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ARTICLE INFO ABSTRACT

Keywords: Most studies of nonpharmacological interventions have used a combination of medications in experimental and

Non-medical prescribing control groups to improve cognitive functioning or to control symptoms, but the results have been inconsistent

COg“IFIO“ i with respect to the effects of single nonpharmacological interventions on cognitive functioning in older patients

ilzzelmer disease with Alzheimer’s disease. The aim of this study was to assess the effect of a single nonpharmacological intervention
ge

on cognitive functioning in older adults with mild-to-moderate Alzheimer’s disease. We conducted a systematic
review and meta-analysis in the first week of January 2024, searching eight electronic databases for articles that
reflect on non-pharmacological interventions in Alzheimer’s disease published between January 1, 1986, and
December 31, 2023. All included articles had to be randomized controlled trials. The primary measure was the
change in cognitive function before and after the intervention. Data were extracted by two authors and quality
was assessed using the Cochrane Handbook. With the exception of the Montreal Cognitive Assessment (MoCA)
scale [MD=2.99, 95% CI (-0.66,6.63)], the differences between the intervention group and the control group were
significant for all the remaining scales, namely, the Mini-Mental State Examination (MMSE) [SMD=0.65, 95% CI
(0.15,1.15)], Activity of Daily Living Scale (ADL) [MD=-2.30, 95% CI (-3.63,0.97)1, Quality of Life in Alzheimer’s
Disease Scale (QoL-AD) [MD=5.03, 95% CI (2.27,7.78)], Neuropsychiatric Inventory (NPI) [MD=-2.16, 95%
CI (-3.86,0.46)]1, and Alzheimer’s Disease Assessment Scale-cognitive score (ADAS-cog) [MD=-5.21, 95% CI (-
7.89,2.54)]. Subgroup analysis revealed that the most effective intervention was exercise therapy, followed by
repetitive transcranial magnetic stimulation. On the other hand, music therapy was not found to be effective.
Current evidence suggests that nonpharmacological interventions can be used to improve cognitive functioning
in older adults with mild-to-moderate Alzheimer’s disease. This study was registered in PROSPERO (registration
number: CRD42024497247).

Meta-analysis

Introduction

Alzheimer’s disease (AD) is a disease characterized by a transition
from health and independence to a state of dependence and a progres-
sive loss of memory and functional skills [1]. AD patients experience
impairments in several cognitive domains. According to the 2015 World
Alzheimer Report [2], there were approximately 50 million people with
dementia worldwide in 2015, and it is expected that by 2050, there
will be 132 million people with dementia, with Alzheimer’s disease ac-
counting for approximately 63% to 70% of dementia cases. The most
recent data suggest that the incidence of dementia will double in Europe
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and triple globally by 2050 [3]. The prevalence of Alzheimer’s disease
in China is increasing — a national cross-sectional study published in
December 2020 showed that among adults aged 60 years and older in
China, there were 15.07 million people with dementia and 9.83 million
people with Alzheimer’s disease, thus yielding a 3.9% prevalence rate
of AD after correcting for age and sex [4]. Some studies have predicted
that without effective preventive measures, the number of Alzheimer’s
disease patients among Chinese people aged 60 and above will increase
substantially in the next 30 years, reaching 20.75 million in 2030 and
up to 30.03 million in 2050 [5].
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Between 2000 and 2013, the number of deaths from Alzheimer’s dis-
ease in the United States increased by 71%; accordingly, Alzheimer’s
disease was the sixth leading cause of death in the United States in
2013 and the fifth leading cause of death among Americans aged >65
years [6]. These numbers are derived from official death certificates,
and the actual number of deaths caused by Alzheimer’s disease may be
far greater. Alzheimer’s disease imposes a heavy economic burden on
society and families, with the per capita annual cost of AD patients in
China amounting to $19,144.36 in 2015, and the total socioeconomic
burden due to AD reaching $167.74 billion [7].

