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ABSTRACT

Introduction: disturbance in the balance of the intestinal microbiota, as an ecosystem, determines
states of dysbiosis and dysregulation of the immune system, which are crucial for the onset of
gastrointestinal and systemic diseases. Dementia is defined as an acquired syndrome, characterized
by cognitive impairment and changes in mood or personality, which are severe enough to hinder
social and occupational performance.

Objectives: to describe the scientific evidence on the relationship between the gut microbiome and
the onset/progression of dementia, and how it influences the underlying pathological mechanisms
of different types of dementia.

Methods: a search was conducted in Pubmed, Scopus, Web of Science from January 2000 to October
2022. Selecting abstracts of cohort and case-control studies evaluating the relationship between
the gut microbiome and the onset/progression of dementia.

Results: the results of this review suggest that there is a significant interaction between gut
microbiota and mental health, supporting the idea that the gut and brain are bidirectionally
connected through the gut-brain axis. However, it is important to note that many of these studies
have limitations, such as small sample sizes and varied research designs, making it difficult to draw
definitive conclusions. Therefore, more research is needed to fully understand the underlying
mechanisms and clinical relevance of these relationships.

Conclusions: this systematic review provides a comprehensive overview of the interaction between
gut microbiota and mental health in diverse populations. The results suggest that gut microbiota
may play an important role in mental health, but further studies are needed to confirm and better
understand these relationships. These results have significant implications for research and the
development of interventions targeting the gut microbiota as a potential approach to improve
mental health in various conditions.

Keywords: Microbiota; Dementia; Neuroscience; Neuropathology; Systematic Review.
RESUMEN

Introduccion: la perturbacion en el equilibrio del microbiota intestinal, como ecosistema,
determina estados de disbiosis y desregulacion del sistema inmunolédgico, que son cruciales para la
aparicion de enfermedades gastrointestinales y sistémicas. Demencia se define como un sindrome
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adquirido, que se caracterizado por deterioro cognitivo y cambios en el estado de animo o la
personalidad, los cuales son suficientemente graves como para obstaculizar el desempeno social y
laboral.

Objetivos: describir la evidencia cientifica sobre la relacion entre el microbioma intestinal y la
aparicion/progresion de la demencia, y como influye en los mecanismos patologicos subyacentes de
diferentes tipos de demencia.

Métodos: se realizd una busqueda en Pubmed, Scopus, Web of Science desde enero de 2000 hasta
octubre de 2022. Seleccionando resimenes de estudios de cohorte y de casos y controles que
evallen la relacion entre el microbioma intestinal y la aparicion/progresion de la demencia.
Resultados: los resultados de esta revision sugieren que existe una interaccion significativa entre
el microbiota intestinal y la salud mental, lo que apoya la idea de que el intestino y el cerebro estan
conectados bidireccionalmente a través del eje intestino-cerebro. Sin embargo, es importante
senalar que muchos de estos estudios tienen limitaciones, como el pequeno tamano de las muestras
y los variados disefios de investigacion, lo que dificulta la extraccion de conclusiones definitivas.
Por lo tanto, se necesita mas investigacion para comprender plenamente los mecanismos
subyacentes y la relevancia clinica de estas relaciones.

Conclusiones: esta revision sistematica proporciona una vision global de la interaccion entre el
microbiota intestinal y la salud mental en diversas poblaciones. Los resultados sugieren que el
microbiota intestinal puede desempenar un papel importante en la salud mental, pero se necesitan
mas estudios para confirmar y comprender mejor estas relaciones. Estos resultados tienen
implicaciones significativas para la investigacion y el desarrollo de intervenciones dirigidas al
microbiota intestinal como un enfoque potencial para mejorar la salud mental en diversas
condiciones.

Palabras clave: Microbiota; Demencia; Neurociencia; Neuropatologia; Revision Sistematica.

