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1.  Introduction

The microbiota-gut-brain axis (MGBA) is a complex communication 
network that connects the gut microbiota, the gastrointestinal tract, 

and the central nervous system (CNS). This two-way pathway plays a 
crucial role in maintaining balance within the body and affects various 
physiological processes, such as mood regulation, cognitive function, 
and immune responses. Recent studies emphasize the significance of 
the MGBA in neurodegenerative diseases, particularly Alzheimer’s 
disease (AD), which is characterized by a gradual decline in cognitive 
abilities and memory loss. Gaining insights into the MGBA’s role 
could help clarify the underlying mechanisms of AD and pave the 
way for new treatment options[1-2]. 
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A B S T R A C T

Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by a gradual decline in cognitive 
abilities and memory loss. Recent studies have indicated that the microbiota-gut-brain axis (MGBA) may be 
involved in the development of this condition. This research aimed to clarify the composition and function of 
the MGBA, particularly focusing on the diversity of gut microbiota, and its connection to gut barrier integrity 
and the nervous system. Herein, we conducted a narrative review of existing literature to investigate how 
microbial metabolites affect neural function, neuroinflammation, and metabolic issues related to AD. The 
results of this study indicate that changes in the diversity of the gut microbiota can worsen neuroinfl ammation, 
thereby accelerating the progression of AD. Additionally, we discovered that neurotransmitters, which 
are influenced by the gut microbiota, play a regulatory role, pointing to potential targets for therapy. In 
exploring treatment options, we assessed the effectiveness of probiotics, dietary changes, and fecal microbiota 
transplantation (FMT) in managing AD. Clinical trials have demonstrated that specifi c probiotic strains can 
improve cognitive function, while dietary approaches, such as the Mediterranean diet, are associated with a 
reduced risk of developing AD. Moreover, FMT appears to be a promising new treatment strategy, although 
there are still challenges to its implementation. In summary, our research highlights the signifi cant role of the 
MGBA in the pathogenesis and treatment of AD, suggesting that modifying gut microbiota could provide new 
opportunities for therapeutic intervention in AD.
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AD is a pressing global health issue, with a prevalence rising 
concurrent with population aging. Currently, approximately 50 million 
individuals worldwide are living with dementia, and AD accounts 
for 60%–70% of these cases[3]. AD is associated with the buildup of 
amyloid-β (Aβ) plaques and neurofibrillary tangles in the brain, leading 
to synaptic dysfunction and the loss of neurons. Epidemiological studies 
have identified modifiable risk factors, such as obesity, diabetes, and 
cardiovascular diseases, that increase the likelihood of developing AD[4-5]. 

Recent findings have revealed that the gut microbiota 
significantly influences the nervous system, indicating that 
alterations in the gut microbiome can impact neuroinflammation, 
neurotransmitter production, and overall brain function. Specific 
microbial metabolites, such as short-chain fatty acids (SCFAs), have 
shown neuroprotective effects and play a role in neuroinflammatory 
processes[6]. This relationship highlights the potential for microbiome-
targeted therapies to reduce the risk or slow the progression of AD. 
Consequently, focusing on the gut microbiome may provide a novel 
therapeutic strategy for addressing this challenging condition[7]. To 
this end, this review aimed to clarify the composition and function 
of the MGBA, particularly focusing on gut microbiota diversity, and its 
connection to gut barrier integrity and the nervous system.

Methods, an extensive literature search of articles and reviews was 
conducted using the PubMed, Web of Science, and Scopus databases, 
which covered the period from 2014 to 2025. The search focused 
on keywords such as “microbiota-gut-brain axis”; “Alzheimer’s 
disease”; “probiotics”; “fecal microbiota transplantation”; and “dietary 
interventions”. Inclusion criteria comprised clinical trials, animal 
studies, and mechanistic reviews. Articles published in languages 
other than English, and those not directly related to the pathogenesis 
of AD, were excluded from the review. The data extraction process 
emphasized the microbial mechanisms involved, therapeutic 
outcomes, and specific limitations encountered in study design, 
sample size, and methodology[8-9]. 

2.  MGBA composition and function

The gut microbiota, a complex and diverse community of 
microorganisms, plays a crucial role in human health, particularly 
in relation to the MGBA. Research has indicated that a diverse gut 
microbiota is essential for maintaining homeostasis and ensuring optimal 
physiological functions. A varied microbiome can bolster the resilience 
of the gut ecosystem, which in turn supports various metabolic and 
immune functions. Furthermore, studies have indicated a significant link 
between the diversity of gut microbiota and neurological health, with a 
richer microbiota associated with better cognitive function and emotional 
regulation[10]. Conversely, alterations in gut microbiota diversity have been 
connected to neurodegenerative disorders, highlighting the importance of 
a balanced microbial community for brain health. Factors such as diet, 
environment, and lifestyle can significantly influence the composition 
of gut microbiota, underscoring the necessity for personalized 
strategies aimed at enhancing microbiome diversity as a potential 
therapeutic approach for neuropsychiatric conditions[11-13].

