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ABSTRACT

The human gut microbiota, consisting of around 100
trillion microorganisms, plays an essential role in regu-
lating metabolic balance and supporting overall health.
It is well documented that dyshiosis is associated with
a number of metabolic disorders including type 2 dia-
betes mellitus (T2DM), obesity, hypercholesterolemia,
and cardiovascular diseases (CVDs). Recent studies
have shown that the gut microbiome influences metab-
olism, immune responses, and even neuroendocrine
signaling by producing metabolites like short-chain fat-
ty acids. In obesity, the altered Firmicutes/Bacteroide-
tes ratio is linked to increased energy harvest from the
diet. At the same time, specific bacterial taxa such as
Akkermansia muciniphila and Faecalibacterium praus-
nitzii exhibit anti-inflammatory properties and are in-
versely correlated with obesity-related inflammation.
Dysbiosis in T2DM is associated with reduced levels
of beneficial bacteria like Bifidobacterium and Rose-
buria, which are important for maintaining gut barrier
integrity and regulating immune responses. Further-
more, hypercholesterolemia and CVDs have also been
linked to gut microbiota composition. Specific bacteri-
al strains, including Lactobacillus and Clostridium, are
involved in bile acid metabolism, cholesterol homeo-
stasis, and the modulation of lipid levels. This review
article aims to provide an in-depth analysis of the role
of gut microbiota in metabolic diseases, exploring the
underlying mechanisms of microbial dysbiosis and its
contribution to disease progression. Targeting microbi-
al dysbiosis through therapeutic interventions such as
probiotics, prebiotics, and dietary modifications could
offer promising strategies for preventing and managing
metabolic disorders, thereby improving overall health
outcomes.

Keywords: Gut microbiota, Microbiome, Metabolic dis-
eases, Diabetes, Obesity, CVDs

Introduction

The human gut microbiota comprises around 100 trillion
cells, outnumbering human cells by a factor of 10."* Its
density and composition increase progressively from
the upper to the lower intestines, with the greatest
diversity occurring in the colon.’ The gut microbiome
plays a key role in influencing several aspects of phys-
iology, such as metabolism, immunity, and various
other diseases." It is well documented that conditions
such as irritable bowel syndrome and inflammatory
bowel disease (IBD) have been associated with dys-
biosis in the gut microbiota.”® The microbiome also
contributes to visceral fat inflammation and metabolic
disorders, with macrophage infiltration in adipose tis-
sue serving as a key factor in obesity-related metabolic
dysfunction.”™®

Interactions between the human genome and the gut
microbiome can be explored through transcriptome
profiling of innate and adaptive immune cells, as well
as epigenetic regulation of cytokine expression.'""?
The gut microbiota influences host gene expression,
primarily through pattern recognition receptors such
as Toll-like receptors (TLRs) and the MyD88 signaling
pathway.">"* This interaction impacts innate immune
responses, including the synthesis of antimicrobial
peptides and mucins. Recent breakthroughs in genom-
ics and synthetic biology present exciting opportuni-
ties for creating targeted therapies, such as probiotics
and pharmabiotics, aimed at modulating the gut micro-
biome to enhance health outcomes."

Recent studies indicate that dysbiosis in the gut
microbiota may contribute to various diseases, includ-
ing diabetes mellitus (DM), obesity, and multiple scle-
rosis. This happens due to a number of reasons such
as reduction in microbial diversity and abundance,
modulation of paracrine and endocrine functions,
alterations in energy metabolism, effects on brain sati-
ety centers, disruption of inflammatory pathways, and
interference with essential microbial functions.'*™"
Dysbiosis, in conjunction with genetic and environ-
mental factors, may contribute to the development of
metabolic disorders.” Various strategies have been
proposed to regulate the gut microbiota in managing
various metabolic diseases, including the use of pro-
biotics, antimicrobial agents, prebiotics, and bariatric
surgery.”* While targeting the gut microbiome and the
associated metabolic pathways holds potential as a
therapeutic option,”” more comprehensive research is
required to better understand the connection between
gut microbiota and metabolic diseases. This review
article seeks to explore and summarize the role of gut
microbiota in metabolic diseases, highlighting the
diverse mechanisms by which microbial dysbiosis
influences disease progression and examining poten-
tial therapeutic approaches that target the microbiome
for disease management.

Methodology

Literature Search Strategy

A total of 210 articles were collected from a variety of
relevant databases, including Web of Science, Science-
Direct, Medline, PubMed, EMBASE, Google Scholar,
and BioMed Central. The search strategy employed a
comprehensive approach to identify key literature on
the role of microbiota in metabolic diseases. To per-
form the search, specific keywords such as microbi-
ota, microbiome, and metabolic diseases were used.
Different combinations of terms were also employed,
to ensure comprehensive coverage of relevant studies.
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Fig 1 | Asummary and flowchart of the included articles. A total of 184 articles were
retrieved from multiple databases, and after careful screening, 111 articles were included

in this review

The inclusion criteria consisted of original research
articles, meta-analyses, and review papers that focus
on the role of gut microbiota in metabolic diseases.
Following a thorough screening for quality and rele-
vance, 116 articles were retrieved and included in this
review (Figure 1).

The Emerging Role of Gut Microbiota in Metabolic
Diseases

The global increase in the incidence of metabolic
disorders, type 2 diabetes mellitus (T2DM), obesity,
cardiovascular diseases (CVDs), metabolic dysfunc-
tion-associated fatty liver disease, and various cancer
types poses a significant and urgent public health chal-
lenge. Most of the metabolic disorders are triggered by
external factors, such as environmental influences
and lifestyle choices (Figure 2). A key aspect of this
discussion is the gut microbiome, which is profoundly
shaped by lifestyle-related factors such as physical
activity and diet. The microbiota in the human gut is
integral to key physiological processes that support
metabolic balance and regulation. The subsequent
topic attempts to explain how the gut microbiome
plays a role in modulating metabolic diseases.