INTRODUCTION

Seventy percent of the entire human microbiome is located in the gut, and the trillions of microbes
normally found at that level are called the microbiota. Thus, it is the organ with the highest number
of microbes in the body, and they belong to 9 different tribes: Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Verrucomicrobia, Cyanobacteria, Fusobacteria, Spirochaetes and
Saccharibacteria. Although fungi and archaea may also be resident, they represent only 1 % of the
total. The majority are Firmicutes and Bacteroidetes. (-3

The density and composition of the microbiota in different parts of the intestine are influenced by
chemical, nutritional and immunological factors. The small intestine has faster transit and greater
absorption of antimicrobials and nutrients. These functions help limit the growth of bacteria, which
is limited to those that can adhere to the epithelium or the mucus covering it and multiply rapidly.
On the other hand, conditions in the large intestine lead to a dense and diverse community of mainly
anaerobic bacteria that are able to anchor themselves to the mucus and digest indigestible
carbohydrates from the diet or the mucus itself.®

The development of the intestinal microbiota depends on several factors, such as type of birth,
gestational age, diet, health status and lifestyle. How individuals are born is the primary means of
colonization. Those born by vaginal delivery receive the microbiota found in the vagina and maternal
fecal matter. In contrast, infants born by cesarean section pick up microbiomes found on the skin of
their mothers, health care workers and the hospital environment. From the first year of life, microbial
diversity increases until it reaches adult-like characteristics around 2-3 years of age. There are no
significant differences or changes in adulthood, except those related to genetic predisposition, gender
or environmental exposure. 3

Prebiotics are substrates that are selectively utilized by the host microbiota and provide health
benefits. Evidence from a variety of diseases supports the possibility that prebiotics have health-
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promoting effects in healthy populations. Probiotics are defined as live microorganisms that, when
ingested in sufficient quantities, provide health benefits to the host. A symbiotic couples at least one
probiotic and one prebiotic.®

The metabolic functions of the intestinal microbiota are related to the degradation of complex
polysaccharides and bile acids, the synthesis of short-chain fatty acids (SCFA) and vitamins, linked to
nutritional effects on the intestinal barrier and the immune system. Thus, food is inferred as an
essential element in the balance of the microbiota and host, and conceives its formation in children,
as well as its function and structure in adults. In addition to food composition, nutrients, dietary
patterns, there are other important factors that modulate the microbiota: medications, hygienic
conditions, circadian rhythms, intermittent fasting, seasonal changes and industrialization.®

Microbial assemblages that stably constitute a given ecological niche live in homeostasis,
determined by species richness and commensalism and mutualism relationships with the host, so that
both benefit from symbiosis. This condition is known as eubiosis. In contrast, dysbiosis is a state of
disequilibrium, where there is an alteration in the symbiotic state and is identified by qualitative
and/or quantitative variations in the constitution and functioning of the microbiota. The use of
antibiotics and other drugs, stress, genetic, dietary and lifestyle factors are associated with the cause
of dysbiosis.®

Disturbance in the balance of the gut microbiota, as an ecosystem, determines states of dysbiosis
and dysregulation of the immune system, which are crucial for the onset of gastrointestinal and
systemic diseases.®

The gut-brain axis is a neural, hormonal and immune signaling connection system between the gut
and the brain and allows the gut microbiota and its metabolites a potential pathway to the brain.®

This axis involves the gut microbiome, autonomic nervous system, central nervous system, enteric
nervous system, neuroendocrine system, and neuroimmune system.7

It functions as a bidirectional system, allowing the brain to influence the digestive tract (such as
peristalsis, mucin release and synthesis), and the immune system (regulation of cytokines produced
by mucosal immune cells).®

The vagus nerve is one of the main sources of information transmission from the microbiota to the
central nervous system. Neurohormones (serotonin, catecholamines, dopamine) are released from
neuroendocrine cells in the gut to directly or indirectly regulate behavior. )

In addition to the microbiota intervening in the regulation, production and release of
neurohormones, it is involved in the synthesis of SCFA at the intestinal level, which cross the blood-
brain barrier and reach the hypothalamus, where it stimulates production of anorexigenic peptides,
adjusts GABA levels and helps maintain the integrity of the blood-brain barrier.?

