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A B S T R A C T

Background: Given the growing global public health burden of Alzheimer’s disease, this study used the Bayesian 
network meta-analysis to assess the effects of pharmacological and non-pharmacological interventions on 
cognitive function in the population with Alzheimer’s disease.
Methods: Two investigators screened the literature from English databases (PubMed, MEDLINE, Embase, 
Cochrane CENTRAL, and Web of Science) and three major Chinese bibliographical databases (China National 
Knowledge Infrastructure Database, Wanfang Database, and VIP Database). We assessed the risk of bias and 
publication bias of the selected literature. Subsequently, a Bayesian network meta-analysis and meta-regression 
were conducted to further investigate the comparative efficacy of different interventions on cognitive outcomes.
Results: A total of 4788 cases were initially identified. Photobiomodulation [SMD=0.66, 95%CrI (0.29, 1.02)], 
enriching environment [SMD=0.69, 95%CrI (0.08, 1.31)], pharmacological therapy [SMD=0.36, 95%CrI (0.17, 
0.55)], cognitive stimulation therapy [SMD=0.32, 95%CrI (0.11, 0.55)] and exercise therapy [SMD=0.28, 95% 
CrI (0.06, 0.51)] showed considerable enhancements in cognitive function among individuals with Alzheimer’s 
disease. Photobiomodulation and enriching environment stood out, with their effects more potent than those of 
other therapies, as indicated by the surface under the cumulative ranking curve — photobiomodulation clocked 
in at 87.3%, while enriching environment scored 83.8%, versus pharmacological therapy’s 54.7%.
Conclusions: Among the interventions evaluated, photobiomodulation and enriching environment were associ
ated with better improvements in cognitive function than pharmacological therapy. Exercise therapy and 
cognitive stimulation therapy also demonstrated beneficial effects. Music therapy showed no statistical differ
ence from the control group. In addition, the research developed an innovative approach to contrast pharma
cological and non-pharmacological treatments for Alzheimer’s disease.
Registration: PROSPERO 2025 CRD420251075628. Available from https://www.crd.york.ac.uk/PROSPERO/v 
iew/CRD420251075628.

1. Introduction

Alzheimer’s disease (AD) encompasses a family of progressive 
neurodegenerative syndromes that primarily lead to cognitive decline, 
often accompanied by language impairment, personality changes, and 
behaviour disturbances. As per the latest figures from Alzheimer’s 

Disease International (ADI) in 2023, there are more than 55 million 
cases of AD around the world, and it is anticipated that the figure will 
reach 139 million by 2050 [1]. The burden is particularly pronounced in 
rapidly aging countries such as China. AD substantially reduces quality 
of life and imposes heavy caregiving and economic burdens on families 
and healthcare systems. Although no curative treatments for AD are 
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currently available, abundant evidences indicate that pharmacological 
and non-pharmacological interventions may delay cognitive deteriora
tion and partially alleviate symptoms.

Pharmacological treatments, including donepezil, memantine, and 
the recently approved sodium oligomannate, are commonly used in 
clinical practice. Memantine and donepezil are classified as Class I rec
ommendations with C-EO level evidence for enhancing cognitive func
tion for AD, and are guideline-recommended agents [2]. The 
cholinesterase inhibitor donepezil remains a cornerstone of treatment 
for mild to moderate AD [3], enhancing cholinergic transmission by 
inhibiting the breakdown of acetylcholine. In moderate to severe stages, 
the NMDA receptor antagonist memantine is utilized to modulate glu
tamatergic excitotoxicity and is frequently combined with cholines
terase inhibitors for synergistic effects [4]. In addition to common 
mechanisms such as reducing Aβ plaque deposition, tau protein phos
phorylation, and inhibiting neuroinflammation, donepezil can inhibit 
acetylcholinesterase and enhance cholinergic signal transmission [3]; 
memantine, a non-competitive NMDA receptor antagonist, protects 
neurons from excitotoxic damage [4]. Sodium oligomannate, a new 
pharmacological agent in China, was included to reflect emerging 
therapeutic strategies supported by phase III trials in Asian populations. 
Sodium oligomannate can reshape the intestinal flora and reduce 
abnormal amino acid levels [5]. Long-term pharmacological interven
tion can significantly delay the progression of dementia [6]. However, 
concerns regarding adverse effects—such as bradycardia, gastrointes
tinal symptoms, and altered mental states—have prompted increasing 
interest in safer, more tolerable alternatives [7–13].

Non-pharmacological interventions are gaining momentum due to 
their non-invasive nature, safety profile, and accessibility. Widely 
studied modalities include photobiomodulation (PBM), enriching envi
ronment (EE), exercise therapy (ET), music therapy (MT), and cognitive 
stimulation therapy (CST). PBM is a non-invasive therapeutic technique 
that uses low-level light, typically red or near-infrared, to stimulate 
cellular functions, promote mitochondrial energy production [14], 
reduce neuroinflammation [15], and enhance tissue repair and neuro
protection [16]. EE provides multimodal, multisensory, comprehensive 
interventions that can enhance cognitive, social, and physical stimula
tion within a well-designed, structured environment or through activ
ities such as discussions, puzzles, and themed games. Despite promising 
mechanisms and growing research interest, PBM and EE remain 
underexplored and have been selected infrequently to compare their 
effects on cognition in previous analyses. ET often refers to structured 
aerobic, resistance, or multicomponent training to enhance cognitive 
function, neurotrophic factor expression, and cerebrovascular health. 
Among non-pharmacological interventions, ET has been extensively 
studied and has demonstrated consistent beneficial effects on AD [17]. 
CST includes group or individual-based structured activities targeting 
multiple cognitive domains, such as memory, attention, language, and 
executive function. MT covers listening, singing, playing instruments, 
and composing. These activities are usually administered by a creden
tialed professional to address individualized physical, emotional, 
cognitive, and social needs within a therapeutic relationship. Besides, 
CST and MT have been incorporated into several clinical guidelines. 
Comprehensively considering both intervention effectiveness and eco
nomic evidence, the National Institute for Health and Care Excellence 
offers recommendations, such as a range of activities, music, and group 
cognitive stimulation therapy [18]. Furthermore, CST had direct 
comparative evidence with some interventions, such as ET and phar
macological therapy (PT). It can be taken for a shared intervention, 
bolstering the transferability of the network meta-analysis. Previous 
meta-analyses typically focused on a single intervention, with limited 
comparative insights into the efficacy of diverse pharmacological and 
non-pharmacological interventions.

To bridge this knowledge gap, we conducted a Bayesian network 
meta-analysis of randomized controlled trials, comprehensively assess
ing and ranking the efficacy of three pharmacological and five non- 

pharmacological interventions for cognitive function in people with 
AD. By synthesizing direct and indirect comparisons, this study aimed to 
provide robust, evidence-based guidance for clinical decision-making 
and promote more personalized and context-specific treatment strate
gies for the management of AD.

2. Methods

This protocol, a systematic review and network meta-analysis, was 
designed and performed in accordance with the Cochrane Handbook for 
Systematic Reviews of Interventions [19] and adhered to the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
[20]. The protocol was finalized before formal study screening, data 
extraction, and statistical analysis, and was then registered with 
PROSPERO (CRD420251075628).

