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People’s dietary consumption is significantly influenced by biological, social, and psychological behaviours; as a result, complexes
regarding their health arise. Due to the nutraceutical advantages of functional foods and supplements, a variety of fermented foods
and beverages are now available to consumers. The properties of probiotics, prebiotics, postbiotics, and paraprobiotics are
discussed in this overview along with their importance to diet and long-term health. Several synbiotic products, which are
complimentary blends of chosen, defined probiotic cultures and prebiotic substrates, have drawn consumers’ attention in the
nutraceutical sector recently. Probiotics and symbiotic preparations are distinct from the traditional fermented foods eaten in
various cultures, even if they might be thought of as possible biotics in food. Because they are prepared with seasonal raw
ingredients obtained from regional agricultural techniques, fermented foods are affordable and a staple diet component in
many nations. All of the biotics mentioned in this article are meant to increase the number of good microbes in the gut, which
has been shown to be crucial for the microbiome-gut-brain axis, which affects the activity of the vagus nerve.

1. Introduction

The term “microbiota” did not appear until the turn of the
20th century. Numerous microorganisms, such as bacteria,
viruses, and yeast, have been shown to cohabit in different
parts of the human body (gut, skin, lung, and oral cavity).
An estimated 150 times more genetic information exists in
the human microbiota, also referred to as “the hidden
organ,” than in the total human genome. Despite the terms
“microbiota” and “microbiome” being frequently confused,
there are some distinctions between the two. The term
“microbiota” refers to the living microorganisms that can
be found in specific habitats, such as the oral and intestinal
microbiota. In addition to the bacterial population, the term
“microbiome” also refers to the structural components,
metabolites, and environmental factors of all ambient micro-
organisms [1]. The microbiome is more extensive than the
microbiota in this regard. In this review, we primarily con-
centrate on how the microbiome affects human health and
disease. Every location has a unique microbiota from other

locations (depicted in Figure 1). It is thought that the gut
microbiota is crucial for preserving human health [2].
Among the many functions that gut bacteria perform are
vitamin generation, pathogen defence, immune response
induction, and food fermentation. Actinobacteria, Proteo-
bacteria, Fusobacteria, and Verrucomicrobia are the six
phyla that make up the gut microbiota. These phyla are
often broken down into Firmicutes and Bacteroidetes [3].
The fungi Candida, Saccharomyces, Malassezia, and Clados-
porium have received the most research attention (gut
mycobiota) [4]. In addition to bacteria and fungus, the
human gut microbiota also consists of viruses, phages, and
archaea, particularly M. smithii. Although less well known
than in the stomach, the microbiota is localized in many
places, including the oral cavity, lung, vagina, and skin.
According to estimates, the oral microbiota of humans is
the second-largest microbial community. Oral bacteria can
be found in a variety of places, including saliva, the tongue,
tooth surfaces, gums, the buccal mucosa, the palate, and sub-
gingival/supragingival plaque. These ecosystems are prone
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to significant and abrupt changes in activity and composi-
tion because of factors like pH fluctuations, gene mutations,
and bacterial interactions. The microbiota compositions of
the seven sites are essentially comparable, notwithstanding
a few small scale variations. Firmicutes, Proteobacteria, Bac-
teroidetes, Actinobacteria, and Fusobacteria are frequently
the most prevalent bacteria in the oral microbiota. Although
it was once thought that human lungs in good health were
sterile, multiple studies have shown that bacteria can also
be found in lung tissues. Actinobacteria, Bacteroidetes, Fir-
micutes, and Proteobacteria dominated the lung microbiota.
Microbial movement, emigration, and reproductive rates
affect the composition of the lung microbiota [5]. Location
affects the number, diversity, and distribution of glands
and hair follicles on human skin. Physical and chemical var-
iations result in diverse microbiota compositions in various
skin types. Actinobacteria, Bacteroidetes, Cyanobacteria, Fir-
micutes, and Proteobacteria make up the majority of the
skin microbiota.

Recently, there has been a lot of focus on the connection
between the microbiota and diseases like cancer, diabetes,
and neurological issues. The control of the microbiota in
the human body may be crucial to the treatment of disease.
In this article, we cover the body of research on the human
microbiota’s contributions to the development of disease,
the regulation of health conditions, and potential clinical
uses in the treatment of disorders.

2. Biotics Related to Nutrition and Health

Probiotics, prebiotics, and synbiotics are all considered bio-
tics or those that influence health through diet. The subsec-
tions below have discussed each of these.

2.1. Probiotic. The word “probiotics” is derived from the
Greek word “pro life, “ which means “for life” [6]. The hosts
will profit if these active, nonpathogenic microorganisms are
available in large enough quantities. Kollath first uttered the
phrase in 1953. He claimed that a number of organic and
inorganic chemicals could aid in the recovery of health in
malnourished people. The term “probiotic” was originally
used in 1954 by scientist Ferdinand Vergin, who was inves-
tigating the impact of antibiotics and related substances on
the gut microbial population at the time he discovered the
beneficial effects of probiotics on the gut microbiota. In a
1962 science article by Lily and Stillwell, probiotics were
described as “substances generated by one bacteria which
supports the growth of another.” Probiotics are “other che-
micals” in addition to bacteria that keep the balance of
germs in the intestine, according to Parker’s definition of
the word from 1974. Roy Fuller revised the concept of pro-
biotics in 1989, dropping the phrase “other substances.”
His assertion that probiotics are “live microbial feed supple-
ments that positively influence the host animal by boosting
its gut microbial balance” is the basis of the generally
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Figure 1: Human microbiota composition in different locations.
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accepted definition of probiotics [7]. Probiotics are currently
referred to as “living bacteria that, when eaten in sufficient
numbers, provide the host with health benefits” by both
the Food and Drug Administration (FDA) and the World
Health Organization (WHO).

2.2. The Mechanism of Action of Probiotics. Although the
particular mechanism by which probiotics benefit the host
cell is unknown, they do so. Probiotics have the ability to
alter gut pH and boost the immune system. Additionally,
they may be used to treat various medical conditions, such
as inflammatory bowel disease. This facilitates the colonisa-
tion of bacteria in the gut [8]. Probiotics produce antimicro-
bial compounds that compete with one another for
attachment sites and are released into the environment. [9].

