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Impact of gut microbiota modulation on cognitive decline: a systematic review

Impacto da modulagdo da microbiota intestinal no declinio cognitivo: uma revisdo sistemdtica
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Central Message
Modulation of the intestinal microbiota

ABSTRACT

Introduction: Dementia, especially Alzheimer’s disease (AD), is a growing public health
challenge. Research focuses on the gut-brain axis, where the gut microbiota is crucial for cognitive

by probiofics and  prebiotics  has
demonstrated  therapeutic  potential
in delaying cognitive decline, with

function. Dysbiosis is linked to inflammation and oxidative stress, contributing to cognitive decline.
Interventions with probiotics and prebiotics are promising.

Objective: This review aims to evaluate their impact on cognitive function.

Method: This systematic review followed PRISMA guidelines and the PICO framework. The target
population was adults with cognitive decline. The main intervention was gut microbiota modulation
via probiotics and prebiotics (including fermented foods and fecal transplant). Comparison
groups received placebo or standard treatment. Primary outcomes were cognitive improvements;
secondary outcomes included neuroprotection and reduced neuroinflammation. Study quality was
assessed using the Cochrane Risk of Bias tool.

Result: Were included 24 randomized clinical trials and 4 narrative reviews, showing positive
results from dietary, probiotic, prebiotic, and symbiotic interventions in managing AD and mild
cogpnitive decline. There was improvement in general cognitive function, memory, synaptic plasticity,
and increased blood-brain derived neurotrophic factor. Microbial metabolites influenced the
central nervous system, affecting barriers and immunity. Specific Bifidobacterium strains reduced
inflammatory markers and improved cognition.

Conclusion: Gut microbiota modulation by probiotics and prebiotics shows a promising role in
mitigating cognitive decline, especially in AD and mild cognitive decline. Interventions with specific
Bifidobacterium were associated with cognitive improvements, reduced neuroinflammation, and
increased blood-brain neurotrophic factor.
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evidence of improvement in cognitive
functions, reduction of neuroinflammation
ond increase in  neuroprofective
markers. Although studies still present
methodological limitations and
heterogeneity, the findings support
the microbiota as a viable target for
preventive and therapeutic strategies in
Alzheimer's disease and other forms of
mild cognitive impairment.

Perspective

This article is based on an interdisciplinary

perspective  between  neurology,
microbiology  and  public  health,
proposing that the modulation of the
intestinal microbiota through inferventions
with  probiotics and  prebiofics may
represent @ promising and  sill
underexplored strategy fo delay cognitive

decline in adults and the elderly. The
study considers the microbiotfa-infestine-
brain axis as a relevant therapeutic target,
especially in view of population aging
and the projected increase in cases of
dementia, especially Alzheimer's disease.

cognitive impairment. Gut-brain axis. Neuroinflammation. Neurodegeneration. Brain-derived
neurotrophic factor. Dysbiosis.

RESUMO

Introducdo: A deméncia, especialmente a doenca de Alzheimer (DA), é um crescente desafio
de sadde publica. A pesquisa se concentra no eixo intestino-cérebro, onde a microbiota intestinal
é crucial para a funcéo cognitiva. A disbiose estd ligada & inflamacdo e ao estresse oxidativo,
contribuindo para o declinio cognitivo. Intervencées com probidticos e prebidticos sdo promissoras.

Objetivo: Esta revisdo teve como objetivo avaliar seu impacto na funcéo cognitiva.

Método: Esta revisdo sistemdtica seguiu as diretrizes PRISMA e a estrutura PICO. A populacédo-
alvo foram adultos com declinio cognitivo. A principal intervencédo foi a modulacdo da microbiota
intestinal via probidticos e prebidticos (incluindo alimentos fermentados e transplante fecal).
Os grupos de comparacdo receberam placebo ou tratamento padréo. Os desfechos primarios
foram melhorias cognitivas; os desfechos secunddrios incluiram neuroprotecéo e neuroinflamacéo
reduzida. A qualidade do estudo foi avaliada usando a ferramenta Cochrane Risk of Bias.