Gut Microbiota and DM

The gut microbiota is influenced by a number of fac-
tors, such as diet, antibiotic use, medications, and
even the pH of drinking water. A high-fat diet disrupts
the balance of intestinal flora, impairs gut function,
and increases intestinal permeability, enabling harm-
ful substances to pass into the bloodstream. These
effects collectively lead to the development of DM.*>**
The gut microbiota contributes to the development of
T2DM, which is linked to conditions such as obesity,
non-alcoholic fatty liver disease, insulin resistance,
and chronic inflammation (Figure 3). T2DM patients
have shown a decreased abundance of Bifidobacte-
rium, Faecalibacterium, Bacteroides, Akkermansia, and
Roseburia. The latter three inhibit inflammation by
enhancing the production of chemokines and anti-in-
flammatory and pro-inflammatory cytokines. More-
over, decreased concentrations of butyrate-producing
Faecalibacterium and Roseburia intestinalis have been
reported to be associated with the dysregulation of
fatty acid metabolism, creating oxidative stress and
promoting cardiometabolic adverse manifestations.”
Another study reported the positive correlation of dys-
biosis in DM with bacteria belonging to the phylum Fir-
micutes and genera Ruminococcus and Fusobacterium
that cause inflammation, which intensifies the inflam-
matory process.”®*®

According to a study by Chung et al.,” in vitro cell
tests have demonstrated that Eubacterium eligens can
significantly stimulate the production of interleukin
(IL)-10. The microbial anti-inflammatory molecule
produced by F. prausnitzii, one of the most abundant
bacteria in the human gut microbiota®®, has been
shown to inhibit the nuclear factor-kappa B (NF-kB)
pathway in vitro.’* > Another study revealed that
patients with T2DM had a higher abundance of short-
chain fatty acid (SCFA) producers, such as Faecali-
bacterium, Roseburia, Lachnospira, Bacteroides, and
Akkermansia, in their gut microbiomes compared to
healthy individuals who followed either a high-fiber
diet or a control diet.**

Different studies elaborate that along with the immu-
nological, sensory, neurological, and enteroendocrine
systems, the gut microbiota is a component of a complex
network that regulates the chemical and physical compo-
nents of the intestinal barrier.’**° Maintaining a balanced
gut microbiota ecosystem can help protect the host from
infections.’”** Navab-Moghadam et al. demonstrated
that the composition of the human gut microbiota signifi-
cantly influences the risk and development of T2DM.” It
has also been reported that a chemically enriched patho-
genic bacterium in gut dysbiosis can induce insulin-de-
pendent DM following its translocation to the pancreas.*
Probiotics promote the growth of beneficial bacteria and
safeguard the body against harmful bacteria. A previous
study indicated that probiotics effectively regulate the
gut microbiota and manage inflammation by enhancing
intestinal permeability. Additionally, probiotics influence
the secretion of pro-inflammatory mediators, reducing
intestinal permeability and strengthening the immune
system.*'

DOI: https://doi.org/10.70389/PJS.100020 | Premier Journal of Science 2024;1:100020


https://doi.org/10.70389/PJS.100020

PREMIER JOURNAL OF SCIENCE REVIEW

Com)
(o) —
G

*

X

—CD

Environmental Host-Related |,
Factors Factors

NG

:Il 2 <

S

Q
)

-§
Supplements

b

l

Metabolic Host
i ‘—» .
Disorders Homeostasis

Fig 2| A depiction of how environmental and host-related factors contribute to an
imbalance in the gut microbiota, leading to a disrupted homeostasis. This dysbiosis
subsequently results in the development of various metabolic disorders

Microbiological metabolites such as succinate,
indole, imidazole, SCFAs, and branched-chain amino
acids (BCAAs) are generated during anaerobic fermen-
tation in the gut and play a crucial role in microbe-
to-host signaling pathways.*’ Microbial taxa such as
Akkermansia, Eubacterium, Bacteroides, Coprococ-
cus, Prevotella, Streptococcus, Ruminococcus, Fae-
calibacterium, and Fusobacterium are the primary
producers of these metabolites.>** The Bacteroidetes
phylum predominantly produces acetate and propio-
nate, whereas the Firmicutes phylum primarily gen-
erates butyrate. When patients take metformin, their
gut microbiota composition rapidly shifts, leading to
enhanced microbial diversity and improved intestinal
function.”

Numerous studies have demonstrated that changes
in the gut flora can control how BCAAs are metabo-
lized, which can accelerate the onset of DM. The pri-
mary species associated with the link between insulin
resistance and the synthesis of BCAAs are Bacteroides
and members of the Prevotellaceae family. Prevotella-
ceae enhanced glucose intolerance, produced insulin
resistance, and raised blood levels of BCAAs in mice. "
Recent studies have significantly expanded our
understanding of human microbiome diseases, such
as DM, obesity, and other metabolic disorders. While
diet can modify the composition of the gut microbi-
ota, its impact on metabolism remains unclear.
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Gut Microbiota and Hypercholesterolemia
Hypercholesterolemia, or high blood cholesterol, has
long been linked to CVDs. Atherosclerosis can result
from plaques caused by cholesterol accumulation
in the arterial wall.”” Cholesterol homeostasis in the
human body is a complex process involving three key
pathways: intestinal absorption, liver-based conver-
sion into bile acids, and de novo cholesterol synthesis.
These mechanisms work together to regulate choles-
terol levels and maintain metabolic balance.”*”*° Cer-
tain bacterial products have been shown to influence
lipid metabolism; for example, exopolysaccharides
produced by Agaricus brasiliensis exhibit cholester-
ol-lowering properties in mice.”’ Moreover, the gut
microbiota interacts with dietary lipids, generating
bioactive compounds that modulate plasma lipopro-
tein levels. One such compound, conjugated linoleic
acid, has demonstrated the ability to reduce choles-
terol, triglycerides, and lipoproteins in both in vivo and
in vitro experiments.*?

