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Abstract 

Background: Alzheimer’s disease (AD) is the leading cause of dementia worldwide.  

Despite advances in modern medicine, effective therapeutic strategies capable of preventing 

and treating patients suffering from AD are still being actively sought. Growing evidence 

suggests that the gut microbiota may play a significant role in the development and progression 

of AD through inflammatory, metabolic, and immune-mediated mechanisms. 

Aim: This review aims to summarize current evidence regarding the association between  

the gut microbiome, its metabolites, and Alzheimer’s disease, and to discuss potential 

therapeutic strategies targeting the gut microbiota in the prevention and management of AD. 

Materials and Methods: The literature search was conducted using databases such as PubMed 

and Google Scholar. The following keywords were used: Alzheimer’s disease, gut microbiota, 

gut microbiome, dysbiosis, gut-brain axis. 

Results: To date, the majority of findings suggest that modulation of gut microbiota 

composition through probiotic supplementation may represent a promising approach  

for developing therapeutic and preventive strategies in Alzheimer’s disease. Probiotics appear 

effective in stabilizing or reconstructing gut microbial homeostasis, potentially delaying  

the progression of neurodegenerative pathology. Nevertheless, a review of the literature reveals 

a deficit of clinical trials evaluating the effects of probiotic supplementation in individuals  

with AD. 

Conclusions: To date, prevailing evidence suggests that modulation of gut microbiota 

composition using probiotics constitutes a promising approach for the development  

of therapeutic and preventive strategies in Alzheimer’s disease. 

 

Keywords: Alzheimer’s disease, gut microbiota, gut microbiome, dysbiosis, gut-brain axis 

 

 

 

 

 

INTRODUCTION 

Alzheimer’s disease (AD) is the most common cause of dementia worldwide[1]. It is a 

neurodegenerative disorder that ultimately leads to patient death. The condition most frequently 

affects individuals over 65 years of age [1]. Currently, approximately 55 million people 

worldwide suffer from Alzheimer’s disease, and the number of affected individuals doubles 

every five years [4]. It is projected that by 2050, AD will affect one in 85 individuals globally 
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[5]. Estimates suggest that the number of patients will rise to approximately 152 million by 

2050, with the greatest increase expected in developing countries [6]. Other projections estimate 

approximately 131 million cases by 2050 [8]. 

Alzheimer’s disease was first described in 1906 by the German physician  

Alois Alzheimer. During the neuropathological examination of Auguste Deter, who had 

suffered from memory loss episodes and personality changes prior to her death, Alzheimer 

identified amyloid deposits and massive neuronal degeneration in the examined brain tissue and 

described the observed changes as a severe disease of the cerebral cortex [1][2]. In 1906, 

Alzheimer presented the case, referring to the condition as “the disease of forgetfulness” [3]. 

The term Alzheimer’s disease was first used by Emil Kraepelin in his The Psychiatry Handbook 

published in 1910. In 1963, Robert Terry and Michael Kidd, using electron microscopy, 

demonstrated  

the presence of neurofibrillary tangles in brain biopsies of patients with advanced AD, which 

significantly increased scientific interest in the disease. Since then, the pathophysiological 

mechanisms of AD as well as new diagnostic and therapeutic approaches have been intensively 

investigated [7]. 

Recent studies have demonstrated a significant role of intestinal microorganisms, 

collectively referred to as the gut microbiota, in the development and progression of AD. The 

central nervous system (CNS) and gut microbiota interact bidirectionally via the microbiota–

gut–brain axis. One study demonstrated reduced gut microbiota diversity in individuals with 

AD compared to healthy controls [9]. 

It is important to emphasize that no curative treatment for AD currently exists - only 

symptomatic management is available. Therefore, there is an urgent need to explore novel 

therapeutic strategies that could halt disease progression or potentially provide disease-

modifying effects. A therapeutic approach that has attracted scientific interest involves restoring 

gut microbial balance through probiotic administration as a potential strategy for the prevention 

and treatment of AD [10]. Probiotics are pharmacological preparations containing live 

microorganisms that, when administered for an adequate duration, may confer health 

benefits[78]. 

Therefore, the objective of this narrative literature review is to describe Alzheimer’s 

disease and its relationship with the microbiota–gut–brain axis, as well as to discuss the 

potential use of probiotics as a therapeutic and preventive strategy in AD. 
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1. Pathomechanism of Alzheimer’s Disease 

1.1 Anatomical and Neuropathological Changes 

Despite 120 years having passed since the first description of AD, the exact pathomechanism 

of the disease has not yet been fully elucidated. Advances in research methodologies have 

enabled a more detailed characterization of its neuropathological features [53]. Patients with 

AD demonstrate cerebral atrophy predominantly affecting the hippocampus and cerebral cortex. 

