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Abstract

relationship with disease. In this review, we will

The microbiome is a community of over 100 trillion

summarize the current knowledge in this field.

micro-organisms living together in a particular
habitat. Recently, because many studies have shown

Keywords: Microbiota; Microbiome; Microbial

a significant correlation between the microbiome and

composition; Metabolites; Type 2 Diabetes; T2D

the host’s health and pathogenesis of diseases like
Type 2 Diabetes (T2D), research on the microbiome

1. Introduction

has surged in popularity. Special attention has been

The microbiome is a community of over 100 trillion

paid to the microbiome present in the gastrointestinal

micro-organisms including bacteria, fungi, protozoa,

tract because it is the largest, most diverse, and

and viruses that live together in a particular habitat.

controlling of digestion. In this review, we analyze

This habitat can be located at many different sites of

the benefits of a healthy microbiome and the causes

the human body such as the skin, mouth, lungs, and

and effects of microbiome dysbiosis. Furthermore,

gastrointestinal tract, and their composition can vary

we elucidate how lifestyle factors like diet and

greatly. ―Microbiome‖ and ―microbiota‖ are words

exercise

microbial

that are commonly used interchangeably, but their

composition, its production of metabolites, and their

meanings differ completely. "Microbiota" is a

affect

the

microbiome’s

community of microorganisms in and on the host
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body. ―Microbiome‖refers to the genetic material of
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microbiota modulates digestion of dietary fiber as

all the microbes, such as deoxyribonucleic acid

well as the host’s energy balance [2].

(DNA) and ribonucleic acid (RNA). On the other
hand, ―microbiota‖ refers to only the microbes in a

3.2 Microbiota Dysbiosis

particular habitat. Both are hypothesized to influence

But while a healthy microbiota may have many

characteristics of their residing habitats and as a

benefits, dysbiosis of the microbiota, which is mainly

result, the host’s health.

defined by an imbalance of microbes, might be very
harmful. Many studies, such as one done by Thursby

2. Methods

and Juge, seem to show that one effect of dysbiosis is

We analyzed scholarly articles from PubMed and

an increased risk in pathogenesis of diseases like

Google

of

cancer, inflammatory bowel disease (IBD), and

―Microbiome causes Type 2 Diabetes‖, ―Microbiome

metabolic disease [1]. Obesity and malnutrition are

―Microbiome‖, and ―Microbiota

common effects of microbial dysbiosis, and this

Metabolites‖. It was our goal to understand and

might be because the imbalance of microbes could

summarize what is currently known about the

lead to increased or decreased efficiency at yielding

microbiota and its relationship with the host’s

energy from the diet.

Scholar

and Disease‖,

with

key

search

terms

wellbeing. However, as the microbiota is so diverse
with over 100 trillion microorganisms, it is poorly

Some authors suggest that dysbiosis can cause the

understood and there are many studies with

―leaky gut‖ syndrome [3]. Essentially, scientists

conflicting results.

hypothesize that the human tissue always contains
low amounts of bacteria. Then, as an effect of

Results

inflammation, disruptions to physical and molecular

3.1 Mutual Symbiosis of the Healthy Microbiota

barriers, and immunosuppression, which can all be

and Host

caused by dysbiosis, the barriers of the human tissue

It is widely hypothesized that a healthy microbiota

could be weakened, allowing bacteria to pass into

and the host can have a mutually symbiotic

otherwise sterile areas. For instance, Frasinariu and

relationship. A healthy microbiota could play a role

colleagues found that the gut-derived bacterial

in strengthening the gut’s integrity or shaping the

products—lipopolysaccharides

intestinal epithelium (the lining of the small and large

unmethylated CpG DNA—were able to permeate the

intestines of the gastrointestinal tract), as well as in

lining of the gut and activate toll-like receptor (TLR)

harvesting energy by producing vitamins and short-

signaling pathway in patients with non-alcoholic fatty

chain fatty acids (SCFAs), anti-proliferative lipids

liver disease (weakened barriers) [4]. As TLR affects

that represent an essential energy source for the body

activation of NFkB, which is related to inflammation,

[1]. It can also protect against pathogens which is

the ―leakiness‖ of the gut may be a cause of

largely believed to be possible because of interactions

microbiome dysbiosis [3].