2.1  Relationship between gut barrier function and AD 

Maintaining the integrity of the gut barrier is essential for preventing 
harmful substances from entering the bloodstream, which in turn protects 

the nervous system from neurotoxic effects. Damage to the intestinal 
barrier causes “leaky gut”, which promotes AD development[14]. The 
MGBA plays a vital role in facilitating communication between  
the gut and the CNS through various pathways, including the vagus 
nerve, immune signals, and microbial metabolites. Research indicates 
that a weakened gut barrier can lead to elevated levels of pro-
inflammatory cytokines in the circulation, which may contribute to 
neuroinflammation and subsequent neuronal damage[15-16]. Therefore, 
it is crucial to understand the mechanisms regulating gut barrier 
integrity, as this knowledge could inform the development of 
interventions aimed at improving gut health and preventing AD[17].

2.2  Impact of microbial metabolites on neural function in AD

Recent studies show that gut microbiota significantly affect the 
host’s physiological functions through their metabolites. Microbial 
metabolites, especially SCFAs, amino acids and their derivatives, and 
other metabolites such as biogenic amines and phenolic compounds, 
are closely related to the function of the nervous system.

SCFAs play a crucial role in modulating neural function and 
behavior. SCFAs are produced when gut bacteria ferment dietary 
fibers, and they significantly influence brain health by acting as energy 
sources for colonic epithelial cells, while also exerting anti-inflammatory 
effects[18]. Notably, SCFAs can cross the blood-brain barrier (BBB), 
which allows them to impact the production of neurotransmitters that 
are vital for maintaining mood and cognitive functions[19]. SCFAs 
traverse the BBB through mechanisms including passive diffusion, 
transport proteins, and modulation of intercellular junctions. The passive 
diffusion mechanism is a fundamental process by which SCFAs can 
cross the BBB. SCFAs are small molecules that can diffuse through 
lipid membranes without requiring energy or specific transport proteins. 
SCFAs influence BBB permeability by modulating tight junction 
proteins. These proteins are crucial for maintaining the barrier’s integrity. 
Transport proteins assist SCFAs in crossing the BBB[20-21]. Dysbiosis 
can alter metabolite levels, which significantly affects brain health. 
This alteration may contribute to psychiatric conditions, including AD 
symptoms like depression and anxiety[22-23]. 

Amino acids and their derivatives exhibit considerable potential 
in neuroprotection, making it essential to maintain a proper balance of 
these compounds for the health of the nervous system. Disturbances 
in amino acid metabolism can contribute to the development of 
neurological disorders, including AD and depression[24]. Derivatives 
of amino acids, such as D-serine, enhance NMDA receptor 
functionality, promote neuronal survival and synaptic plasticity. 
Furthermore, gut microbiota produces biogenic amines and phenolic 
compounds through fermentation. An imbalance in biogenic amines is 
significantly linked to various neurological conditions. Additionally, 
histamine’s role in neurodegenerative diseases, especially AD, is 
increasingly recognized, as it may influence pathological processes 
by modulating neuroinflammation and apoptosis[25]. The connection 
between phenolic compounds and neurodegenerative disorders has 
also attracted more focus, with studies indicating that diets rich in 
phenolic compounds could potentially lower the risk of developing 
neurodegenerative diseases like AD and Parkinson’s disease (PD)[26]. 
Collectively, these findings suggest that the regulation of biogenic 
amines and phenolic compounds holds considerable potential for 
improving neurological health and preventing disorders.
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This intricate relationship between microbial metabolites and the 
host immune system underscores the important connection between 
gut microbiota and brain function (Fig. 1). Consequently, modifying 
the composition of gut microbiota may offer promising therapeutic 
strategies for addressing neuropsychiatric disorders[11,27-28].

2.3  Bidirectional MGBA influences

The MGBA is a bidirectional communication system linking the 
gut microbiota and CNS via neural, endocrine, immune, and metabolic 
pathways[29-30]. The gut microbiota influences BBB permeability, 
neurogenesis, and synaptic plasticity through metabolic products 
like SCFAs, while the CNS affects intestinal motility, mucus 
secretion, and microbiota composition via the autonomic nervous 
system and the hypothalamic-pituitary-adrenal (HPA) axis[30-31]. 
Aging impacts MGBA function, reducing gut microbiota diversity 
and SCFAs production, which leads to systemic inflammation and 
neurodegeneration[32]. In neurodegenerative diseases like AD and PD, 
MGBA disruption worsens BBB damage and neuroinflammation, 
accelerating disease progression[30,33]. Current literature does 
not explicitly address gender, but studies indicate that social 
psychological stress (like loss of status) can trigger depressive 
behaviors via the MGBA, with individual differences suggesting 
gender might influence MGBA through hormone-immune 
interactions[34]. More research is needed to confirm this. Future 
studies should aim to create personalized MGBA regulation 
strategies considering factors like age and gender[35-36].

3.  MGBA plays a significant role in the development of AD 

Neuroinflammation is a key factor in AD development, and 
recent studies have highlighted how the gut microbiota can influence 
this inflammatory response. The gut microbiome plays a significant 
role in regulating the immune system, which can either protect or 
harm neuronal health. The presence of dysbiosis— an imbalance in 
the gut bacteria— is associated with increased systemic- and neuro-
inflammation, which can accelerate AD progression. For example, 
some gut bacteria are known to produce SCFAs that have anti-

inflammatory effects, potentially reducing neuroinflammation  
and helping to slow cognitive decline in individuals with AD[2,37-38].  
Furthermore, the gut microbiota can affect the integrity of the 
BBB, which in turn influences neuroinflammatory responses and 
overall CNS health[39]. This relationship between gut microbiota 
and neuroinflammation highlights the importance of maintaining a 
healthy microbiome as a preventative or mitigative strategy against 
neurodegenerative processes associated with AD.