This atrophy results from progressive neuronal loss in these regions and may intensify with 

aging and disease progression [53][54]. Cognitive impairment is associated with hippocampal 

atrophy and pathological accumulation of tau protein. 

Microscopic examinations reveal amyloid deposits that develop according to a specific 

pattern: beginning in the prefrontal cortex, subsequently involving the entorhinal cortex and 

hippocampal CA1 region, and eventually spreading to the frontal, parietal, and temporal lobes. 

Amyloid accumulation activates the immune response, including CNS-resident phagocytic 

cells (microglia) [55]. 

 

1.2 Amyloid Plaques and Tau Protein 

The primary structural component of amyloid plaques is β-amyloid (Aβ), a peptide composed 

of 36–43 amino acids derived from amyloid precursor protein (APP) [57]. Abnormal processing 

of APP fragments, often resulting from genetic mutations, leads to the formation of toxic 

oligomeric peptides that constitute the amyloid deposits observed microscopically [53]. 

Particularly, Aβ42 generated in this pathological process exhibits pronounced cytotoxic 

properties toward neurons, promoting reactive oxygen species generation and inducing 

neuronal apoptosis [56]. 

Another component involved in plaque formation is the Tau protein. Tau promotes the 

specific assembly of the tubulin protein. Tubulin undergoes polymerization to form 

microtubules, which play a crucial role in the process of cell division. In Alzheimer’s disease, 

tau protein contributes to microtubule destabilization and exerts neurotoxic effects, ultimately 

leading to neuronal apoptosis [53]. 

 

1.3 Oxidative Stress 

The brain consumes approximately 20% more oxygen than other organs, making it particularly 

vulnerable to reactive oxygen species (ROS) and reactive nitrogen species (RNS) [58]. These 

reactive molecules induce lipid peroxidation within neuronal membranes, disrupt the redox 
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potential of β-amyloid, and cause mitochondrial damage, ultimately leading to apoptosis. Lipid 

peroxidation generates toxic aldehydes such as 4-hydroxynonenal (HNE), malondialdehyde, 

and F2-isoprostanes, which promote tau hyperphosphorylation and disturb calcium homeostasis 

within neuronal cell membranes [59]. Progressive neuronal apoptosis contributes to cortical 

atrophy and facilitates the development and progression of Alzheimer’s disease [60]. 

 

1.4 Cholinergic Alterations 

Acetylcholine (ACh) is a key neurotransmitter widely distributed throughout the cerebral cortex, 

basal nuclei, and forebrain, where it supports neuroplasticity, neuronal synchronization, and 

signal transmission [61][62].The cholinergic hypothesis (1976) postulates that AD results from 

synaptic atrophy and loss leading to cholinergic deficiency due to degeneration of the Nucleus 

Basalis of Meynert (NBM), whose cholinergic neurons project extensively to the cerebral 

cortex [63].Early pathological alterations are predominantly presynaptic and involve nicotinic 

(ionotropic) and muscarinic (metabotropic) receptors [64][65]. As AD progresses, more than 

90% of neurons in the NBM and cingulate cortex are destroyed, resulting in reduced receptor 

binding and the emergence of neuropsychiatric symptoms [66]. 

Although similar cholinergic changes may occur physiologically in healthy elderly 

individuals (manifesting as memory deficit), the alterations observed in AD are more severe 

and lead to significant disruption of normal brain function [67]. 

1.5 Genetic Factors 

To date, genetic alterations have not been demonstrated to represent the primary or sole cause 

of AD [68]. However, the APOE ε4 allele has been identified in approximately one-fifth of 

patients with Alzheimer’s disease and accounts for about 65% of affected individuals. Carriers 

of this allele exhibit nearly a threefold increased risk of developing AD [69]. 

Associations have also been described between the presence of mutations in presenilin 

genes (PSEN1 and PSEN2) and Alzheimer’s disease. Nevertheless, the prevalence of these 

mutations among AD patients remains relatively low [70]. 