(LPS)

and

between microbial organisms and pathogens, such as
competition for the same nutrients. This would in

3.3 Microbial Composition

turn be regulating host immunity. Additionally, the

Special attention has been paid to the microbial
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gut phenotypes and thus have a significant impact on
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colleagues, it was found that genetically obese mice

one’s health. There is a lot of research that has been

had 50% less Bacteroidetes and 50% more Firmicutes

conducted to elucidate the relationship between the

in comparison to lean mice despite similar diets and

two main phyla: Bacteroidetes and Firmicutes.

activity levels [6].

Though there has been some conflicting results, the
most well accepted conclusion is that increased levels

Eckburg and a team also saw an increased ratio of

of Firmicutes and decreased levels of Bacteroidetes

Firmicutes to Bacteroidetes in IBD, but furthermore

play a role in microbial dysbiosis and often lead to

saw increased Ruminococcus torques and E. coli in

obesity. For example, according to Koliada with co-

Crohn’s disease, and lower levels of Bifidobacteria

authors, an increase in Firmicutes as well as a

and small-intestinal bacterial overgrowth in chronic

decrease in Bacteroidetes correlates to obesity [5].

fatigue syndrome [8].

Additionally, in a study conducted by Ley and

Figure 1: The microbial compositions for hosts of different BMI categories (a BMI < 18.5, b BMI 18.5–24.9, c
BMI 25–29.9 and d BMI ≥ 30). As the BMI increases, the levels of Firmicutes increases and those of Bacteroidetes
decreases. Reproduced from the open access article [5].

3.4 Influence of Diet on Microbial Composition

intake and macronutrient composition; in essence it is

It is believed that one factor that shapes the

the sustenance for the growth of gut bacteria. One

microbiota’s composition is the host’s diet. This is

influence of the diet is, as mentioned above, its

likely because the diet defines the host’s total energy

impact on microbial diversity. But more specifically,

Fortune Journal of Health Sciences
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Mosca and co-authors suggested that diet can
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influence the level of bacterial predators inside the

Furthermore, the intake of specific nutrients may

intestinal microbiota [9]. The ―western‖ diet, which is

alter microbial compositions. It was shown that

characterized by foods high in fat and sugar such as

increasing protein intake led to increased propionate

fast food, may be associated with a loss of bacterial

and Bacteroidetes in the microbiome [13-15]. But on

predators such as protists, bacteriophages, and

the other hand, studies conducted by Duncan and

predatory bacteria [9]. This is harmful because stable

colleagues as well as Walker and co-authers that diets

ecosystems require competition and cooperation,

that were low in fiber and carbohydrates led to

something that can only be achieved through a

reduced butyrate and Firmicutes, as Firmicutes

balance of prey and predators [10]. The ―western‖

produce butyrate [16,17]. High-fiber diets have also

diet has also been associated with decreased levels of

been shown to enhance the gut microbiota diversity

Bifidobacteria, Bacteroidetes, and Prevotella phyla,

and improve glucose control [18].

but also an increase in the Firmicutes phylum
[11,12].

Figure 2: Diversity in dietary intake is directly correlated to microbial diversity. Reproduced from the open access
article [11].

The abovementioned findings show that diet plays a

does it rapidly [19]. In their study, David and

role in microbial composition, but some researchers,

colleagues, provided humans with two diets: a ―plant-

such as David and co-authors, suggested that diet not

based diet‖ full of grains, legumes, fruits, and

only causes significant alteration of microbes, but

vegetables; and an ―animal-based diet‖ full of meats,

Fortune Journal of Health Sciences
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eggs, and cheeses [19]. It was found that the
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acids, acylcarnitines, and ketone bodies all usually

microbial composition of both groups was altered

increased after exercise while levels of bile acids

significantly in only one day after consuming the

decreased [22]. However, it must be noted that this

given diet and when they returned to their original

study does not state if they are measuring metabolites

diets, their microbial compositions reverted to their

indigenous to the host or produced by the

original structures in only two days. Authors

microbiome. Furthermore, Mitchell and colleagues

hypothesized that the microbiome’s rapid adaptation

reported that exercise is associated with increased

correlates to human evolution in which our ancestors

population of butyrate producing bacteria and thus

had to be flexible to both herbivorous and

also fecal butyrate [23]. But these researchers

carnivorous diets because the availability of food was

admitted that there was an unclear risk of bias in this

dependent on the season or their hunting success

study and thus there must be more research on the

[19].

relationship

between

exercise

and

microbial

composition.
However, the relationship between diet and microbial
composition is not perfectly understood. Zinöcker

