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ABSTRACT

Humans have a symbiotic relationship with gut microbiota, normally comprised of
greater amount of the phyla firmicutes as opposed to Bacteroidetes. Which are respectfully
categorized as gram-positive bacteria (GPB) and gram-negative bacteria (GNB). Their
gut microbiome facilitates metabolism of substances which are otherwise indigestible
to humans. Relevant literature reiterates their vital role to our daily life. Amongst
individuals with metabolic disease syndrome (MetS) or/and obesity have shown to have
disproportionate microbiome compared to healthy individuals. Giving rise to therapeutic
options such as, prebiotics, probiotics and synbiotics as well as an educated diet. GPB,
which have been shown to be a protective factor against lipopolysaccharide (LPS) induced
gut-barrier dysfunctions and gut inflammation that are considered to be risk factors against
MetS and obesity. In turn, the amount of GNB have a positive correlation with LPS. Relevant
research supports dietary effects on microbiome and by extension on MetS and obesity. The
authors acknowledge the need for more research and increased education to the general
population, as well as to specialists about these implications.

Abbreviations: LPS: Lipopolysaccharide; GNB: Gram-Negative Bacteria; GPB: Gram-Positive
Bacteria; WHO: World Health Organization; LBP: LPS-Binding Protein; LDL-C: Low-Density
Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; VFA: Visceral Fat
Area; FM: Fermented Milk; GOS: Galacto-Oligosaccharide; TC: Total Cholesterol; CFU: Colony-
Forming-Unit; TAG: Triacylglycerol; BFF: Botanical Fermented Food; BMI: Body Mass Index;
MetS: Metabolic Disease Syndrome; LAB: Lactobacillus Bacteria

Introduction

In the animal kingdom, different lifeforms are frequently seen

require them through exposure [3]. Before discussing microbiota, it
is crucial to acknowledge how the literature classifies them. Living

to develop evolutionary partnership, called symbiosis [1]. In some
forms of these symbiotic relationships, one might be a reservoir
inside the other which would be termed the host [1]. Humans
are not excluded from the gain of symbiotic relationships [2]. The
human body provides a stable environment for microorganisms
to thrive in multiple places within the body [2]. In turn, the micro-
bacteria facilitate functions otherwise impossible for humans [2]. It
should be noted that, humans are not born with micro-bacteria, but

things are categorized to a hierarchy of eight levels according to the
study of taxonomy: Domain, Kingdom, Phylum, Class, Order, Family,
Genus and Species [4]. Dependent on the lifeform being discussed,
one applies different levels of specificity, dependent on known
literature [4].

Regarding the bacteria literature, new discoveries are rapidly
being made and a clear distinction between different species are
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commonly not available [4]. Thus, in the literature, it is common
practice to refer to phyla, when more specificity is not possible [4].
Two of the most prominent human microbiota phyla are firstly
the Firmicutes, accounting for 64% and categorized as GPB [2,5].
And secondly, Bacteroidetes, accounting for 23% of the human
bacterial fauna, which are categorized as GNB. The GPB and GNB
have shown a respectful association to either positive or negative
effect to humans. Additionally, lipopolysaccharide (LPS), one of
the building blocks in the outer membrane of GNB [6]. The role of
LPS is to protect GNB against the hosts immune system, and thus
a possible contributor to illness in the host [6]. Additionally, the
death of GNB releases LPS in the gut, causing inflammation [7].
It should be noted that the intestinal epithelium of adults has a
role to play in separating harmful and unharmful contents [8]. A
dysfunction in the boundary layer, leads to a dysfunctional barrier
between external and internal environment termed gut barrier

dysfunction [8].

The complex role of the human gut microbiota, located in the
gastrointestinal tract, operate on a wide spectrum [2]. Their effects
are several including being a determinant of fatty acid synthesis [2],
impacting the hosts cognitive functions [2]. Promoting intestinal
mucosal integrity [2], providing essential nutrients such as
vitamins and enzymes [2]. As well as protection against pathogens
[2] and production of antimicrobial peptides [2]. Current scientific
literature indicates the essential impact of the Gut microbiota [5-7].
The gut microbiota flora is a living entity, a variety of influencers
can thus jeopardize its stability, leading to an instability termed
“dysbiosis” [2]. These influencers include a sedentary lifestyle
and an unhealthy diet. An individual’s dysbiosis is a risk factor
for a variety of metabolic syndromes, such as Metabolic Disease
Syndrome (MetS) and obesity [9]. MetS is an umbrella term
pertaining to a variety of risk factors for metabolic deficiency [10],
and obesity is the excess of adipose tissue in one’s body [11]. A tool
commonly used to assess the state of adipose content, is the Body
Mass Index (BMI) [12]. One is able to calculate the individual BM],
by dividing a person’s weight in kilograms to their height in meters
squared [12]. Where the following score intervals: <18.5, (18,5 to
24.9), (25.0 to 29,9), (30.0 to 34,9) and (35.0 to 39,9) [12], get the
respectful labels: Underweight, Normal, Overweight and Obese
[13]. Additionally, the BMI z-score, is a value that adjusts for child

age as well as sex [13].