 

1.6 Mitochondrial Dysfunction 

During the progression of AD, mitochondrial dysfunction occurs as a result of impaired 

mechanisms that normally protect mitochondria against the toxic effects of reactive oxygen 

species (ROS) [71][72]. Under physiological conditions, mitochondria are safeguarded by 

various antioxidant systems, including cytochrome c oxidase activity [73]. In AD, cytochrome 

c oxidase activity is reduced. Furthermore, β-amyloid oligomers may translocate into 
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mitochondria [74], where they accumulate within the inner mitochondrial membrane, 

disrupting the electron transport chain and further enhancing ROS production [75][76]. 

 

2. Microbiota–Gut–Brain Axis 

The microbiota comprises microorganisms inhabiting the host, including bacteria, fungi, 

protozoa, archaea, viruses, and bacteriophages [23]. Approximately 10¹⁴ microorganisms reside 

within the human gastrointestinal tract [24]. 

Colonization of the gastrointestinal tract begins during fetal life. Following birth and 

breastfeeding, Bifidobacterium species predominate in the infant gut microbiota. With the 

introduction of solid foods, the microbiota becomes primarily composed of Bacteroidetes and 

Firmicutes. By approximately three years of age, the composition of the gut microbiota 

stabilizes [25]. In adults, approximately 90% of the gut microbiota consists of Bacteroidetes 

and Firmicutes, while the remaining proportion includes members of the phyla Actinobacteria, 

Proteobacteria, Fusobacteria, and Verrucomicrobia [26]. With aging, alterations in microbiota 

composition may occur, potentially leading to a decline in beneficial microbial functions and 

contributing to disease development in the host [27]. 

The gut microbiota performs numerous essential functions, including enzyme 

production [28], immune system development [29], circadian rhythm regulation [30], vitamin 

synthesis [31], reduction of insulin resistance [32], and protection against pathogenic 

microorganisms [33][34]. Communication between the gut microbiota and the CNS occurs via 

multiple pathways. One major route is the vagus nerve (cranial nerve X), which transmits 

signals from the gastrointestinal tract to the brain. The vagus nerve receives microbial signals 

through intestinal epithelial cells and relays them to the CNS [35]. 

Another communication pathway involves enteroendocrine cells distributed throughout 

the gastrointestinal tract. These cells secrete hormones regulating gastrointestinal motility and 

gastropancreatic hormone secretion. It has been suggested that the microbiota may stimulate 

enteroendocrine cells to release hormones [36][37]. The microbiota also interacts with the 

enteric nervous system (ENS), which coordinates intestinal motility. The ENS consists of the 

submucosal and myenteric plexuses. The ENS can influence the microbiota, and conversely, 

the microbiota can modulate ENS activity. Given that the ENS is connected to the CNS via 

sympathetic and parasympathetic pathways, microbial alterations may indirectly affect central 

nervous system function [38]. Additionally, the microbiota produces neurotransmitters such as 

dopamine, norepinephrine, serotonin, gamma-aminobutyric acid , acetylcholine, and histamine, 

which may influence host physiology [39]. 
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Moreover, tryptophan metabolites produced by the gut microbiota regulate microglial 

activation and the production of transforming growth factor alpha (TGF-α) and vascular 

endothelial growth factor B (VEGF-B), thereby modulating CNS inflammation [40]. 

 

3. Gut Microbiota in Patients with Alzheimer’s Disease 

Studies have demonstrated that patients with AD exhibit reduced gut microbiota diversity 

compared to healthy individuals. One study [9] reported several key findings. First, gut 

microbiota diversity was lower in patients with AD than in patients with mild cognitive 

impairment (MCI) and cognitively healthy controls [9]. Second, bacteria belonging to the 

genera and taxa Proteobacteria, Bifidobacterium, and Phascolarctobacterium were more 

abundant in patients with AD, whereas Firmicutes, Clostridiaceae, Lachnospiraceae, and 

Rikenellaceae were less abundant compared to healthy individuals [9]. Third, the abundance of 

Proteobacteria and Phascolarctobacterium increased progressively from healthy controls to 

patients with AD, while the abundance of Clostridiaceae gradually decreased along the same 

continuum [9]. 

Another study demonstrated that neurotoxins derived from Escherichia coli, a member 

of the Proteobacteria phylum, are associated with AD neuropathology and enhance the release 

of pro-inflammatory cytokines [12]. Moreover, increased intestinal abundance of 

Proteobacteria has been correlated with progressive cognitive decline in patients with AD 

[13][14]. 

Members of the Lachnospiraceae family produce butyrate involved in anti-

inflammatory responses and maintenance of intestinal barrier integrity [15][16]. Numerous 

studies indicate that reduced abundance of Lachnospiraceae may contribute to insulin 

resistance, CNS homeostatic imbalance, and exacerbation of AD progression [17][18]. 