3.6 Microbiota Metabolites

and Lindseth reminded that despite many studies

The microbiota, like the human body, can also

showing links between the ―western‖ diet and

produce, modulate, and degrade many metabolites

disease, the biological mechanisms that explain how

(Table 1). According to Fischbach and Sonnenburg

this works is unknown [20]. They suggested that the

and to Nicholson with co-authors, there are instances

―western‖

microbial

when some metabolic processes can only be

composition by promoting inflammation, which

completed by the microbiota, such as the degradation

would then in turn affect the microbiome [20]. Also a

of certain complex proteins and carbohydrates

study by Chassaing and co-authors argued that it is

[24,25]. It is important to remember that there is a

not necessarily the fat in a high-fat ―western‖ diet

difference in metabolites associated with bacterial

that leads to inflammation in the gut but rather the

metabolism and metabolites produced as a product of

lack of plant-derived nutrients such as fiber and

microbial–host cometabolism. Bacterial or microbial

phytochemicals [21].

metabolism is defined as the process in which

diet

indirectly

affects

microbes obtain the energy and nutrients necessary
3.5

Influence

of

Exercise

on

Microbial

for

their

survival.

Meanwhile,

microbial–host

Composition

cometabolism is the process in which the degradation

Another factor that potentially shapes microbial

of a compound requires the presence of other primary

composition is exercise. According to a study done

substrates. Metabolites produced from this process

by Schranner and colleagues, it was shown that levels

are

of lactate, pyruvate, TCA cycle intermediates, fatty

transformed compounds.
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3.7 Bacterial Metabolism
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Table 1: Summary of metabolites produced in bacterial metabolism
Metabolites

Bacteria

References

Short-chain fatty acids (SCFAs): acetic

Bacteroides, Firmicutes

[26,27]

Faecalibacterium prausnitzii,

[28,29]

acid, butyric acid, propionic acid
Organic

acids:

phenylacetate,

benzoate,

hippurate,

phenylpropionate,

hydroxybenzoate,

cresol,

Bifidobacterium

hydroxyphenylacetate,

hydroxyphenyl

propionate,

3,4-

dihydroxyphenyl propionate, tricarballylate,
D-lactate, D-arabinitol
Vitamins: thiamine, folate, biotin, riboflavin,

Bacteroides, Bifidobacterium,

pantothenic acid, vitamin K, vitamin B12

Enterococcus

[30,31]

Some of the most well-known metabolites that result

GPR43, which are related to inflammation and

from bacterial metabolism are SCFAs, but their

enteroendocrine regulation [35].

effects on the host are debated. The most abundant
SCFAs: acetate, propionate, and butyrate exist in the

But there is also research that supports the contrary,

microbial community at an average ratio of 3:1:1

or that SCFAs and vitamin production may be related

respectively, although it can differ substantially based

to obesity and metabolic syndromes. For instance,

on diet and microbial composition [32].

Vernocchi and co-authors say that an abundance of
butyrate can lead to promotion of certain cancers

There has been much discussion about the role of

[36]. The contradicting opinions on the role of

SCFAs for the host. Scheppach and co-authors

SCFAs proves that this topic still needs more

suggest that acetate can raise the mucosal blood flow

research. The abundance of SCFAs is suggested to be

which helps protect against harmful agents [33].

used as a biomarker for one’s health [37]. This

They add that propionate can inhibit cholesterol

conclusion

synthesis and thus decrease the risk of high

colleagues, Meyer and Hostetter, and Schwiertz with

cholesterol and the cardiovascular problems that

a

follow. Furthermore, butyrate has been shown to

concentration increased with obese patients and

have many beneficial effects such as improving

decreased after anti-obesity treatment [7,38,39]. As

insulin sensitivity, nourishing the colonic mucosa,

Turnbaugh and co-authors compared which plasma

and

for

solutes were less prevalent in the germ-free and

colonocytes, or epithelial cells of the colon [34].

conventional rats used in their study with high-

Samuel and colleagues also argue that SCFAs can

resolution mass spectrometry, we can agree that the

activate G-protein-coupled receptors like GPR41 and

identified metabolites were of microbial origin with

being

a

substantial

energy

source

team,

is

who

supported

found

by

that

Turnbaugh

total

fecal

with

SCFA

relative confidence [7].
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3.8 Bacterial Transformed Compounds
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Microbiota transforms a set of host compounds in microbial–host co-metabolism (Table 2).