Despite the fact that Alzheimer’s disease is a major public health
problem, only five treatments are currently approved to control symp-
toms rather than alter the course of the disease [8]. Cholinesterase in-
hibitors and memantine are approved treatments, but they only con-
trol symptoms and do not change the course of the disease. Mul-
tidomain lifestyle-based prevention trials have shown that participants
at increased risk for dementia benefit cognitively from these treat-
ments. Lifestyle factors do not directly influence the pathology of
Alzheimer’s disease but can still lead to positive outcomes for people
with Alzheimer’s disease [3]. For example, research has shown that
arithmetic, drawing, and writing are effective in improving communi-
cation skills and quality of life [9]. Furthermore, underlying medical
conditions can sometimes lead to misdiagnosis or the overprescribing
of psychiatric medications in individuals who only present with mental
symptoms but cannot be diagnosed with a psychiatric disorder [10]. Im-
plementing nonpharmacological interventions might help improve this
situation.

Alzheimer’s disease has been a hot topic of research in recent years.
However, there are few empirical studies on the use of nonpharmacolog-
ical interventions to treat and prevent AD. Nonpharmacological inter-
ventions for AD refer to treatments that professionals can offer without
the use of synthetic drugs, thereby avoiding side effects. Examples in-
clude widely popular therapies such as psychotherapy and exercise ther-
apy, as well as transcranial brain stimulation methods that have gained
widespread use in recent years. Transcranial brain stimulation methods,
such as transcranial magnetic (TMS) and transcranial electric (tES) stim-
ulation, the latter is further divided into transcranial direct current stim-
ulation (tDCS) and transcranial alternating current stimulation (tACS),
have been extensively used in an effort to improve cognitive functions
in humans [11]. The vast majority of studies on nonpharmacological
interventions have used medications to improve cognitive functioning
or control symptoms throughout both the test and control groups. Al-
though stable dosages were maintained in these studies, there was a
lack of strong evidence for the interpretation of study conclusions. For
example, Cristina Fonte’s team [12] confirmed the positive effects of
cognitive and physical activity treatments in terms of mitigating cog-
nitive decline in AD patients; however, participants were on medica-
tion during the study, and the number of people in each group varied.
This may have affected the reliability of the conclusions, and there have
been numerous studies with similar limitations [13-15]. The previous
reviews of non-pharmacological interventions focus on lifestyle modifi-
cations and nutritional interventions [16,17], suggesting that both may
have potential benefits for cognitive decline and dementia. In recent
years, meta-analyses have also studied Alzheimer’s disease populations
specifically through transcranial magnetic stimulation (TMS) [18].

Moreover, findings on the effects of purely nonpharmacological in-
terventions on cognitive functioning in older adults with Alzheimer’s
disease have been inconsistent. For example, rTMS therapy has been
found to be effective for improving cognitive functioning in AD patients
some studies [19,20] but not in other studies [21,22]. In addition, some
studies of nonpharmacological interventions combined multiple inter-
ventions, and the final conclusions were generated by the interaction of
multiple methods [23-25]; therefore, it was not possible to assess the
impact of a single nonpharmacological intervention.

It is necessary to conduct more high-quality studies on this topic.
Therefore, this study aimed to investigate the effects of single nonphar-
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Table 1
Proposed keywords and combinations.

Population Intervention

Alzheimer Disease non-pharmaco*

OR OR
"degenerative disease of the brain" non-drug
OR OR
"insidious onset of dementia" AND "acupuncture therapy"
OR OR
MCI psychotherapy
OR OR
"mild cognitive impairment" "exercise therapy"
OR
"music therapy"
OR
"transcranial magnetic stimulation"
OR
TMS
OR
aromatherapy

macological interventions on cognitive functioning in older adults with
mild-to-moderate Alzheimer’s disease. The results of this meta-analysis
may inform health care providers and researchers regarding the effec-
tiveness and magnitude of the impact of nonpharmacological interven-
tions to improve cognitive functioning in older adults with mild-to-
moderate Alzheimer’s disease. Furthermore, the findings should provide
implications for clinical practice and future research. Moreover, the re-
sults will inform the choice of nonpharmacological interventions for di-
rect caregivers of older patients.

