
Abstract

Introduction: The human gastrointestinal tract represents the biggest 
microbial community in the human body. Gut bacteria regulate 
extraction, synthesis and absorption of many nutrients and metabolites, 
such as bile acids, lipids, amino acids, vitamins, and short-chain fatty 
acids. Aging is a genetically-determined process that leads to a decline 
of physiological functions. One of the most recognized effects of aging 
is the age-associated immune deregulation. Gut dysbiosis can trigger 
the immune response and chronic low-grade inflammation, leading 
to age-related degenerative pathologies and unhealthy aging. An 
adequate nutritional status is important to maintain the functionality 
of the immune system and preventing frailty and cognitive function 
impairment in the elderly. Methods: A scientific literature search was 
performed by accessing the databases PubMed, GoogleScholar and 
ScienceDirect using the following keywords and their combinations: 
»gut microbiota«, »elderly«, »longevity«, »Alzheimer‘s disease«, 
»nutrition«, limiting the search to the last 10 years. The review was 
focused on the changes of gut microbiota during aging, the effect of 
nutrition and its link to pathologies. Results: Gut microbiota diversity 
increases from birth and at about the age of three, the gut microbiota 
composition is mostly mature. In the elderly, changes in dietary habits, 
digestion, nutrient absorption and immune activity can affect gut 
microbiota composition. The microbiota-gut-brain axis is a bidirectional 
communication system that is connected via neural, immune, endocrine, 
and metabolic pathways and plays a key role in the modulation of 
brain functions. Research shows a link between the gut microbiota and 
Alzheimer’s disease (AD), which is characterized by the accumulation 
of amyloid-β and tau in the brain, leading to cognitive impairment. 
The increased gut and blood-brain barrier permeability induced by gut 
dysbiosis may affect pathogenesis of AD and other neurodegenerative 
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disorders. Nutritional strategies aiming at microbiota and immune 
modulation in the elderly are especially relevant due to their higher 
susceptibility to disease, malnutrition, impairment of the gut microbiota 
and a pro-inflammatory status of the immune system. Animal studies 
show that interventions with antibiotics, microbial infections, prebiotics, 
probiotics and faecal microbiota transplantation not only affect gut 
microbiota composition, but also influence cognitive impairment related 
to AD. Analysis of the gut microbiota and its potential for modulation 
to improve health are important elements in the process of improving 
health of the elderly. Discussion and conclusions: Nutritional strategies 
for the elderly should consider the nutritional deficiencies and needs, 
but also the gut microbiota, the immune system and cognitive function. 
More research is needed to better understand the changes in gut 
microbiota over the lifespan and associated pathologies.
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Introduction 
The human gastrointestinal tract contains more than 1012 of microorganisms 
per millilitre and represents the biggest microbial community in the human 
body. Gut bacteria are key regulators of extraction, synthesis and absorption 
of many nutrients and metabolites, such as bile acids, lipids, amino acids, vita-
mins and short-chain fatty acids (SCFA) (Rinninella et al., 2019). Gut microbio-
ta can affect distant organs by regulating the absorption of nutrients or the pro-
duction of microbial metabolites such as SCFA or vitamins, by regulating the 
immune system and by translocating bacteria or their products through dis-
rupted mucosal barriers (Shimizu, 2018). For the last two centuries the lifespan 
has been increasing by two years per decade in the developed countries (Sala-
zar et al., 2017). Most western countries have experienced a significant increase 
in the proportion of elderly citizens (65 years and older) due to improved sani-
tation, hygiene and healthcare (O’Toole and Jeffery, 2015). One of the most rec-
ognized effects of aging is the age-associated immune deregulation (Salazar et 
al., 2017). Gut dysbiosis can trigger the innate immune response and chronic 
low-grade inflammation, leading to many age-related degenerative pathologies 
and unhealthy aging (Kim and Jazwinski, 2018). An adequate nutritional sta-
tus is important to maintain the functionality of the immune system and pre-
venting frailty and cognitive function in the elderly (Salazar et al., 2017). Analy-
sis of the gut microbiota and its potential for modulation to improve health are 
important elements in the process of improving health of the elderly (O’Toole 
and Jeffery, 2015).