Table 2: Summary of the bacterial transformed compounds produced by microbes in microbial–host co-metabolism

Metabolites
Bile

Bacteria
salts:

chocolate,

chenodeoxycholate,

deoxycholate,

lithocholate

References

Lactobacillus,
Bifidobacterium,

Enterococcus,

[40-43]

Clostridium,

Bacteroides

Polyphenols:

flavonoids,

hydroxycinnamic acids

Bacteroides,
Enterococcus,

Lactobacillus,

[45,46]

Bifidocaterium,

Ruminococcus, Escherichia coli
Lipids: glycerol

Clostridium, Lactobacillus

[47,48]

Amino acids

Clostridium botulinum, Clostridium

[49,50]

sporogenes

It has been established that the microbiome will

propanediol, 2,3-butanediol, acetate, carbon dioxide

transform bile acids [44], lipids, polyphenols, and

and hydrogen, ethanol, formate, lactate, and succinate

amino acids through microbial–host cometabolism

[51]. In addition, Wu with co-authors suggest that

[36]. Oliphant and Allen-Vercoe suggest that it is

microbes can transform tryptophan to indoxyl sulfate

harder to incorporate the 20 amino acid building

and indolepropionic acid, and carnitine and choline to

blocks

trimethylamine, which can then by oxidized into

of

amino

acids

than

to

incorporate

monosaccharide units into biochemical pathways

trimethylamine N oxide (TMAO) [52].

[51]. Thus, microbes will typically not ferment amino
acids and instead transform them to other compounds

3.9 Microbiota Metabolites and Disease

because monosaccharides like carbohydrates are

As more and more research links microbial dysbiosis

more efficient to use as energy. We will summarize

to disease, there has been increasingly more attention

the significant bacterial transformed compounds

paid to the metabolites that are produced either by

elucidated from Oliphant's and Allen-Vercoe’s

bacterial

studies [51]. Bifidobacterium (Actinobacteria) is

cometabolism. In one study by Amedei and co-

transformed to acetate, ethanol, formate, and lactate.

authors, it is suggested that metabolites derived from

Bacteroides (Bacteroidetes) is transformed to 1,2-

the gut microbiota can impact the circulatory system

propanediol, carbon dioxide and hydrogen, ethanol,

in two ways [53]. Microbes can first stimulate the

formate, propionate, and succinate. Clostridium

enteric nervous system, which would in turn affect

(Firmicutes) is transformed to 1,2-propanediol,

the brain centers that modulate the cardiovascular

acetate, carbon dioxide and hydrogen, ethanol,

system. They could affect tissues and organs that

formate, lactate, propionate, butyrate, and valerate.

control homeostasis of the circulatory system such as

Escherichia (Proteobacteria) is transformed to 1,2-

the heart and blood cells [53]. Thus, an imbalance in

Fortune Journal of Health Sciences
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microbial metabolites caused by dysbiosis could
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in the study were grown directly in a laboratory

potentially lead to pathogenesis of disease.

setting rather than taken from the body so there is no
confusion

between

microbial

metabolites

and

Some metabolites that have been linked to disease

metabolites indigenous to the host. Furthermore,

are: TMAO, uremic toxins, and peptides. Several

butyrate as well as propionate have been shown to

studies have found that TMAO activates mitogen

induce activity of NF-kB [60]. Because excessive

activated protein kinase (MAPK) and NF-kB

activation of NF-kB may lead to insulin resistance,

signaling, which are related to pathogenesis of

metabolites that activate NF-kB would be increasing

diseases [54]. It has been reported that high levels of

the risk of disease [61].

TMAO can also serve as a prediction of serious
cardiovascular

problems

such

as

myocardial

infarction, stroke, or even death [55].

3.10 Microbiota and T2D
Dysbiosis of the microbiota has been associated with
the

pathogenesis

of

many

diseases,

and

its

Uremic toxins are produced by the metabolization of

relationship with T2D is one of the well-studied.