A study reported that primary bile acids are decon-
jugated to create secondary ones by Lactobacillus,
Clostridium, Listeria, Bifidobacterium, and some Bac-
teroides species. Additionally, gut dysbiosis can result
in decreased levels of secondary bile acids, which can
then cause an abnormal buildup of primary bile acids
along with downregulation of the FXR-TGR5 pathway.
This mechanism produces bile acids and leads to ele-
vated cholesterol levels. The transformation of choles-
terol into coprostanol, facilitated by specific bacterial
strains primarily belonging to the genera Eubacterium
and Lactobacillus, is another connection between the
gut microbiota and lipid metabolism.**~*°

Gut Microbiota and Obesity

The gut microbiota plays a critical role in regulating
host metabolism and has been increasingly recog-
nized as a key factor in the development of obesity.”’
An imbalance in the gut microbiota, known as dyshbi-
osis, has been linked to altered energy homeostasis,
increased fat storage, and low-grade systemic inflam-
mation, all of which contribute to obesity (Figure 4).>**°
Turnbaugh et al. demonstrated that obese mice had
a considerably higher Firmicutes/Bacteroidetes ratio
and that their microbiota had a stronger ability to get
energy from their diet.®® Another study reported similar
findings in humans, showing that the gut microbiota of
obese children had a higher proportion of Firmicutes
and a lower proportion of Bacteroidetes.®’

In a study of the Ukrainian population, the ratio of
Bacteroidetes to Firmicutes increased in correlation
with rising body mass index (BMI).** Contradictory to
previously mentioned findings, Zhang et al. reported
no difference between normal and obese individu-
als.” Recently, the family Christensenellaceae has been
linked to weight loss, with studies showing an inverse
correlation between the relative abundance of this fam-
ily and the host’s BMI.**"*

Furthermore, it was revealed that the abundances
of Lactobacillus reuteri and Lactobacillus gasseri were
significantly connected with obesity. Additionally, it
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demonstrated a strain-dependent impact on the BMI
when Bifidobacterium was administered in animal
models of diet-induced obesity.*” Million et al. iden-
tified an elevated Firmicutes/Bacteroidetes ratio as a
potential biomarker for obesity.® Specifically, L. reu-
teri has been associated with obesity, whereas Meth-
anobrevibacter smithii and Bifidobacterium animalis
have been linked to normal weight. Additionally, in
morbidly obese individuals, the relative abundance of
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Fig 3 | An illustration of the connection between the gut microbiota and the onset of type
1 diabetes. Disruptions in the gut microbiota lead to inflammation, which can trigger
insulitis—an autoimmune response targeting pancreatic islets. This inflammatory cascade
contributes to the development of type 1 diabetes
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Firmicutes has been positively correlated with brown
adipocyte markers, indicating a potential role in
energy regulation.®

Association of Gut Microbiota with Chronic Heart
Failure and Atrial Fibrillation
The gut microbiota has emerged as an important factor
in the development and progression of chronic heart
failure (CHF) and atrial fibrillation (AF). Dysbiosis,
or an imbalance in the gut microbial community, has
been linked to increased systemic inflammation, which
plays a central role in the pathophysiology of both CHF
and AF.”%"" Patients having arterial hypertension have
a less diverse gut microbiota.”””” The gut microbiota of
smokers differs from that of non-smokers and is sim-
ilar to the gut microbiota of patients with inflamma-
tory bowel illnesses. Smokers have been found to have
higher relative abundances of Actinobacteria and Cya-
nobacteria than non-smokers. The impact of quitting
smoking on the gut microbiota is poorly understood;
however, it appears to primarily result in a decrease in
Bacteroidetes and an increase in Firmicutes. It is yet
unclear, nevertheless, whether these modifications
may affect cardiovascular risk.”®

Providencia rettgeri, Clostridium asparagiforme,
Clostridium sporogenes, Anaerococcus hydrogenalis,
Edwardsiella tarda, and Proteus penneri are just a few
of the bacterial species linked to trimethylamine N-ox-
ide (TMAO) production that are abundant in the micro-
biomes of chronic heart failure patients compared to
healthy controls.”” The impaired function of the intesti-
nal barrier provides more proof that the gut microbiota
directly influences the mechanisms underlying con-
gestive heart failure (CHF). Gut wall permeability has
been positively correlated with illness severity.”®”* The
gut microbial profile is linked with AF as it was shown
that patients have a significantly high ratio of Firmic-
utes to Bacteroidetes, the gut microbial overgrowth of
harmful bacteria (including Escherichia coli, Strepto-
coccus, and Enterococcus), and a lower abundance of
commensals (like Faecalibacterium and Prevotella).
Metabolite changes often accompany these microbial
shifts, with clinical evidence specifically linking ele-
vated levels of TMAO to an increased risk of AF. Higher
TMAO levels, a by-product of gut microbial metabo-
lism, have been associated with enhanced thrombo-
genesis, inflammation, and cardiovascular risk, all of

mmd Obesity

Fig 4 | An illustration of how certain diets induce dysbiosis in the gut microbiota, transforming normal microbiota into
obese microbiota. This shift contributes to the development of obesity by altering host gene expression, affecting energy

extraction from food, and causing chronic inflammation
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which contribute to the development and recurrence of
AF.* Recent observational studies have characterized
the gut microbial profiles of patients with AF, revealing
significant imbalances. These profiles show a markedly
high Firmicutes/Bacteroidetes ratio, an overgrowth of
harmful bacteria such as E. coli, Streptococcus, and
Enterococcus, and a reduced abundance of benefi-
cial commensal bacteria, including Faecalibacterium
and Prevotella. These microbial shifts contribute to
increased inflammation and may play a role in the
pathogenesis of AF.®"#