2.1. Literature search strategies

Investigators searched English-language bibliographical databases 
such as PubMed, MEDLINE, Embase, Cochrane CENTRAL, and Web of 
Science, as well as Chinese-language bibliographical databases 
including China National Knowledge Infrastructure, Wanfang, and VIP 
Database. The selection and classification of interventions were 
informed by previously published reviews in the field of Alzheimer’s 
disease and cognitive interventions [21–24]. This study was not inten
ded to provide an exhaustive comparison of all possible interventions for 
Alzheimer’s disease. Instead, we predefined a limited set of mainstream, 
cognition-oriented interventions that are most frequently evaluated in 
randomized controlled trials and recommended in clinical guidelines. 
The categorization was defined at the treatment-node level for analytical 
modeling purposes. Medical Subject Headings (MeSH) terms and rele
vant free-text keywords related to cognitive impairment or Alzheimer’s 
disease in older adults were used in the search strategy. They utilized 
Medical Subject Headings and relevant text keywords focused on 
cognitive impairment or AD in older adults. For example, using the 
keyword (“Alzheimer’s disease”), the terms for eight interventions 
(“Photobiomodulation”, “Enriching environment”, “Exercise therapy”, 
“Music therapy”, “Pharmacological therapies”, “Donepezil”, “Mem
antine”, “Sodium Oligomannate”), and “Randomized controlled trial” 
were combined to search for relevant literatures.

We extracted eligible studies using the search strategy and search 
terms mentioned above for dementia interventions and included studies 
available in the literature from their inception to June 30, 2025, with no 
language restrictions. This date denotes the temporal coverage of the 
literature search rather than the completion of the review process. The 
search strategy was consistent with guidelines in the Cochrane Hand
book [19]. Supplementary material 1 is the comprehensive search 
strategy.

2.2. Selection criteria

The inclusion criteria kept to the PICOS principles: (1) Population: 
Individuals were diagnosed with AD by the National Institute on Aging 
and Alzheimer’s Association (NIA-AA) guidelines [25], the Diagnostic 
and Statistical Manual of Mental Disorders (DSMIV-TR) [26], and the 
Neurological and Communication Disorders or Stroke-Alzheimer’s Dis
ease and Related Disorders Association (NINCDS-ADRDA) criteria [27], 
as well as aged more than 65 years, while there were no other primary 
and secondary diseases accompanying. Studies were excluded if par
ticipants had primary or secondary conditions known to affect cognitive 
or neurological function, such as stroke, malignancies, or major 
depressive disorder. (2) Interventions: Interventions included 
non-pharmacological interventions, including PBM, EE, ET, MT, and 
CST, and pharmacological interventions, including donepezil, mem
antine, and sodium oligomannate, which were selected according to 
their pharmacology and were combined as PT. Supplementary 
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Table S2 presents a brief description of the pharmacological and 
non-pharmacological interventions in the included literature. (3) Com
parison: Eligible groups within studies included usual care, placebo, or 
any other interventions included in the studies. (4) Outcomes: Cognition 
was evaluated by the validated tools, incorporating the Mini-Mental 
State Examination (MMSE), Montreal Cognitive Assessment (MOCA), 
or the Alzheimer’s disease Assessment Scale-Cognitive Subscale 
(ADAS-Cog). (5) Study design: Randomized controlled trials (RCTs).

Exclusion criteria included: (1) duplicate literature. (2) animal ex
periments, reviews, secondary studies, conference papers, and abstracts. 
(3) literature with incomplete data, outcome indicators without mean 
difference (MD) and standard deviation (SD), or data difficult to extract. 
(4) studies involving subjects diagnosed with other diseases affecting 
cognition, such as Parkinson’s disease and vascular dementia.

2.3. Data collection and quality evaluation

According to the predetermined search strategy, two investigators 
searched the databases listed above and stored all relevant articles 
retrieved in EndNote X9, via which duplicate literature was deleted. 
They assessed the titles and abstracts to perform the initial screening. 
Subsequently, they assessed the full texts against inclusion and exclusion 
criteria and excluded abstracts that were irrelevant or unclear.

Two researchers independently extracted details for each study via a 
standardized data extraction table. The table covered the name of the 
first author, year of publication, country, dementia type of the study 
subjects, age, sample size, dropout rate, male-to-female ratio, types of 
interventions, duration and frequency of intervention, and outcome 
indicators such as MD and SD. Two investigators independently 
screened the literature in two rounds of screening and extracted data 
from the included studies. Then they cross-checked the collected data, 
with any disagreements being resolved by a third researcher.

The Cochrane Risk of Bias tool 2.0 (RoB 2.0) was utilized to evaluate 
risk of bias [19]. It assesses the overall quality of the included studies 
across six domains: the randomization process, deviations from intended 
interventions, missing outcome data, measurement of outcomes, selec
tion of the reported results, and overall risk of bias. Two researchers 
rated these domains as “low risk”, “some concerns”, or “high risk”. In 
case of discrepancies in rating, they would discuss with each other or 
consult a third investigator.

2.4. Data analysis

This network meta-analysis aimed to identify the optimal interven
tion for enhancing cognitive function in AD. Since all outcome indicators 
were continuous variables, the network estimates were presented as 
standard mean difference (SMD) and 95% Credible Interval (95%CrI) 
[19]. When data were missing (e.g., MD, SD, or p), we would try to 
contact the authors to retrieve missing data or calculate the SMD and 
95%CrI by the RoB 2.0 in the Cochrane Handbook for Systematic Re
views of Interventions [28]. It was important to note that high hetero
geneity may compromise the consistency and validity of network 
meta-analysis results [29,30]. To improve the effectiveness of the indi
rect comparison [29], we drew a boxplot (Supplementary Figure S1) to 
identify outliers, excluded the corresponding literature and data, and 
used the random-effects model to control potential heterogeneity [31,
32].

The steps for the network meta-analysis were as follows. Firstly, a 
network plot was drawn to illustrate the available evidence construction 
and the comparisons between interventions. Each node represented a 
type of intervention, its size indicated the number of that intervention, 
and the lines connecting nodes showed the number of studies that 
directly compared those two interventions. Secondly, using the node- 
splitting method, the local inconsistency between the direct and indi
rect evidence across the network was calculated, and p < 0.05 indicated 
the presence of inconsistency [33]. Third, the network meta-analysis 

model was constructed within a hierarchical random-effects frame
work. A Markov Chain Monte Carlo (MCMC) simulation was employed 
to sample from the posterior distributions of the model parameters. 
Convergence was assessed using the Brooks-Gelman-Rubin diagnostic, 
with a potential scale reduction factor (R-hat) of < 1.05 for all param
eters, indicating satisfactory convergence. A league table was plotted to 
present a comprehensive matrix of relative effect estimates and confi
dence intervals for all pairwise comparisons, both direct and indirect, 
within the network. Then we ranked all interventions and the control 
group (CON) based on their surface under the cumulative ranking curve 
(SUCRA) scores. The SUCRA score ranged from 0% to 100%, and higher 
scores indicate greater potential to improve cognition [34]. Fourthly, 
the Q and I2 statistics would be utilized to evaluate the magnitude and 
significance of heterogeneity if the network plot formed a closed loop. p 
< 0.10 and I2 > 50% suggested significant heterogeneity, and the 
random-effects model would be selected. In other scenarios, the 
fixed-effects model would be selected as more appropriate for the 
analysis. Fifthly, a meta-regression was performed within the Bayesian 
random-effects framework to investigate the association between 
covariates and the outcome measures, with results expressed as the 
regression coefficient β and its 95%CrI. A positive value of β indicated 
that the covariate was positively correlated with the outcome index. 
When the 95%CrI included 0, it indicated that the covariates had no 
significant effect on the outcome measure. Sixthly, a funnel plot would 
be utilized to evaluate potential publication bias in outcomes if the 
number of included studies exceeded 10. The apparent asymmetry of the 
funnel plot demonstrated a high risk of bias [35].