2.3. The Health Benefits of Probiotics. The same probiotic
strain that has been shown to have the desired therapeutic
effect must be employed for a good clinical outcome. Using
probiotic microorganisms like Lactobacillus rhamnosus GG
and Saccharomyces boulardi can prevent diarrhoea brought
on by antibiotics. Use Saccharomyces boulardii and Lactoba-
cillus rhamnosus GG to prevent the growth of Clostridium
difficile (CDI). After the initial CDI, Saccharomyces boular-
dii and Lactobacillus rhamnosus GG prevent recurrence.
Helicobacter pylori can be totally eliminated by combining
Lactobacillus rhamnosus GG, Saccharomyces boulardii,
and Lactobacillus acidophilus. VSL#3 and Escherichia coli
Nissle 1917 are useful for the treatment of ulcerative colitis.
Effective treatments for Crohn’s disease include Lactobacil-
lus rhamnosus GG (LGG) and Lactobacillus johnsonii
LA1. Bifidobacterium infantis is given to patients with irrita-
ble bowel syndrome. For acute pancreatitis, Lactobacillus
plantarum can be used orally. Treatments for necrotizing
enterocolitis include Lactobacillus acidophilus and Bifidus-
bacterium species. The multiorgan dysfunction syndrome
is treated with VSL (MODS). In cases of allergies, immuno-
logical reaction, and ventilator-associated pneumonia,
Lactobacillus rhamnosus GG is administered. The Interna-
tional Scientific Association of Probiotics and Prebiotics
(ISAPP), which states that a probiotic must be alive when
supplied, have a health benefit, and be given at an effective
dose, is the greatest source for this information [10].
Depending on the population of living things, different
amounts of probiotic food and supplement should be taken.
Daily dosing of 107 to 1011 live bacteria has been shown in
clinical tests to have beneficial therapeutic effects. It is note-
worthy to note that to maintain the same quantity of live
bacteria in the lower intestine, in a dairy medium, 100 times
fewer live bacteria must be given than in a freeze-dried sup-
plement [11]. According to several studies, bacteria with a
high propensity to survive in the upper GI tract can more
easily pass through dairy [12].

2.4. Prebiotics. Prebiotics were initially introduced in 1995
by Gibson and Roberfroid. Prebiotics are “a non-digestive
food component that benefits the host by specifically pro-
moting the proliferation and/or activity of one or a restricted
number of bacteria in the colon, and improves human

health,” according to their definition. The calorie content
of the food or food item is not increased by probiotics. With
regard to the “selectively fermented material that allows spe-
cific changes; both in the composition and/or activity in the
gut microbiota that impart benefits onto host well-being and
health,” Gibson and Roberfroid proposed an alternative
hypothesis [13, 14]. This definition, which also incorporates
the prebiotic index definition, is compatible with the terms
“prebiotic” and “bifidogenic”. This definition states that in
order to be accepted, proposed prebiotics must successfully
complete the in vitro and in vivo tests listed below.

According to Anadón et al. [15], the inability to digest
food is brought on by three factors:

(i) Low pH resistance to stomach acid

(ii) Fermentation by the intestinal microbiota and

(iii) Targeted stimulation of intestinal bacterial activity
and growth

Prebiotics are nonviable food components that modify
the gut flora for the advantage of the host, in accordance
with FAO/WHO recommendations. Prebiotics and probio-
tics can function alone or in tandem. The different bacterial
species and strains are impacted by diverse prebiotics. These
nondigestible dietary supplements boost health by enhanc-
ing probiotics like Lactobacilli and Bifidobacteria in quantity
and activity. Because the digestive enzymes cannot break
down prebiotics while they are in the gut, they enter the
large intestine intact. These give the probiotic bacteria that
are already present in the stomach food. By encouraging
the growth of helpful bacteria while inhibiting the growth
of harmful (pathogenic) ones, effective prebiotics can change
the composition of the gut microbiota. Prebiotics keep the
colon’s pH at the ideal level, which is necessary for probio-
tics to thrive. They promote the growth of the probiotics,
which helps the immune system. They prevent the spread
of germs and all of its negative effects. They increase peristal-
sis while reducing gas generation. Additionally, they encour-
age the beneficial microflora’s expansion and procreation.
These prebiotics serve as food for the probiotics. A dietary
substrate needs to go through selective fermentation to see
if it might be a prebiotic. Particularly, prebiotics change
the microbiota in ways that are advantageous to the host’s
health. Prebiotics, like other low digestible carbohydrates
that also have an osmotic effect in the GIT, increase intesti-
nal gas production if they are digested by the natural flora at
the place where they exert their prebiotic influence [16, 17].
Inulin and transgalactooligosaccharides are the two
prebiotics that are most regularly employed (TOS). The
most often utilised plant-based prebiotics as food supple-
ments are inulin, fructo-oligosaccharides, lactulose, dietary
fiber, and gums. Some naturally occurring foods that
include these two include garlic, onions, leeks, shallots,
asparagus, spinach, Jerusalem artichokes, chicory, peas,
beans, lentils, oats, and bananas [6]. Oligosaccharide is one
of the most well-known prebiotics. Additional prebiotics
that are often employed include fructo-oligosaccharides
(FOS), mannanoligosaccharides (MOS), inulin, lactulose,
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and xylooligosaccharides (XOS). One of these is xylooligo-
saccharides, which are widely available.

2.5. Mechanism for Action. The GIT’s gut bacteria are a com-
ponent of an ecosystem. Bifidobacterium and Lactobacillus
are two examples of helpful bacteria, whereas Salmonella
species, Clostridium perfringens, Helicobacter pylori, etc.
are instances of harmful bacteria. Prebiotics are dietary com-
ponents that are either totally or only partially absorbed.
They benefit the host by encouraging the growth of advanta-
geous bacteria in the colon as opposed to dangerous ones. By
boosting the amount of minerals in the colon, such as cal-
cium and magnesium, creating short-chain fatty acids
(SCFA) and lactic acid as a byproduct of fermentation, and
supporting the host immune system (IgA production, cyto-
kine regulation, etc.), prebiotics aid probiotic bacteria in
growing [18]. The probiotic’s mode of action may benefit
from prebiotics. Lactobacilli and Bifidobacteria are the two
probiotic species that have been used as prebiotic targets
the most frequently to date. Their outstanding success in
the probiotic sector provides compelling evidence in favour
of this. Prebiotics can currently be added to a variety of
foods, including dairy products, beverages, health drinks,
spreads, infant formula and weaning foods, cereals, bakery
goods, confections, chocolates, chewing gum, savoury goods,
sauces, soups, dressings, meat products, dried instant foods,
canned foods, food supplements, animal feeds, and pet
foods [19].

2.6. Use as Medicine. Prebiotics primarily possess antibacte-
rial, anticancer, and hypolipidemic characteristics; however,
there is only weak evidence that they can be helpful for those
who have diabetes [19]. It also modifies glucose levels and
guards against osteoporosis. It works well for treating
inflammatory bowel diseases as well as constipation.
Through mineral absorption and mineral balance, it
enhances mineral absorption in the colon and has advanta-
geous effects on lipids. For a baby who is not getting
mother’s milk, supplemental infant formula is beneficial.