Materials and methods
Search strategy

The following databases were systematically searched in the first
week of January 2024: Juhe Biomedical Knowledge Service Plat-
form (JKS-MED), WANFANGMED ONLINE, Chinese Biomedical Litera-
ture Database (CBM), China National Knowledge Infrastructure (CNKI)
Database, Cochrane Library, Web of Science (WOS), Excerpta Medica
Database (EMBase), and PubMed. The languages were limited to Chi-
nese or English. There was no restriction regarding publication date.

Medical Subject Heading (MeSH) terms, keywords, and free words
were used to search for potentially eligible studies, such as "Alzheimer
Disease", "mild cognitive impairment", "TMS", and "exercise therapy".
The proposed keywords and combinations are shown in Table 1. The
specific search strategy and results for the Cochrane Library are shown
in Fig. 1.

Selection criteria

The single non-pharmacological intervention indicates that there
are specific requirements regarding the quantity and type of inter-
vention methods involved, referring to the usage of only one non-
pharmacological intervention method. This means that combinations of
several non-pharmacological methods or the inclusion of pharmacolog-
ical methods are not permitted.

The inclusion criteria were as follows: randomized controlled tri-
als regardless of blinding methods; the target population was older
adults with mild-to-moderate Alzheimer’s disease; outcome scales as-
sessed changes in cognitive functioning; and studies published in a peer-
reviewed journal in Chinese or English. The exclusion criteria were as
follows: the target population mentioned only mild cognitive impair-
ment; for duplicate published studies, we selected the article with the
most comprehensive data; drugs to improve cognitive function, such
as cholinesterase inhibitors, memantine, antipsychotics, and sedative-
hypnotics, were not given to both the test and control groups during
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Fig. 1. The search strategy and results of Cochrane Library.

the intervention; studies where data could not be extracted accurately
or were missing; studies involving combinations of multiple nonpharma-
cological interventions; and clinical trials that were published in the pre-
registration phase. Two researchers independently screened and cross-
checked the literature. Disagreements were resolved through discussion
or by consulting a third researcher. For studies with incomplete data,
we reached out to the corresponding authors via email to request the
missing data.

Outcome measures

The outcome of interest was the change in scores on cognitive func-
tioning scales and its standard deviation. We screened the literature
by considering the inclusion of the following six internationally rec-
ognized cognitive functioning scales: the Mini-Mental State Examina-
tion (MMSE), Activity of Daily Living Scale (ADL), Quality of Life in
Alzheimer’s Disease (QOL-AD) scale, Montreal Cognitive Assessment
(MoCA), Neuropsychiatric Inventory (NPI), and Alzheimer’s Disease As-
sessment Scale-cognitive Scale (ADAS-cog). Since the scale scores were
continuous variables, the standardized mean difference (SMD) or differ-
ence in means (MD) was used to indicate the difference in each scale
score between the nonpharmacological intervention group and the con-
trol group.

Data extraction

The relevant information was extracted and verified by two inde-
pendent evaluators. Differences were resolved through discussion or by
consulting a third researcher. The following data were extracted: basic
information, including the first author, year of publication, and coun-
try; basic characteristics of the research subjects, including sample size,
age, and disease duration; detailed information on the duration and fre-
quency of intervention; intervention effectiveness indicators, such as the
means and standard deviations of the pretests and posttests; and differ-
ences between these two scales for the intervention and control groups.

Quality assessment

The risk of bias among the included studies was evaluated using
the RCT bias risk assessment tool recommended in version 5.1.0 of
the Cochrane Handbook. The following domains of risk of bias were
evaluated: whether the randomization method was correct; whether the
allocation was concealed; whether the subjects and researchers were
blinded; the completeness of the outcome data; selective reporting of

research results; and other sources of bias. The risk of bias was indepen-
dently evaluated by two reviewers, and the results were cross-checked.
Differences were resolved through discussion.

Statistical analysis

Meta-analysis was performed with RevMan 5.3 and STATA 17.0 soft-
ware. The SMD or MD was used as the statistic for effect analyses, and
95% confidence intervals (CIs) were calculated. The heterogeneity of the
included studies was assessed using the y2 test (the test level was a=
0.1) and the P statistic. In cases of considerable heterogeneity, the ran-
dom effects model was used for analysis, or subgroup analysis was per-
formed to identify sources of heterogeneity. Publication bias was judged
by constructing a clipping-contour-enhanced funnel plot.