Previous research has also shown that the over-
activation of the atrial NLRP3 inflammasome in
conjunction with elevated serum concentrations of
lipopolysaccharide (LPS) and glucose contributed to
the onset of AF. This increased inflammatory signaling
in cardiomyocytes leads to significant structural and
functional changes, including atrial fibrosis and alter-
ations in the action potential duration that promote
reentry circuits. These changes are characterized by a
shortened atrial action potential and an increased fre-
quency of spontaneous diastolic calcium releases from
the sarcoplasmic reticulum, which are pivotal in defin-
ing the characteristics of the condition.®***

Thrombosis and Gut Microbiota

Recent research has revealed a complex relationship
between the gut microbiota and thrombosis, high-
lighting how the microbiome influences hemostasis
through various mechanisms. Dysbiosis can lead to
increased inflammation, elevating pro-thrombotic
markers and promoting platelet activation.®* TMAO
promotes atherosclerosis by stimulating vascular
inflammation, endothelial cell dysfunction, foam
cell generation, and increased platelet activity.®*™
Increased levels of TMAO resulting from the intake of
choline supplements in mice have provided a better
explanation for shortening the duration it takes for
blood flow to stop after FeCl, injury in animal models
of thrombosis.® Besides, there were a few other nota-
ble facets regarding the period until blood flow cessa-
tion, as it was unaffected by choline administration in
germ-free animals with no intestinal microbiota popu-
lation. This signified that the blood-borne components
linked to TMAO gradually formed without involvement
from the gut microbes. When the phyla Firmicutes and
Proteobacteria expanded in a diet high in choline, it
induced dyshiosis. Transplanting this restructured
microbiome makeup into germ-free mice amplified
both their innate predisposition for thrombosis in
vivo, as quantified via the FeCl, carotid artery damage
model, and platelet reactivity ex vivo, as measured
through platelet aggregometry. TMAO did not stimulate
platelets directly but heightened the calcium release
and activation response to platelet stimuli, demon-
strating a TMAO-dependent enhancement, as noted by
Zhu et al. in 2016. Unfortunately, additional research
is required to completely understand TMAQO’s role in
thrombosis, as other studies have demonstrated that it
is linked negatively with atherosclerotic lesion size.”
As a result, these findings are inconsistent. The size of
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aortic lesions was not impacted by choline supplemen-
tation and did not correlate with TMAO levels.”" How-
ever, choline administration did raise TMAO levels.
While Wang et al.”” depleted the gut microbiota using
antibiotics and initiated choline supplementation at
just 4 weeks, Jonsson et al.”> employed germ-free mice
as microbiota-depleted controls, starting choline sup-
plementation at a later age of 8 weeks, when athero-
sclerosis had likely already developed in the mice.

Immune System, Polycystic Ovary Syndrome, and
Gut Microbiota

According to previous studies, the immune system
develops antigen-specific tolerance to microorganisms
and microbial products, which is the basis for immuno-
logical tolerance to the commensal microbiota during
the early phase of life.”**® According to a study, IL-10
knockout mice with early-life antibiotic-induced dys-
biosis were more susceptible to spontaneous colitis if
the immune system was unable to develop tolerance
to critical components of the gut microbiota.”” Goblet
cell-associated antigen passages also form in the colon
during the early stages of development, facilitating the
transport of various bacterial antigens from the lumen
to the lamina propria. Factors such as antibiotic expo-
sure, cesarean sections, formula feeding, and diet can
alter the early-life microbiome, potentially limiting its
diversity and maturation. This disruption may hinder
the immune system’s ability to establish immunity to
essential commensal microbiota and increase the long-
term risk of complex immune disorders, including
IBD.”® One study found that patients exhibited an over-
representation of the phyla Actinobacteria and Pro-
teobacteria, along with an underrepresentation of the
phylum Euryarchaeota. Additionally, individuals with
glycogen storage diseases had a microbiome predom-
inantly dominated by Escherichia/Shigella, displaying
limited diversity.”

Research has shown that Bacteroides ovatus can
digest inulin extracellularly, incurring a cost to itself
while simultaneously benefiting other species that
derive advantages from this process."” This kind of
cooperation is especially noticeable in the outer mucus
layer, where bacteria that break down mucin supply
mono- or oligosaccharides to bacteria that lack specific
mucolytic activity.'" For instance, only bacterial spe-
cies expressing GH33 sialidases can cleave sialic acid
from mucins. Many bacteria, including pathogens like
Salmonella typhimurium and Clostridium difficile, lack
sialidase but have a “nan cluster” that is involved in
the metabolism of sialic acid; as a result, they depend
on other gut microbiota members to supply them with
this carbon source.'” ' Furthermore, inflammatory
bowel disorders are characterized by an abundance
of sialylated short mucin glycoprotein chains. This
abundance may provide these specific bacteria with
increased competition for nutrients compared to other
bacterial types within the intestinal mucosal environ-
ment.'” In this context, a lack of F. prausnitzii may
predict the onset of Crohn’s disease in patients.'*® Fur-
thermore, animals previously treated with F. prausnitzii
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in vivo demonstrated recovery from colitis in a mouse
model, attributed to the blockade of NF-kB signaling in
intestinal epithelial cells by an anti-inflammatory pro-
tein produced by F. prausnitzii."’ Previous studies have
shown that 56% of women of reproductive age suffer
from different forms of polycystic ovary syndrome
(PCOS).'*® Furthermore, research has revealed that the
human gut contains trillions of microorganisms that
significantly influence biological processes.'” Stud-
ies have also indicated a relationship between the gut
microflora and hyperandrogenism.'*