2.7. Synbiotics. Probiotics and prebiotics are both present in
synbiotic products. This expression alludes to cooperation or
synergy [20]. Gibson came up with the concept when con-
sidering the advantages of combining prebiotics and probio-
tics. He asserted that a probiotic and prebiotic taken
separately might not be as effective at avoiding GIT disor-
ders as the combination. As a result, synbiotics were created,
in which the probiotic bacterium is assisted in surviving and
growing by the prebiotic component. Prebiotics act as a
source of nutrition for probiotics, allowing them to remain
inside the GIT for longer than they otherwise could. This
is supported by data indicating enhanced probiotic bacteria
survival after passing through the upper digestive tract. Pro-
biotics have been proven to be affected by H2O2, pH,
organic acids, oxygen, moisture, and stress, especially in
dairy products like yoghurt [21]. Additionally, synergism
promotes the creation of probiotics and aids in the more
successful colon implantation of live microbial dietary sup-
plements. For the greatest probability of surviving in the

GIT, a probiotic needs both food and a prebiotic fuel. Prebi-
otics must, however, particularly encourage the growth of
probiotics rather than other bacteria for them to have a pos-
itive impact on human health. The most prevalent instance
of a synbiotic is when FOS is combined with bacteria belong-
ing to the genera Lactobacillus or Bifidobacterium (fructo-
oligosaccharides).

2.8. Mechanism of Action. Probiotics are more effective when
combined with synbiotics, which also offer some health ben-
efits. Prebiotics boost the efficiency of probiotics when com-
bined with probiotics, which control the metabolic activity
in the intestine. Strong intestinal biostructure, a sizable pop-
ulation of beneficial bacteria, and the inability of prospective
pathogens to proliferate in the digestive tract are all indica-
tions of this. Synbiotics reduce the number of unwanted
metabolites while also rendering nitrosamines and cancer-
causing substances inactive. Additionally, short-chain fatty
acids, ketones, carbon disulfides, and methyl acetate levels
are all greatly reduced by synbiotics, all of which are good
for one’s health [22]. These products halt intestinal break-
down processes such as diarrhoea and constipation.

2.9. Reactions to Drugs. For instance, synbiotics have anti-
cancer, antiallergenic, and antidiarrhoeal characteristics
and can act as antimicrobials in pyogenic inflammation.
Additionally, they can be utilised to enhance immune system
management, increase brain function, lower blood sugar and
lipid levels, prevent osteoporosis, avoid nosocomial infec-
tions following surgery, and improve liver function in cir-
rhotic individuals. Science has previously provided
evidence for these behaviours through testing. One study
found that the liver creates and maintains hepatic triacyl-
glycerols (IHTG), which encourages steatosis, when meta-
bolic wastes such ethanol, SFCAs, and lipopolysaccharides
(LPSs) translocate there (fatty liver). Adult subjects who
received a synbiotic supplement containing inulin as a prebi-
otic and five probiotics—Lactobacillus plantarum, Lactoba-
cillus delbrueckii spp. bulgaricus, Lactobacillus acidophilus,
Lactobacillus rhamnosus, and Bifidobacterium bifidum—-
significantly lessened the severity of nonalcoholic steatohep-
atitis. Giving a probiotic supplement decreased the risk of
getting sick (Lactobacillus casei, Lactobacillus rhamnosus,
Streptococcus thermophilus, Bifidobacterium breve, Lacto-
bacillus acidophilus, Bifidobacterium longum, prebiotics,
probiotics, synbiotics, and its importance in the manage-
ment of diseases). In nonalcoholic fatty liver disease, nuclear
factor-B (NF-B) is either decreased or blocked, which causes
the production of tumour necrosis factor (TNF-), which
promotes insulin resistance and the absorption of inflamma-
tory cells [20, 23].

2.10. Biotoxins May Be Present in Fermented Foods. Numer-
ous studies have shown that food fermentation results in a
wide variety of foods with positive dietary and health effects.
Foods that have undergone a gradual, controlled microbial
cultivation process and their enzymatic activity on uncooked
substrates either from plant or animal sources are frequently
referred to as fermented foods (Table 1) [24]. Aside from
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prebiotic fibers derived from grains, beans, vegetables, and
specialised LAB strains that serve as fermenting bacteria,
foods prepared with agricultural substrates from a variety
of sources also contain these substances. Fresh vegetables
are harder to digest than fermented leafy, tuber, and root
vegetables. Microorganisms used in fermentation also con-
tribute to increased food safety by acting in an allelopathic
manner against dangerous bacteria and fungal contami-
nants. This helps to preserve food so that it can be stored.
Organoleptic qualities, such as flavours, textures, and
aromas, are added to foods created utilising microbial cul-
tures [24]. A number of fermentation-process variables are
changed to produce each unique sensory profile, including
the development of specific microbe cultures, the use of
raw fruits or vegetables, and the preservation of suitable
environmental conditions during fermentation. Food fer-
mentation substrates frequently include sizable levels of pre-
biotic carbohydrates. Other carbohydrates such as psyllium,
galactomannan, arabino-OSs, lactose, and resistant starch
can also have prebiotic effects [16]. IMOSs are well-known
functional foods in Asia and are employed as prebiotics in
the functional food markets of the United States and Europe
[25]. Dietary fibers are prevalent in fermented foods manu-
factured from grains, beans, lentils, and vegetables [26] and
support the growth of the intestinal bacteria required for fer-
mentation. When taken, these medications have beneficial
impacts on the gut flora. Another advantage is that fruits,
vegetables, and legumes include fiber, which promotes the
development of the bacteria that are present in food that
has undergone fermentation [27, 28]. Probiotics can create
metabolites that may serve as protective barriers for the
gut by absorbing prebiotics from food during the course of
their prolonged stay in the GIT. In a study, it was shown that
inulin-type fructans, which are frequently found in fermen-
ted foods, cause specific alterations in the microbiota of the
human gut [29]. The promotion of Bifidobacterium adoles-
centis and Faecalibacterium prausnitzii by the inulin present
in plant materials used in fermentation has shown a nutra-
ceutical benefit on the human gut microbiota [30]. The pre-
biotic qualities of these OSs have been corroborated by
comparable in vitro experiments, where OSs produced from
tapioca starch are routinely employed for food fermentation

[31]. Foods that have been fermented utilising a substrate
comprised of both plant and animal sources are displayed
in Table 1 [32–35].