Results
Data sources

A total of 12,792 citations were initially retrievd. We used filters to
screen out randomized controlled trials among the English databases.

After removing duplicate entries, 9416 articles remained. The titles
and abstracts of these articles were screened, and 9288 papers that did
not meet the inclusion criteria were excluded. The remaining 128 papers
were read in full for further screening. Seventeen original studies were
ultimately included in the meta-analysis [19-22,26-38], as shown in
Fig. 2.

Basic characteristics of the included studies

The basic information of the included studies, the basic characteris-
tics of the research subjects, and the detailed information of the inter-
vention measures are summarized in Table 2.

Mini-mental state examination

A total of 427 older adults with Alzheimer’s disease who underwent
nonpharmacological interventions and 321 who did not undergo non-
pharmacological interventions completed the MMSE before and after
treatment. The random effects model was used for meta-analysis, and
the results showed that the mental state of the nonpharmacological in-
tervention group was better than that of the control group [SMD=0.65,
95% CI (0.15,1.15)] (Fig. 3). There was significant heterogeneity (I
=89.96%, P = 0.01).
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Fig. 2. Literature search and study selection.
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Table 2

Characteristics and outcomes of a nonpharmacological intervention for older adults with mild-to-moderate Alzheimer’s disease.
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Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chen Yijing 35 -1.16 4.24 33 -3.01 4.18 —- 0.43[-0.04, 0.91] 8.71
Lili Wei 29 -34 744 27 101 736 —M— -0.18[-0.70, 0.34] 8.58
Liu Xin 12 91 275 10 0 441 —— 0.24[-0.57, 1.05] 7.57
Liu Yanhua 120 6.85 262 60 .15 1.97 —- 275 2.33,3.17] 8.87
Lv Jihui 63 25 48 30 -15 475 - 0.08[-0.35, 0.51] 8.83
Mohamed A. Ahmed 21 2.68 3.91 11 -1 3.02 —— 0.99[ 0.24, 1.74] 7.79
Mu Haiyan 30 -24 266 28 -97 232 —— 0.29[-0.22, 0.80] 8.61
Niu Yixuan 24 28 2225 .12 265 —— 0.06[-0.49, 0.62] 8.48
Siyu Yang 25 15 253 25 -46 3.47 —— 0.64[ 0.08, 1.20] 8.45
Tang Qiubi 37 -34 468 39 -1.18 4.91 - 0.17[-0.27, 0.62] 8.79
Zheng Jiaying 18 272 6.93 20 -05 7.68 —— 0.37[-0.26, 1.00] 8.22
Zhou Youlong 13 36 341 13 24 197 —l— 209[ 1.15,3.02] 7.10
Overall - 0.65[ 0.15, 1.15]
Heterogeneity: 1° = 0.69, I° = 89.96%, H* = 9.96
Test of 6 = 8;: Q(11) = 135.94, p = 0.00
Testof 0 =0:z=2.54, p=0.01

4 0 1 2 3

Random-effects Hedges model

Fig. 3. Forest plot of MMSE scores in older adults with Alzheimer’s disease in the nonpharmacological intervention group versus control group.

Non-pharmacological interventions Control Mean Difference Mean Difference

Study or Subgroup Mean Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

1.1.1 Repetitive Transcranial Magnetic Stimulation

Lili Wei 2022 -0.34 7.44 29 1.01 736 27 219% -1.35[5.23,253] G

LiuXin 2017 0.91 275 12 0 441 10 239% 0.91 [-2.24, 4.06) — [ =

Liu Yanhua 2017 6.85 2.62 120 015 1.97 60 28.6% 6.70 [6.02, 7.38] —
Mohamed A Ahmed 2012 2.68 391 21 -1 3.02 11 256% 3.68[1.23,6.13] e .
Subtotal (95% CI) 182 108 100.0% 2.78[-0.89, 6.46] —ee——
Heterogeneity: Tau®=12.15; Chi*= 31.32, df= 3 (P < 0.00001); F= 90%

Testfor overall effect: Z=1.49 (P=0.14)