The computational analysis in this study was carried out using R 
(version 4.3.2), and the adopted R packages included “netmeta”, “Meta”, 
“coda”, “gemtc”, and so on. Stata 16.0 was also used to generate the 
network plot and funnel plot.

3. Results

3.1. Literature screening process and results

A total of 4731 records were retrieved from database searches, with 
an additional 152 records sourced from other sources. 1965 studies were 
excluded because of duplicates. Another 2229 articles were eliminated 
after screening the titles and abstracts of the remaining records. 
Following a full-text assessment based on predetermined criteria, 632 
studies were further excluded. Finally, 57 studies satisfied the inclusion 
criteria and were adopted in this network meta-analysis [36–93]. The 
detailed retrieval procedure is shown in Fig. 1. The detailed categories 
and reasons for study exclusion at the full-text screening stage are 
summarized in Supplementary Table S1.

3.2. Summary characteristics of the eligible studies

A total of 57 RCTs were retrieved using the search strategy described 
above, encompassing 6737 individuals with AD. 3077 individuals were 
in CON, and 3660 were in the intervention group. There were 7 studies 
involving PBM, 2 involving EE, 14 involving ET, 8 involving MT, 16 
involving PT, and 17 involving CST. There were 55 two-arm trials and 2 
three-arm trials. Double-blind methods were explicitly reported in 28 
articles, whereas single-blind procedures were described in 15 articles. 
Table 1 presents the summary characteristics of the eligible studies.

3.3. Risk of bias and bias assessment

Among the 57 involved studies, 3 (5.3%) were rated as high risk of 
bias, 21 (36.8%) as moderate risk, and 33 (57.9%) as low risk. Sup
plementary Figure S2 shows the distribution of potential bias across 
these included studies, and Supplementary Table S3 shows the pro
portion of risk of bias in each intervention. In addition, the funnel plot 
(Supplementary Figure S3) appeared basically symmetrical. 
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Therefore, we conducted Egger’s regression test (t = 2.58, p = 0.012) 
and Begg’s test (z = 2.24, p = 0.0251), indicating the presence of pub
lication bias.

3.4. Network diagram

The network covered 6 treatments, of which PBM (n = 7), EE (n = 2), 
ET (n = 12), MT (n = 7), CST (n = 14), and PT (n = 16) had direct 
comparisons with CON, respectively. Furthermore, the network 

evidence included direct comparisons of CST with MT (n = 1), ET (n =
1), and PT (n = 1), as well as key indirect comparisons involving these 
interventions and CON. Direct evidence for the different interventions is 
demonstrated in Fig. 2.

3.5. Network meta-analysis

The Brooks-Gelman-Rubin diagnostic indicated that all potential 
scale reduction factors (R-hat) were equal to 1, which proved excellent 

Fig. 1. Flow diagram for the literature search. 
PBM: photobiomodulation; EE: enriching environment; ET: exercise therapy; MT: music therapy; PT: pharmacological intervention; CST: cognitive stimulation 
therapy; CON: control group.
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Table 1 
Characteristics of included comparative studies.

References Country Type Diagnose Age (Mean ± SD) Sample MMSE (baseline) Duration 
(weeks)

Frequence 
(d/W)

Time 
(min)

EXP CON EXP CON EXP CON

Xiaoming Qi 
(2021)

USA PBM 
vs. 
CON

Mild AD/ 
ADRD

Male: 74 ± 7.5 
Female: 73.8 ± 8.4

39 16 ALL:15–24 8 7 6

Damir 
Nizamutdinov 
(2021)

USA PBM 
vs. 
CON

Dementia 72.4 ± 8.2 77.8 ± 5.2 29 28 23.2 ± 1.6 2.8 ± 2.6 9 7 6

Ali(2022) Iran PBM 
vs. 
CON

Dementia 78.13 ±
6.19

76.13 ± 7.53 16 16 6.0 ± 6.99 15.13 
±5.78

2 3 10

Nagy(2021) Egypt PBM 
vs. 
CON

AD 69.50 ± 2.0 70.00 ± 2.0 30 30 23.96 
±0.67

23.42 
±0.85

12 6 30

Chen(2023) China PBM 
vs. 
CON

AD 68.9 ± 9.05 72.1 ± 8.46 7 7 20.2 ±
4.98

18.5 ±
3.21

12 5 6

Guillaume Blivet 
(2022)

France PBM 
vs. 
CON

AD 72.4 ± 7.0 73.7 ± 6.4 26 24 20.5 ± 3.6 20.2 ±
3.5

8 5 25

Mohammadreza 
Razzaghi 
(2024)

Iran PBM 
vs. 
CON

AD 74.66 
±14.40

75.85±7.19 6 7 ALL:≥15 12 7 20

Zhou(2017) China EE vs. 
CON

AD 73.3 ± 2.1 71.3 ± 3.5 19 18 12.68 
±1.75

12.82 
±1.15

12 5 30

Xu(2017) China EE vs. 
CON

AD 79.05±9.48 78.86±9.74 42 42 18.21 ±
5.34

19.43 ±
5.08

25 5 60

Sarah E Lamb 
(2018)

UK ET vs. 
CON

Dementia ALL:77 ± 7.9 298 145 25.2 ±
12.3

23.8 ±
10.4

28 2 60–90

Marinda 
Henskensa 
(2018)

Netherlands ET vs. 
CON

Dementia 85.14 ±
4.64

84.73 ± 4.55 16 16 12.1 ± 6.4 10.2 ±
5.7

24 3 30–45

Annika Toots 
(2017)

Switzerland ET vs. 
CON

Dementia 84.4 ± 6.2 85.9 ± 7.8 81 85 15.4 ± 3.4 14.4 ±
3.5

16 5 45

Elisabeth Wiken 
Telenius(2015)

Norway ET vs. 
CON

Dementia 87.3 ± 7.0 86.5 ± 7.7 72 68 15.5 ± 0.6 15.7 ±
4.9

12 2 50–60

Si-Yu Yang 
(2015)

China ET vs. 
CON

AD 72.00 ±
6.69

71.92 ± 7.28 25 25 21.33 
±2.24

20.00 
±3.50

12 3 40

Paula Aguiar 
(2014)

Brazil ET vs. 
CON

AD 78.6 ± 8.4 74.7 ± 7.4 17 17 20.1 ± 4.5 20.8 ±
4.0

24 2 40

Felipe de Oliveira 
Silva(2019)

Brazil ET vs. 
CON

AD 81.22 ±
8.88

77.54 ± 8.05 12 7 20.66 ±
5.19

20.90 ±
4.34

12 2 60

Hannareeta 
€Ohman(2016)

Finland ET vs. 
CON

AD 78.3 ± 5.1 78.1 ± 5.3 110 51 18.5 ± 6.3 17.7 ±
6.2

48 2 60

Elisabeth Wiken 
Telenius(2015)

Norway ET vs. 
CON

Dementia 86.9 ± 7 86.4 ± 7.8 81 79 15.6 ± 5.0 15.8 ±
5.0

14 2 50–60

Cynthia 
Arcoverde 
(2013)

Brazil ET vs. 
CON

AD 78.5 
±(64–81.2)

79 
±(74.7–82.2)

10 10 20.4 ± 2.7 19.9 ±
3.4

12 2 30

Gustavo 
Christofoletti 
(2007)

Brazil ET vs. 
CON

Dementia 72.9 ± 2.3 79.4 ± 2.0 12 17 12.7 ± 2.1 14.6 ±
1.2

24 3 60

Wang wei(2014) China ET vs. 
CON

AD 71.19±7.04 70.04±8.90 26 28 0.23±3.60 19.36 
±4.11

12 3 40

AIMEE SPECTOR 
(2003)