2.11. The Microbiome’s Development. Vertical microbiota
transmission through the placenta, amniotic fluid, and
meconium causes it to first take shape [36–38]. According
to two studies on animals, maternal stress during pregnancy
reduces the Bifidobacterium community in the gut microbi-
ota of fetuses [38, 39]. According to two separate researches,
the distribution strategy affects both the initial microbiome
and the gut microbiota. Children born vaginally have more
germs in their intestines than babies born by cesarean sec-
tion [36, 37]. The first week of life is when the very active
process of gastric colonisation begins. This vital period of
birth and GI development determines the immunity and
health of newborns. Numerous stress-related illnesses, such
as late-onset sepsis, cardiovascular disease, and atopic dis-
ease, have been linked to the underdevelopment of the
microbiota during this time [40]. Early suppertime may also
affect how the gut flora evolves. Studies have shown that
breastfeeding affects IgA levels directly, the variety of Bifido-
bacterium species in the stomach, and IL-6 levels indirectly.
In the intestines and other mucosal membranes, IgA, a siz-
able percentage of a secretory immunoglobulin, provides
immunity. On the other hand, the proinflammatory cyto-
kine IL-6 typically demonstrates both acute and chronic
inflammation. Gamma-aminobutyric acid (GABA), an
inhibitory modulator of several brain pathways, is produced
in high quantities by the neonatal microbiome [41], which is
primarily made up of the Lactobacillus genus and Bifidobac-
terium species. Breastmilk’s ability to increase levels of IgA
and Bifidobacterium species while lowering IL-6 levels and,
consequently, inflammation makes older people less likely
to suffer gastroenteritis. For the first four weeks of life, 13
infants who were exclusively breastfed had a lower total bac-
terial species count. [39] In addition to lactose, breast milk
also contains more than a thousand other nondigestible sub-
stances in the form of oligosaccharides. According to [42]
researchers, the nondigestible carbohydrates in breast milk
are a crucial source of energy for bacterial fermentation
[36]. In terms of health benefits, preterm infants who had
been shown to have a unique bacterial makeup, predominat-
ing in proteobacteria rather than Bifidobacterium and Lacto-
bacillus, responded to breast milk similarly. According to the
finding that preterm neonates fed breast milk only showed
an increase in Bifidobacterium, nondigestible carbohydrates
in breast milk are likely to produce an environment that is
better adapted for certain species [43]. Giving up nursing
is the key diet change that leads to a microbiota that is more
comparable to that of an adult. It has been suggested that the
age at which a child is weaned is less important than the age
at which they are weaned from breast milk to solid food
because the microbiota growth patterns of children weaned
from breast milk up to age four resembled those of children
weaned at an earlier age [44]. The relationship between a
person’s diet and gut flora is critical throughout all stages
of life. Dietary changes can drastically modify the makeup
of the gut’s bacterial flora in as little as 24 hours [43]. The

Table 1: Fermented utilising a substrate comprised of both plant
and animal sources.

Components used for
fermentation

Fermented substrates sustaining growth
and activity of cultures

Milk/cheese + cultures Fermented dairy products

Vegetable + cultures Fermented vegetable products

Cereals + cultures Fermented cereal foods

Root vegetables
+ cultures

Fermented root crop foods

Legumes + cultures Fermented legume foods

Meat + cultures Fermented meat foods

Fruits + cultures Fermented undistilled beverages

Fish + cultures Fermented fish products
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equilibrium of bacteria returns if the meal change is merely
transient. As long as all of the organisms that live in the
gut have a symbiotic relationship, the human host can con-
tinue to function normally. The production of amino acids
and vitamins, intestinal homeostasis, a healthy immune sys-
tem, and a regular metabolism is all supported by symbiotic
bacteria [37].

2.12. Lessons from Child Malnutrition. Through a number of
mechanisms, such as the fermentation of nutritional compo-
nents that would otherwise be indigestible, the de novo syn-
thesis of micronutrients, the stimulation of hunger through
interactions with the central nervous system, and the alter-
ation of the host’s nutrient assimilation and metabolism,
gut microbes have an effect on the nutritional status of the
host. Attempts to prevent or treat child malnutrition, one
of the most important current global health challenges,
could benefit from making use of this potential. Children
who suffer from severe acute malnutrition usually develop
their microbiotas more slowly and have less diversity in their
microbial communities. (Figure 2) [45, 46].

Children’s relative microbiota immaturity in Bangladesh
[47] and Malawi reflects anthropometric measurements
[48]. Mice that consume immature faeces from children
who have the kwashiorkor virus lose more weight than mice
that consume immature faeces from the disadvantaged
child’s healthy-weight sibling. There have not been any
drugs created specifically to replace microbes or microbial ser-
vices that are known to be absent in the relevant populations.
Instead, the choice of drug was based on how each trial turned
out. The next step is to select a medication that affects the
microbiota in addition to targeting the microbiome [49].

In some parts of the world, it might not be the greatest
idea to treat malnourished children with a single over-the-
counter drug. Many of these issues may be resolved by con-

centrating on the gut microbiota and associated illnesses uti-
lising locally developed nutritional approaches. The
development and testing of therapeutic foods are described
in a groundbreaking study that begins with the detection
of bacteria that discriminate against age and growth in Ban-
gladeshi children. Growing clinical evidence supports the
effectiveness of drugs that target the microbiota. Future
research will be required to identify the precise therapies that
will be most helpful for the forthcoming wave of therapeutic
refeeding initiatives. These medications must be produced in
a manner that is resource-efficient, secure, and respectful to
regional customs [50].

2.13. The Microbiota-Gut-Brain Axis. The gut-brain axis has
been proven to be crucial for preserving homeostasis since
the development of brain imaging in the 1980s, and [51]
researchers now agree that this axis is bidirectional. Stomach
distension activates crucial brain connections, but gastroin-
testinal disorders like irritable bowel syndrome also use these
similar pathways (IBS). It has recently become evident that the
gut microbiota regulates the gut-brain axis in an essential
manner [52]. A number of animal models and studies on
humans have been used to model the gut-brain axis [53].

3. The Role of Microbiota in the
Evolution of Disease

A complex ecology made up of billions of bacteria is known
as the microbiota. The majority of microbiota-related
research today focuses on the connection between changes
in microbiota composition, and various disease states as a
result of enhanced sequencing techniques and analytics.
Exogenous modifications to the microbiota population’s
homeostasis may be the cause of illnesses and the disruption
of body functioning. A growing body of research suggests

Malnutrition 

Decrease immune
function 

Infection 

Impaired absorption,
barrier function Microbiome

Host genetics Food insecurity

Figure 2: Childhood malnutrition and the intestinal microbiome.
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that the microbiota may have a role in the development of
CVDs, cancer, respiratory diseases, diabetes, IBD, brain dis-
orders, chronic renal diseases, and liver problems. In this
section, we largely concentrate on the bacterial component
of the microbiota due to the paucity of information indicat-
ing the contribution of nonbacterial species to the genesis of
disease [54].

3.1. Cardiovascular Issues. Cardiovascular diseases (CVDs)
are the leading cause of morbidity and mortality worldwide.
There is growing evidence that the microbiota may play a
role in maintaining cardiovascular health. Research on
microbiota transplantation, microbiota-dependent path-
ways, and downstream metabolites suggests that the micro-
biome may have an effect on the host’s health [55].

3.1.1. Dental Bacteria. There is a link between periodontitis
and atherosclerosis. Some bacteria have the ability to pene-
trate the endothelium and phagocytic cells in an atheroma,
leading to pathogenic alterations and the appearance of the
lesion. Intensive periodontal therapy can lower IL-6 and
CRP levels as well as systolic blood pressure, lipid profiles,
and other systemic inflammatory indicators [56–58].