1.1.2 Music Therapy

Ly Jihui 2014 025 48 63 -015 475 30 520%  0.40[1.67, 2.47]

Tang Qiubi 2017 -0.34 468 37 118 491 39 48.0% 0.84 [-1.32, 3.00]

Subtotal (95% CI) 100 69 100.0% 0.61[-0.88, 2.11]

Heterogeneity: Tau®= 0.00; Chi*=0.08, df=1 (P=0.77); F=0%

Testfor overall effect: Z= 0.80 (P = 0.42)

1.1.3 Exercise Therapy

Mu Haiyan 2021 -0.24 2.66 30 -097 232 28 60.4% 0.73[-0.55, 2.01] -

Siyu Yang 2015 15 253 25 -0.46 347 25 350% 1.96 [0.28, 3.64] ——

Zheng Jiaying 2017 272 6.93 18 -0.05 7.68 20 46% 277[1.88,7.42 —

Subtotal (95% Cl) 73 73 100.0% 1.25[0.26, 2.25] -
Heterogeneity: Tau®= 0.00; Chi*=1.73,df=2 (P=0.42); F= 0%

Testfor overall effect: Z= 2.47 (P =0.01)

1.1.4 The other

Chen Yijing 2018 -1.16 4.24 35 -3.01 418 33 328%  1.85[-0.15,3.85) ==

Niu Yixuan 2018 0.28 22 24 012 265 25 350% 016 [-1.20,1.52] —

Zhou Youlong 2008 36 4 13 -24 197 13 322% 6.00[3.86, 8.14] —
Subtotal (95% Cl) 72 71 100.0%  2.60[-0.75,5.94] —retl——
Heterogeneity: Tau®= 7.84; Chi*= 20.35, df= 2 (P < 0.0001); F= 90%

Testfor overall effect. Z=1.52 (P=10.13)

4 2

Testfor subaroun differences: Chi®=1.99. df=3 (P =057 F=0% control Nonpharmscaloglcal Inteiver

Fig. 4. Results of subgroup analysis of MMSE scale scores.

To address the high level of heterogeneity, we conducted subgroup
analyses based on the various interventions. The heterogeneity may
have been due to the use of repetitive transcranial magnetic stimula-
tion (rTMS) and other treatments. The results of the subgroup analysis
showed that only the exercise group had significantly different MMSE
scores from those of the control group (Fig. 4).

Activity of daily living scale

A total of 330 older adults with Alzheimer’s disease who underwent
nonpharmacological interventions and 276 who did not undergo non-

pharmacological interventions completed the ADL scale before and af-
ter treatment. The random effects model was used for meta-analysis,
and the results showed that the daily living skills of the nonpharmaco-
logical intervention group were better than those of the control group
[MD=-2.30, 95% CI (-3.63,0.97)] (Fig. 5). There was significant het-
erogeneity (I> =75%, P < 0.01).

The heterogeneity may have been due to the use of repeated transcra-
nial magnetic stimulation and other treatments. The results of the sub-
group analysis showed that only the somatosensory interactive games
group had significantly different ADL scores from those of the control
group (Fig. 5).
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Non pharmacological intervention Control Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV. Random, 95% CI
2.1.1 RepetitiveTranscranial Magnetic Stimulation
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Fig. 5. Forest plot of ADL scores in older adults with Alzheimer’s disease in the nonpharmacological intervention group versus control group.
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Fig. 7. Forest plot of MoCA scores in older adults with Alzheimer’s disease in the nonpharmacological intervention group versus control group.
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Fig. 9. Forest plot of ADAS-cog scores in older adults with Alzheimer’s disease in the nonpharmacological intervention group versus control group.

Quality of life in alzheimer’s disease scale

A total of 148 older adults with Alzheimer’s disease who underwent
nonpharmacological interventions and 152 who did not undergo non-
pharmacological interventions completed the QoL-AD scale before and
after treatment. The random effects model was used for meta-analysis,
and the results showed that the quality of life of the nonpharmacological
intervention group was better than that of the control group [MD=5.03,
95% CI (2.27,7.78)] (Fig. 6). There was significant heterogeneity (I?
=78%, P < 0.01).