Resultado: Foram incluidos 24 ensaios clinicos randomizados e 4 revisdes narrativas, mostrando
resultados positivos de intervencées dietéticas, probidticas, prebidticas e simbidticas no manejo
da DA e declinio cognitivo leve. Houve melhora na funcdo cognitiva geral, meméria, plasticidade
sindptica e aumento do fator neurotréfico derivado do hematoencefdlico. Os metabélitos
microbianos influenciaram o sistema nervoso central, afetando as barreiras e a imunidade. Cepas
especificas de Bifidobacterium reduziram os marcadores inflamatérios e melhoraram a cognicédo.

Conclusdo: A modulacdo da microbiota intestinal por probidticos e prebiéticos mostra papel
promissor na mitigacdo do declinio cognitivo, especialmente na DA e no declinio cognitivo
leve. Intervencées com Bifidobacterium foram associadas as melhorias cognitivas, reducdo da
neuroinflamacéo e aumento do fator neurotréfico.

PALAVRAS-CHAVE: Declinio cognitivo. Microbiota intestinal. Probidticos. Prebidticos. Doenca
de Alzheimer. Comprometimento cognitivo leve. Eixo intestino-cérebro. Neuroinflamacéo.
Neurodegeneracédo. Fator neurotréfico derivado do cérebro. Disbiose.
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INTRODUCTION

he World Health Organization defines dementia

as an umbrella term for various diseases affecting

memory, thinking, and the ability to perform daily
activities. This condition is caused by diseases or injuries
that directly or indirectly impact the brain. Currently, the
most common form of dementia is Alzheimer’s disease
(AD), accounting for 60% to 70% of cases.'

From an epidemiological perspective, cognitive
decline is associated with aging, posing a significant
public health challenge. The most affected population
includes individuals over 65 years of age, and the
WHO estimates that more than 55 million people (8.1%
of women and 5.4% of men in this age group) live with
dementia. Projections indicate that this number will rise to
78 million by 2030 and 139 million by 2050.2

Given this scenario, research on strategies to delay
disease onset has intensified in the last decade. A
major focus has been the study of the gut-brain axis —
a bidirectional system connecting the nervous system to
the gastrointestinal tract, mediated by immune, neural,
metabolic, and endocrine pathways. In this context, the
gut microbiota has gained prominence due fo its impact
on cognitive function and neural homeostasis.?

Dysbiosis — changes in the composition and diversity
of the gut microbiota — has been linked to inflammatory
processes, blood-brain barrier impairment, and oxidative
stress.’> Based on this, strategies such as probiotic and
prebiotic administration have been investigated as
promising alternatives for the prevention and treatment of
cogpnitive disorders.*

This systematic review aims to evaluate the impact
of probiotic and prebiotic interventions on cognitive
function in adults and older adults, contributing to the
understanding of their therapeutic potential in mitigating
cognitive decline.

METHOD

This study is a systematic review conducted according
to the Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

The research question was guided by the PICO
framework  (Population, Intervention, Comparison,
Qutcome), as follows:

Population (P): Adults experiencing cognitive decline,
including mild cognitive impairment (MCI), Alzheimer’s
disease, dementia, and age-related  cognitive
dysfunction. Keywords for this population included:
“Cognitive decline”, “Mild cognitive impairment”, “MCl”,
“Alzheimer*”,  “Dementia”,  “Neurodegeneration”,
“Cognitive dysfunction”, “Age-related cognitive decline”,
“Memory  impairment”,  “Executive  dysfunction”,
“Neurocognitive disorders”, “Brain aging”, “Cognitive
deficits”, and “Cogpnitive disorders”.
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FIGURE — Flowchart PRISMA

Intervention (I): Evaluated the modulation of
gut  microbiota through probiotic and prebiotic
supplementation. This included the use of specific
strains such as Lactobacillus, Bifidobacterium, and
Saccharomyces, as well as dietary interventions
involving fermented foods, symbiotics, and fecal
microbiota transplantation. Keywords related to the
intervention included: “Gut microbiota”, “Intestinal
microbioma”, “Microbial composition”, “Microbioma
modulation”, “Dysbiosis”, “Microbiota-gut-brain axis”,
“Probiotic therapy”, “Prebiotic therapy”, “Symbiotics”,
“Lactobacillus”, “Bifidobacterium”, “Saccharomyces”,
“Fermented  foods”, and  “Fecal  microbiota
transplantation”.