Numerous studies indicate that a compromised
intestinal lining can lead to increased absorption of
LPS. When the integrity of the mucosa is disrupted,
LPS can enter the bloodstream and cause endotox-
emia. TLR4 recognizes and binds LPS via an LPS-
binding protein, CD14, and myeloid differentiation
factor 2. According to a recent study, LPS can trigger
the expression of signaling molecules and inflamma-
tory cytokines. This inflammatory reaction is prompted
by the upregulation of pro-inflammatory factors such
as IL-6 and IL-6, which can launch the inflammatory
response. As outlined by Dahan et al., insulin resis-
tance is believed to underlie the metabolic abnormali-
ties seen in PCOS patients, exacerbating their chronic
inflammatory state.' According to another study,
mice in two groups (high-fat diet group and control
group) were given diets that were rich in fat and nor-
mal, respectively. Mice given a high-fat diet for 4 weeks
developed obesity and insulin resistance. Also, mice
in the high-fat diet group had blood concentrations of
LPS two to three times greater than those in the control
group. LPS was injected subcutaneously into mice in
the control group that were given a regular diet. After
4 weeks, the control group’s mice developed insulin
resistance and obesity.'"?

Association of Gut Microbiota with Hyperuricemia
and Obstructive Sleep Apnea-Hypopnea Syndrome
According to Xu et al.,"” there was a notable decrease
in the frequency of Firmicutes between wild-type mice
and a hyperuricemia mouse model at the phylum level.
Bacteroides occurred more frequently at the same time.
In hyperuricemic mice, there was an increase in the
relative abundance of Prevotellaceae, Rikenellaceae,
Bacteroidaceae, and Bacteroidales. At the genus level,
the hyperuricemia group showed a higher or lower fre-
quency of specific bacterial communities, such as Lac-
tobacillus, Clostridium, Ruminococcaceae, Clostridium,
and others. According to Guo et al., there are significant
differences in the organismal and functional architec-
ture of the gut microbiota between gout patients and
healthy individuals. F. prausnitzii and Bifidobacterium
pseudocatenulatum reduced, but Bacteroides caccae
and Bacteroides xylanisolvens increased in the gut
microbiota of gout patients.'™*

Obstructive sleep apnea-hypopnea syndrome
(OSAHS), a sleep disorder, includes irregular sleep
patterns and abrupt apnea that occur during sleep.
Previous studies have reported that gut flora alter-
ation contributes to the development of OSAHS. In a

PREMIER JOURNAL OF SCIENCE REVIEW

previous study, 10 mice were exposed to chronic inter-
mittent hypoxia for 6 weeks, while another 10 mice
were maintained under normal oxygen levels. Fecal
samples were collected, and the findings showed that
mice subjected to intermittent hypoxia had a higher
abundance of Firmicutes compared to the control
group, whereas the abundance of Bacteroidetes and
Proteobacteria was lower.'”” Ko et al. collected fecal
samples from 20 controls and 93 patients with OSAHS
to analyze their microbiome composition. The find-
ings revealed that microbiome alterations in OSAHS
patients were associated with an increase in pathogens
and a reduction in SCFA-producing bacteria, along
with elevated IL-6 levels. Additionally, Ruminococcus
was identified as the most significant risk factor for the
development of OSAHS."*¢

Conclusion

Dysbiosis within the gut microbiota has been closely
linked to the development of various metabolic disor-
ders, including obesity, T2DM, hypercholesterolemia,
CVDs, and PCOS. The complex interactions between
the gut microbiota and host metabolism—primarily
mediated by microbial metabolites such as SCFAs,
anti-inflammatory microbial molecules, and bile
acids—highlight the promise of microbiome-targeted
therapies. Current evidence suggests that restoring
microbial balance through probiotics, prebiotics,
dietary interventions, and novel therapeutic agents
holds promise for managing and even preventing these
metabolic diseases. However, the complexity of micro-
bial ecosystems and their interactions with host factors
such as genetics, diet, and environmental influences
make it difficult to develop standardized treatments.

Future Prospects

Future research should aim to explore the complexities
of gut microbiota—host interactions at a deeper level,
particularly the role of specific bacterial strains and
their metabolites in regulating metabolic processes.
Advances in next-generation sequencing, metage-
nomics, and metabolomics will enable a more precise
characterization of the microbiome and its functional
capabilities. Furthermore, gaining insights into the
variations in gut microbiota composition among indi-
viduals could pave the way for personalized treatments
tailored to each patient’s distinct microbial makeup.

References

1  Sasidharan Pillai S, Gagnon CA, Foster C, Ashraf AP. Exploring the
Gut Microbiota: Key Insights Into Its Role in Obesity, Metabolic
Syndrome, and Type 2 Diabetes. ] Clin Endocrinol Metab.
2024;109(11):2709-2719.

2 DArgenioV, Salvatore F. The role of the gut microbiome in the
healthy adult status. Clin Chim Acta. 2015;451(Pt A):97-102.

3 LucaF, Kupfer SS, Knights D, Khoruts A, Blekhman R. Functional
genomics of host— microbiome interactions in humans. Trends
Genet. 2018;34(1):30-40.

4 Wu HJ, Wu E. The role of gut microbiota in immune homeostasis
and autoimmunity. Gut Microbes. 2012;3(1):4-14. d0i:10.4161/
gmic.19320.

5 Hou K, Wu ZX, Chen XY, Wang ]JQ, Zhang D, Xiao C, et al. Microbiota
in health and diseases. Sig Transduct Target Ther. 2022;7:135.
d0i:10.1038/541392-022-0097 4-4.

DOI: https://doi.org/10.70389/PJS.100020 | Premier Journal of Science 2024;1:100020


https://doi.org/10.70389/PJS.100020

PREMIER JOURNAL OF SCIENCE

REVIEW

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Zheng D, Liwinski T, Elinav E. Interaction between microbiota and
immunity in health and disease. Cell Res. 2020;30:492-506. doi.
0rg/10.1038/s41422-020-0332-7.