Montreal cognitive assessment

A total of176 older adults with Alzheimer’s disease who underwent
nonpharmacological interventions and 117 who did not undergo non-
pharmacological interventions completed the MoCA before and after
treatment. The random effects model was used for meta-analysis, and
the results showed that the difference in cognitive functioning between
the nonpharmacological intervention group and the control group was
not significant [MD=2.99, 95% CI (-0.66,6.63)] (Fig. 7). There was sig-
nificant heterogeneity (7 =98%, P < 0.01).

Neuropsychiatric inventory

A total of 360 older adults with Alzheimer’s disease who underwent
nonpharmacological interventions and 264 who did not undergo non-
pharmacological interventions completed the NPI before and after treat-
ment. The random effects model was used for meta-analysis, and the re-
sults showed that the psychobehavioural symptoms of the nonpharma-
cological intervention group were less severe than those of the control
group [MD=-2.16, 95% CI (-3.86,0.46)] (Fig. 8). There was significant
heterogeneity (12 =79%, P < 0.01).

The heterogeneity may have been due to the rTMS treatment group.
The results of the subgroup analysis showed that both the rTMS and
exercise treatment groups had statistically significant differences in NPI
scores compared with the control group (Fig. 8).

Alzheimer’s disease assessment scale-cognitive score

A total of 92 older adults with Alzheimer’s disease who underwent
nonpharmacological interventions and 66 who did not undergo non-
pharmacological interventions completed the ADAS before and after
treatment. The random effects model was used for meta-analysis, and
the results showed that the cognitive functioning of the nonpharma-
cological intervention group was better than that of the control group
[MD=-5.21, 95% CI (-7.89,2.54)] (Fig. 9). There was not significant
heterogeneity (IZ =0%, P = 0.70).

Risk of bias

The results of the risk of bias assessment are shown in Fig. 10.

A clipping-contour-enhanced funnel plot was constructed for the
MMSE scores to test for publication bias. The results showed that there
was asymmetry in the funnel plot, suggesting that there may be a certain
degree of publication bias (Fig. 11).
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Discussion

Overall, the nonpharmacological intervention was effective in
improving cognitive functioning among older adults with mild-to-
moderate Alzheimer’s disease, as evidenced by the fact that, with the
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Fig. 11. The clipping-contour-enhanced fun-
nel plot for the scale scores of MMSE.
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exception of the MoCA scale, the differences between the intervention
group and the control group were significant for all the remaining scales.
However, to date, the potential therapeutic effects of common non-
pharmacologic therapies for AD and the associated mechanisms have
not been fully elucidated. The hippocampus and prefrontal cortex are
closely related to human cognitive function, and the possible mecha-
nisms for improving cognitive functioning are that exercise interven-
tions, cognitive interventions, and noninvasive brain stimulation in the
prefrontal lobe promote prefrontal cortex activity and may also accel-
erate neural conduction and increase neural excitability by improving
cortical plasticity and remodeling the connections between synapses.

Subgroup analyses of the different types of interventions revealed
differences only in the NPI; there were no significant differences in the
MMSE or ADL scores. One of the advantages of the NPI compared with
the MMSE may be that the former is less influenced by cultural back-
ground. tACS enables non-invasive modulation of neural activity in the
brain by applying weak currents at specific frequencies on the surface of
the brain. Reinhart and his research team have recently found that tACS
can effectively improve nine types of cognitive functions, including vi-
sual attention, working memory, long-term memory, executive control,
fluid intelligence, learning, decision-making, motor learning, and motor
memory [39]. This improvement is applicable not only to healthy sub-
jects but also to elderly individuals and patients with neuropsychiatric
disorders. Similarly, the potential treatment effects of tDCS, another
form of electrical stimulation, and whether these effects have clinical
significance, as well as how to optimally implement tDCS in a therapeu-
tic setting, remain to be clarified [40]. rTMS is a painless and nonin-
vasive neuromodulation technique in which strong magnetic pulses are
transmitted through the scalp to the cortex to modulate cortical activ-
ity. Depending on the stimulation parameters, rTMS can either enhance
or inhibit cortical excitability in target cortical areas [41]. Previous
meta-analyses have also shown that compared to cognitively normal el-
derly individuals, patients with Alzheimer’s disease exhibit significantly
higher cortical excitability, lower cortical inhibition, and impaired cor-
tical plasticity [18]. And it has been widely used to treat psychiatric
disorders and improve cognitive function [42].