British CST 
vs. 
CON

Dementia 85.7 ± 6.2 84.7 ± 7.9 97 70 14.2 ± 3.9 14.8 ±
3.8

7 2 45

Martin Orrell 
(2014)

British CST 
vs. 
CON

Dementia 82.7 ± 7.9 83.5 ± 7.2 106 106 17.8 ± 5.6 17.8 ±
5.4

7 2 45

Neslihan Lok 
(2020)

Turkey CST 
vs. 
CON

AD NA 30 30 17.60 
(14.50- 
20.00)

16.50 
(13.50- 
19.00)

7 2 45

Daphne Sze Ki 
Cheung (2019)

Hong Kong CST 
vs. 
CON

Dementia 81.8 ± 7.41 85.3 ± 6.56 18 12 MoCA: 
CST:9.2 ±
3.9 
CON:5.9 ±
4.5

MoCA: 
CST:9.2 ±
3.9 
CON:5.9 
± 4.5

8 8 45–60

Sheung-Tak 
Cheng (2014)

Hong Kong CST 
vs. PT 
vs. 
CON

Dementia CST:81.9 ±
6.2 
ET:81.8 ±
7.4

80.9 ± 7.2 CST:36 
PT:39

35 CST:19.0 
± 3.2 
ET:18.7 ±
3.9

18.9 ±
4.1

12 3 60

(continued on next page)
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Table 1 (continued )

References Country Type Diagnose Age (Mean ± SD) Sample MMSE (baseline) Duration 
(weeks) 

Frequence 
(d/W) 

Time 
(min)

EXP CON EXP CON EXP CON   

Fred Andersen 
(2012)

Norway CST 
vs. 
CON

AD 81.6 ± 6.7 4.89±3.3 86 60 22.9 ± 4.6 23.5 ±
4.3

52 5 30

Katsuo 
Yamanaka 
(2013)

Japan CST 
vs. 
CON

Dementia 84.12±5.52 83.73±6.44 23 24 17.00 
±0.83

16.87 
±0.77

7 2 45

Renate Stemmer 
(2018)

Germany CST 
vs. 
CON

Dementia 80.2 ± 8.9 70.8 ± 10.0 24 30 19.3 ± 3.9 18.5 ±
3.8

26 1 30

Jennifer Cove 
(2014)

UK CST 
vs. 
CON

Dementia 76.8 ± 6.62 77.8 ± 7.74 21 21 22.71 
±3.76

22.91 
±3.01

14 1 45

Emanuela 
Capotosto 
(2016)

Italy CST 
vs. 
CON

Dementia 88.25 ±
5.15

86.52 ± 5.55 20 19 18.30 ±
3.14

18.20 ±
3.63

7 2 35

Luke Gibbor 
(2020)

UK CST 
vs. 
CON

Dementia 86.24±5.19 77.19±12.38 16 13 20.94 
±2.98

22.50 
±3.95

7 2 45

E. Tsantali 
(2017)

Greece CST 
vs. 
CON

AD 73.3 ± 4.9 74.2 ± 5.6 17 21 22.5 ± 0.9 23.1 ±
1.4

16 1 90

Yang (2019) China CST 
vs. 
CON

AD 75.74±5.86 75.24±7.00 42 42 18.48 
±2.02

18.21 
±1.97

7 2 30–45

Fred Andersen 
(2012)

Norway PT vs. 
CST 
vs. 
CON

AD PT:80.17 ±
6.4 
CST: 81.89 
± 8.3

79.81 ± 8.1 PT:26 
CST: 
46

37 PT:23.7 ±
3.7 
CST:22.9 
± 4.5

23.3 ±
4.9

48 7 NA

Sharon L(1996) USA PT vs. 
CON

AD 72.9 ± 7.5 70.6 ± 7.0 34 35 18.0 ±
5.00

18.2 ±
4.75

12 7 NA

Bengt Winblad 
(2006)

Sweden PT vs. 
CON

AD 84.5 ± 6.0 85.3 ± 5.9 95 99 6.0 ± 3.0 6.2 ± 3.0 24 7 NA

Howard R(2012) UK PT vs. 
CON

AD 76.71±8.20 77.7 ± 8.0 109 59 9.10±2.64 9.1 ± 2.4 52 7 NA

Jared R. 
Tinklenberg 
(2007)

USA PT vs. 
CON

AD 76.2 ± 8.1 78.4 ± 6.5 148 158 0.77 ±
4.28

19.36 ±
4.24

48 7 NA

Barry Reisberg 
(2003)

USA PT vs. 
CON

AD 75.5 ± 8.16 75.8 ± 7.28 97 82 7.8 ± 3.76 8.1 ±
3.60

28 7 NA

Chris Fox(2012) UK PT vs. 
CON

AD 84.9 ± 6.7 84.4 ± 6.6 72 77 7.3 ± 6.2 7.3 ± 6.4 12 7 NA

S. Bakchine 
(2008)

France PT vs. 
CON

AD 74.0 ± 7.4 73.3 ± 6.9 268 135 18.6 ± 3.3 18.9 ±
3.2

24 7 NA

Nunzio Pomara 
(2007)

USA PT vs. 
CON

AD 78.0 ± 7.3 77.0 ± 8.2 165 167 17.4 ± 3.7 17.2 ±
3.4

24 7 NA

Elaine R. Peskind 
(2006)

USA PT vs. 
CON

AD 78.0 ± 7.3 77.0 ± 8.2 160 162 17.4 ± 3.7 17.2 ±
3.4

24 7 NA

Chen xia(2007) China PT vs. 
CON

AD ALL:49–89 94 95 11.8 ± 4.2 11.9 ±
4.0

16 7 NA

Zhang Baoli 
(2013)

China PT vs. 
CON

AD 69.9 ± 5.5 69.7 ± 5.4 52 52 18.4 ± 4.2 18.5 ±
4.0

48 7 NA

Shifu Xiao(2021) China PT vs. 
CON

AD 69.6 ± 8.12 69.7 ± 8.20 334 344 19.4 ± 4.4 19.5 ±
4.5

36 7 NA

Tao Wang(2020) China PT vs. 
CON

AD 70.4 ± 8.5 70.3 ± 8.1 83 83 18.1 ± 4.4 17.5 ±
4.2

24 7 NA

Ling-Feng Zhang 
(2022)

China PT vs. 
CON

AD GV- 
971:67.67 
±4.92 
DON:70.00 
±6.00

64.33±7.59 36 12 GV-971:16 
±3.27 
DON:14.5 
± 0.5

16±1 48 7 NA

Jihui Lyu(2018) China MT 
vs. PT

AD 68.9 ± 7.1 69.9 ± 7.9 97 95 13.45 ±
3.66

13.22 ±
4.01

12 7 30–40

Anna Rita 
Giovagnoli 
(2018)

Italy MT 
vs. 
CON

AD 74.3 ± 5.7 PT:72.0 ±
7.3

23 22 16.59 ±
4.01

PT:16.24 
± 4.10

24 2 40

A. R. Giovagnoli 
(2017)

Italy MT 
vs. 
CON

AD 73.92 ±
7.74

71.69 ± 7.88 13 13 22.85 ±
6.28

23.62 ±
1.94

12 2 45

Enrico Ceccato, 
PsyD(2012)

Italy MT 
vs. 
CON

Dementia 85.5 ± 5.9 87.2 ± 7.1 27 23 16.93 ±
3.66

16.39 ±
3.90

12 1 45

Li(2021) China MT 
vs. 
CON

AD 71.601 
±3.512

72.201 
±4.610

40 40 13.101 
±5.111

12.101 
±4.123

16 7 NA

(continued on next page)
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convergence for all model parameters. The trace and density plots of the 
chains are shown in Supplementary Figure S4. The Bayesian network 

meta-analysis suggested that various interventions could enhance 
cognitive abilities in dementia patients. The relative effect estimates 
indicated that PBM [SMD = 0.66, 95%CrI (0.29, 1.02)], EE [SMD=0.69, 
95%CrI (0.08, 1.31)], PT [SMD=0.36, 95%CrI (0.17, 0.55)], CST 
[SMD=0.32, 95%CrI (0.11, 0.55)], and ET [SMD=0.28, 95%CrI (0.06, 
0.51)] were effective in enhancing cognitive function of AD patients 
compared to CON. However, MT [SMD=0.22, 95%CrI (− 0.08, 0.52)] 
had no statistical significance. Fig. 3 illustrates the forest plot of the 
network meta-analysis.