Comparison (C): The comparison group consisted of
individuals receiving placebo, standard care, or usual
diet without probiotic or prebiotic supplementation.
Keywords included: “Placebo”, “Standard care”, “Usual
diet”, “No ilntervention”, “Control group”, “Sham
treatment”, and “Non-supplemented diet”.

Outcome (O): The primary outcomes evaluated were
improvements in cognitive function, memory performance,
and executive function. Secondary outcomes included
neuroprotection, reduction of neuroinflammation, brain
atrophy prevention, changes in biomarkers (amyloid
beta, Tau protein), neurotransmitter level alterations,
and modifications in  gut metabolites. Keywords
included: “Cognitive function”, “Memory performance”,
“Executive function”, “Attention”, “Neuroprotection”,
“Neuroinflammation”, “Brain atrophy”, “Amyloid beta”,
“Tau protein”, “Biomarkers”, “Neurotransmitter levels”,
“MRI”, “fMRI”, “Gut metabolites”, “Inflammatory
markers”, and “Oxidative stress”.

Inclusion criteria
The inclusion criteria required that studies involve
adults experiencing cognitive decline, utilize probiotic or
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prebiotic interventions, and report on cognitive function,
neuroinflammation, or biomarker outcomes. No time
or language restrictions were applied. Data extraction
was performed by two independent reviewers, and
any discrepancies were resolved through discussion
and consultation with a third reviewer. The quality of the
included studies was assessed using the Cochrane Risk
of Bias tool.

DISCUSSION

Randomized clinical trials (n = 24) were included,
being placebo-controlled (n = 20) and double-blind (n
= 17), added with narrative reviews (n = 4) for theoretical
support of interventions.

These articles (n = 28) were selected for review and
showed positive results between dietary interventions,
probiotics, prebiotics and symbiotics in the therapeutic
management of patients with AD or mild cognitive decline
(MCI)?, these being the neurological pathologies most
present in the literature on this subject. Cognitive tests
such as the MMSE (Mini-Mental State Examination)é,
ADAS-Cog (Alzheimer’s Disease Assessment Scale -
Cogpnitive subscale)® and the Geriatric Depression Scale
(GDS)” were used to evaluate the interventions, magnetic
resonance imaging tests using the Regional Analysis
System + Specific Fecal Samples for Alzheimer's Disease
(VSRAD)®, structural analysis of the fecal microbiota
using 16S RNA gene sequencing and bioinformatics”,
and an enzyme-linked immunosorbent assay for blood-
brain derived neurotrophic factor (BDNF).”

The metabolism of lipopolysaccharides, amyloid
peptides, bacterial metabolites (short-chain fatty
acids, branched amino acids, and neurotransmitters),
and functional byproducts (bile acids)’ have been
associated with signs of neuroinflammation, intestinal
barrier disintegration, neuronal oxidative stress',
neurotransmitter regulation.'? This investigation evaluated
the therapeutic potential and delay of dementia, and in
clinical and preclinical studies, there was a significant
improvement in general cognitive function, spatial and
non-spatial memory, synaptic plasticity, as well as an
increase in BDNF levels.”

Metabolites derived from the intestinal microbiota
modulate the central nervous system through
immunological, enteroendocrine and enteric nervous
system pathways. These interactions promote changes
in the function of the intestinal barrier, peripheral
immune responses and the integrity of the blood-brain
barrier, largely mediated by metabolites derived from
tryptophan metabolism - such as kynurenine, serotonin,
tryptamine and indoles - as well as trimethylamine and its
N-oxide (TMAQ). In addition, these metabolites regulate
neuronal homeostasis, neurogenesis and the processes
of maturation and activation of glial cells.™

Mild cognitive decline is well studied and represents
an early stage of cognitive impairment with a much higher
risk of progression to dementia. Its development is closely
related to non-modifiable factors (genetics, gender)
and modifiable factors such as lifestyle, associated
with epigenetics. Microglial hyperactivity and neuronal

damage and central nervous system neuroinflammation
predispose to cognitive impairment in ageing.'

Thus, the intestinal microbiota has received increasing
attention for this clinical condition, demonstrating the
benefit of dietary fiber sources for their ability to improve
intestinal health, cognitive functioning, mood, glycemiq,
immunogenicity and inhibition of phosphorylation. The
aim is to test the effects of a probiotic intervention on
the composition and function of the gut microbiota in
humans with or at risk of dementia due to AD, in addition
to collecting preliminary biomarker and cognitive data.