Similarly, compared to transcranial magnetic stimulation, subgroup
analyses showed that the exercise intervention appeared to be the most

effective, with significant differences in all three scales of the MMSE,
ADL, and NPI compared to the control group. The hippocampus, as a
cognitive memory storage region, often affects the cognitive memory
of the body, and the hippocampus of AD patients often shows different
degrees of atrophy [43]. Exercise can improve cognitive ability, and its
specific mechanism may be attributed to an increase in hippocampal
volume [44]. An increasing amount of research on the effects of exer-
cise on AD has revealed that the exercise-induced reversal of cognitive
decline may be related to several pathways: i. reducing inflammatory
factor expression, balancing oxidative stress homeostasis inside and out-
side neuronal cells, and reducing neuronal cell damage [45]; ii. increas-
ing vascular endothelial growth factor (VEGF) and decreasing vasopres-
sor expression, promoting angiogenesis and enhancing cerebral blood
flow; and iii. increasing the expression of brain-derived neurotrophic
factor (BDNF) [46], promoting neural activity in the hippocampal re-
gion and improving synaptic plasticity [47]. Regular exercise can reduce
morbidity among AD patients, but the optimal duration, intensity and
frequency of exercise still need to be determined. Furthermore, when
instructing patients to exercise, the cardiorespiratory function and ex-
ercise endurance of patients should be taken into account to prevent
aggravation of the disease by exceeding the patient’s tolerance.

In contrast, our subgroup analysis showed that music therapy did
not seem to improve cognitive functioning in AD patients. This find-
ing is inconsistent with previous research that has suggested that mu-
sic promotes the lineage and solidification of memories, while the hip-
pocampus and the dorsolateral prefrontal cortex show greater involve-
ment under musical stimulation [48]. Music is inspirational, immersive,
and emotional and has the ability to reawaken memories and emotions
and alleviate anxiety and panic - these qualities lead to a synergistic ef-
fect that can alleviate many of the patient’s symptoms. However, more
high-quality randomized controlled trials may need to be included to
resolve this discrepancy.

Other categories of nonpharmacological interventions, such as
acupuncture, sensory training, increased social activity, and horticul-
tural therapy, were not combined with any medication in the study;
however, music therapy at home and abroad was even less common,
and there were more cointerventions combined with medication, which
does not allow us to confirm the effect of a single intervention.
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In our study, nonpharmacological interventions have been shown
to effectively improve cognitive function in elderly patients with
Alzheimer’s disease. These effective nonpharmacological interventions
can provide family caregivers with the knowledge, skills, and support
they need to address their caregiving challenges. In addition to enhanc-
ing the quality of life for patients, these interventions incur little to no
additional costs compared to standard care, making them cost-effective
from a societal perspective [49]. Our findings can offer insights for clin-
icians in treating Alzheimer’s patients and also encourage healthcare
payers to develop new insurance strategies for nonpharmacological in-
terventions.

This study has several limitations. Although this study suggested
that nonpharmacological therapies have certain advantages in improv-
ing cognitive functioning in AD patients, current clinical trials on non-
pharmacological therapies for the treatment of AD still suffer from defi-
ciencies such as small sample sizes, short duration of treatment, and lack
of observation of sustained posttreatment effects, which are aspects that
should be emphasized in future clinical studies. Furthermore, the cur-
rent clinical assessments of AD-related cognitive function, daily living
ability, and psychobehavioral symptoms are still based on scales, and
future studies should observe the efficacy of treatment through more
objective indicators. Due to the broad range of nonpharmacological in-
terventions in real life, our search terms could not be fully comprehen-
sive. And we did not search specialized psychological databases such as
PsycINFO. In addition, there was a high degree of heterogeneity in the
findings, and although we addressed this through the use of the random
effects model and subgroup analyses, excluding individual articles with
questionable data would have made the conclusions more stable and
reliable.
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