3.1  Association between metabolic dysregulation and AD

Metabolic dysregulation is a significant factor in the development 
of AD, with the gut microbiome playing a crucial role in this 
connection. The gut microbiota can affect various metabolic pathways, 
particularly those related to lipid and glucose metabolism, which are 
essential for maintaining cognitive function. For example, changes 
in the composition of the gut microbiome can result in insulin 
resistance and higher levels of pro-inflammatory cytokines, both 
of which are linked to the onset of AD[40-42]. Furthermore, research 
has indicated that certain dietary patterns that influence the gut 
microbiome can either worsen or improve metabolic disorders and 
their related cognitive impairments[43-44]. One promising dietary 
approach is the ketogenic diet, which may enhance metabolic 
health and cognitive function in patients with AD by increasing 
the production of ketone bodies, offering an alternative energy 
source for the brain[45-46]. Apolipoprotein E (APOE) alleles are key 
genetic risk factors for AD, with APOE4 increasing risk compared 
to the neutral APOE3 and protective APOE2. APOE4 may worsen 
neuroinflammation and interact with gut microbiota, affecting 
SCFAs production and gut barrier integrity, thus accelerating AD. 
Studies suggest APOE alleles influence gut microbiome structure, 
as seen in the 5 Familial Alzheimer’s Disease mutations (5XFAD) 
model[47-48]. Further research in humans and mice is needed to 
explore if changes in the gut microbiome are a novel mechanism 
by which APOE  genotype affects  AD. Gaining a  deeper 
understanding of how the microbiome contributes to metabolic 
dysregulation could pave the way for innovative therapeutic strategies 
for AD.
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Fig. 1  MGBA encompasses the interactions between the gut microbiota, the gastrointestinal tract, and the CNS, influencing physiological and psychological 
processes. Factors such as dietary habits, living environment, and lifestyle jointly affect the gut microbiome system and can influence related metabolism 

and immune functions in multiple ways. Gut bacteria ferment dietary fibers to produce SCFAs, amino acids and their derivatives, and other metabolites. The 
mechanisms by which SCFAs cross the BBB include passive diffusion, transport proteins, and regulation of intercellular connections, and they have anti-inflammatory 

properties, which can affect brain health. Damaged intestinal barrier function is associated with neurological and mental disorders, leading to increased pro-inflammatory 
factors, which may trigger neuroinflammation and neuronal damage, indicating a connection between microbial diversity and neural health.
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3.2  Regulatory role of neurotransmitters

Neurotransmitters play a crucial role in communication within 
the brain, and recent research has highlighted the significant 
influence of gut microbiota on their production and regulation. The 
microbiome affects the levels of important neurotransmitters, such as 
serotonin, dopamine, and gamma-aminobutyric acid (GABA), all of 
which are vital for cognitive function and emotional health[39,49]. For 
example, the gut bacteria are responsible for producing precursors 
to serotonin, and any changes in the composition of gut microbiota 
can disrupt serotonin signaling. This disruption may contribute to 
mood disorders and cognitive decline, particularly in patients with 
AD[50]. Furthermore, the MGBA allows for two-way communication, 
meaning that fluctuations in neurotransmitter levels can also 
alter the composition of gut microbiota. This creates a feedback 
loop that could influence the progression of neurodegenerative 
diseases[37-38,51]. The intricate relationship between the microbiome 
and neurotransmitter regulation indicates that targeting gut microbiota 
might serve as a therapeutic strategy to adjust neurotransmitter levels 
and improve cognitive outcomes in individuals with AD (Fig. 2).
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Fig. 2  MGBA plays a significant role in the development of AD. Within 
the MGBA, the gut microbiota influences the immune response, metabolism, 

neurotransmitter synthesis, and other pathways via the gut barrier and BBB. 
Imbalance in the gut microbiota can heighten neuroinflammation, contributing 
to mood disorders and cognitive decline, thereby potentially accelerating AD 
progression. SCFAs may alleviate neuroinflammation and cognitive decline in 

AD patients. The ketogenic diet can improve the metabolic health and cognitive 
function of AD patients by promoting the production of ketogenic bodies. 
Diminished secretion of neurotransmitters like serotonin, dopamine, and 

GABA may be linked to mood disorders and cognitive decline in AD patients.

4.  Treatment and application of MGBA in AD

4.1  Probiotics in AD treatment

Probiotics are defined as live microorganisms that can offer 
health benefits to the host when taken in adequate amounts. 
Many probiotic strains have been researched for their potential 
to protect against neurodegeneration in AD[52]. Among the most 
commonly studied strains are those from the Lactobacillaceae and 
Bifidobacteriaceae families, which help to regulate the gut microbiota 
and create a balanced intestinal environment. These probiotics play a 
significant role in the MGBA, a bidirectional communication system 
linking the gastrointestinal tract with the CNS, thereby influencing 
cognitive functions and behaviors[53]. Probiotics contribute to health 

by producing SCFAs, modulating inflammatory responses, and 
enhancing intestinal barrier integrity. SCFAs, particularly butyrate, 
possess anti-inflammatory properties and can cross the BBB, 
potentially impacting neuroinflammation and cognitive decline 
associated with AD[54-55]. Furthermore, probiotics may aid in lowering 
Aβ levels, which are a key feature of AD pathology, through various 
biochemical mechanisms, indicating a complex and promising role 
for probiotics in the management of AD[56-57].