In addition, there has been a greater focus on
the study of probiotics from specific strains, such as
Bifidobacterium longum BB68S,8 Bifidobacterium
brevis MCC1274¢, Bifidobacterium bifidum BGN4 or
Bifidobacterium longum BORV, Bifidobacterium animalis
subsp. lactis GCL250%" have been shown to reduce
inflammatory markers, improve cognitive function and
modulation of the central nervous system (microbiota-
gut-brain axis), strengthening this promising alternative
for promoting healthy and safe cognitive ageing. Some
microbiological analyses have identified taxa related
to DLB, such as Prevotella ruminicola, Bacteroides
thetaiotaomicron and Bacteroides xylanisolvens, where
a comparative study of groups of patients with DLB vs.
cognitively intact patients was carried out, revealing the
taxa as early predictors of DLB, in order to promote a
pleasant aging.”

Part of the analysis identified well-designed clinical
trials, of high quality but low scale for the proportion
of a feasible causal relationship. Despite this, all the
articles support the thesis of this review. Overall, the
importance of specifically studying the composition of
each patient’s intestinal microbiota, studying epigenetic
influences, lifestyle, medications in use and associated
comorbidities when considering this type of treatment is
emphasized.?18%

Recent evidence increasingly points to the fact that
modulation of the gut microbiome, particularly through
probiotic supplementation, can have a positive effect
on cognitive function in older adults. In randomized
and controlled clinical trials, regular probiotic intake
was shown to significantly improve the overall cognitive
performance of elderly individuals, even among those
undergoing what is considered normal aging. These
benefits included improvements in memory, attention,
and executive functions, as well as a favorable impact
on mood, with reductions in depressive and anxious
symptoms.”

In elderly participants diagnosed  with  mild
cognitive impairment, a condition often preceding the
development of dementias such as Alzheimer’s disease,
probiotic intervention not only appeared to stabilize
cognitive decline but also partially reversed some
already established deficits. In these populations, the use
of probiotics was particularly associated with marked
improvements in tasks requiring short-term memory,
verbal fluency, and concentration capacity.'®

Among patients with established Alzheimer’s disease,
a randomized controlled study evaluated the impact of
supplementation over 12 weeks and found positive

(0] BioSCI. | Curitiba | 2025 | 83 | 00021



https://creativecommons.org/licenses/by/4.0/deed.pt_BR

Review Article

effects not only in cognitive testing but also in central
biological markers of brain health. There was a significant
increase in serum levels of brain-derived neurotrophic
factor (BDNF), a critical protein for neuronal plasticity,
the formation of new synaptic connections, and neuronal
survival. At the same time, a reduction was observed
in systemic inflammatory markers and biomarkers of
oxidative stress, factors widely recognized as contributors
to the progression of neurodegenerative diseases."

Another line of investigation evaluated the
combination of probiotics with dietary fiber, reinforcing
that an integrated dietary approach could potentiate
the beneficial effects on the microbiome and cognition.
In this context, the continuous ingestion of Bifidobacteria
associated with fibers resulted in marked improvement in
domains such as working memory and inhibitory control,
suggesting that synergistic intervention in the intestinal
environment is a particularly effective strategy.'®

In parallel to the clinical trials, recent literature
reviews have consolidated the understanding that
the gut microbiome has a direct influence on brain
aging. The diversity and balance of the microbiota
are considered critical factors for preserving cognitive
function throughout life. Dysbiosis, or an imbalance
in the microbial composition of the gut, has been
associated with an increased risk of neurodegeneration,
intensification of inflammatory processes in the central
nervous system, and compromise of the blood-brain
barrier integrity, facilitating the entry of pro-inflammatory
agents into the brain."”

The interactions between the gut and the central
nervous system seem to involve complex mechanisms,
including the release of neuroactive microbial metabolites
such as short-chain fatty acids, modulation of the immune
system, and bidirectional communication through the gut-
brain axis. Among these mechanisms, the production of
substances directly influencing neuroinflammation and
neuronal signaling emerges as one of the most relevant
pathways for understanding how intestinal alterations
can impact mental and cognitive health.?°

Overall, the available data reinforce that
intervention in the gut microbiome, whether through the
administration of isolated probiotics, their combination
with prebiotics, or other nutritional strategies, represents
a promising approach for both the prevention and
treatment of cognitive decline associated with aging and
neurodegenerative diseases. The results also highlight
the need for future research to clarify the optimal
supplementation protocols, including the specific strains
to be used, treatment duration, and patient profiles that
would benefit most from such interventions.