amino acids such as tyrosine, phenylalanine, and

First, there is evidence that the microbial composition

tryptophan in the microbiome. Some toxins include

of the microbiome plays an important role in

indoxyl sulfate, indoxyl glucuronide, indoleacetic

increased T2D risk. Many studies show relationships

acid, p-cresyl sulfate, p-cresyl glucuronide, phenyl

between certain bacteria phyla and T2D. For

sulfate, phenyl glucuronide, phenylacetic acid, and

example, though the genera of Ruminococcus,

hippuric acid [54]. Some of these toxins have been

Fusobacterium, and Blautiah have inconsistent

identified as predictors of disease but the exact way

reports

this is done is not well understood. For instance, Hsu

consistently shown their positive association with

with a team demonstrate that indoxyl sulfate is

T2D [62,63]. On the other hand, the genera of

associated with coronary atherosclerosis and Itoh

Bifidobacterium,

with colleagues also found increased uremix toxins in

Akkermansia,

hemodialysis patients [56,57]. Additionally, the

associated with T2D [19]. Bifidobacterium is most

release

intestinal

commonly reported for its negative association with

inflammation and disrupt the gut–blood barrier,

T2D. Almost all animal studies that were given a

which could allow bacteria to pass into the

Bifidobacterium strain showed improved glucose

circulatory system [53].

tolerance, showing that Bifidobacterium could play a

of

peptides

could

worsen

of

their

species

levels,

Bacteroides,

and

Roseburia

studies

have

Faecalibacterium,
were

negatively

protective role in T2D [64]. Similar studies were
According to Chang and co-authors, butyrate, one of

conducted on mice to test the association of

the most prevalent SCFAs in the microbiome,

Bacteroides and T2D, and

activates the IL6 gene [58]. As IL6 has been shown

acidifaciens

to be involved in the development of inflammation,

administered, the mice showed improved glucose

insulin resistance, and β-cell dysfunction, activation

tolerance and insulin resistance [65,66]. Additionally,

of IL6 would be increasing the risk of these

concentrations

symptoms [59]. Chang's and co-authors' study [58]

Bacteroides

and

Bacteroides

of
20-3,

when Bacteroides
uniformis

Bacteroides
and

Bacteroides

were

intestinalis,
vulgatus

can be used reliably because the microbes observed
decreased in T2D patients [67]. These observations
Fortune Journal of Health Sciences
Vol. 4 No. 1 - March 2021
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support that the Bacteroides genus is negatively
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impacts the bacteria, composition, and functional

associated

Roseburia,

activity of the microbiome. In a study done on mice,

Faecalibacterium, and Akkermansia genera have all

it was shown that a lack of fiber led to decreased

been reported to have decreased concentrations in

microbiota composition and thus inflammation and

T2D patients [68,69]. Five studies have shown lower

insulin resistance [74]. Additionally, a study by Cani

frequencies of Roseburia, or more specifically

et al. demonstrated that the fiber inulin leads to

Roseburia invulinivornas and Roseburia_272, in

higher concentrations of A. muciniphila, which is a

patients with T2D in comparison to the healthy

microbe that shows reduced levels in patients with

control group [62,70]. Additionally, four out of five

T2D [75]. While fiber seems beneficial in decreasing

studies have shown lower levels of Faecalibacterium

the risk of T2D, Slujis with colleagues demonstrates

in T2D patients [69,71]. The last phylum of

that diets with high concentrations of glucose, such as

Akkermansia

the ―western‖ diet, increase the risk of T2D by

with T2D.

is

only

Finally,

recently

the

discovered

but

scientists have seen its role in host glucose

reducing

microbial

diversity

[76].

Scientists

metabolism and its negative association with T2D

hypothesize that this is because they are high in

[72]. As these studies support that different bacteria

digestible starches but lack sufficient quantities of

have stronger and weaker associations with T2D, we

fiber.

can be confident that the microbial composition of
the microbiome impacts T2D risk.

3.11 Relationship between T2D and Lifestyle
Habits

Another area of importance when understanding the

In examining numbers of T2D patients based on

causes of T2D is the fiber concentrations produced

world geography, it is further emphasized that

by microbial organisms. Karlsson et al. argue that

lifestyle habits are impactful in pathogenesis of T2D.