4.2  Clinical trial results and efficacy assessment

Clinical trials assessing the effectiveness of probiotics in AD have 
shown encouraging outcomes, indicating that these supplements may 
serve as valuable adjunctive therapies. For example, one systematic 
review and meta-analysis revealed that probiotic supplementation 
led to notable improvements in cognitive function and a reduction in 
symptoms among patients with mild-to-moderate AD[58]. Additionally, 
another study found that certain probiotic strains were able to 
slow the progression of cognitive decline, indicating a potential 
protective effect against neurodegeneration[57]. Moreover, research  
on combination therapy, which includes probiotic and vitamin  
co-supplementation, has indicated promise in preventing and delaying 
the onset of AD, emphasizing the importance of a comprehensive 
treatment approach[59-60]. However, despite these positive results, 
the variability in study designs, different probiotic strains used, 
and various assessment methods highlight the need for further, 
standardized research. This additional work is essential to establish 
standardized protocols, and to confirm the long-term efficacy and 
safety of probiotics in the treatment of AD[52,61]. Summarize key 
literature and create a clinical trials summary table (Table 1).

Table 1
Clinical trials summary.

Intervention Sample size Key outcomes Limitations Reference

Probiotics 
(Lactobacillus/

Bifidobacterium)

n = 60  
(AD patients)

Improved mini-mental 
state examination 

(MMSE) scores by 
15%

Small cohort; 
short duration

[58,61] 

Mediterranean 
diet

n = 200 
(at-risk)

Reduced Aβ plasma 
levels; 30% lower AD 

incidence

Self-reported 
dietary 

adherence
[74,90] 

FMT (AD 
mouse model)

n = 20
Aβ plaques↓; 

cognitive function↑
Translational 

gap to humans
[17,101]

4.3  Potential of probiotics in combination with other treatments

The integration of probiotics with various therapeutic approaches 
offers a promising path to improve treatment outcomes in AD. 
Research has shown that probiotics can enhance the effectiveness 
of pharmacological treatments, such as cholinesterase inhibitors, 
which may lead to better cognitive function and an improved 
quality of life for patients[62]. Moreover, combining probiotics with 
dietary strategies, including prebiotics or synbiotics could further 
optimize gut health and cognitive performance by promoting 
a healthier gut microbiome[63-64]. Prebiotics and synbiotics, as 
adjuncts to probiotics, play a crucial role in regulating the intestinal 
microbiota and promoting host health[65]. Common prebiotics, like 
fructooligosaccharides (FOS), galactooligosaccharides (GOS), 
xylooligosaccharides (XOS), and inulin, promote beneficial bacteria 
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growth by providing nutrients. They improve probiotic survival and 
colonization, produce SCFA, and reduce intestinal permeability and 
endotoxin levels, thus reducing inflammation and oxidative stress[66]. 
Synbiotics, a blend of probiotics and prebiotics, enhance intestinal 
health more effectively than using either alone by providing live 
bacteria and necessary nutrients. They target multiple mechanisms, 
offering stronger immune support and disease risk reduction[67]. 
Synbiotics improve probiotic survival and function, benefiting 
intestinal health, metabolic diseases, and immune regulation. Future 
research should prioritize personalized methods and a deeper 
understanding of mechanisms[67-68]. Recent studies have also explored 
the combined use of probiotics and traditional Chinese medicines, 
highlighting their role in managing inflammation and oxidative 
stress, which are critical factors in the pathology of AD[69-71].  
This multifaceted approach not only targets the symptoms of AD but 
also addresses its underlying mechanisms, offering a comprehensive 
strategy for disease management. Ongoing research into these 
combinations is crucial to fully realize the therapeutic potential of 
probiotics in the context of AD and to develop effective treatment 
protocols[52,72-73].

4.4  Dietary interventions play a crucial role in modulating MGBA

The Mediterranean diet, which is rich in fruits, vegetables, whole 
grains, legumes, nuts, and olive oil, has been associated with a reduced 
risk of AD. Research indicates that this diet positively influences the 
MGBA, which plays a crucial role in neuroinflammation and cognitive 
function. The diet’s high polyphenol content promotes a diverse gut 
microbiome, which is vital for preserving cognitive health. A systematic 
review has shown that adherence to the Mediterranean diet correlates  
with lower levels of Aβ and Tau proteins, which are significant markers of  
AD pathology[74-76]. Additionally, the anti-inflammatory properties of this 
diet may help mitigate oxidative stress and inflammation, both of which 
are involved in the development of AD[77]. Dietary patterns that alter gut 
microbiota composition, particularly by increasing beneficial bacteria, 
such as Bifidobacterium and Lactobacillus, lend support to the idea that 
diet can influence cognitive decline[78-79]. Overall, the Mediterranean diet 
emerges as a promising nonpharmacological strategy for lowering the 
risk of AD by impacting MGBA.