This study synthesized the available evidence on the
efficacy of dietary, probiotic, prebiotic and symbiotic
inferventions in the management of individuals with AD
or mild cognitive impairment, highlighting the importance
of these interventions in the treatment and prevention of
these conditions. The evidence gathered indicates that the
modulation of the intestinal microbiota has a significant
influence on the pathophysiology of neurodegenerative
diseases, particularly through the interaction of the
microbiota-intestine-brain axis.

Cognitive tests such as the Mini-Mental State
Examination (MMSE), the Alzheimer’s Disease
Assessment Scale - Cognitive Subscale (ADAS-Cog)’
and the Geriatric Depression Scale (GDS) were used
to assess cognitive outcomes. Methods such as brain
magnetic resonance imaging (using the Regional Analysis
System + Fecal Samples Specific for AD - VSRAD)?,
microbiota analysis by 16S rRNA gene sequencing”’
and enzyme-linked immunosorbent assays for brain-
derived neurotrophic factor (BDNF)” complemented the
biomarker analysis.

The pathophysiological ~ mechanisms involved
include preserving the integrity of the intestinal and
blood-brain barriers, regulating peripheral and central
immunity, modulating tryptophan metabolism - impacting
the production of serotonin, kynurenine, tryptamine
and indoles - as well as interfering with the synthesis
of neuroactive metabolites such as trimethylamine
N-oxide." These events culminate in the modulation
of oxidative stress, the reduction of neuroinflammation
and the preservation of synaptic plasticity, fundamental
aspects for the maintenance of cogpnitive functions.

In addition, the regulation of metabolites derived from
the intestinal microbiota, such as lipopolysaccharides,
amyloid peptides, short-chain fatty acids, branched
amino acids, neurotransmitters and bile acids, associated
with neuroinflammation, disintegration of the intestinal
barrier and neuronal oxidative stress, is also relevant.”?
The improvement observed in general cognitive
function, spatial and non-spatial memory, together with
the increase in BDNF levels, supports the biological
plausibility of the proposed mechanisms of action.

Probiotic interventions have been shown to be
effective in reducing inflammatory markers, improving
cognitive parameters and favorably modulating the
intestinal microbiota, especially those using strains such
as Bifidobacterium longum BB68S?, Bifidobacterium
brevis MCC1274¢, Bifidobacterium bifidum BGN*
and Bifidobacterium animalis subsp. lactis GCL2507,
presenting a satfisfactory safety profile.’ Some
microbiological analyses have also identified microbial
taxa related to MCI, such as Prevotella ruminicolaq,
Bacteroides  thetaiotaomicron  and  Bacteroides
xylanisolvens, with the potential to act as early predictors
of mild cognitive decline."”

Mild  cognitive impairment represents a critical
window of opportunity for preventive and therapeutic
interventions, and its development is influenced by
both non-modifiable factors (such as genetics and
gender) and modifiable factors, such as lifestyle, diet
and exposure to epigenetic influences. Recent literature
highlights the importance of personalized approaches,
taking into account the particularities of each individual’s
gut microbiota composition, lifestyle habits, comorbidities
and medication use.

However, some limitations should be considered.
Part of the analysis identified well-designed clinical trials
of high methodological quality, but with a low scale
for inferring robust causal relationships. Furthermore,
the heterogeneity between the studies in terms of the
strains used, dosages, intervention time and microbiota
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assessment methods, requires caution when interpreting
the findings and generalizing the results.

In this sense, modulation of the intestinal microbiota
through probiotics, prebiofics, symbiotics or dietary
interventions is emerging as a promising, low-cost
alternative with a potential impact on public health,
especially in the face of an ageing population and an
increase in the incidence of neurodegenerative diseases.
In order to consolidate these interventions as effective
therapeutic tools, multicenter, randomized clinical trials
with greater methodological robustness and long-term
follow-up are needed.