Shan'Y, Lee M, Chang EB. The gut microbiome and inflammatory
bowel diseases. Annu Rev Med. 2022;73:455-68. doi:10.1146/
annurev-med-042320-021020.

Santana PT, Rosas SLB, Ribeiro BE, Marinho 'Y, de Souza HSP.
Dysbiosis in inflammatory bowel disease: pathogenic role and
potential therapeutic targets. Int) Mol Sci. 2022;23(7):3464.
Published 2022 Mar 23. doi:10.3390/ijms23073464

Lam YY, Mitchell A}, Holmes AJ, Denyer GS, Gummesson A, Caterson
ID, et al. Role of the gut in visceral fat inflammation and metabolic
disorders. Obesity. 2011;19(11):2113.

Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation and
metabolic dysfunction in obesity. Am J Physiol Cell Physiol.
2021;320(3):C375-91. doi:10.1152/ajpcell.00379.2020.
Nichols RG, Davenport ER. The relationship between the gut
microbiome and host gene expression: a review. Hum Genet.
2021;140(5):747-60. doi:10.1007 /s00439-020-02237-0.
Pepke ML, Hansen SB, Limborg MT. Unraveling host regulation of
gut microbiota through the epigenome—microbiome axis. Trends
Microbiol. 2024. doi:10.1016/j.tim.2024.05.006.

Watson AJ, Hall L. Regulation of host gene expression by gut
microbiota. Gastroenterology. 2013;144(4):841—4. doi:10.1053/j.
gastro.2013.02.028.

Frosali S, Pagliari D, Gambassi G, Landolfi R, Pandolfi F, Cianci R.
How the intricate interaction among toll-like receptors, microbiota,
and intestinal immunity can influence gastrointestinal pathology. |
Immunol Res. 2015;2015(1):489821.

Feeney A, Sleator RD. The human gut microbiome: the ghost in the
machine. Fut Microbiol. 2012;7:1235-7; PMID: 2307 5440.

Patra D, Banerjee D, Ramprasad P, Roy S, Pal D, Dasgupta S. Recent
insights of obesity-induced gut and adipose tissue dysbiosis in type
2 diabetes. Front Mol Biosci. 2023;10:1224982. Published 2023
Sep 28.doi:10.3389/fmolb.2023.1224982.

Ordofiez-Rodriguez A, Roman P, Rueda-Ruzafa L, Campos-

Rios A, Cardona D. Changes in gut microbiota and multiple
sclerosis: a systematic review. Int ) Environ Res Public Health.
2023;20(5):4624. Published 2023 Mar 6. doi:10.3390/
ijerph20054624.

Scheithauer TPM, Rampanelli E, Nieuwdorp M, Vallance BA, Bruce
Verchere C, Van Raalte DH, et al. Gut microbiota as a trigger for
metabolic inflammation in obesity and type 2 diabetes. Front
Immunol. 2020;11:571731.

Zhang L, Wang P, Huang J, Xing Y, Wong FS, Suo J, et al. Gut
microbiota and therapy for obesity and type 2 diabetes. Front
Endocrinol. 2024;15:1333778.

Harris K, Kassis A, Major G, Chou C . Is the gut microbiota a new

factor contributing to obesity and its metabolic disorders?. ] Obesity.

2012;2012(1):879151.

Erejuwa OO, Sulaiman SA, Ab Wahab MS. Modulation of gut
microbiota in the management of metabolic disorders: the
prospects and challenges. Int } Mol Sci. 2014;15(3):4158-88.
Olofsson LE, Backhed F. The metabolic role and therapeutic
potential of the microbiome. Endocr Rev. 2022;43(5):907-926.
doi:10.1210/endrev/bnac004.

Malesza 1), Malesza M, Walkowiak J, Mussin N, Walkowiak

D, Aringazina R, et al. High-fat, western-style diet, systemic
inflammation, and gut microbiota: a narrative review. Cells
2021;10(11):3164.

Ye ], Wu Z, Zhao'Y, Zhang S, Liu W, Su Y. Role of gut microbiota in
the pathogenesis and treatment of diabetes mullites: advanced
research-based review. Front. Microbiol. 2022;13:1029890.
Gurung M, Li Z, You H, Rodrigues R, Jump DB, Morgun A, et al.
Role of gut microbiota in type 2 diabetes pathophysiology.
EBioMedicine. 2020;51:102590. doi: 10.1016/].
ebiom.2019.11.051.

QinJ, LiY,Cai Z LiS, ZhuJ, Zhang F, et al. A metagenome-wide
association study of gut microbiota in type 2 diabetes. Nature.
2012;490:55-60. doi: 10.1038/nature11450.

Mailer RK, Gisterd A, Polyzos KA, Ketelhuth DF, Hansson GK.
Hypercholesterolemia induces differentiation of regulatory T Cells in
the liver. Circ Res. 2017;120:1740-53.

Sanna S, Van Zuydam NR, Mahajan A, Kurilshikov A, Vila AV, Vosa U,
et al. Causal relationships among the gut microbiome, short-chain
fatty acids and metabolic diseases. Nat Genet. 2019;51:600-5.
doi: 10.1038/541588-019-0350-x.

DOI: https://doi.org/10.70389/PJS.100020 | Premier Journal of Science 2024;1:100020

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Chung W, Meijerink M, Zeuner B, HolckJ, Louis P, Meyer AS, et al.
Prebiotic potential of pectin and pectic oligosaccharides to promote
anti-inflammatory commensal bacteria in the human colon. FEMS
Microbiol Ecol. 2017;93(11):fix127. doi: 10.1093/femsec/fix127.
Lopez-Siles M, Duncan SH, Garcia-Gil LJ, Martinezmedina M.
Faecalibacterium prausnitzii: from microbiology to diagnostics

and prognostics. ISME J. 2017;11(4):841-52. doi:10.1038/
ismej.2016.176.

Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermudez-Humaran

LG, Gratadoux JJ, et al. Faecalibacterium prausnitzii is an anti-
inflammatory commensal bacterium identified by gut microbiota
analysis of Crohn disease patients. Proc. Natl. Acad. Sci. U. S. A.
2008;105(43):16731-6.doi:10.1073/pnas.0804812105.
Breyner NM, Michon C, de Sousa CS, Vilas BP, Chain F, Azevedo

VA, et al. Microbial anti-inflammatory molecule (MAM) from
faecalibacterium prausnitzii shows a protective effect on DNBS and
DSS-induced colitis model in mice through inhibition of NF-kappaB
pathway. Front Microbiol 2017;8. doi:10.3389/fmicb.2017.00114.
Ganesan K, Chung SK, Vanamala J, Xu B. Causal relationship
between diet-induced gut microbiota changes and diabetes: a novel
strategy to transplant faecalibacterium prausnitzii in preventing
diabetes. Int J Mol Sci. 2018;19(12):3720. d0i:10.3390/
ijms19123720.

Letchumanan G, Abdullah N, Marlini M, Baharom N, Lawley B, Omar
MR, et al. Gut microbiota composition in prediabetes and newly
diagnosed type 2 diabetes: a systematic review of observational
studies. Front Cellular Infect Microbiol. 2022;12:943427.
Gerritsen J, Smidt H, Rijkers GT, de Vos WM. Intestinal microbiota in
human health and disease: the impact of probiotics. Genes Nutr.
2011;6:209-40.

Verdu EF. Probiotics effects on gastrointestinal function: beyond the
gut?. Neurogastroenterol Motility. 2009;21(5):477-80.

Pirker A, Stockenhuber A, Remely M, Harrant A, Hippe B, Kamhuber
C, et al. Effects of antibiotic therapy on the gastrointestinal
microbiota and the influence of Lactobacillus casei. Food Agricult
Immunol. 2013;24(3):315-30.

Zhang FF, Mao T, Cui P, Tamadon A, He S, Huo CB, et al. Diversity of
the gut microbiota in dihydrotestosterone-induced PCOS rats and
the pharmacologic effects of Diane-35, probiotics, and berberine.
Front Microbiol. 2019;10. doi:10.3389/fmich.2019.00175.
Navab-Moghadam F, Sedighi M, Khamseh ME, Alaei-Shahmiri F,
Talebi M, Razavi S, et al. The association of type Il diabetes with gut
microbiota composition. Microbial Pathogen. 2017;110:630-6.
Yang X, Wang Z, Niu J, Rui Zhai RX, Wu G. Pathobionts from
chemically disrupted gut microbiota induce insulin-dependent
diabetes in mice. Microbiome. 2023;11:62. d0i:10.1186/s40168-
023-01507.

Homayouni A, Bagheri N, Mohammad-Alizadeh-Charandabi S,
Kashani N, Mobaraki-Asl N, Mirghafurvand M, et al. Prevention of
gestational diabetes mellitus (GDM) and probiotics: mechanism of
action: a review. Curr Diabetes Rev. 2020;16(6):538-45.

Roy CC, Kien CL, Bouthillier L, Levy E. Short-chain fatty acids: ready
for prime time? Nutr Clin Pract. 2006;21(4):351-66.

Ohira H, Tsutsui W, Fujioka Y. Are short chain fatty acids in gut
microbiota defensive players for inflammation and atherosclerosis?
) Atheroscler Thromb. 2017;24(7):660-72.

Koh A, De Vadder F, Kovatcheva-Datchary P, Backhed F. From dietary
fiber to host physiology: short-chain fatty acids as key bacterial
metabolites. Cell. 2016;165(6):1332-45.

Wu H, Esteve E, Tremaroli V, Khan MT, Caesar R, Manneras-Holm

L, et al. Metformin alters the gut microbiome of individuals with
treatment-naive type 2 diabetes, contributing to the therapeutic
effects of the drug. Nat Med. 2017;23(7):850-8.

Pedersen HK, Gudmundsdottir V, Nielsen HB, Hyotylainen T, Nielsen
T, Benjamin Jensen AH, et al. Human gut microbes impact host
serum metabolome and insulin sensitivity. Nature. 2016;535:376—
81. doi: 10.1038/nature18646.

Yamamoto H, Yamanashi Y, Takada T, Mu S, Tanaka Y, Komine T,

et al. Hepatic expression of Niemann-Pick C1-like 1, a cholesterol
reabsorber from bile, exacerbates western diet—induced
atherosclerosis in LDL Receptor Mutant Mice Mol Pharmacol.
2019;96:47-55.

Lefebvre P, Cariou B, Lien F, Kuipers F, Staels B. Role of bile acids
and bile acid receptors in metabolic regulation. Physiol Rev.
2009;89:147-91.

Jones BV, Begley M, Hill C, Gahan CGM, Marchesi JR. Functional

and comparative metagenomic analysis of bile salt hydrolase


https://doi.org/10.70389/PJS.100020

PREMIER JOURNAL OF SCIENCE

REVIEW

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

activity in the human gut microbiome. Proc Natl Acad Sci USA.
2008;105:13580-85. doi: 10.1073/pnas.0804437105.

Ferrell J, Boehme S, Li F, Chiang JYL. Cholesterol 7a-hydroxylase-
deficient mice are protected from high-fat/high-cholesterol diet-
induced metabolic disorders. J Lipid Res. 2016;57:1144-54.
Lima LF, Habu S, Gern JC, Nascimento BM, Parada JL, Noseda MD, et al.
Production and characterization of the exopolysaccharides produced
by Agaricus brasiliensis in submerged fermentation. Appl Biochem
Biotechnol. 2008;151:283-94. doi: 10.1007/s12010-008-8187-2.
Qi X, WuS, Zhang H, Yue H, Xu S, Ji F, et al. Effects of dietary
conjugated linoleic acids on lipid metabolism and antioxidant
capacity in laying hens. Arch Anim Nutr. 2011;65:354-65. doi:
10.1080/1745039X.2011.617546.