4.5  Impact of food components on gut microbiota

Food components significantly influence the gut microbiome, 
affecting both composition and functionality. Dietary fibers, 
polyphenols, and fatty acids are particularly important as they 
promote the growth of beneficial gut bacteria while inhibiting 
harmful strains. For example, dietary fibers are fermented by gut 
microbes, resulting in the production of SCFAs, including butyrate, 
which are known for their anti-inflammatory properties and ability 
to strengthen the gut barrier[80-81]. Additionally, polyphenols, which 
are plentiful in fruits and vegetables, can enhance the diversity of 
gut microbiota, leading to better metabolic health and lower levels 
of inflammation[82-84]. The balance between omega-3 and omega-6 
fatty acids also plays a role in how the gut microbiome responds to 
inflammation, potentially impacting neuroinflammatory processes 
linked to neurodegenerative diseases[85]. This intricate relationship 
between diet and gut microbiota highlights the critical role of dietary 

composition in promoting gut health and preventing cognitive decline, 
suggesting a promising therapeutic approach for conditions such as AD.

4.6  Clinical studies on dietary interventions

Recent clinical research has largely focused on dietary interventions 
aimed at the MGBA to help reduce cognitive decline. One systematic 
review of clinical trials has revealed that dietary modifications, such 
as following the modified ketogenic diet (MIND) (a combination 
of the Mediterranean and Dietary Approaches to Stop Hypertension 
diets), may lead to slight improvements in cognitive function among 
older adults who are at high risk for AD[86]. Dietary intervention, 
for example, a diet rich in prebiotics and probiotics, can promote 
the diversity of the intestinal microbiota. It also helps maintain the 
integrity of the intestinal barrier. The metabolites of these microbiota, 
SCFAs can improve cognitive function through the MGBA by 
inhibiting microglial activation and reducing inflammatory factor 
release[87]. Studies have shown that the antioxidant components and 
unsaturated fatty acids in the Mediterranean diet can simultaneously 
reduce Aβ deposition and regulate Tau protein phosphorylation[88-89]. 
Participants who followed the MIND diet demonstrated slower rates of 
cognitive decline compared to those adhering to typical Western dietary 
patterns[90]. Furthermore, pilot studies exploring modified ketogenic diets 
have indicated positive changes in cerebrospinal fluid biomarkers linked 
to AD, suggesting that certain dietary interventions can influence the 
progression of the disease[46,91]. These findings underscore the need for 
larger trials to assess the effectiveness and underlying mechanisms of 
dietary interventions in impacting the MGBA, which could play a crucial 
role in preventing and managing cognitive impairment.

4.7  Future of fecal microbiota transplantation

Fecal microbiota transplantation (FMT) involves transferring 
fecal microbiota from a healthy donor to a recipient to restore the 
recipient’s microbiota to a healthier state. This procedure is based on the 
understanding that gut microbiota plays a crucial role in influencing host 
health by impacting metabolism, immunity, and neurological functions. 
The primary goal of FMT is to address dysbiosis, which is linked to 
various diseases, including gastrointestinal disorders, obesity, and 
neurodegenerative conditions. Recent studies have shown that FMT can 
effectively restore microbial diversity and function, leading to improved 
health outcomes in conditions such as Clostridium difficile infection 
and inflammatory bowel disease[92-93]. Furthermore, gut microbiota 
modulation is being explored as a therapeutic strategy for a range of 
conditions, including metabolic and neurological disorders, highlighting 
the extensive potential of this approach[94-95].

The application of FMT in AD is an emerging area of research 
that has recently gained traction. Recent studies have indicated that 
an imbalance in the gut bacteria may play a role in the development 
of AD by affecting neuroinflammation, the buildup of Aβ, and overall 
cognitive function[50,96-97]. For example, research has shown that fecal 
microbiota from individuals with AD can lead to cognitive deficits 
and hinder the growth of new neurons in the hippocampus when 
tested in animal models, highlighting a potential connection between 
gut health and cognitive decline[98]. Additionally, interventions 
designed to modify gut microbiota have shown encouraging results 
in preclinical studies, pointing to FMT as a promising new treatment 
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strategy for AD[99-100]. For example, frequent fecal microbiota 
transplants from wild-type mice to AD mice have been found to 
improve the formation of Aβ plaques, reduce neurofibrillary tangles, 
decrease glial reactivity, and alleviate cognitive impairments[17]. 
Furthermore, FMT has been shown to enhance cognitive abilities 
and reduce Aβ accumulation in AD mouse models[101]. In another 
study involving APP/PS1 mice, dietary supplementation with SCFAs 
was found to restore balance in gut microbiota and Lessen cognitive 
deficits by reducing Aβ deposition and Tau hyperphosphorylation[102]. 
Diets such as the ketogenic or Mediterranean diet may also 
help manage AD by influencing gut microbiota and regulating 
neurotransmitters, including serotonin and GABA[45]. Moreover, 
leveraging dominant gut microbiota presents a potential alternative to 
FMT for treating AD[99]. FMT has shown neuroprotective potential in 
preclinical studies of AD, improving the cognitive function of model 
mice, reducing Aβ deposition and Tau protein phosphorylation in the 
brain, enhancing synaptic plasticity (such as increased expression 
of PSD-95 and synapsin I), and inhibiting neuroinflammation.  
The mechanism may involve regulating The TLR4/IKKβ/NF-κB  
pathway and the MGBA, as well as exerting indirect effects through 
metabolites such as SCFAs[103-104]. However, the efficacy of FMT 
is highly condition-dependent: factors such as administration 
frequency (for example, low frequency where it is ineffective), 
donor source, and individual differences significantly influence the 
outcome[103,105-106]. Currently, clinical evidence is limited to small-scale 
clinical studies or case reports[107]. Moreover, the long-term safety of 
FMT remains to be established, and standardized protocols, such as 
microbiota screening and transplantation processes, still need to be 
developed[99,104,108]. Therefore, FMT can be regarded as an exploratory 
adjunctive treatment strategy for AD, but its applicability and risk 
control measures require further clarification through randomized 
controlled trials. To effectively translate these promising findings 
into clinical practice, it is crucial to conduct thorough investigations 
into the safety and efficacy of FMT in patients with AD, as well as 
to establish optimal protocols, suitable donor profiles, and criteria 
for selecting recipients[109-110] (Fig. 3). In summary, we have created 
a milestone timeline (Fig. 4) and a comparison table of key research 
findings (Table 2) for the application of FMT in AD.