3.1.2. Gut Microbiota. The dysbiosis of the human microbi-
ota has an impact on several disorders (TMAO). TMAO has
the ability to functionally activate the signalling pathways for
nuclear factor-B (NF-B) and mitogen-activated protein
kinase (MAPK). Patients with CVD have higher faecal LPS
levels than those without CVD, according to Yoshida et al.
The gut microbiota can transform proteins and polysaccha-
rides into short-chain fatty acids (SCFAs), a different class of
metabolites that have been linked to CVDs. Propionates are
thought to regulate the balance between regulatory and
effector T cells, which is crucial in preventing organ deterio-
ration caused by hypertension [59, 60].

3.2. Cancer. Any organ in the body can be harmed by cancer,
which is characterised by the unchecked and rapid prolifer-
ation of abnormal cells. The World Health Organization has
classified over 100 compounds as human carcinogens, and it
is anticipated that over 10 million people would die from
cancer worldwide in 2020. [61] Gene changes that impact
cell growth or metabolism are frequently responsible for
the onset of cancer. Despite the complexity of carcinogene-
sis, the leading causes of cancer are tobacco, bacteria and
viruses, obesity, alcohol, and radiation [62]. The identifica-
tion of H. influenzae type b (H. influenzae) as a strong
cancer-causing agent has brought about a significant
increase in interest in the long-ignored role of microorgan-
isms in cancer. It turns discovered that the microbiota signif-
icantly affects the development of cancer, primarily through
influencing host metabolism, immune system activity, and
the proliferation and demise of host cells. Pylori played a
role in the rise of stomach cancer in 1994 [63].

3.2.1. The Oral Microbiota. Periodontitis has been linked to
oral, gastric, pancreatic, oral, and genitourinary cancers.
High antibody levels to P. gingivalis are associated with a
twofold-increased risk of pancreatic cancer compared to

low antibody levels. Oncogenes like Cyclin D-1 and c-Myc
are more frequently created when the Wnt/catenin pathway
is improperly activated. Furthermore, P. gingivalis may
increase levels of cytokines including IL-8, TGF, and TNF,
which may cause chronic inflammation [64, 65].

3.2.2. Respiratory Microbiota. Lung cancer patients had
higher concentrations of Actinomyces, Veillonella, Strepto-
coccus, Megasphaera, and Mycobacterium than did healthy
controls [66]. In contrast, Peters et al. found no connection
between the microbiome of tumour tissue and lung cancer
recurrence [67].

3.2.3. Gut Microbiota. There is growing evidence that the gut
flora may have an impact on the onset and progression of
CRC. According to Grivennikov et al., microbial substances
could weaken the epithelial barrier, which would then let the
tumour to produce inflammation and promote the growth of
CRC [68]. According to hypothesis, the gut microbiota may
affect signalling pathways like E-cadherin/-catenin and
TLR4/M to cause CRC. Dysbiosis of the gut flora is real,
according to studies. B. faecalis coli and S. f. fragilis Bobo
H., these microbes, have the ability to produce genotoxic
substances such as nucleatum, pylori [69], colibactin, and
B. Both the toxins produced by fragilis and typhoid damage
the host’s DNA, particularly intestinal F. Numerous CRC
studies focused on nucleatum [70].

3.3. Diabetes Mellitus. Diabetes mellitus (DM) is a group of
conditions that impact how the body manages glucose. The
three kinds of DM are type 1 diabetes mellitus (T1DM), type
2 diabetes mellitus (T2DM), and gestational diabetes melli-
tus (GDM). T1DM, as opposed to T2DM, results from the
body’s autoimmune response to pancreatic cells, which
explains why there is a problem with how well the body gen-
erates or uses insulin. One of the most prevalent pregnancy
issues, GDM increases the chance that both the mother
and the foetus will experience metabolic abnormalities. The
relationship between dysbiosis in the microbiota and the
onset of DM in relation to the microbiome has been the sub-
ject of numerous investigations.

3.3.1. Type 1 Diabetic Mellitus. The bacteria that generate
SCFA butyrate, which is necessary for lowering chronic
inflammation and maintaining intestinal homeostasis, may
be present in reduced concentrations in T1DM patients.
The majority of the study on the microbiome in T1DM
was done using animal models; thus, more human studies
are needed [71–73].

3.3.2. Type 2 Diabetic Mellitus. T2DM’s onset has been
linked to the gut microbiome. There may be underlying
molecular mechanisms in the gut microbiota that affect
inflammation, glucose metabolism, and gut permeability
and cause T2DM. Antidiabetic medication has the ability
to improve the diversity and richness of the gut flora [74].

3.3.3. The Oral Microbiota Might Affect T2DM.Many studies
have shown that the oral microbiota of T2DM patients and
healthy controls differs significantly. Xiao et al. found that
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T2DM-related alterations to the oral microbiota and
increased levels of the interleukin (IL)-17 were present.
When transferred to GF mice, the changed oral microbiome
is even more detrimental, demonstrating how DM can make
periodontal disease worse. The microbiota in the gut can be
impacted by bacteria from the mouth, which could also have
an impact on the immune system [75].

3.3.4. Gestational Diabetes. Numerous studies have demon-
strated that the gut microbiota during pregnancy contributes
to GDM’s inflammatory state and insulin resistance. The
development of GDMmay also be affected by major changes
in the gut flora that occur during pregnancy. Women with
GDM usually have metabolic abnormalities include
increased insulin resistance and downregulated insulin pro-
duction [76]. It was demonstrated that the Firmicutes to
Bacteroidetes ratio, a critical factor that encourages obesity
and exacerbates GDM, was elevated in GDM patients. From
the first to the third trimesters, the gut microbiota changed,
becoming more diverse and less rich, according to Romano-
Keeler and Weitkamp. [77]. The gut microbiota may be
important in the development of GDM and may also have
an impact on GDM infants, claimed by Ponzo et al. [78]
who found that proinflammatory bacterial abundance was
higher in GDM newborns than in healthy controls. Other
studies supported the result that the gut microbiota of the
GDM infants included more proinflammatory bacteria than
healthy controls [79].

3.4. Respiratory Conditions. Pneumonia, pulmonary fibrosis,
asthma, and chronic obstructive pulmonary disease are a few
chronic conditions that affect the lungs and other parts of
the respiratory system (COPD). The start of respiratory
infections may be influenced by oral, lung, and intestinal
bacteria, according to numerous researches. This section will
discuss the most important research relating the microbiome
to the emergence of respiratory illnesses.