The apparent loops within the network meant that there was both 
direct and indirect comparison evidence simultaneously for some in
terventions. It was essential to adopt the node-splitting approach to 
assess local inconsistency. Its results demonstrated a statistically sig
nificant inconsistency between direct and indirect evidence for the 
comparison of CST and CON (direct: [MD=0.34, 95%CrI (0.12, 0.57)], 
indirect: [MD=0.32, 95%CrI (− 0.76, 1.4)], network: [MD=0.32, 95% 
CrI (0.12, 0.54)]). No significant inconsistencies were found in the other 
three paired comparisons (Supplementary Figure S5). In the previous 
manuscript, heterogeneity was assessed, indicating a moderate hetero
geneity (p < 0.01, I2 = 67.3%). The interventions included in this study 
had various mechanisms. While it increased the comprehensiveness of 
our reviews and results, it may introduce clinical heterogeneity. We 
strongly recommend that clinicians, researchers, and policymakers 
carefully consider the diversity of interventions and integrate these in
sights with individualized patient assessments, local drug availability, 
and practical feasibility of implementation.

According to the cumulative ranking probabilities, PBM achieved the 
highest SUCRA value (87.3%), followed by EE (83.8%), PT (54.7%), CST 
(48.9%), ET (40.8%), and lastly MT (32.9%). However, the league table 
showed a slightly different result from this order. Mainly, the efficacy of 
EE was slightly superior to that of PBM. The league table and the SUCRA 
values are shown in Table 2. The cumulative ranking graph based on 
SUCRA values is shown in Supplementary Figure S6.

Table 1 (continued )

References Country Type Diagnose Age (Mean ± SD) Sample MMSE (baseline) Duration 
(weeks) 

Frequence 
(d/W) 

Time 
(min)

EXP CON EXP CON EXP CON   

Hsin Chu(2014) China- 
Taiwan

MT 
vs. 
CON

Dementia ALL:82±6.80 49 51 12.80 
±6.15

13.76 
±5.36

6 2 30

Eva M. Arroyo- 
Anlló(2013)

Spain MT 
vs. 
CON

AD 74.38±3.56 75.15±4.23 20 20 19.30 
±3.68

19.90±
2.93

12 3 2–4

Masayuki Satoh 
(2015)

Japan MT 
vs. 
CON

AD 78.1 ± 7.0 77.0 ± 6.1 10 10 19.1 ± 3.9 20.9 ±
3.5

24 1 60

PBM: photobiomodulation; EE: enriching environment; ET: exercise therapy; MT: music therapy; PT: pharmacological intervention; CST: cognitive stimulation 
therapy; CON: control group; AD: Alzheimer’s disease.

Fig. 2. Network evidence map of the effects of different cognitive in
terventions. 
PBM: photobiomodulation; EE: enriching environment; ET: exercise therapy; 
MT: music therapy; PT: pharmacological intervention; CST: cognitive stimula
tion therapy; CON: control group.

Fig. 3. Forest plot of network meta-analysis results. 
PBM: photobiomodulation; EE: enriching environment; ET: exercise therapy; MT: music therapy; PT: pharmacological intervention; CST: cognitive stimulation 
therapy; CON: control group.
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3.6. Meta-regression and sensitivity analysis

Three study design indicators (baseline, duration of intervention, 
and frequency of intervention) and the participants’ characteristics 
(age) were selected as covariates. The network meta-regression revealed 
that only the baseline of the outcome measures [β = 0.28, 95%CrI (0.07, 
0.48)] was statistically significant for the effect on global cognitive 
function, demonstrating a positive correlation. Other results of network 
meta-regressions were as follows: duration of intervention [β= − 0.07, 
95%CrI (− 0.30, 0.17)], frequency of intervention [β= − 0.14, 95%CrI 
(− 0.40, 0.11)], and age of subjects [β= − 0.03, 95%CrI (− 0.25, 0.18)].

Since the I2 statistic (67.3%) indicated moderate heterogeneity, a 
sensitivity analysis was conducted by eliminating high-risk, small-sam
ple, and outlier studies. The heterogeneity decreased marginally to 
66.2% after removing three high-risk studies, indicating that the results 
were not substantially influenced by these studies. Besides, excluding 15 
small-sample studies did not alter the SUCRA of any intervention, 
demonstrating high robustness of the findings to their removal. How
ever, after excluding 6 outlier studies, the SUCRA for EE decreased from 
0.84 to 0.45 following the removal of one study that used EE as treat
ment. This may be attributed to the limited number of studies on EE, 
rendering the results sensitive to the exclusion of any one of them. The 
SUCRA for each intervention, after removing small-sample and outlier 
studies, is shown in Supplementary Table S4.

4. Discussion

This Bayesian network meta-analysis was to comprehensively 
compare the efficacy of diverse interventions for improving cognitive 
function in AD. The evaluated interventions included non- 
pharmacological interventions (PBM, EE, ET, MT, and CST) and a 
combined pharmacological group (donepezil, memantine, and sodium 
oligomannate). Based on the SUCRA values, PBM demonstrated the 
highest probability of being the optimal intervention in cognitive 
improvement, followed by EE, PT, CST, ET, and finally MT. However, 
MT did not show a statistically significant effect compared to other 
interventions.

4.1. Summary and interpretation of findings

PBM demonstrated greater enhancement in cognitive function con
trasted to PT, highlighting its potential for dementia treatment. There 

are no independent meta-analyses of PBM, but the clinical applications 
of PBM have been increasing rapidly in recent years, proving the ther
apeutic effect of PBM for dementia [94,95]. PBM uses low-level light 
absorbed by cellular photoreceptors [96,97] (such as in mitochondria) 
to enhance cellular energy (ATP) [14], reduce neuroinflammation [15] 
and amyloid-beta (Aβ) [98], promote nerve regeneration, and enhance 
excitatory neurotransmission and oxidative metabolism [16], thereby 
improving cognitive function. PBM can improve memory and executive 
function in patients with mild-to-moderate dementia. However, its 
clinical applicability has not been tested in a large-scale patient popu
lation. The encouraging findings provide preliminary support for plan
ning an expanded design of larger trials. With an estimated device cost of 
€2000 to €10,000, PBM represents one of the most economical 
non-invasive brain stimulation techniques, aside from sensory stimula
tion [99]. In these included studies, the light sources were light-emitting 
diodes and low-level lasers, with wavelengths mainly ranging from 800 
to 1080 nm. In addition to the commonly irradiated sites such as the 
cranium and eyes, some studies also exposed the abdomen and wrists. 
Treatment sessions ranged from 6 to 30 min, with frequencies of 3 to 14 
sessions per week and durations of 2 to 12 weeks. In clinical practice, 
PBM typically plays an adjuvant role in standard pharmacological 
treatments for AD. A detailed explanation of its specific implementation 
methods in clinical practice is provided in Supplementary Table S5. 
The implementation of PBM mostly relies on specific devices and health 
professionals, so caregiver burden does not pose a barrier to carrying out 
the intervention. Future research can be directed towards developing 
individualized treatment protocols to address the specific symptom 
profiles of AD patients, such as optimizing energy density and duration.