CONCLUSION

This discussion highlights the promising role of gut-
microbiota modulation via probiotics and prebiotics in
mitigating cognitive decline, particularly in AD and mild
cognitive impairment. Probiotic interventions — especially
those using specific Bifidobacterium strains — have
been associated with reductions in neuroinflammatory
markers, strengthened blood—-brain barrier integrity,
elevated BDNF levels and modulation of key gut-derived
metabolites, leading to measurable improvements in
cognitive performance, memory, executive function and
sleep quality. These discoveries underscore the crucial
need for further research into microbiota-targeted
therapies as a potential strategy for managing AD and
improving patient outcomes. Our study demonstrated
that probiotic treatment improved cognitive function
and sleep quality in older adults with mild cognitive
impairment, providing important insights into the clinical
prevention and management of cognitive decline.
Despite these encouraging findings, heterogeneity in
trial design, small sample sizes and variability in strains,
dosages and outcome measures limit definitive causal
inferences. Moving forward, personalized approaches
that integrate individual microbiota profiles, genetic
background, lifestyle factors and comorbidities —
combined with standardized intervention protocols and
robust cognitive assessments — will be essential. Large-
scale, multicenter, long-term trials are critical to validate
these results and translate gut-brain axis modulation into
evidence-based strategies for dementia prevention and
healthy aging.

Author “s contribution
Conceptualization: All authors
Witing (original draft): All authors
Writing (proofreading and editing): All authors

REFERENCES
1. World Health Organization. Dementia. Geneva: WHO. Disponivel em:

- https:/ /www.who.int/news-room/fact-sheets/detail /dementia

2. Organizacdo Pan-Americana da Sadde. Mundo né&o estd conseguindo
enfrentar o desafio da deméncia. Disponivel em: https://www.paho.
org/pt/noticias/2-9-2021 -mundo-nao-esta-conseguindo-enfrentar-
desafio-da-demencia

3. Saldanha NB, Lopes GS, Lima GC de T, Faria FCF de S de P, Menasche
ND, Vieira LC, et al. Intesfino sdo, mente s&: a ciéncia por trés do eixo
intestino-microbiota-cérebro. Braz J Hea Rev. 2023;6:25605-16.
https://doi.org/10.34119 /bjhrv6n5-397

4. Kim CS, Cha L, Sim M, Jung S, Chun WY, Baik HW, et al. Probiotic

supplementation improves cognitive funcfion and mood with changes

in gut microbiota in community-dwelling older adults: a randomized,
double-blind, placebo-controlled, multicenter trial. J Gerontol A Biol
Sci Med Sci. 2021;76(1):32-40. https://doi.org/10.1093 /gerona/
glaa090

5. Zhou XP, Sun LB, Liu WH, Zhu WM, Li LC, Song XY, et al. The complex
relationshipbetweengutmicrobiotaand Alzheimer’sdisease: asystematic
review. AgeingResRev.2025;104:102637.htips:/ /doi.org/10.1016/j.
arr.2024.102637

_6. Asaoka D, Xiao J, Takeda T, Yanagisawa N, Yamazaki T, Matsubara
Y, et al. Effect of Probiotic Bifidobacterium breve in improving cognitive
functionand preventing brain atrophy in older patients with suspected mild
cognifive impairment: results of a 24-week randomized, double-blind,
placebo-controlled trial. ) Alzheimers Dis. 2022;88(1):75-95. https://
doi.org/10.3233 /jad-220148

7. _Kim CS, Cha L, Sim M, Jung S, Chun WY, Baik HW, et al. Probiotic
supplementation improves cognitive function and mood with changes
in gut microbiota in community-dwelling older adults: a randomized,
double-blind, placebo-controlled, multicenter trial. J Gerontol A Biol
Sci Med Sci. 2021;76(1):32-40. https://doi.org/10.1093 /gerona/
glaa090

8. Shi S, Zhang Q, Sang Y, Ge S, Wiang Q, Wang R, et al. Probiofic
Bifidobacterium longum BB68S improves cognitive functions in healthy
older adults: a randomized, double-blind, placebo-controlled trial.