3.4.1. Chronic Respiratory Disease. There is growing evi-
dence that the lung microbiome may play a direct role in
the development of chronic respiratory diseases. Atypical
fungal patterns [80], higher bacterial loads and diversity,
increased Proteobacteria abundance, decreased Bacteroi-
detes and Firmicutes abundance, and increased Proteobac-
teria abundance are all observed in the sputum samples of
asthma patients [81]. Children with high SCFA levels are less
likely to develop asthma as adults. Chronic respiratory con-
ditions may be influenced by the aspiration and systemic
inflammation brought on by oral bacteria. Periodontitis is
linked to higher levels of CRP and IL-6 [82], two indicators
of systemic inflammation [83].

3.4.2. Gut Microbiota. It can induce a number of
inflammation-related illnesses since it is a potent proinflam-
matory and autoimmune response modulator. Numerous
studies have linked the gut-lung axis, commonly known as
dysbiosis of the gut microbiota, to a higher chance of devel-
oping asthma in later life. The gut-lung axis has been care-
fully studied and analyzed in chronic respiratory diseases.
It is believed that dysbiosis of the gut microbiome through-

out adolescence may result in the emergence of respiratory
disorders since gut microbiota is essential for immune cell
maturation and pathogen resistance. [84–86] Sokolowska
et al., Roussos et al., and Rutten et al. demonstrated that peo-
ple with chronic GI illnesses had a higher prevalence of
chronic respiratory diseases including asthma and COPD,
despite the fact that the precise causes are still unknown.
Individuals with acute COPD exacerbations demonstrated
increased GI permeability, which may suggest that the gut
microbiota is implicated in exacerbations, according to
Sprooten et al. [87]. Another study discovered that in COPD
patients, greater levels of gut microbiota-dependent circulat-
ing TMAO were associated with all-cause mortality [88].
According to Arrieta et al. [89], Veillonella, Faecalibacter-
ium, and Lachnospira were demonstrated to be much less
prevalent in infants at risk of developing asthma. Asthma
may be influenced by the immune regulation brought on
by gut bacterial metabolites, according to a theory. For
instance, children with high amounts of SCFAs are less likely
to develop asthma in the future, per a 2019 study by Roduit
et al. [90]. SCFAs have been discovered to reduce inflamma-
tion in allergic asthma models and to promote the formation
of peripheral regulatory T cells, according to Arpaia et al.
and Cait et al. [91, 92]. In addition to bacterial metabolites,
abnormally homing lymphocytes can also contribute to
asthma [93]. Under normal circumstances, lymphocytes
are thought to exhibit tissue specificity to the site where they
initially come into contact with the antigen. IBD patients’
intestinal lymphocytes may be to blame for the appearance
of inflammation in organs other than the gut despite their
recognised lack of tissue specificity. Innate lymphocytes were
drawn from the stomach to the lungs in response to IL-25’s
proinflammatory signals, according to the research of Huang
et al. [94]. The gut-lung axis may interact in both directions,
according to some research, which is interesting to note. Per-
rone et al. [95] found that pneumonia reduced intestinal epi-
thelial proliferation and caused intestinal epithelial apoptosis
in mice [96].

3.4.3. Oral Microbiota. Due to the contiguous anatomic
structure and microaspiration, it has been linked to chronic
respiratory illnesses [97]. The nasal microbiota and lung
microbiota have more differences than the oral and lung
microbiome, according to early investigations [98]. Through
aspiration and systemic inflammation, it is postulated that
the oral microbiota may contribute to chronic respiratory ill-
nesses. It is likely that aspiration of oral bacteria into the
lungs causes dysbiosis and inflammation of the lung micro-
biota. The abundance of oral bacteria Veillonella and Prevo-
tella in bronchoalveolar lavage samples has been linked to
subclinical inflammation, which is characterised by elevated
neutrophils and lymphocytes, according to Segal et al. [99].
Fusobacterium and Porphyromonas, two periodontal patho-
gens, were specifically elevated in the bronchial microbiome
of asthmatic individuals, according to an RCT [100].
Numerous inflammatory cytokines linked to periodontitis
have also been found in chronic respiratory illnesses. TNF-
was shown to be elevated in the sputum of COPD patients,
according to Aaron et al. Significant research has
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demonstrated that TNF- may promote the production of
ROS in pulmonary tissues, along with the production of
other adhesive and proinflammatory molecules such
VCAM-1, ICAM-1, and RAGE. TNF- is thought to play a
role in asthma as an inflammatory cytokine that attracts
neutrophils and eosinophils [101]. High levels of CRP and
IL-6, two markers of systemic inflammation, are associated
with periodontitis. According to Thomas, there is a substan-
tial correlation between CRP levels and the prevalence of
asthma [102]. The oral-lung axis, however, still needs to be
better understood and calls for additional research.

3.4.4. Pneumonia. By inhibiting the colonisation of harmful
bacteria and controlling immune reactions, the normal
respiratory tract and gut microbiota guard against pneumo-
nia. The fact that dysbiosis of the respiratory tract microbi-
ota is regarded as a risk factor for pneumonia is therefore
not surprising. The primary source of microorganisms for
the lower airways is the upper airways. Recent studies have
demonstrated that pneumonia risk increased as nasal micro-
biota diversity decreased. Pneumonia was specifically sub-
stantially related with three microbiota profiles dominated
by Lactobacilli, Rothia, and Streptococcus [103]. S. pneumo-
nia, H. influenzae, and M. catarrhalis colonisation of the air-
ways with pathogenic bacteria in newborns was linked to an
increased risk of pneumonia and bronchiolitis [104]. Studies
on the lower airway microbiome revealed that Prevotella and
Veillonella, which are more prevalent, made HIV patients
more susceptible to pneumonia. Additionally, pneumonia
risk may rise as a result of altered immunological response
brought on by microbial dysbiosis. For instance, deregula-
tion of bacteria that produce SCFA may have a role in the
emergence of pneumonia. According to Vissing et al.
[105], elevated anaerobic bacteria were associated with lung
SCFA levels. In fact, through inhibiting the IFN- and IL-17A
pathways, SCFAs directly limit immunological response.
Neutrophils quickly go to lung parenchyma and alveoli after
bacterial infection. IFN- levels are crucial for host defense
during pneumonia because the IFN- produced by neutro-
phils controls bacterial clearance [106]. Similar to this,
Th17 cells and their specific IL-17A signalling are required
for the immune response to pneumonia. By acting on non-
immune cells during infection to trigger the synthesis of
antimicrobial proteins, cytokines, and chemokines, IL-17A
increases innate immunity during microbial infection. Inhi-
bition of the IFN- and IL-17A pathways encourages lung
bacterial growth and worsens inflammation. Salk et al. dis-
covered a strong relationship between influenzae-specific
lgA production and levels of Lactobacillus, Prevotella, Veil-
lonella, Bacteroide, and Streptococcus [107]. Intriguing
new findings suggest that commensal microbes may play a
crucial role in the development of pneumonia. Studies on
respiratory illnesses, particularly the global pandemic
COVID-19, have increased in recent years. Microbial dys-
biosis has been associated to COVID-19 mortality in recent
studies. Fan et al. [108] investigated the lung microbiota
characteristics of 20 deceased COVID-19 patients. Acineto-
bacter species, which are connected to mortality and antibi-
otic resistance, are thought to be an indicator of the