Microbiota activity also affects the hypothalamic-pituitary-adrenal axis and regulates cortisol
discharge. Stressful situations or emotional instability can lead to changes in gastrointestinal
peristalsis and permeability of the epithelium at that level. This may increase the risk of opportunistic
infections of the microbiome or the entry of components of microbial metabolism that can damage
tissues, trigger inflammatory responses, and alter the balance between the immune system and the
microbiome. 27

During the onset and development of the senile state, physiological changes occur that affect the
entire organism, including the dynamics and functioning of the digestive and immune systems, leading
to changes in the composition and dynamics of the microbiota. Given the important role of the
microbiota in mental health, dysregulation and/or changes in its composition are believed to
contribute to the development and progression of neurodegenerative diseases such as Alzheimer's and
Parkinson’s.®
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Dementia is defined as an acquired syndrome, which is characterized by cognitive impairment and
changes in mood or personality, which are severe enough to impair social and occupational
performance.®

In addition to impaired cognitive activities (memory, language, executive function, etc.), dementia
also has several neuropsychiatric  symptoms, including: delusions, hallucinations,
agitation/aggressiveness, altered motor activity, anxiety, restlessness, euphoria, euphoria,
dishibition, apathy, irritability, changes in diet.(?

Alzheimer's disease (AD), the most common form of dementia, is a neurodegenerative disorder
associated with cognitive impairment. This is related to the extracellular accumulation of B-amyloid
(AB) peptides in the form of senile plaques and the intracellular accumulation of hyperphosphorylated
tau protein that forms neurofibrillary tangles. In addition, it is closely related to neuroinflammatory
conditions.

Although the etiology of AD is not completely understood, it is known to originate from an interplay
of genetic and environmental factors. Age is the most important risk factor, in addition to family
history, susceptibility genes, and recently it has been proposed that the gut microbiome plays an
important role in the development of the disease by regulating brain activity through the microbiota-
gut-brain axis.(?

Mild cognitive impairment (MCI) is considered a preclinical stage of AD, indicating that the mnestic
alterations do not coincide with the memory loss typical of normal senescence, although they are not
significant enough to produce changes in daily life. Furthermore, the term MCI does not necessarily
indicate a future development of dementia.('?

Parkinson's disease (PD) is a neurodegenerative and systemic event due to the deposition of a-
synuclein in the somas of neurons, leading to the formation of Lewy bodies and neuronal loss in the
substantia nigra of the midbrain. Thus, as a result, motility symptoms appear, characterized by the
tetrad of: rigidity, bradykinesia, resting tremor, gait and taxia disorders, and several non-motor
symptoms such as dementia, depression, anosmia and changes at the level of the gastrointestinal
tract, among which constipation is the most prominent. (4

Objective: To describe the scientific evidence on the relationship between the gut microbiome and
the onset/progression of dementia, and how it influences the underlying pathological mechanisms of
different types of dementia.

METHODS
Study Design

Taking into account that there is abundant scientific literature on the subject under study, the
research results were synthesized by means of a systematic review. If the quantitative data are
sufficiently standardized, a meta-analysis will be performed.

This systematic review will be governed according to the PRISMA guidelines (preferred reporting
elements for systematic reviews and meta-analyses).("®

Study population
Scientific Papers addressing the relationship between the gut microbiome and the
onset/progression of dementia, in the period January 2000 to October 2022, were included.

Inclusion Criteria

- Original articles with IMRyD typology developing cohort studies, clinical trials, other systematic
reviews and meta-analyses.
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Exclusion Criteria
- Review articles, Scientific Letters/Letters to the Editor, Clinical Cases, Editorials, Original
Articles that correspond to preclinical studies and Observational Studies.