EE significantly improves cognitive function in AD patients through 
multiple mechanisms, such as enhancing hippocampal synaptic density 
[100], increasing microRNA-146a secretion [101] and brain-derived 
neurotrophic factor (BDNF) levels [102], and reducing Aβ plaques 
[102,103]. One study assessed the feasibility of virtual reality-assisted 
occupational therapists for cognitive treatment in patients with mild 
cognitive impairment or dementia, reporting scores exceeding 5 out of 7 
across acceptability, expectation effectiveness, satisfactoriness, and 
stability metrics [104]. Because EE modalities—such as virtual reality, 
enriched gardens, and music— were multifarious, factors including 
caregiver burden, cost-effectiveness, and resource allocation may vary 
widely [105,106]. The heterogeneity also limited the comparability and 
reliability of findings across studies. Future studies should standardize 
intervention protocols to facilitate more consistent and generalizable 

Table 2 
League matrix table of critical outcome analyses (Significant results marked in bold).

PBM: photobiomodulation; EE: enriching environment; ET: exercise therapy; MT: music therapy; PT: pharmacological intervention; CST: cognitive stimulation 
therapy; CON: control group.
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conclusions.
The effect of CST was also significant. Its mechanisms include 

elevating BDNF, reducing proinflammatory cytokines (TNF-α, IL-6) 
[107,108], improving brain connectivity, and promoting synapto
genesis [109]. Notably, the therapeutic benefits of CST exhibit 
time-dependent characteristics (peaking then declining) [110]. While 
effective, CST did not outperform other interventions, such as PBM and 
EE, warranting further mechanistic research. CST was recommended for 
individuals with mild to moderate dementia. One study suggested that 
caregivers attended structured training and adhered to the intervention 
protocols [111]. Although there was some burden for caregivers, satis
factory levels of acceptability and treatment fidelity were critical to 
ensuring intervention efficacy [111,112]. As for cost-effectiveness, this 
therapy can be conducted economically through training programs for 
nurses, caregivers, or employees of care facilities [113]. A comprehen
sive evaluation conducted in the UK demonstrated that CST was superior 
in cost-effectiveness to usual care over 3 months, with a mean cost of 
£1223 per one-point improvement on the MMSE [114]. Overall, CST is 
appropriate for patients with mild to moderate dementia, and its com
bination with acetylcholinesterase inhibitors may offer superior effec
tiveness and cost-efficiency [114].

Some network meta-analyses [17,115,116] showed that multimodal 
exercise, aerobic exercise, and high-intensity functional training had 
superior outcomes, which were consistent with this study. The proposed 
mechanisms encompass: enhancing hippocampal signaling (FNDC5/ir
isin, BDNF) [117,118], reducing pathological proteins (P-tau, Aβ) [119], 
improving brain plasticity (astrocyte regulation, blood flow) [120,121], 
modulating systemic factors (phospholipase D1) [122], and supporting 
mitochondrial energy metabolism [123]. However, the extent of these 
effects appears to vary with exercise modality, intensity, and frequency, 
demonstrating the need for further investigation. Most caregivers 
showed positive affect, general health, and low burden, but might have 
mild depressive symptoms [124]. Although ET is effective and 
economical, safety concerns may further contribute to caregivers’ 
reluctance to engage in exercise interventions [125].

No statistically significant improvement in cognitive function was 
observed with MT in this study, which was consistent with previous 
meta-analyses [126,127]. Some studies reported that MT offered modest 
benefits in specific cognitive domains in mild to moderate dementia and 
potentially modulated biomarkers, such as telomere length and Aβ 
[128], or influenced neural circuitry, including prefrontal-hippocampal 
pathways [129]. But the current evidence for its efficacy and mecha
nisms remains limited and inconsistent. Significant heterogeneity in 
intervention formats, duration, and frequency across studies compli
cated comparative analysis and outcome interpretation [130]. Person
alized music intervention was a straightforward and economical 
approach with potential therapeutic value. However, MT did not ach
ieve significant effects on depression, anxiety, quality of life, or care
giver burden among participants [131]. Caregivers received training 
and practical support on selecting preferred music and creating indi
vidualized playlists. Moreover, it was evaluated that the expense was 
$20.00 per personalized playlist, based on a standard of 10 songs [132].

In addition to common mechanisms such as reducing Aβ plaque 
deposition, tau protein phosphorylation, and inhibiting neuro
inflammation, donepezil can inhibit acetylcholinesterase and enhance 
cholinergic signal transmission [3]; memantine, a non-competitive 
NMDA receptor antagonist, protects neurons from excitotoxic damage 
[4]. The cholinesterase inhibitor donepezil is established as the first-line 
standard pharmacotherapy for mild to moderate AD. The 
non-competitive NMDA receptor antagonist memantine is commonly 
used in the treatment of moderate to severe AD. It was proven that the 
combination of these two drugs could enhance the therapeutic effect of 
improving cognition. An increasing number of new drugs have been 
developed and studied recently. Novel anti-amyloid-beta (Aβ) mono
clonal antibody lecanemab has shown potential in the treatment of AD 
in recent years, which was approved for the treatment of early AD and 

was recommended to be diluted in accordance with the standard of 10 
mg/kg and once every 2 weeks by the Food and Drug Administration 
(FDA) in 2023 [133]. It is a humanized IgG1 antibody that primarily 
targets soluble Aβ fibrils. Clinical research showed that lecanemab 
significantly reduced Aβ plaques and delayed cognitive decline [134]. 
Future research can explore the potential to enhance efficacy by 
combining such targeted medicines with non-pharmacological in
terventions based on the results of clinical studies.

4.2. Advantages

The Bayesian network meta-analysis framework offered several 
methodological strengths. It could integrate direct and indirect evi
dence, enable robust effect estimates through posterior probability dis
tributions, and rank them by relative efficacy. These advantages 
enhanced the comprehensiveness and interpretability of results within 
complex treatment networks, particularly when direct comparisons 
were scarce.

4.3. Limitations

There were several limitations in this study. First, the relatively small 
number of studies on EE may reduce the precision and reliability of the 
estimates. Secondly, most pharmacological and non-pharmacological 
interventions lacked direct comparative evidence and instead relied on 
indirect comparisons within the network. Thirdly, there was an inevi
table and obvious publication bias. Fourthly, the star-shaped structure 
limited the reliability of indirect comparisons, as these relied on the 
unverifiable consistency assumption. Fifthly, this network meta-analysis 
focused on a predefined set of cognition-oriented interventions. Impor
tantly, the most effective strategies in clinical practice are often multi
modal or combined interventions. Such combined approaches were not 
included in the present network because component-based modelling 
was beyond the scope of this analysis. Therefore, our findings should be 
interpreted as comparisons among selected single-intervention cate
gories rather than definitive rankings of all possible therapeutic strate
gies. Moreover, as with all network meta-analyses, the validity of 
indirect comparisons depends on the transitivity assumption. Although 
we assessed key potential effect modifiers across studies, residual vio
lations of transitivity cannot be entirely excluded.