dysbiosis of the lung microbiota. In addition, the most com-
mon fungus in the lung is more prevalent, and COVID-19
may result in significant dysbiosis of the lung microbiota,
according to Han et al. [109]. Segal et al. [99] found a con-
nection between microbiota in health and diseases and the
enrichment of lower airways with oral bacteria Mycoplasma
salivarium. According to Han et al., 13 signal transduction
and targeted therapy had a subpar clinical outcome
(7 : 135). However, there was insufficient proof to prove a
connection between secondary respiratory infections and
increased mortality. The gut microbiota is an additional cru-
cial subject to discuss when looking at how bacteria and
pneumonia interact. According to Schuijt et al. [110], the
gut microbiota guards against S. pneumoniae infection. In
comparison to the control group, S. pneumoniae infection
in gut microbiota-deficient C57BL/6 mice resulted in greater
bacterial dissemination, inflammation, organ damage, and
mortality. The loss of gut microbiota was also associated
with the activation of metabolic pathways, which leads in
lower reactivity to inflammatory cytokines. To illustrate this,
Felix et al. [111] showed how segmented filamentous com-
mensal gut bacteria protected immunodeficient mice from
S. pneumoniae infection. It appears likely that the bacteria
promoted a shift in the lung’s neutrophil phenotype from
proinflammatory to proresolution, which is comparable to
the effect of treatment with heat-inactivated S. pneumoniae.
According to recent research, the gut flora of COVID-19
patients may indicate how serious the condition is [112].
In contrast to chronic respiratory disorders, the gut-lung
axis may therefore enhance the host’s defenses against pneu-
monia by controlling the immunological response.

3.4.5. Irritable Bowel Syndrome. In ulcerative colitis, the
colon is constantly, extensively, and superficially inflamed
(UC) [113]. Crohn’s disease is characterised by discontinu-
ous, transmural lesions that affect various areas of the GI
tract (CD). IBD onset is influenced by both genetic and
immunological dysregulation variables [114]. The oral-gut
axis refers to the intimate connections between oral micro-
organisms and those in the GI tract. Although viruses and
fungi may also be implicated in IBD, there has not been
any proof of a connection to date. Research has revealed a
link between IBD and oral diseases, even if the precise mech-
anisms are still not fully understood [115].

3.5. Brain Disorders. It was well recognised that some
comorbidities, like neuropsychiatric and neurodegenerative
brain illnesses, greatly raised mortality rates in a number of
population categories. In several researches over the years,
it has been shown that microbial diversity influences brain
illnesses by changing the risk variables involved in their
development. For instance, the findings of a meta-analysis
study [116] show that depression raises the relative risk of
mortality from all causes, and more precisely, that risk is
1.86 times higher in depressed patients than in nonde-
pressed individuals. Depression has also been connected to
HPA axis stimulation and inflammation brought on by the
microbiota [117].
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3.5.1. Gut Microbiota. In a number of animal models, pre-
clinical research has demonstrated that the gut microbiome
influences social interactions, repetitive behaviour, and cog-
nitive function [118]. One possible idea describing how the
gut microbiota influences neurological illnesses is stress-
induced intestinal permeability, which permits endotoxins
to enter the circulation. Major depressive disorder patients
have lower levels of Firmicutes and higher levels of Bacteroi-
detes, Protobacteria, and Actinobacteria in their faeces when
compared to healthy controls, according to new research by
Jiang et al. [119]. The phylum Firmicutes includes two fam-
ilies, Lachnospiraceae and Ruminococcaceae, whose expres-
sion has been seen to decline and is thought to be related to
several bacterial genera. The makeup of the gut microbiota,
which is believed to have a large impact on the stress-
regulated HPA axis pathway, is known to have a significant
impact on both of the major brain illnesses, anxiety, and
depression [120]. The gene expression of GF mice differs
dramatically from that of control mice, according to an epi-
genetic study using GF animal models. Numerous studies
have examined the notable differences seen in GF mice com-
pared to the wild-type controls after this first discovery.
While levels of neurotransmitters including norepinephrine,
dopamine, and serotonin were discovered to be higher in the
striatum of GF rats, dopaminergic turnover was found to be
lower in the frontal cortex, striatum, and hippocampus of
GF rats. Additional research using GF mouse models has
shown a decrease in brain-derived neurotropic factor and
nerve growth factor-inducible protein A in various brain
regions [121].

3.5.2. Neurological Conditions. A number of neurological
diseases, including Alzheimer’s disease (AD), cerebrovascu-
lar stroke (CVS), Parkinson’s disease (PD), and schizophre-
nia, among others, have been linked to the development of
gut bacteria. Through regulating the host’s innate immunity,
gut bacteria have been demonstrated to play a role in the
regulation of brain function [122]. Additionally, it is shown
that the composition of the community differs according
on the mode of delivery. Infants delivered vaginally are more
diversified and have bacteria from the mother’s genital tract
that colonised them than children delivered via cesarean sec-
tion [123]. Cesarean births resulted in less brain electrical
activity, which is in line with in vivo studies on rats that
revealed prepubertal abnormalities in the development of
the cortex and hippocampus [124]. When presymptomatic
PD is present, a study that used 16 s rRNA sequencing
looked at 38 samples of human faeces. The findings revealed
significant variations in the bacterial composition, with
decreased Blautia, Faecalibacterium, and Ruminococcus
and increased Escherichia and Streptococcus amyloid pla-
ques and intracellular neurofibrillary tangles made of tau
serving as the hallmarks of AD’s pathological characteristics
(NFT). The microbiomes of AD patients were substantially
less varied than those of healthy controls, according to a
research by Hung et al. [125]. Firmicutes, Bifidobacterium,
Actinobacteria (a Bifidobacterium member), Bacteroidetes,
and Proteobacteria were found to be decreased and elevated,
respectively, in the AD group, according to this study [126].

Another preclinical investigation using mice revealed that
Prevotellaceae and Peptococcaceae, the former of which is
an essential part of the cecal microbiota, had undergone a
significant alteration.

3.5.3. Neurological Issues Brought on by Mouth and Lungs
Bacteria. Studies by Hicks et al. suggest that poor dental
hygiene may influence the growth of complex communities
on the tongue, below the gum line, and on the surface of
teeth [127]. Analysis of the salivary microbiomes of these
children has revealed significant differences between chil-
dren with ASD, children who are developing normally, and
children who do not have developmental abnormalities.
Saliva from AD patients had decreased relative abundances
of Rothia and higher relative abundances of Moraxella, Lep-
totrichia, and Sphaerochaeta when compared to healthy
controls. This data demonstrates that AD patients may have
higher rates of these illnesses than healthy people. Despite
the extensive study being done on the affinity of microbial
dysbiosis in many neurological illnesses, there is still no gold
standard to link the changes in the microbial environment
with the aetiology of these disorders. Mild cognitive impair-
ment was shown to be associated with Pasteurellaceae and
Lautropia mirabilis in a cohort study of 68 people, compris-
ing AD and control groups [128]. To comprehend the
breadth and complexity of the association between the
microbiome and the emergence of a number of brain disor-
ders, further preclinical and clinical studies with a micro-
biome focus are necessary.