Selection and Sample Size

A search was performed in Pubmed, Scopus, Web of Science from January 2000 to October 2022.
Selecting abstracts of cohort and case-control studies evaluating the relationship between the gut
microbiome and onset/progression of dementia.

Data collection planning

- A literature search was performed in databases using as MESH descriptors: "Microbiota” and
“Dementia”.

- The publications were classified and according to the inclusion and exclusion criteria those
that will form the study were selected.

- A critical reading of the abstracts and articles in extenso was carried out to assess their
inclusion according to their relevance.

- The studies were classified according to levels of evidence and quality

Ethical and legal considerations

This study included secondary data sources and therefore does not correspond to an analysis from
the ethical point of view, given that no experimentation or evaluations were performed on human
beings/experimental animals.

RESULTS AND DISCUSSION

The systematic review analyzed a number of studies related to mental health and gut microbiota
in diverse populations. Key findings are then discussed and compared with previous research,
methodological limitations and errors are identified, conclusions are reached, and needs for future
research are highlighted.(16.17:18,19)

Regarding the relationship between aerobic exercise and mental health, studies showed that
aerobic training increases plasma Cathepsin B (CTSB) enzyme levels, which correlates with improved
cognitive performance. However, brain-derived neurotrophic factor (BDNF) levels decrease with
exercise. This suggests that exercise may have beneficial effects on brain function through
mechanisms related to CTSB and BDNF. These results are consistent with previous research that has
demonstrated the positive effects of exercise on mental health. 20.21,22,23,24,25)

Regarding the effects of gut microbiota on brain structure and function, studies revealed significant
differences in microbiota composition between patients with schizophrenia and normal controls. In
addition, a correlation was found between gut microbiota alpha diversity and brain gray matter
volumetry (GMV) in patients with schizophrenia. These findings suggest that the gut microbiota may
play a role in the observed alterations in brain structure and function in schizophrenia, supporting
previous research that has explored the connection between microbiota and mental
health.(26’2718’29’30’31’32’33'34)

Another important aspect was the relationship between APOE genotype and gut microbiota in the
context of Alzheimer's disease. Specific microbiota profiles associated with APOE genotypes were
found, and APOE4 carriers showed a loss of butyrate-producing bacteria in their microbiota. These
findings indicate that the gut microbiota may play a role in modulating the risk of developing
Alzheimer's disease in individuals with different APOE genotypes, supporting previous research on the
relationship between microbiota and Alzheimer's disease. (3%36,37,38,39,40,41,42,43,44)
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In addition, significant improvements in cognitive function and sleep quality were observed in older
adults with mild cognitive impairment after probiotic supplementation. These results suggest that gut
microbiota may influence cognitive function and sleep in this population, which is consistent with
previous research that has explored the role of probiotics in brain health, 4546,47,48,49,50,51,52,53,54,55,56,57)

In relation to the study of the high-protein diet and its impact on the gut microbiota, changes in
the levels of various metabolites and the composition of the microbiota were observed. These changes
could be related to inflammation and other biological processes associated with mental health.
However, it was emphasized that more research is needed to fully understand the effects of the high-
protein diet on microbiota and mental health. (5859,60,61,62,63,64,65,66,67,68,69)

CONCLUSIONS

Overall the findings of this review suggest that there is a significant interaction between gut
microbiota and mental health, supporting the idea that the gut and brain are connected bidirectionally
through the gut-brain axis. However, it is important to note that many of these studies have
limitations, such as small sample sizes and varied research designs, making it difficult to draw
definitive conclusions. Therefore, more research is needed to fully understand the underlying
mechanisms and clinical relevance of these relationships.

This systematic review provides a comprehensive overview of the interaction between gut
microbiota and mental health in diverse populations. The findings suggest that gut microbiota may
play an important role in mental health, but further studies are required to confirm and better
understand these relationships. These results have significant implications for research and the
development of interventions targeting the gut microbiota as a potential approach to improve mental
health in various conditions.
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