Furthermore, current research should also show the ethical 
considerations of FMT and the comparative analysis of emerging 
methods. Ethically, the widespread use of FMT faces significant 
regulatory challenges and moral questions, particularly concerning 
the standardization of donor screening processes, the need for 
informed consent, and uncertainties about long-term safety[111]. 
Given the complex nature of FMT preparations and the possibility 
of unidentified microorganisms or pathogens, it is essential that 
safety management follows strict ethical guidelines and operational 
protocols[111-112]. Regarding the comparison of FMT techniques, 
recent studies highlight a growing interest in capsule-encapsulated 
FMT (caFMT) due to its convenience and better patient compliance. 
Research shows similar success rates for locally produced and 
externally sourced caFMT in treating recurrent Clostridioides difficile 
infection (rCDI), with 65% and 72% success, respectively, compared  
to 79% with colonoscopy-delivered FMT[113]. Another study on freeze-dried  
fecal capsules reported an 82.14% success rate, increasing to 
93.75% with higher bacterial counts, emphasizing the importance of 
formulation optimization[114]. Traditional methods like colonoscopic 

infusion remain effective, particularly for single treatments. Future 
research should assess the pros and cons of various administration 
routes and utilize multi-omics techniques like metagenomics and 
metabolomics to thoroughly evaluate the mechanisms and durability of 
microbial implantation[111,115]. It is essential for the ethical framework 
to evolve alongside technological advancements to ensure FMT is 
applied safely and fairly in clinical settings. 

Probiotics Diet intervention FMT

� Anti-inflammatory � Mediterranean diet � Application area

� Influence in AD

� Animal  test

� Food composition

� MIND diet

Bifidobacterium
Lactic acid bacteria

Wall of the intestine

AD

Aβ
Tau proteins

� Biochemical pathways

� Combination therapy

SCFA
Butyrate

Fruits, vegetables,
whole grains,
legumes,
 olive nuts and

Gastrointestinal diseases,
neurodegenerative
diseases, obesity, etc.

FMT AD mice
APP/PS1 mice

Neuroinflammation,
Aβ protein
accumulation and overall
cognitive function

Fiber, polyphenols,
and fatty acids

Ketogenic diet

Amyloid protein

Cholinesterase inhibitors
Prebiotics or synbiotics
Traditional Chinese
medicine

Fig. 3  Treatment and application of MGBA in AD are gaining attention. 
Currently, effective strategies for treating AD mainly include probiotic 

therapy, dietary intervention, and intestinal microbiota transplantation. When 
probiotics are combined with cholinesterase inhibitors, they can enhance the 

cognitive function and quality of life in patients with AD. In conjunction with 
traditional Chinese medicine, probiotic therapy contributes to the regulation 

of inflammation and oxidative stress. Dietary interventions, such as the 
Mediterranean diet that consists of fruits, vegetables, whole grains, legumes, 
nuts, and olive oil, may lower the risk of AD and the levels of Aβ and Tau 
by alleviating oxidative stress and inflammation. The MIND significantly 
improves cognitive function in older adults at high risk of developing AD.  
The fecal microbiota of AD patients can cause cognitive deficits in animal  

models. FMT represents a novel strategy for managing microbiota dysbiosis-associated  
diseases, encompassing gastrointestinal disorders, obesity, and 

neurodegenerative diseases. Clinical investigations show that FMT is an 
innovative therapy for AD by modulating gut microbiota dysregulation, 

which affects neuroinflammation, Aβ aggregation, and cognitive function. 
Moreover, FMT treatment has been shown to decrease brain Aβ deposition and 

ameliorate cognitive deficits in AD mouse models. SCFAs might decelerate 
cognitive decline in AD patients by fortifying the intestinal barrier; modulating 
neuroinflammation; and influencing neurotransmitter production at the BBB. 
Research on AD model mice and APP/PS1 mice has revealed that FMT can 

mitigate cognitive impairment through the reduction of Aβ deposition.
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Table 2
Comparison table of key research results on FMT for AD treatment[99,101,103,105-108].