4.4. Enlightenment for practice, policy, and research

Delaying cognitive decline is a critical goal in the clinical manage
ment of AD. This study holds relevant implications for clinical practice, 
health policy, and further research. Considering factors such as costs, 
efficacy, and adverse effects, healthcare professionals could integrate 
non-pharmacological interventions either as alternatives or adjuncts to 
pharmacological interventions to delay the decline of brain function in 
AD patients. The National Action Plan for Addressing Dementia in Older 
Age (2024–2030) in China recommended the construction of dementia 
care areas within elderly care institutions. Establishing standardized 
protocols for non-pharmacological interventions in dementia care areas 
could not only reduce family burden but also enable more efficient use of 
resources, such as occupational therapy staff and medical equipment. In 
addition, the National Healthcare Security Administration of China has 
included non-invasive neuromodulator therapies on the list of medical 
service price items, enabling reimbursement and enhancing their 
accessibility for AD patients. Larger clinical trials focusing on PBM and 
EE could be conducted to further validate their effectiveness in 
improving cognitive function and directly compare their outcomes with 
those of conventional pharmacological interventions. This study focused 
solely on the effects of selected single non-pharmacological in
terventions on cognitive improvement. Future research is warranted to 
employ component network meta-analysis to explore the effects of 
combined interventions. Such an approach would yield insights of 
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greater translational value for the prevention of mild-to-moderate AD.

5. Conclusions

In conclusion, among the evaluated interventions, PBM and EE were 
associated with the most substantial improvements in cognitive func
tion, followed by PT, CST, and ET. In contrast, MT did not yield statis
tically significant improvements in cognition compared to CON. Future 
research should prioritize exploring the differential effects of these in
terventions across clinical subgroups, such as mild-to-moderate versus 
severe dementia, to provide robust scientific evidence for precise 
intervention strategies and individualized clinical decision-making.
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[52] Öhman H, Savikko N, Strandberg TE, et al. Effects of exercise on cognition: the 
Finnish Alzheimer Disease exercise Trial: a randomized, controlled trial. J Am 
Geriatr Soc 2016;64:731–8. https://doi.org/10.1111/jgs.14059.

[53] Telenius EW, Engedal K, Bergland A. Long-term effects of a 12 weeks high- 
intensity functional exercise program on physical function and mental health in 
nursing home residents with dementia: a single blinded randomized controlled 
trial. BMC Geriatr 2015;15:158. https://doi.org/10.1186/s12877-015-0151-8.

[54] Arcoverde C, Deslandes A, Moraes H, et al. Treadmill training as an augmentation 
treatment for Alzheimer?S disease: a pilot randomized controlled study. Arq 
Neuropsiquiatr 2014;72:190–6. https://doi.org/10.1590/0004-282X20130231.

[55] Christofoletti G, Oliani MM, Gobbi S, et al. A controlled clinical trial on the effects 
of motor intervention on balance and cognition in institutionalized elderly 
patients with dementia. Clin Rehabil 2008;22:618–26. https://doi.org/10.1177/ 
0269215507086239.

[56] Wang W, Zhu Y, Yang S, et al. Effects of aerobic training on cognitive function 
and activities of daily living in patients with Alzheimer’s disease. Chin J Rehabil 
Med 2014;29:1151–5.

[57] Andersen F, Viitanen M, Halvorsen DS, et al. The effect of stimulation therapy and 
donepezil on cognitive function in Alzheimer’s disease. A community based RCT 
with a two-by-two factorial design. BMC Neurol 2012;12:59. https://doi.org/ 
10.1186/1471-2377-12-59.

[58] Howard R, McShane R, Lindesay J, et al. Donepezil and Memantine for moderate- 
to-severe Alzheimer’s disease. N Engl J Med 2012;366:893–903. https://doi.org/ 
10.1056/NEJMoa1106668.

[59] Howard R, McShane R, Lindesay J, et al. Nursing home placement in the 
Donepezil and Memantine in moderate to severe Alzheimer’s Disease (DOMINO- 
AD) trial: secondary and post-hoc analyses. Lancet Neurol 2015;14:1171–81. 
https://doi.org/10.1016/S1474-4422(15)00258-6.

[60] Rogers SL, Friedhoff LT. The efficacy and safety of donepezil in patients with 
Alzheimer’s disease: results of a US Multicentre, randomized, double-blind, 
placebo-controlled trial. The Donepezil study group. Dement Basel Switz 1996;7: 
293–303. https://doi.org/10.1159/000106895.

Y. Zhao et al.                                                                                                                                                                                                                                    The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100564 

11 

https://doi.org/10.3390/medicina60101633
https://doi.org/10.1097/MD.0000000000037799
https://doi.org/10.1186/s13195-021-00795-7
https://doi.org/10.1111/php.12864
https://doi.org/10.1111/php.12864
https://doi.org/10.1186/s13195-024-01484-x
https://doi.org/10.1007/s12035-020-02247-z
https://doi.org/10.1007/s12035-020-02247-z
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0017
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0017
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0017
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0018
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0018
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0018
https://training.cochrane.org/handbook/current
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3389/fnagi.2023.1131744
https://doi.org/10.3389/fnagi.2023.1131744
https://doi.org/10.1093/eurjpc/zwab208
https://doi.org/10.1093/eurjpc/zwab208
https://doi.org/10.1016/j.arr.2024.102203
https://doi.org/10.1136/bjsports-2021-104981
https://doi.org/10.1016/j.jalz.2011.10.007
https://doi.org/10.1016/j.jalz.2011.10.007
https://doi.org/10.1146/annurev-clinpsy-032814-112800
https://doi.org/10.1146/annurev-clinpsy-032814-112800
https://doi.org/10.1080/13607863.2017.1423031
https://doi.org/10.1007/978-1-0716-1566-9_3
https://doi.org/10.2217/cer-2018-0065
https://doi.org/10.1007/s40279-022-01766-0
https://doi.org/10.1007/s40279-022-01766-0
https://doi.org/10.1016/j.arr.2022.101839
https://doi.org/10.1016/j.addbeh.2021.106845
https://doi.org/10.1016/j.addbeh.2021.106845
https://doi.org/10.1002/jrsm.1044
https://doi.org/10.1016/j.jclinepi.2010.03.016
https://doi.org/10.1016/j.jclinepi.2010.03.016
https://doi.org/10.1136/bmj.h4718
https://doi.org/10.7759/cureus.16188
https://doi.org/10.14336/AD.2021.0229
https://doi.org/10.1089/photob.2021.0135
https://doi.org/10.2147/IJGM.S280559
https://doi.org/10.3233/JAD-220866
https://doi.org/10.3233/JAD-220866
https://doi.org/10.3233/JAD-220467
https://doi.org/10.3233/JAD-220467
https://doi.org/10.1016/j.pdpdt.2024.103991
https://doi.org/10.1016/j.pdpdt.2024.103991
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0043
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0043
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0043
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0044
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0044
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0044
https://doi.org/10.1136/bmj.k1675
https://doi.org/10.1136/bmj.k1675
https://doi.org/10.1159/000491818
https://doi.org/10.3233/JAD-170014
https://doi.org/10.1371/journal.pone.0126102
https://doi.org/10.2174/1871527315666151111123319
https://doi.org/10.2174/1567205011666140618102224
https://doi.org/10.1016/j.maturitas.2019.04.217
https://doi.org/10.1016/j.maturitas.2019.04.217
https://doi.org/10.1111/jgs.14059
https://doi.org/10.1186/s12877-015-0151-8
https://doi.org/10.1590/0004-282X20130231
https://doi.org/10.1177/0269215507086239
https://doi.org/10.1177/0269215507086239
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0056
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0056
http://refhub.elsevier.com/S2274-5807(26)00088-9/sbref0056
https://doi.org/10.1186/1471-2377-12-59
https://doi.org/10.1186/1471-2377-12-59
https://doi.org/10.1056/NEJMoa1106668
https://doi.org/10.1056/NEJMoa1106668
https://doi.org/10.1016/S1474-4422(15)00258-6
https://doi.org/10.1159/000106895


[61] Tinklenberg JR, Kraemer HC, Yaffe K, et al. Donepezil treatment and Alzheimer 
disease: can the results of randomized clinical trials Be applied to Alzheimer 
disease patients in clinical practice? Am J Geriatr Psychiatry 2007;15:953–60. 
https://doi.org/10.1097/JGP.0b013e3180986138.

