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Abstract

Human microbiota is composed by trillions of bacteria which play a crucial role in host health maintenance and disease pathogenesis and
whose composition is unique in each person. Environmental conditions and dietary habits can modulate the shape of microbiota that, in turn, may
contribute to mediate the effect of dietary components on health status. The development of a stable and diverse gut microbiota is essential for
various host physiologic functions such as immunoregulation, pathogen prevention, energy harvest, and metabolism.

Changes in microbial composition are often associated to the presence of common metabolic diseases such as obesity, type 2 diabetes, lipid
disorders, metabolic syndrome. Gut microbiota composition is unique in each person and changes with age. While in adult’s microbiota is generally
characterized by high biodiversity, in the elderly it becomes compositionally unstable and less diverse, a condition known as dysbiosis. Dysbiosis is
often linked to deterioration of the immune system, to a state of low-grade inflammation and might be causally related to sarcopenia.

Several gut bacterial species can ferment dietary fibers and produce short-chain fatty acids which exert beneficial effects on muscle mass
during aging. Recently some phenolic compounds, as well as their microbic biotransformation metabolites have been shown to promote growth of
specific microbial species known to be associated with an improved health status. Future studies are required to expand knowledges on implications
of specific bioactive compounds and bacterial metabolites on age-related diseases. Moreover, an understanding of the role of micro-organisms

colonizing other human body districts on host physiology should be taken in consideration.
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Mini review

The human organism is a real ecosystem consisting of trillions
of bacteria whose composition keeps changing in response to many
factors such as dietary habits, seasonality, lifestyle, stress, antibiotics
use, or diseases. Diet can modify the intestinal microbiota, which in
turn has a profound influence on overall health [1]. This interaction
can be beneficial or detrimental, depending on the relative identity
and abundance of constituent bacterial populations. Nutrients and
nutritional factors have an impact on evolutionarily conserved
nutrient-sensing pathways that act on a network of interconnected
downstream targets to regulate a range of molecular, cellular,
physiological, and behavioral responses. In fact, environmental
conditions and life-style can affect cellular pathways both directly

and also indirectly by modulating the shape of microbiota that, in
turn, may contribute to mediate the effect of dietary components
on health status [2].

At all the ages, a healthy host-microorganism balance must
be maintained in order to prevent disease onset. Unfortunately,
the adoption of modern western dietary habits may lead to
maladaptive changes of microbial strains which contribute to
the development of metabolic diseases, such as obesity, diabetes,
hypertension, dyslipidemia and finally of cancer [3]. There is vast
preclinical basic and translational research suggesting multiple and
complex mechanisms for a bacterial role in the obese state. Obesity
is associated with deep gut microbial changes, which could alter
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the host’s energy absorption and influence intestinal permeability,
inflammation, immunity, and multiple other physiologic processes
[4]. The “thrifty” gene hypothesis has postulated that evolutional
pressure reinforced “thrifty” genes promoting the extraction of
maximum calories (i.e., energy) from food sources in both humans
and gut microcosm to increase survivability when food (i.e., energy)
has been scarce [5].

Gut microbiota composition is unique in each person, even
if malleable, and changes with age. In adults it is generally
characterized by high biodiversity, while in the elderly the gut
microbiota becomes compositionally unstable and less diverse,
a condition known as dysbiosis, which may predispose to many
age-related disabilities. Dysbiosis, is causally linked to a profound
age-related remodeling and deterioration of the immune system,
known as “immunosenescence” that is associated with a chronic
low-grade inflammatory status, called “inflammaging” [6]. It has
been suggested that the gut microbiota may influence sarcopenia, a
syndrome which affects older individuals. Sarcopenia is described
as depletion of muscle mass and reduction of muscle performance
which both result from anabolic resistance or boosted protein
catabolism [7].

Elderly microbiota is generally characterized by a decrease in
species associated with short chain fatty acid (SCFA) production,
especially butyrate and an increase in opportunistic pathogens [8].
The SCFA butyrate was shown to have beneficial effects on muscle
mass in ageing mice, protecting them from muscle atrophy [9].
A gut-muscle axis between microbiota and sarcopenia has been
suggested [10]. However very few studies have investigated the
microbiome composition of sarcopenic individuals. Intake of low-
calories and nutrient-dense foods, well balanced in regulatory
micronutrients, might favorably change microbiota composition
and promote biodiversity, counteract age related intestinal
dysbiosis and improve the nutritional status of elderly people
[11]. The modulation of gut microbiota could help to improve a
physiological and non-pathological aging process and, perhaps, to
contrast the progression of degenerative mechanisms.