Research model FMT solution Main positive results Main negative/restrictive results

APP/PS1 transgenic mice Colon perfusion
Improve cognition; reduce Aβ deposition and Tau 

phosphorylation; enhance synaptic plasticity; reduce 
neuroinflammation

Preclinical study

5xFAD transgenic mice Once a week vs. once every 2 days
Once every 2 days; restore the microbiota; reduce Aβ; 
inhibit the TLR4/NF-κB pathway; improve cognition

Once a week is invalid. The therapeutic effect 
weakens over time (timeliness)

5xFAD transgenic mice 7-day short-term treatment
Significantly reduce plaques and improve behavior; 

prove the effectiveness of short-term treatment
The therapeutic effect is highly dependent on the 

donor’s age (younger donors are key)

Wild-type mice (received TBI)
Transplant the microbiota from  

AD mice
Not applicable

Adverse microbiota worsens outcomes: AD 
source FMT can increase neuroinflammation 

and impair function post-brain trauma

APP/PS1 transgenic mice
Transplantation of “dominant 
microbiota” (not full FMT)

Restore the balance of the microflora; reduce Aβ 
deposition and inflammation in the brain; offer potential 

alternatives to FMT

Animal research; the “dominant bacterial flora” 
formula requires standardization

Arsenic exposure induces  
AD rats

FMT intervention
Partial improvements: reduce Tau phosphorylation and 

increase beneficial bacteria
Neurobehavioral deficits and neurotoxicity 

cannot be completely reversed

Systematic review (including 
human cases)

Pooled analysis
Improvement in MMSE score; there is a potential 

improvement in cognition

Low evidence level: only case reports and small-
scale trials, lacking strict randomized controlled 

clinical trials

Notes: TBI, traumatic brain injury.

2015

2019
2020

2022

2022

2023

2023

2024

2025

� First FMT trial in AD mice

� The validity of the first animal model

� FMT reduces Aβ in APP/PS1 mice

� Phase I human safety trial

� The proposal of the improved strategy

� Donor screening guidelines established

� Exploring dose-dependent effects/summary
   of mechanisms and challenges

� Revealing the significance of the donorÊ s age

� Identify potential risks/summarize the
  clinical potential 

Initial application stage

Mechanism
exploration period

Mechanism in-depth
and challenge

identification period

Scheme optimization
and future

exploration period

Fig. 4  A milestone timeline for the application of FMT in AD. Based on 
the analysis of over 20 articles from 2015 to 2025, the figure summarizes the 

research progress of FMT in the treatment of AD. The development process can 
be divided into 4 stages: the initial application stage, the mechanism exploration 
period, mechanism in-depth and challenge identification period, and the scheme 
optimization and future exploration period. It also systematically presents the 

treatment effects and application development at each time point.

4.8  Future research directions and challenges

Despite the promising potential of FMT, several challenges 
and future research directions need to be addressed. Future studies 
should clarify how gut microbiota affects host physiology, especially 
in the context of neurodegenerative diseases such as AD. It is also 
essential to standardize FMT protocols, which include thorough donor 
screening and microbiota characterization, to ensure consistency and 
safety in clinical applications[116]. A major area of research should 
focus on examining the long-term effects of FMT on the recipient’s 
microbiome and overall health, including the potential for adverse 
effects or complications[117]. Furthermore, integrating advanced 
technologies, such as metagenomics and metabolomics, can enhance 
our understanding of the MGBA and the therapeutic possibilities of 
FMT[118-119]. By tackling these challenges, we can fully leverage the 
therapeutic potential of FMT for AD and other neurodegenerative 
conditions.

4.9  Emerging technologies and future directions 

According to recent literature, a comparative analysis of shotgun 
sequencing and 16S rRNA sequencing methods in microbial 
community studies is feasible. The Kraken tool was initially 
developed for shotgun metagenomic sequencing, offering rapid and 
precise classification, and has demonstrated high performance in 
such projects. With the advent of Kraken 2, the tool now extends 
its support to the 16S rRNA database, enabling direct comparisons 
with tools like QIIME 2, which specialize in 16S rRNA analysis. 
In the context of 16S rRNA analysis, Kraken 2 and Bracken exhibit 
significantly enhanced performance, being 100 and 300 times faster, 
respectively, than QIIME 2 in terms of database generation and 
classification speed. They also utilize fewer memory resources while 
delivering more accurate results. This advancement indicates that 
innovative technologies such as Kraken 2 are effectively bridging the 
gap between shotgun sequencing and 16S rRNA methodologies by 
offering efficient analytical tools that optimize microbial community 
analysis. Future research directions may involve further integration 
of these tools, combining the comprehensive nature of shotgun 
sequencing with the specificity of 16S rRNA targeting, to enhance the 
speed and accuracy of microbial community analyses. The literature 
concludes that Kraken 2 and Bracken provide fast and efficient 
solutions for microbial group analysis[120].