Methods 
We performed a literature search accessing the databases PubMed, Google-
Scholar and ScienceDirect using following keywords and their combinations: 
»gut microbiota«, »gut microbiome«, »elderly«, »longevity«, »Alzheimer’s dis-
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ease«. We limited the search to the last 10 years. The literature review was fo-
cused on the change of gut microbiota during aging, the effect of nutrition on 
gut microbiota and various nutritional and other interventions for microbiota 
manipulation and its link to neurodegenerative diseases and pathologies.

Results and Discussion
Gut microbiota shows wide inter-individual variation, but its within-individ-
ual variation is relatively stable over time (Kim and Jazwinski, 2018). Taxo-
nomically, bacteria are classified according to phyla, classes, orders, families, 
genera and species (Rinninella et al., 2019). The dominant bacterial phyla are 
Bacteroidetes and Firmicutes, which constitute 90% of the total gut microbio-
ta (Kim & Jazwinski, 2018), with Actinobacteria, Proteobacteria, Fusobacteria, 
and Verrucomicrobia also frequently present. Microbiota diversity increases 
from birth and at about the age of three years, a child’s gut microbiota com-
position is mostly adult-like (Rinninella et al., 2019). The composition of the 
intestinal microbiota in older people is variable between individuals and dif-
fers from the microbiota and diversity levels of younger adults (Claesson et al., 
2012). In the elderly, changes in dietary habits, digestion, nutrient absorption 
and weaker immune activity can affect gut microbiota composition (Rinninel-
la et al., 2019). Changes in diet could be attributed to the loss of taste and smell 
and difficulties with chewing food. This frequently leads to the increased in-
take of foods high in fat and sugar and decreased intake of plant foods (Mangi-
ola et al., 2018). The loss of diversity in the common microbiota groups is asso-
ciated with increased frailty and reduced cognitive performance (O’Toole and 
Jeffery, 2015).

The microbiota-gut-brain axis is a bidirectional communication system 
that is connected through neural, immune, endocrine and metabolic path-
ways. The gut microbiota plays a vital role in the modulation of brain functions 
(Jiang et al., 2017). Gut bacteria have been found to affect the maturation of the 
nervous, endocrine and immune systems in mice (Pluta et al., 2020). Research 
supports a possible link between the gut microbiota and Alzheimer’s disease 
(AD), which is characterized by the deposition of amyloid-β (Aβ) and tau in 
the brain, leading to degeneration of cognitive function (Mangiola et al., 2018). 
Theories for the role of gut microbiota in AD pathophysiology include direct 
microbial action (microbial infection in AD), indirect action (hygene hypoth-
esis) and processes related to aging of the immune system (Angelucci et al., 
2019). The increased gut and blood-brain barrier permeability induced by mi-
crobiota dysbiosis may modulate AD pathogenesis and other neurodegenera-
tive disorders, especially aging-related (Jiang et al., 2017). The inflammatory re-
sponse from the gut along with aging and poor diet in the elderly have been 
found to contribute to the pathogenesis of AD (Pluta et al., 2020). Gut microbi-
ota products, such as SCFA (butyrate, acetate, propionate), have specific func-
tions in the gut and the brain where butyrate has been found to have protec-
tive properties in the brain. Gut microbiota also produces more than 90% of 
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whole body serotonin, a metabolite that regulates cognitive functions (Shimi-
zu, 2018). Studies show reduced microbial diversity and a decrease in Firmi-
cutes and Bifidobacterium, as well as an increase in Bacteroidetes and Proteo-
bacteria in AD patients (Pluta et al., 2020; Rinninella et al., 2019). Changes in 
gut microbial composition and diversity are associated with biological or func-
tional age. Gut microbial diversity inversely correlates with biological age, but 
not with chronological age. Transfer of the gut microbiota from old to young 
germ-free mice triggers inflammatory responses mimicking “inflammaging” 
(Kim and Jazwinski, 2018).