T2D is associated with reduced concentrations of

In the world, the Middle East has one of the highest

fiber-degrading bacteria [69]. This is likely because

percentages of T2D in adults. More specifically, the

regular consumption of dietary fiber can help prevent

World Health Organization labels the Gulf countries:

erosion of the intestinal mucus barrier, which in turn

Kuwait, Bahrain, Saudi Arabia, and the United Arab

helps protect against invasive pathogens [73]. Dietary

Emirates, as some of the countries with the highest

fiber is a major fuel source for the microbiota and it

rates of obesity [77].
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Table 3: Percentages of T2D in the countries with the highest percentages of T2D in adults (WHO estimates 2010)

Country

Male

Female

Kuwait

36%

48%

Saudi Arabia

28%

44%

UAE

25%

42%

Bahrain

21%

38%

Qatar

19%

32%

Lebanon

15%

27%

Oman

8%

17%

After the study of the lifestyle habits of these

Aside from unhealthy diets, the sedentary life in

countries, it is clear that urbanization, improvements

cities also plays a role in the Middle East’s high

in living conditions, technological advances, and

numbers of T2D patients. Because of an influx of

cultural restrictions are important factors to blame.

personal wealth as well as more manufacture of

People living in the cities have much higher rates of

automobiles, the availability of automobiles like cars

T2D than those in rural areas of the Middle East, and

and buses has increased vastly. As driving or being

this is attributed to more sedentary city life and an

driven requires much less physical effort than simpler

abundance of unhealthy food options like fast-food

forms of transport such as walking or cycling, this

chains. Meanwhile, rural life is far more active as

change significantly contributes to the people’s lack

people typically depend more on physically laboring

of exercise. It is also interesting that women had

work

[78].

higher rates of obesity than men in every country

Additionally, because the Gulf countries have

(Table 3). This is likely because in addition to the

become massively wealthy as crucial oil-exporting

unhealthy diets and dependency on automobiles for

countries, people have experienced higher incomes

transport, there are also many cultural restrictions of

and are able to purchase more expensive products

women, such as limits to sports and exercise. The

such as those with meat, egg, and milk [79]. It is also

lack of exercise that is associated with Middle

important that typical options at fast-food restaurants

Eastern cities could lead to decreased butyrate

contain meat, egg, and milk. Because of their high

production and worsened insulin resistance. This

accessibility, these products make up much of the

would in turn increase the risk of T2D.

such

as

fishing

and

agriculture

Middle Eastern diet yet they contain little to no fiber.
This contributes to weak mucosal protection from

4. Discussion

pathogens, reduced microbial diversity, an imbalance

Our research concludes that microbial composition

in the ratio of Firmicutes to Bacteroidetes, and

and the metabolites produced by either bacterial

decreased concentrations of beneficial SCFAs. All

metabolism or microbial–host cometabolism can be

these factors can cause significant microbiota

both beneficial and harmful to the host. A healthy

dysbiosis and as a result worsen the risk of T2D.

microbiome could have a mutually symbiotic
relationship with the host by producing metabolites

Fortune Journal of Health Sciences
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such as SCFAs, and dietary fibers that have been
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some metabolites like TMAO, uremic toxins, and

shown to not only provide energy but also protect

peptides, have also been linked to microbial dysbiosis

against disease. On the other hand, an imbalance in

and often pathogenesis of diseases like T2D. The

the

microbiome’s composition often leads to

relationship between the T2D and the microbiome is

microbial dysbiosis which weakens the host’s

represented by the positive and negative associations

immune system and thus worsens the risk of T2D

that certain bacteria phyla have with pathogenesis of

pathogenesis. Often an imbalance in composition is

T2D. For instance, the phylum of Fusobacterium

an alteration in the ratio of the Bacteroidetes and

shows positive associations with T2D while the phyla

Firmicutes phyla. An increase in Firmicutes and a

of Bifidobacterium and Bacteroidetes phylum show

decrease in Bacteroidetes has been associated with

negative associations with T2D.

microbial dysbiosis [5].
Overall,

despite

the

connection

between

the

It is clear that metabolite production and microbial

microbiota and pathogenesis of diseases such as T2D

composition is likely synonymous with the host’s

still being poorly understood, results from recent

health, so the factors that influence production of

research have increasingly shown the importance of

metabolites, such as diet and exercise, play an ever-

the

important role in maintaining the host’s health.

microbial dysbiosis and improving the host’s health.

Results from many studies conclude that diets high in

With further research, the possibility of scientists

fiber may improve gut diversity and glucose control

being able to better understand and manipulate the

while ―western diets‖, or diets high in fat and sugar,

microbiota for our own benefit becomes ever larger.

microbiome’s

composition

in

preventing

may lead to a loss of microbial diversity. Exercise is
also influential in metabolite production as increased
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increased levels of butyrate and SCFAs that can help
control inflammation and prevent the ―leakiness‖ of
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the gut. Daily lifestyle habits have significant effects
on the microbiome and T2D. But as studies show the
much higher prevalence of T2D in Middle Eastern
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