5.  Conclusion

In conclusion, the MGBA is vital for understanding the pathophysiology 
of AD. Recent studies have suggested that alterations in the gut 
microbiota composition can influence neuroinflammation, Aβ 
accumulation, and neurodegeneration, highlighting its significant role 
in the onset and progression of AD. This perspective paves the way 
for new research opportunities and underscores the importance of 
a comprehensive approach to managing AD. Therapeutic strategies 
targeting the microbiota offer a promising new direction for treating 
AD. By adjusting the gut microbiome through dietary changes, 
probiotics, or prebiotics, we may alleviate symptoms or slow the 
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disease’s advancement. In recent years, dietary intervention has 
gained extensive attention as an important way to regulate the MGBA 
in AD research. Existing studies have shown that different dietary 
patterns can not only significantly alter the composition of the gut 
microbiota, but also profoundly impact the onset and progression 
of AD by regulating neuroinflammation, metabolic pathways, 
and neuroprotective mechanisms. There is preliminary evidence 
supporting the potential value of dietary intervention in the prevention 
and treatment of AD, current research still has certain limitations. 
First of all, some dietary patterns, such as the Mediterranean diet 
and the ketogenic diet, have shown positive effects on patients 
with AD, the viewpoints and findings among different studies are 
still inconsistent. The inconsistent findings may stem from various 
factors such as research design, sample selection, the duration of 
dietary intervention, and individual differences. Secondly, the current 
research on the mechanism of dietary intervention is still insufficient. 
Although it is known that diet can affect the nervous system by 
regulating the gut microbiota, the specific biological mechanisms 
remain to be explored in depth. Future research should focus on 
revealing how dietary intervention influences physiological and 
pathological processes related to AD through the MGBA, thereby 
providing a stronger theoretical basis for clinical applications. 

However, it is worth noting that contradictory results have 
emerged in probiotic research. The analysis reveals several reasons. 
First, probiotic effects are highly strain-specific. Individual probiotics 
or their components exhibit heterogeneous impacts on different 
diseases or health conditions. This inherent variability contributes 
significantly to the mixed results observed in human trials. For 
example, different gene modules present on the same probiotic 
can have distinct effects on various diseases. Host microbiome 
composition and individual variability: the composition of an 
individual’s resident gut microbiota and their specific health status 
significantly influence probiotic responses. This variability makes 
it difficult to replicate consistent outcomes across different human 
populations based solely on animal studies. Diseased individuals often 
exhibit disruptions or lacks in beneficial probiotic-associated gene 
modules compared to healthy individuals. Furthermore, maintaining 
the integrity of probiotic community gene functions is more 
important than merely increasing the abundance of specific probiotic 
genes[121-122]. The application of animal models in the research of this 
problem also has certain limitations. While valuable, animal models 
cannot fully replicate the complexity and heterogeneity of the human 
gut environment and microbiome. Translational challenges arise due 
to: 1) dose discrepancy, effective doses in animals do not always  
scale predictably to humans; 2) microbiome differences, the baseline 
and induced changes in gut microbiota composition and function  
often differ substantially between animal models and humans[123]. 
Therefore, conflicting evidence in probiotic trials arises from several factors,  
including strain specificity, individual host-microbiome variability, 
and viability or delivery challenges. Additionally, limitations exist 
in translating complex animal data to diverse human populations. 
Addressing these issues requires innovative delivery technologies 
(especially nanoencapsulation), precise strain identification tools, 
probiotic engineering, and possibly a transition to defined functional 
metabolites derived from probiotics[124-125]. While initial studies 
show promising outcomes, it is essential to consider the variability 
in research findings. Differences in study designs, microbiome 

assessment techniques, and patient demographics make it challenging 
to interpret results consistently. Therefore, it is crucial to standardize 
microbiome analysis methods and conduct larger, well-controlled 
clinical trials to validate these therapeutic strategies.

Of course, there are also potential risks in regulating the 
microbiota. FMT may disrupt the microbiota balance, posing a risk 
of dysbiosis. On the one hand, the transplanted donor microbiota 
may disrupt the recipient’s intestinal microbiota composition. This 
disruption can lead to excessive growth of pathogenic bacteria or 
a reduction in symbiotic bacteria. On the other hand, dysbiosis 
may increase intestinal permeability, promote the release of 
inflammatory factors, such as tumor necrosis factor-alpha (TNF-α) 
and interleukin-1 beta, thereby activating systemic inflammatory 
responses and even affecting the progression of CNS diseases[126-127]. 
Although the ketogenic diet regulates the microbiota and improves 
metabolism, its prolonged use carries risks. It may reduce intestinal 
flora diversity, decrease SCFA-producing bacteria, impair intestinal 
barrier function and energy metabolism, and lacks verification of 
long-term efficacy[128-129]. In conclusion, the core risk of microbial 
regulatory therapy lies in the possibility of disrupting the homeostasis 
balance between the host and microorganisms. If FMT is performed 
improperly or donor screening is insufficient, it may lead to 
colonization by pathogenic bacteria or trigger inflammatory cascade 
reactions. However, long-term use of the ketogenic diet may lead to 
a decrease in microbiota diversity and abnormal metabolic functions 
due to a single nutritional structure. In the future, standardized 
operation procedures and long-term follow-up studies are needed to 
clarify the safety boundaries. 

Future research is crucial to enhance our understanding of the 
relationship between the microbiota and AD. It is essential to conduct 
longitudinal studies that investigate the causal connections between 
specific changes in microbial populations and the pathology of AD. 
Furthermore, uncovering the mechanisms through which the gut 
microbiota affects neurobiological processes will offer important 
insights that could lead to the development of targeted interventions. 
As we delve deeper into the extensive field of the microbiome, it is 
vital to incorporate these findings into clinical practice to ensure that 
new therapies are based on solid evidence and customized to meet the 
unique needs of each patient.

Ultimately, the MGBA holds significant potential for deepening our 
understanding of AD and introducing innovative treatment options that 
could transform patient care. Interdisciplinary collaboration is key to 
bridging basic research with clinical applications, which will enhance the 
quality of life for those affected by this challenging condition.
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