Unhealthy dietary patterns, drugs, reactive oxygen species (ROS), psy-
chological stress and other pro-inflammatory factors contribute to gut dysbio-
sis and are linked to development of various pathologies. Gut dysbiosis due to 
antibiotics or a high-fat or high-carbohydrate diet is associated with metabolic 
disorders (Kim and Jazwinski, 2018). Diet is a controllable environmental fac-
tor that influences gut microbiota composition (Claesson et al., 2012) and has 
been shown to be involved in the development of AD (Pluta et al., 2020). Nu-
tritional strategies aiming at microbiota and immune modulation in the elder-
ly are especially relevant due to their higher susceptibility to disease, malnutri-
tion, impairment of the gut microbiota and a pro-inflammatory status of the 
immune system (Salazar et al., 2017).

The Mediterranean diet (MD) involves a high intake of legumes, olive 
oil, fruits, nuts, vegetables and whole grains, moderate intake of fish, wine and 
dairy and a low intake of red meat, processed meat and sugar. Greater adher-
ence to MD was associated with a reduced risk of developing AD (Botchway 
et al., 2018). Healthy dietary patterns with high probiotic and prebiotic intake, 
along with other nutrients, may delay cognitive decline (Angelucci et al., 2019). 
Probiotics are bacteria that are beneficial for host’s health if consumed in ade-
quate quantities, while prebiotics are fibre substances that act as food for these 
bacteria. The consumption of fermented milk product with probiotics not on-
ly affected normal brain activity, but also caused significant cognitive improve-
ment in patients with AD (Pluta et al., 2020). A two week dietary intervention 
in elderly women with obesity improved the metabolic profile and reversed 
gut microbiota dysbiosis towards a profile associated with metabolic health. 
A combined use of balanced Mediterranean diet and probiotics could induce 
beneficial effects on the gut microbiota and metabolic profile (Cancello et al., 
2019). The role of prebiotics and diet in modulating AD will need to be estab-
lished more in the future (Leblhuber et al., 2018). In healthy older adults, pro-
biotics promote mental flexibility and alleviate stress, along with changes in 
gut microbiota (Kim et al., 2021). An intervention with probiotic milk positive-
ly affected cognitive function and some metabolic markers (Akbari et al., 2016) 
and a multispecies probiotic influenced gut microbiota composition and tryp-
tophan metabolism in AD patients (Leblhuber et al., 2018). A recent systemat-
ic review and meta-analysis showed that probiotics intervention improved gen-
eral cognitive function, inflammatory profile, cellular biomarkers regulation 
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and led to significantly increased brain-derived neurotrophic factor (BDNF) 
levels in humans, while in animals they improved cognitive status and spatial 
and non-spatial memory. The most widely used probiotic strains were from 
the genera Lactobacillus and Bifidobacterium, the most commonly used spe-
cies were L. acidophilus, B. bifidum and B. longum (Ruiz-Gonzalez et al., 2021).

In addition to probiotic interventions, studies with germ-free animals, 
antibiotic interventions, microbial infections and faecal microbiota transplan-
tation have been used to determine the role of  the gut microbiota on cognition 
and AD. Studies on germ-free mice and disruption of the gut microbiota after 
antibiotic treatment in humans induce cognitive impairment and decreased 
BDNF levels in the brain (Jiang et al., 2017). Transfer and transplantation of the 
faecal microbiota from healthy mice into mice with AD ameliorated the for-
mation of Aβ plaques and cognitive impairment and reversed abnormalities in 
the colonic expression of genes related to intestinal macrophage activity (Kim 
et al., 2020). It’s important to consider the intervention targets on the intesti-
nal microbiota and the immune system in humans may differ among elderly 
groups from different environments or geographical locations (Salazar et al., 
2017). Despite interventions with probiotics, other strategies have been largely 
unstudied in humans (Ruiz-Gonzalez et al., 2021).

Conclusions
Nutritional strategies for the elderly should consider the nutritional deficien-
cies and needs that differ from the needs in the adult life, but also the gut mi-
crobiota, the immune system and cognitive function. Gut microbiota profil-
ing offers the potential for biomarker-based identification of individuals at risk 
for unhealthy aging and could be used as diagnostic criteria for AD. More re-
search is still needed to better understand the changes in gut microbiota over 
the lifespan, its link to dietary changes and associated pathologies and to clari-
fy whether a stable gut microbiota modification could be obtained and its long-
term effects on frailty and cognitive decline.
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