[62] Winblad B, Kilander L, Eriksson S, et al. Donepezil in patients with severe 
Alzheimer’s disease: double-blind, parallel-group, placebo-controlled study. The 
Lancet 2006;367:1057–65. https://doi.org/10.1016/S0140-6736(06)68350-5.

[63] Bakchine S, Loft H. Memantine treatment in patients with mild to moderate 
Alzheimer’s disease: results of a randomised, double-blind, placebo-controlled 6- 
month study. J Alzheimers Dis JAD 2007;11:471–9. https://doi.org/10.3233/jad- 
2007-11409.

[64] Reisberg B, Doody R, Stöffler A, et al. Memantine in moderate-to-severe 
Alzheimer’s disease. N Engl J Med 2003;348:1333–41. https://doi.org/10.1056/ 
NEJMoa013128.

[65] Fox C, Crugel M, Maidment I, et al. Efficacy of memantine for agitation in 
Alzheimer’s dementia: a randomised double-blind placebo controlled trial. PLoS 
ONE 2012;7:e35185. https://doi.org/10.1371/journal.pone.0035185.

[66] Peskind ER, Potkin SG, Pomara N, et al. Memantine treatment in mild to 
moderate Alzheimer disease: a 24-week randomized, controlled trial. Am J 
Geriatr Psychiatry 2006;14:704–15. https://doi.org/10.1097/01. 
JGP.0000224350.82719.83.

[67] Pomara N, Ott BR, Peskind E, et al. Memantine treatment of cognitive symptoms 
in mild to moderate Alzheimer disease: secondary analyses from a placebo- 
controlled randomized trial. Alzheimer Dis Assoc Disord 2007;21:60–4. https:// 
doi.org/10.1097/WAD.0b013e318032cf29.

[68] Chen X, Zhang Z, Wang X, et al. Multicenter research on efficacy and tolerance of 
memantine in Chinese patients with Alzheimer’s disease. Chin J Neurol 2007;40: 
364–8.

[69] Zhang B, Song Y, Li X, et al. Efficacy and safety of Memantine for Alzheimer’s 
disease. Eval Anal Drug-Use Hosp China 2013;13:260–2. https://doi.org/ 
10.14009/j.issn.1672-2124.2013.03.017.

[70] Wang T, Kuang W, Chen W, et al. A phase II randomized trial of sodium 
oligomannate in Alzheimer’s dementia. Alzheimers Res Ther 2020;12:110. 
https://doi.org/10.1186/s13195-020-00678-3.

[71] Xiao S, Chan P, Wang T, et al. A 36-week multicenter, randomized, double-blind, 
placebo-controlled, parallel-group, phase 3 clinical trial of sodium oligomannate 
for mild-to-moderate Alzheimer’s dementia. Alzheimers Res Ther 2021;13:62. 
https://doi.org/10.1186/s13195-021-00795-7.

[72] Zhang L-F, Zhang YP, Lin PX, et al. Efficacy and safety of sodium oligomannate in 
the treatment of Alzheimer’s disease. Pak J Pharm Sci 2022.
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[85] Stemmer R, Gräßel E, Schmid M. Einzelaktivierung von Menschen mit demenz im 
häuslichen setting: eine randomisierte kontrollierte studie. Z Für Gerontol Geriatr 
2019;52:256–63. https://doi.org/10.1007/s00391-018-1387-7.

[86] Spector A, Thorgrimsen L, Woods B, et al. Efficacy of an evidence-based cognitive 
stimulation therapy programme for people with dementia - randomised 
controlled trial. Br J PSYCHIATRY 2003;183:248–54. https://doi.org/10.1192/ 
bjp.183.3.248.

[87] Lok N, Buldukoglu K, Barcin E. Effects of the cognitive stimulation therapy based 
on Roy’s adaptation model on Alzheimer’s patients’ cognitive functions, coping- 

adaptation skills, and quality of life: a randomized controlled trial. Perspect 
Psychiatr Care 2020;56:581–92. https://doi.org/10.1111/ppc.12472.

[88] Yamanaka K, Kawano Y, Noguchi D, et al. Effects of cognitive stimulation therapy 
Japanese version (CST-J) for people with dementia: a single-blind, controlled 
clinical trial. Aging Ment Health 2013;17:579–86. https://doi.org/10.1080/ 
13607863.2013.777395.

[89] Cove J, Jacobi N, Donovan H, et al. Effectiveness of weekly cognitive stimulation 
therapy for people with dementia and the additional impact of enhancing 
cognitive stimulation therapy with a carer training program. Clin Interv Aging 
2014:2143. https://doi.org/10.2147/CIA.S66232.

[90] Capotosto E, Belacchi C, Gardini S, et al. Cognitive stimulation therapy in the 
Italian context: its efficacy in cognitive and non-cognitive measures in older 
adults with dementia. Int J Geriatr Psychiatry 2017;32:331–40. https://doi.org/ 
10.1002/gps.4521.

[91] Cheung DSK, Li B, Lai DWL, et al. Cognitive stimulating play intervention for 
dementia: a feasibility randomized controlled trial. Am J Alzheimers Dis 
Dementias® 2019;34:63–71. https://doi.org/10.1177/1533317518808036.

[92] Gibbor L, Forde L, Yates L, et al. A feasibility randomised control trial of 
individual cognitive stimulation therapy for dementia: impact on cognition, 
quality of life and positive psychology. Aging Ment Health 2021;25:999–1007. 
https://doi.org/10.1080/13607863.2020.1747048.

[93] Yang J. Effects of cognitive stimulation therapy (CST) on cognitive function and 
quality of life in patients with Alzheimer’s disease (AD). Master’s Research 
Thesis. Guangdong Pharmaceutical University; 2020. https://doi.org/10.27690/ 
d.cnki.ggdyk.2019.000237.

[94] Aini N, Chen R, Chu H, et al. The effects of light therapy on sleep, depression, 
neuropsychiatric behaviors, and cognition among people living with dementia: a 
meta-analysis of randomized controlled trials. Am J Geriatr Psychiatry Off J Am 
Assoc Geriatr Psychiatry 2024;32:681–706. https://doi.org/10.1016/j. 
jagp.2023.12.010.

[95] Gao Y, An R, Huang X, et al. Effectiveness of photobiomodulation for people with 
age-related cognitive impairment: a systematic review and meta-analysis. Lasers 
Med Sci 2023;38:237. https://doi.org/10.1007/s10103-023-03899-8.

[96] Stevens AR, Hadis M, Milward M, et al. Photobiomodulation in acute traumatic 
Brain injury: a systematic review and meta-analysis. J Neurotrauma 2023;40: 
210–27. https://doi.org/10.1089/neu.2022.0140.

[97] Hamblin MR. Mechanisms and applications of the anti-inflammatory effects of 
photobiomodulation. AIMS Biophys 2017;4:337–61. https://doi.org/10.3934/ 
biophy.2017.3.337.
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