Nutrients. 2022;15(1):51. https://doi.org/10.3390,/nu 15010051

9. Chen X, Wang Z, Liu Y, Zheng C, Chen S, Zhou H, et al. Preliminary
evidencefordevelopingsafe andefficientfecal microbiotatransplantation
as potenfial treatment for age-related cognifive impairments. Front
Cell Infect Microbiol. 2023;13:1103189. https://doi.org/10.3389/
fcimb.2023.1103189

_10.Krishaa L, Ng TK, Wee HN, Ching J. Gut-brain axis through the lens of
gutmicrobiota and their relationships with Alzheimer's disease pathology:
review and recommendations. Mech Ageing Dev. 2023;211:111787.
https:/ /doi.org/10.1016/j.mad.2023.111787

_11. Hsu YC, Huang YY, Tsai SY, Kuo YW, Lin JH, Ho HH, et al. Efficacy of
probioticsupplementson brain-derived neurotrophicfactor, inflammatory
biomarkers, oxidative stress and cognitive funcfion in patients with
Alzheimer’s dementia: a 12-week randomized, double-blind active-
controlled study. Nutrients. 2023;16(1):16. https://doi.org/10.3390/
nu16010016

_12. Sowmiya S, Dhivya LS, Rajendran P, Harikrishnan N, Singh AS et
al. Exploring the potential of probiotics in Alzheimer’s disease and
gut dysbiosis. IBRO Neurosci Rep. 2024;17:441-55. https://doi.
org/10.1016/j.ibneur.2024.11.004

_13. Ruiz-Gonzalez C, Roman P, Rueda-Ruzafa L, Rodriguez-Arrastia M,
Cardona D. Effects of probiotics supplementation on dementia and
cognifiveimpairment: a systematic review and meta-analysis of preclinical
and clinical studies. Prog Neuropsychopharmacol Biol Psychiatry.

2021;108:110189. https://doi.org/10.1016 /j.pnpbp.2020.110189

_14. Kang JW, Vemuganti V, Kuehn JF, Ulland TK, Rey FE, Bendlin BB. Gut
microbial metabolism in Alzheimer’s disease and related dementias.
Neurotherapeutics. 2024;21(6):e00470. https://doi.org/10.1016/j.
neurot.2024.e00470

_15.Borrego-Ruiz A, Borrego JJ. Influence of human gut microbiome
on the healthy and the neurodegenerative aging. Exp Gerontol.

2024;194:112497. https:/ /doi.org/10.1016 /j.exger.2024.112497

16. Azuma N, Ueda S, Sato K, Yoshida M, Fukuda Y, Kondo M, et al. Effect of
continuousingestion of bifidobacteriaand dietary fiber onimprovementin
cogpnitive function: a randomized, double-blind, placebo-controlled trial.

Nutrients. 2023;15(19):4175. https:/ /doi.org/10.3390/nu15194175
_17. Aljiumaah MR, Bhatia U, Roach), GustadJ, Peril MAA. The gutmicrobiome,

mild cognitive impairment, and probiotics: a randomized clinical frial
in middle-aged and older adults. Clin Nutr. 2022;41(11):2565-76.
https://doi.org/10.1016/j.cInu.2022.09.012

_18.Fei Y, Wang R, Lu J, Peng S, Yang S, Wang Y, et al. Probiofic
intervention benefits mulfiple neural behaviors in older adults with mild
cognitive impairment. Geriatr Nurs. 2023;51:167-75. https://doi.
org/10.1016/j.gerinurse.2023.03.006

_19. Qian XH, Song XX, Liu XL, Chen SD, Tang HD. Inflammatory pathways
in Alzheimer's disease mediated by gut microbiota. Ageing Res Rev.
2021;68:101317. https:/ /doi.org/10.1016/j.arr.2021.101317

_20.Abughazaleh SJ, Evers LA, Quigley EMM. Microbiota-brain-gutaxisand
neurodegenerative disorders. In: Glibetic M, editor. Comprehensive Gut

Microbiota. Elsevier; 2022:412-22. https:/ /doi.org / 10.1016 /B978-0-
12-819265-8.00031-0

@ (0] BioSCI. | Curitiba | 2025 | 83 | 00021


https://creativecommons.org/licenses/by/4.0/deed.pt_BR
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.paho.org/pt/noticias/2-9-2021-mundo-nao-esta-conseguindo-enfrentar-desafio-da-demencia
https://www.paho.org/pt/noticias/2-9-2021-mundo-nao-esta-conseguindo-enfrentar-desafio-da-demencia
https://www.paho.org/pt/noticias/2-9-2021-mundo-nao-esta-conseguindo-enfrentar-desafio-da-demencia

	_heading=h.n12zf05kt8vt

