defects or neuronal calcium homeostasis disorders (Bordji et al., 2011). And there is still no consensus on the mechanism of AD syndrome.

Due to the limitations of pharmacological therapy, the treatment and prevention of AD will become a protracted battle, which will not only bring economic burden to the family, but also pose a huge challenge to the social health and healthcare system. Especially in developing countries with large populations, such as China, it is entering the aging stage, which brings huge challenges to the social health management system (Fang et al., 2020). No matter the current active pharmacological research targeting neurotransmitter or receptor system (Bordji et al., 2011; Cummings et al., 2019; Sharma et al., 2020) or the multi-mode intervention with physical activity and cognitive stimulation (Silva et al., 2019; De la Rosa et al., 2020), these treatments or interventions still have no effect on the plasticity of neuronal function in AD patients. Therefore, as a common disease in the elderly, the prevention and treatment of AD will still be a long way to go.

In short, as AD patients and close caregivers, it is very important to contact and learn some recreational activities that make their body and mood feel relaxed. In a systematic review of longitudinal observational studies, it was pointed out that leisure-time activity had a protective effect on patients with AD, while work-related physical activity did not (Stephen et al., 2017). Moreover, relaxed and pleasant voluntary physical activity is beneficial to the improvement of brain cognitive function and psychological health (Ma, 2008), promoting close relationship with caregivers, and can also avoid the destructive behavior of patients with severe AD (Cheng, 2017). This kind of relaxed and voluntary physical activity is valuable for reducing the risk of AD and maintaining the long-term effects of exercise intervention.

Some limitations of this study need to be pointed out, (i) this systematic review did not include studies of types other than RCTs, (ii) some RCT studies for which data were not available were not included in the qualitative analysis, and (iii) few studies indicated that magnetic resonance imaging (MRI) and serological testing (e.g., vitamin-B12) were used in the auxiliary diagnosis of AD patients. Furthermore, increasing the number of RCTs and the sample size is important to enhance the reliability of the results.



CONCLUSION

In the updated meta-analysis, planned and professional physical activity has a positive effect on improving the cognitive ability, neuropsychiatric symptoms and Qol of AD patients. This considerable benefit is especially significant in short-term (2–5 months) intervention activities. In short, in addition to all appropriate health-benefit lifestyle or diet recommendations, the current evidence is insufficient to provide specific interventions on the type, frequency, intensity, or duration of physical activity that may prevent and treat AD.
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