To better study the role of microbiota in aging process many
researchers ventured in analyzing the gut microbiota of children or
model organisms with the premature aging disorder called progeria.
Mouse models of aging are affected by intestinal dysbiosis with an
increase in the abundance of Proteobacteria and Cyanobacteria,
and a decrease in the amount of Verrucomicrobia. After the
transplantation of fecal microbiota from healthy mice, the life span
was extended and the transplantation with the verrucomicrobia
Akkermansia muciniphila was sufficient to exert beneficial effects
[12]. These results suggested the existence of a real relationship
between aging and the gut microbiota. Microbial metabolites, as
SCFAs, affect gut-brain signaling and the immune response. The
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mechanisms by which the gut microcosm produces its effects on the
brain are beginning to be understood [13]. Moreover, age-related
microbiota changes have been implicated in the establishment
of neurodegenerative diseases [6]. In particular, an increase in
Bacteroides was linked to the levels of amyloid-beta (Af) plaque
deposition. This effect results normalized in calorie restriction (CR)
conditions, suggesting a key role of gut microbiota composition in
the development of age-related cognitive decline [14-16].

Key point in the research on anti-aging drugs has been the
identification of bioactive molecules and phenolic compounds
that could reproduce in adult humans the beneficial effects of CR,
without the need to limit food intake. These compounds, named CR
mimetics are able to act in an hermetic manner, stimulating several
stress response pathways and induce pleiotropic effects that
would produce health benefits and counteract many age-related
diseases [17,18]. Some polyphenols have been shown to positively
modulate the gut microbiota composition thus producing a pre-
biotic like effects [19]. As example, some plant-derived compounds
may promote growth of specific gut microbial species including
Akkermansia spp., Faecalibacterium spp. and Roseburia spp. that
may provide beneficial health effects to the host [19,20].

It is now generally accepted that health benefits from intake
of polyphenols are linked, to a large extent, to their intestinal
biotransformation and to production of bacterially derived
metabolites. At present, most focus has been directed towards
SCFAs and polyphenolic transformation products, owing to their
various positive effects on immune and metabolic cues of relevance
in life-style associated diseases [20]. Different phenolic compounds,
especially flavonoids and their metabolites, have been shown to
agonistically regulate peroxisome proliferator-activated receptor
gamma (PPARy) activation to exert effects on inflammatory
transcription factors, leading to suppression of inflammation
and modification of phenotypes related to metabolic diseases
[21]. However inconclusive effects on systemic pro-inflammatory
markers (CRP and IL-6) as well as oxidative stress markers have
been shown.

In Order to Better Understanding the Complex
Microbiota-Host Relationships and Implication
of This Interplay for Aged People, The Following
Considerations Might Be Addressed

a) Many research in the field of polyphenol-microbiota
interactions have been performed on cell cultures or in animal
models with supraphysiological concentrations. Future studies
are required to expand our knowledge on polyphenolic
derived health effects in humans. In our opinion further
consideration for future research should be also addressed
toward the poor bioavailability of specific polyphenols and
their biotransformation by certain gut bacteria. Individual
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differences in the gut microbiota, with particular regard to aged
people might have a significant impact on the bioconversion of
certain polyphenols. Future research should be designed to
better understand the correlation between the gut microbiota,
the ageing process and degenerative diseases typical of the
elderly. This should be accompanied by a practical approach in
the modulation of the gut microbiota easily applicable in the
clinical context.

b)  Still there is need of further studies in order to identify
microbiota-related biomarkers of risk of obesity and metabolic
diseases. Further basic and translational research and clinical
trials are required to elucidate mechanisms, and specific
probiotic and patients’ types for the best achievable precision
medicine approach to the obesity epidemic.

c) Investigation on the relevance of the gut microbiome to
health and disease is in an early phase. The findings support the
view that specific dietary regimens or food components, used
alone or combined with the administration of combinations of
probiotics that have been validated and approved by regulatory
[22]

authorities (next generation, synbiotics) may hold

potential for enhancing public health.

d) Finally, we know that despite many steps have been
made in the scientific research about the implication of gut
microbiota in several diseases and in aging, many gaps remain
to be filled on the contribute of micro-organisms colonizing
other human body districts. It will be interesting to understand
whether vaginal, oral, skin, nasal microbiota could contribute
to host physiology. and, when altered, may be able to influence
pathologies affecting distant organs and tissues, fueling
inflammaging and contributing to immunosenescence, to our
knowledge only a recent review takes in consideration this
inexplorated field [23].
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