When discussing the effects of nutrition, it is vital to
acknowledge bioavailability. Bioavailability refers to the amount of
nutrients stored and accessible [14]. A subcategory of bioavailability,
bio-accessibility, which refers to the amount of nutrients released
from the Gastrointestinal tract [14]. In turn bioactivity then refers
to substance effect [14]. Food that is considered to have a positive
effect beyond their nutrition, are termed functional food [15].
This group contains the subcategories: Probiotics, Prebiotics, and
Synbiotics. Probiotics as defined by the World Health Organization

(WHO) are “Live microorganisms which when administered in
adequate amounts confer a health benefit to the host” [15]. The
WHO definition on prebiotics is “non-viable food component that
confer health benefit (s) on the host associated with modulation of
the microbiota” [15]. Synbiotics are then a combination of the two,
where probiotics positively affect the probiotic organism(s) [15].

The above-mentioned measures have support in the literature
as being successful in oral ingested therapies [16-24]. Conversely
other micro-biotic therapeutics are available, such as in the form of
fecal microbiota transplant, which could also serve as a screening
factor with a high predictive value [2].

Gut microbiome and Metabolic Disease Syndrome

GNB are associated with LPS which increases gut permeability
and therefore a higher amount of GNB is a clear indicating factor
for MetS, obesity [6,7] and gut barrier dysfunction. This increase
in gut permeability is a result of several causes including alteration
in the gut microbiota composition/activity. This can eventually
lead to low-grade inflammation, MetS and obesity [22]. While not
a novel syndrome, and considerably studied [10,25-27], recent
literature suggests reappraisal of the MetS, as increasing literature
supports the implications of gut microbiota to the MetS. Studies
have demonstrated that there is a clear link between dietary
consumption of specific food products, that lead to ‘statistically
significant changes in the composition of the gut microbiota in line
with the prebiotic concept’ [16]. Prebiotics selectively stimulate “the
growth and/or activity of one or a limited number of bacteria in the
colon and thus improves host health” [8]. Additionally, increasing
evidence supports the notion that obesity is characterized by
gut barrier changes, such as changes in the phyla and microbiota
induced gut-membrane permeability, endotoxemia, which leads
to disruption in the gut microbiota-host symbiotic relationship,
suggesting a relationship between MetS and gut microbiota [8].

Studies have shown that obesity is associated with specific
phyla, changes in the gut microbiota and with reduced bacterial
diversity [17,18]. The literature has found that an increase of
Firmicutes and Actinobacteria and a reduction of Bacteroidetes
correlates and results in obesity [19]. This is further reflected by
the proportions of Firmicutes, Actinobacteria and Bacteroidetes
found in the feces of obese people [20,17].

It has also been observed that there is an association
between inflammatory gut tone with obesity [21]. The cause of
this inflammatory gut tone is linked to LPS [21]. Studies have
identified gut microbiota derived LPS as a key molecule in the early
development of inflammation and metabolic diseases [22], again
establishing a link between MetS and gut barrier dysfunctions. The
gut microbiota can influence the host metabolism and contribute
to the development of low-grade inflammation [22]. LPS is a
powerful proinflammatory molecule from the cell wall of GNB and

is continuously produced in the host gut with the death of GNB [22].
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Whether MetS leads to the disproportions in microbiome, or vice
versa, is an ongoing debate. What is clear is that we can effectively
influence the microbiome and by extension MetS and obesity.

Dietary effects

MetS has been associated with diet in early life, known as the
theory of “developmental origins of health and disease” by Barker
in the 1990s [23]. Malnutrition during prenatal life is a risk factor
for adulthood obesity and MetS [24-26]. Undernutrition leads to
decrease in muscle mass, thus increasing risk of MetS [28]. Fat
is abundant in our diet albeit not all fats are harmful [16,29,30].
Regarding our metabolic health, only trans and saturated fatty acids
have shown to have adverse health effects [28,29,30]. The intake of
fermented food and beverages like organic unpeeled unpasteurized
fruits and vegetables, are associated with an improvement of bio
accessibility and bioavailability of food bioactive components [31].
Sauerkraut, kimchi and Kefir are powerful probiotic foods as they
contribute a diverse array of microorganisms [31].