One experimental study suggested that AD pathology may originate in the gut and 

subsequently propagate to the brain [77][78]. In this study Aβ1–42 oligomers were injected into 

the gastric wall of mice. Within one year, amyloid propagation from the intestine to the brain 

was observed [77]. These findings suggest that translocation of β-amyloid oligomers from the 

gut to the brain may contribute to AD pathogenesis [77]. 

Another study demonstrated that bacteria such as Escherichia coli, Salmonella enterica, 

Bacillus subtilis, Mycobacterium tuberculosis, and Staphylococcus aureus are capable of 

producing amyloid fibers that protect them against host immune destruction and chemical 

stressors [78]. Bacterial amyloids exhibit tertiary structural similarity to β-amyloid found in the 

CNS of AD patients [79]. The presence of bacterial amyloids in the gut may activate the host 



9 

immune system, potentially enhancing systemic immune responses and promoting endogenous 

neuronal amyloidogenesis within the brain [79]. 

 

4. Impact of Probiotic Supplementation on the Course of Alzheimer’s Disease 

Several scientific publications have reported cognitive improvement following probiotic 

supplementation in patients with AD: one study demonstrated reduced severity of cognitive 

impairment in AD patients following administration of probiotics containing Bifidobacterium 

species - this effect may be attributed to the involvement of Bifidobacterium in the production 

of acetate and gamma-aminobutyric acid, both of which exhibit neuroprotective properties 

[19][20]. Bifidobacterium species also positively influence intestinal integrity by reducing gut 

permeability [21]. Conversely, one meta-analysis reported increased levels of Bifidobacterium 

in individuals with AD [9]. According to the authors, this phenomenon may represent a 

compensatory host response aimed at restoring intestinal homeostasis[9]. 

In a 12-week randomized, double-blind, placebo-controlled clinical trial, no 

improvement in cognitive function was observed following probiotic administration [46]. The 

probiotic preparation was delivered in two capsule formulations: one containing Lactobacillus 

fermentum, Lactobacillus plantarum, and Bifidobacterium lactis; the other containing 

Lactobacillus acidophilus, Bifidobacterium bifidum, and Bifidobacterium longum. Participants 

ingested one capsule of each formulation every other day. The absence of clinical improvement 

may have been attributable to the advanced disease stage of most participants [46]. In contrast, 

another randomized clinical trial of similar design demonstrated that AD patients receiving 

capsules containing Lactobacillus acidophilus, Bifidobacterium bifidum, Bifidobacterium 

longum, and selenium for 12 weeks achieved significantly improved Mini-Mental State 

Examination (MMSE) scores [47]. 

Researchers have also investigated probiotic effects in cognitively healthy individuals 

and those with mild cognitive impairment. In a randomized, double-blind, multicenter trial 

involving individuals over 65 years of age, soybean oil capsules (placebo) were compared with 

capsules containing Bifidobacterium bifidum BGN4 and Bifidobacterium longum BORI 

administered twice daily for 12 weeks. The probiotic group demonstrated improved cognitive 

performance, alterations in gut microbiota composition, and increased serum levels of brain-

derived neurotrophic factor (BDNF), a protein associated with learning and memory processes 

[48]. In another clinical trial, sixty AD patients were randomly assigned to two groups [81]. 

The intervention group consumed 200 mL of milk daily supplemented with Lactobacillus 

acidophilus, Lactobacillus casei, Bifidobacterium bifidum, and Lactobacillus fermentum, 
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whereas the control group received conventional milk [81]. The probiotic group demonstrated 

significant improvement in MMSE scores compared to controls. Although positive effects on 

cognitive function and metabolic parameters were observed, no significant improvement in 

oxidative stress markers or inflammatory processes was detected [81]. 

 

4.1 Animal Studies 

Animal studies have demonstrated that Bifidobacterium species significantly attenuate AD 

pathology [22][9]. In one study, a probiotic formulation containing lactic acid bacteria and 

bifidobacteria (SLAB51) was administered for four months to triple-transgenic AD mice 

(3xTg-AD) at an early disease stage. Probiotic treatment resulted in reduced cerebral Aβ levels, 

altered gut microbiota composition and metabolite profiles, and improved cognitive function 

[41]. The authors further demonstrated that SLAB51 supplementation reduced oxidative stress 

in AD mouse brains via activation of SIRT1-dependent mechanisms [42]. 