3.6. Chronic Kidney Issues. The physiological signs of
chronic kidney disease (CKD), which affects roughly 9% of
the world’s population, include a decrease in glomerular fil-
tration rate (GFR) of less than 60ml/min per 1.73m2 or the
presence of albuminuria for at least three months [129].
Renal function gradually deteriorating over time and perma-
nent structural changes to the kidneys are the key symptoms
of CKD [130].

3.6.1. Communication between the Gut Microbiota and the
Renal Axis. Recently, there has been a lot of interest in the
function of oral microbiome in mediating chronic systemic
inflammatory dysregulation [131]. For their part in the onset
of CKD, variations in microbial ecosystems have been the
subject of much research. It has been established that kidney
disease (CKD) is indirectly influenced by periodontitis,
which modifies the oral microbiome by increasing systemic
inflammation [132]. In human investigations employing
biomarkers, elevated IgG levels brought on by the presence
of periodontal pathogen species such as P. gingivalis, T. S.
denticola, A. noxia actinomycetemcomitans, and V. parvula
have been related to deteriorated kidney function. The death
rate rose from 32% to 41% in CKD patients with periodon-
titis, according to a substantial 10-year cohort study. This is
consistent with the findings of Bastos et al. [133] that path-
ogens such as Candida albicans, P. gingivalis, T. t., and for-
sythia are more common. To establish with certainty how
the oral microbiota influences the onset of CKD, more infor-
mation is required. In CKD patients, denticola was
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discovered to be related to the onset of chronic periodontitis,
demonstrating a two-way interaction between CKD and
modifications in the oral microbiota. Interdependence
between metabolic and immunological pathways is neces-
sary for the gut-kidney axis to function properly [130]. The
metabolic pathway is mainly focused on gut microbiota-
produced compounds that mediate host physiological pro-
cesses, whereas the immunological pathway depends on a
variety of additional elements, such as monocytes, lympho-
cytes, and cytokines, which promote communication
between the gut and kidney. Recently, the microbial ecology
of the stomach has been connected to dysbiosis. According
to a research by Vaziri et al. [134], uremic toxins and inflam-
mation play significant roles in the development of CKD and
its accompanying consequences. R. gnavus Torus is more
prevalent in patients with CKD [135]. Patients with ESRD
were shown to have higher prevalences of Actinobacteria,
Proteobacteria, and Firmicutes than the control group.
These results offer compelling proof that microbial dysbiosis
mediates a variety of disruptions in the gut-renal system
connection that contribute to the pathophysiology and pro-
gression of kidney diseases. Intestinal dysbiosis and intesti-
nal barrier failure are related to uremia. Lower levels of
two nephroprotective microbiome metabolites, butyrate,
and vitamin K were found [136].

3.7. Chronic Liver Problems. One of the main causes of dis-
ease and mortality worldwide continues to be liver issues.
The two most common chronic liver diseases that com-
monly result in liver cirrhosis and malignancy are alcoholic
liver disease (ALD) and nonalcoholic fatty liver disease
(NAFLD/NASH). Several liver conditions, such as benign
steatosis and steatohepatitis that cause hepatocellular
inflammation and damage, are included in NAFLD. [137]
According to recent research, chronic liver problems may
be influenced by the oral and intestinal microbiota. ALD
may appear as a chronic disorder (steatosis and steatohepa-
titis) [138].

3.7.1. Diseases of the Liver and the Gut’s Microbiota. The gut
microbiota is essential for the metabolism of bile acids and
may play a role in liver diseases. People with NASH exhibit
higher levels of Lactobacillus, Parabacteroides, and Alliso-
nella in their faeces compared to healthy controls, while hav-
ing lower levels of Bacteroidetes [139]. By regulating chronic
inflammation and immunological activation in the gut flora,
many diseases can be avoided or postponed. Choline deple-
tion and liver problems can be explained by a number of
established pathways. The information that is now available
suggests that gut microbiota may be important in liver dis-
eases, but further research is required to establish a causal
relationship [140].

3.7.2. Hepatitis and Oral Bacteria. As shown in a number of
disorders, it has been proven that oral bacteria or their
metabolites can move to other parts of the body. In a mouse
model, P. gingivalis, one of the most common periodontal
disorders, may have an impact on how NAFLD/NASH
develops, according to Yoneda et al. [141]. Additionally, they

found that compared to controls, NAFLD patients had a
higher prevalence of P. gingivalis infection. Although there
is no proven connection between periodontal and liver
problems, current research suggests that periodontal bacte-
ria may play a role in the emergence of NAFLD, NASH,
and liver disease. Additionally, clinical evidence suggests
that periodontitis may aid in the emergence of NAFLD/
NASH [142].

Numerous mechanisms, such as oxidative stress, patho-
gen invasion, and proinflammatory mediators, help to sup-
port this process in the movement of periodontal bacteria
and their metabolites into the systemic circulation [143].
Silva may occur in a gut with low intestinal permeability,
according to Acharya et al. [144] and Santos et al. [145]. Cir-
rhotic people also exhibit petechiae, candidiasis, and xero-
stomia in addition to periodontitis. The development of
oral illnesses in cirrhotic patients has also been linked to
dysbiosis of the oral microbiota. This means that when bac-
teria and their waste products enter the bloodstream, they
can penetrate and contribute to the dysbiosis of the gut
microbiota, which ultimately assists in the development of
liver diseases. HBV-associated oral pathogens such as Fuso-
bacterium, Eubacterium, and Treponema can migrate to the
liver and bind to innate T. [146].

4. Conclusion

Probiotics, prebiotics, and synbiotic supplements all support
the eubiosis of the gut microflora. They greatly contribute to
improving the host person’s health by modifying gut pH,
combating pathogens by creating antimicrobial chemicals,
competing for pathogen binding and receptor sites, and acti-
vating immunomodulatory cells. For the probiotic to
develop in the GIT, it needs both food and prebiotic fuel.
Synbiotic usage of prebiotics and probiotics increases their
impact on the host cell. The effects of probiotics, prebiotics,
and synbiotics on conditions like diabetes, dyslipidemia, car-
diovascular problems, hypertension, and cancer have been
the subject of several studies up to this point. A fuller under-
standing of their role in these sickness states is needed to
build a treatment that solely depends on food change. Hip-
pocrates is reputed to have remarked, “Let food be thy med-
icine and medicine be thy food.”
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