Research suggests regular consumption of these fermented
foods can have a direct positive influence on the gut microbiota
by passing through the gut transiently and if regularly consumed,
surpass undesirable microbes, and thus the potential to affect
health [32]. Botanical Fermented food (BFF), contain abundant
microbiota, they are rich in carbohydrates which are easily
accessible to microbiota. In the scientific literature, several reviews
have been conducted on the health promoting factors of BFF [33],
but as of this writing, no such review has been published regarding
the potential of BFF to MetS [33]. Regarding inflammatory diseases
such as those that contribute to MetS, GNB contributes to systemic
and local LPS burden [34]. Chronic exposure to LPS induces
features of MetS and interacts with the innate immune system,
through LPS-binding protein (LBP) and its co-receptor CD14 [35].
Higher levels of LPS occur in healthy people after a high fat meal
[36]. Though obese are observed having higher levels of circulating
LPS in fasting and fed state [36]. Chronic exposure to elevated LPS
has been shown to correlate with abdominal obesity and glycemic
control [37]. Thus, indicating a potential role of the innate immune
system in MetS [35].

Therapeutics in Obesity: Probiotics, Prebiotics, and
Synbiotics

The literature has shown that overweight individuals can
possibly manage their weight through a variety of therapeutics,
pertaining gut microbiota [38]. As previously stated, the gut
microbiota composition is an influencing factor of obesity [38],
furthermore the microbiome can be modified with the use of
probiotics, prebiotics, and synbiotics [39]. Several probiotics
including Lactobacillus bacteria (LAB) (e.g. L. Casei strain Shirota
LAB13, L. Gasseri, L. Rhamnosus, L. Plantarum) and Bifidobacterium
(e.g., B. Infantis, B. Longum, and B. Breve B3) [5]. LAB is found

in carbohydrate-containing substrates, such as the mucosal
membrane of vertebrates, in plant, sewage, fermented foods [3].
Supplementation of capsules with bifidobacteria, lactobacilli,
and S. Thermophilus have shown a significant improvement in
the overweight individual ‘s lipid profiles [40]. Reducing total
cholesterol (TC), triacylglycerol (TAG), the simplest lipids formed
by fatty acids, low-density lipoprotein cholesterol (LDL-C) levels
and increasing high-density lipoprotein cholesterol (HDL-C) levels
[40].

The effect of a specific probiotic called L. gasseri SBT2055
(LG2055) was examined in a study using adults with large visceral
fatarea (VFA) [41]. The participants were assigned to receive either
fermented milk (FM) containing LG2055 or FM without LG2055
for 12 weeks [41]. The results using the probiotic LG2055 showed
lowering effects on abdominal adiposity and body weight [41]. In
general, the supplementation of selected probiotics appears to
have an important impact on BMI, VFA and hip circumference [38].
Prebiotics consist of complex carbohydrates (one or more) such as,
insulin, fructo-oligosaccharide (FOS), or galacto-oligosaccharide
(GOS) which can be used as substrates for the microbiota. [42,39].
The supplementation of oligofructose in a high fat diet has been
shown to increases the number of intestinal Bifidobacterium and
LAB and reduce obesity [39]. The authors recommend advocation
of better public awareness regarding the availability of prebiotics
in food and their positive effects, as presented in the literature [43].
Examples of prebiotic food sources include yoghurt, cottage cheese,

apple cider vinegar, vinegar and miso [43].

Different synbiotics including L. rhamnosus CGMCC1.3724,
6 x 108 Colony-forming-unit (CFU), and inulin [44]/ L. casei, L.
rhamnosus, S. thermophilus, B. breve, L. acidophilus, B. longum, L.
bulgaricus, and FOS [45]/ L. acidophilus, L. rhamnosus, B. bifidum,
B. longum, E. faecium, and FOS [46]. A therapy with synbiotics can
reduce BMI z-score, body fat located inside the peritoneal cavity,
and waist circumference in children [13], as well as TC, LDL-C, the
main source of cholesterol buildup and blockage in the arteries
[47], and TAG and serum levels [38].

Conclusion

that microbiome

predisposition for MetS and obesity [6,7,8,22,]. With increasing

Research indicates dysbiosis is a
evidence in the literature, the public and health specialists
should be educated accordingly about the implications of the
microbiome. Supplementation in the form of probiotics, prebiotics
and synbiotics, has ample evidence in the literature for being a
protective factor against dysbiosis [38-46]. At the same time, the
authors acknowledge a knowledge barrier, in terms of inaccuracy
in taxonomy. As some micro-bacteria can only be reduced to a
level of phyla, due to research gaps [4]. Leaving ample space for
improvement. Authors conclude by addressing the need for more

research in this area [4].
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