In a study by Kobayashi et al. [43], Aβ25–35 or Aβ1–42 peptides were injected 

intracerebrally into ddY ( Deutschland Denken Yoken ) mice. The animals subsequently 

received oral Bifidobacterium breve A1 isolated from healthy human infant feces. A comparator 

group received donepezil hydrochloride. Probiotic administration began two days prior to 

intracerebral Aβ injection and continued daily. Six days after injection, cognitive function was 

assessed using the Y-maze test and passive avoidance test. Oral Bifidobacterium breve A1 

prevented cognitive decline in AD mice and reduced CNS inflammatory responses without 

significantly altering gut microbiota composition; however, plasma acetate levels increased 

[43].  

Yang et al. demonstrated improved short-term memory in senescence-accelerated 

mouse prone 8 (SAMP8) mice after 12 weeks of supplementation with a probiotic containing 

Bifidobacterium lactis, Lactobacillus casei, Bifidobacterium bifidum, and Lactobacillus 

acidophilus. Supplementation also modified gut microbiota composition [44]. 

Nimgampalle et al. reported that Wistar rats receiving intraperitoneal D-galactose 

injections and treated orally with Lactobacillus plantarum MTCC 1325 for 60 days exhibited 

significant symptom reduction and partial reversal of AD-like pathological changes [45]. 

Another study demonstrated reduced neuroinflammation in mice following 

administration of a probiotic containing Lactobacillus casei strain Shirota [80]. 
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5. Risks Associated with Probiotic Use 

Certain studies have reported potential risks associated with probiotic supplementation. 

Boyle RJ et al. concluded that probiotics are generally safe in otherwise healthy individuals  

but should be used cautiously in certain populations due to the potential risk of sepsis. 

Furthermore, probiotic effects may vary depending on health status, disease condition, and age 

group. Therefore, clinical findings obtained for one probiotic strain in a specific population 

cannot be automatically generalized to other strains or populations [49]. 

Ayichew T et al. reported that available probiotics appear safe overall; however, they 

should likely be avoided in patients at high risk of sepsis [50]. 

Moreover, excessive serotonin production induced by gut microbiota may, in rare cases, 

contribute to serotonin syndrome in individuals receiving probiotic supplementation, 

particularly among patients concurrently treated with selective serotonin reuptake inhibitors 

(SSRIs) [52]. 

Additionally, there is currently no consensus regarding the optimal probiotic 

formulation, dosage, or treatment duration that would maximize therapeutic efficacy  

while minimizing adverse effects [51]. 

 

 

 

6. Discussion 

Alzheimer’s disease (AD) is a multifactorial neurodegenerative disorder whose prevalence 

continues to increase with population aging. The lack of effective disease-modifying therapies 

underscores the urgent need for innovative therapeutic strategies. 

Proper functioning of both the blood–brain barrier and the intestinal barrier, as well  

as balanced gut microbiota composition, appears to be crucial for neuroprotection. The CNS 

interacts with the gut microbiota via the vagus nerve, enteroendocrine signaling, the enteric 

nervous system (ENS), and microbial-derived metabolites. 

Evidence indicates altered gut microbial profiles in fecal samples from patients  

with AD, characterized by increased abundance of pro-inflammatory bacteria correlated  

with systemic inflammation, cognitive decline, and cerebral amyloid deposition. 

Simultaneously, selected microbial metabolites may exert neuroprotective effects and improve 

cognitive performance. The observed correlation between AD and the gut ecosystem  

has stimulated investigation into the therapeutic potential of microbiota modulation  
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via probiotics. Probiotics appear capable of stabilizing or restoring gut microbial homeostasis, 

potentially delaying neurodegenerative processes. 

However, the current literature reveals a predominance of animal studies and a relative 

scarcity of large-scale, well-designed human clinical trials. Therefore, further research  

is necessary before definitive conclusions can be drawn. Nevertheless, existing data suggest 

that appropriately selected probiotic formulations may reduce cerebral amyloid deposition 

through modulation of the microbiota–gut–brain axis and attenuation of neuroinflammation. 

Standardization of clinical protocols with respect to treatment duration, dosage, and 

microbial composition is of critical importance, along with systematic evaluation of potential 

adverse effects. Scientific evidence also indicates the need to limit probiotic use in high-risk 

populations, particularly patients susceptible to sepsis. 

 

7. Conclusion 

To date, prevailing findings suggest that modulation of gut microbiota composition using 

probiotics represents a promising approach for the development of therapeutic and preventive 

strategies in Alzheimer’s disease. 
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