Kimura I, Ozawa K, Inoue D, Imamura T, Kimura K, Maeda T, et al.
The gut microbiota suppresses insulin-mediated fat accumulation
via the short-chain fatty acid receptor GPR43. Nat Commun.
2013;4:1829. doi:10.1038/ncomms2852.

Reis SA, Conceicdo L, Rosa DD, Siqueira NP, Peluzio MCG.
Mechanisms responsible for the hypocholesterolaemic effect of
regular consumption of probiotics. Nutr Res Rev. 2016;30:36-49.
Schoeler M, Caesar R. Dietary lipids, gut microbiota and lipid
metabolism. Rev Endocr Metab Disord. 2019;20:461-72.
d0i:10.1007/s11154-019-09512-0.

Kriaa A, Bourgin M, Potiron A, Mkaouar H, Jablaoui A, Gérard P et al.
Microbial impact on cholesterol and bile acid metabolism: current
status and future prospects. J Lipid Res 2019;60:323-32. doi:
10.1194/jlrR088989.

Sasidharan Pillai S, Gagnon CA, Foster C, Ashraf AP. Exploring the
Gut Microbiota: Key Insights Into Its Role in Obesity, Metabolic
Syndrome, and Type 2 Diabetes. J Clin Endocrinol Metab.
2024;109(11):2709-2719.

GengJ, Ni Q, Sun W, Li L, Feng X. The links between gut microbiota
and obesity and obesity related diseases. Biomed Pharmacother.
2022;147:112678.

Breton J, Galmiche M, Déchelotte P. Dysbiotic gut bacteria in
obesity: an overview of the metabolic mechanisms and therapeutic
perspectives of next-generation probiotics. Microorganisms.
2022;10(2):452.

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon
JI. An obesity- associated gut microbiome with increased capacity
for energy harvest. Nature. 2006;444:1027-31.

Indiani CMDSP, Rizzardi KF, Castelo PM, Ferraz LFC, Darrieux M,
Parisotto TM. Childhood obesity and Firmicutes/Bacteroidetes
ratio in the gut microbiota: a systematic review. Child Obes.
2018;14:501-9.

Koliada A, Syzenko G, Moseiko V, Budovska L, Puchkov K, Perederiy
V, et al. Association between body mass index and Firmicutes/
Bacteroidetes ratio in an adult Ukrainian population. BMC
Microbiol. 2017;17:120.

Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu Y, et al.
Human gut microbiota in obesity and after gastric bypass. Proc Natl
Acad Sci USA. 2009;106:2365-70.

Waters JL, Ley RE. The human gut bacteria Christensenellaceae

are widespread, heritable, and associated with health. BMC Biol.
2019;17:83.

Depommier C, Everard A, Druart C, Plovier H, Van Hul M, Vieira-
Silva S, et al. Supplementation with Akkermansia muciniphila

in overweight and obese human volunteers: a proof-of-concept
exploratory study. Nat Med. 2019;25:1096-103.

Crovesy L, Ostrowski M, Ferreira DMTP, Rosado EL, Soares-Mota M.
Effect of Lactobacillus on body weight and body fat in overweight
subjects: a systematic review of randomized controlled clinical
trials. Int) Obes (Lond). 2017;41:1607-14.

Yin YN, Yu QF, Fu N, Liu XW, Lu FG. Effects of four Bifidobacteria

on obesity in high-fat diet induced rats. World J Gastroenterol.
2010;16:3394-401.

Million M, Maraninchi M, Henry M, Armougom F, Richet H,

Carrieri P, et al. Obesity-associated gut microbiota is enriched in
Lactobacillus reuteri and depleted in Bifidobacterium animalis and
Methanobrevibacter smithii. Int ] Obes (Lond.) 2012;36:817-25.
Moreno-Navarrete JM, Serino M, Blasco-Bas V, Azalbert V, Barton
RH, Cardellini M, et al. Gut microbiota interacts with markers of
adipose tissue browning, insulin action and plasma acetate in
morbid obesity. Mol Nutr Food Res. 2018;62. https://pubmed.ncbi.
nlm.nih.gov/29105287/

Gawatko M, Agbaedeng TA, Saljic A, Muller DN, Wilck N,

Schnabel R, et al. Gut microbiota, dysbiosis and atrial fibrillation.

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

Arrhythmogenic mechanisms and potential clinical implications.
Cardiovasc Res. 2022;118(11):2415-27.

Kumar D, Mukherjee SS, Chakraborty R, Roy RR, Pandey A, Patra

S, et al. The emerging role of gut microbiota in cardiovascular
diseases. Indian Heart J. 2021;73(3):264-72.

Lakshmanan AP, Murugesan S, Al Khodor S, Terranegra A. The
potential impact of a probiotic: akkermansia muciniphila in the
regulation of blood pressure-the current facts and evidence. ] Transl
Med. 2022;20:430. doi: 10.1186/512967-022-03631-0.

Sun 'S, Lulla A, Sioda M, Winglee K, Wu MC, Jacobs DR, Jr., et al.

Gut microbiota composition and blood pressure. Hypertension.
2019;73:998-1006.

Jia B, Zou 'Y, Han X, Bae JW, Jeon CO. Gut microbiome-mediated
mechanisms for reducing cholesterol levels: implications

for ameliorating cardiovascular disease. Trends Microbiol.
2023;31:76-91. doi: 10.1016/j.tim.2022.08.003.

Karbach SH, Schénfelder T, Brandao I, Wilms E, Hormann N,
JackelS, et al. Gut microbiota promote angiotensin Il-induced
arterial hypertension and vascular dysfunction. ] Am Heart Assoc.
2016;5:003698. doi: 10.1161/JAHA.116.003698.

Sublette MG, Cross TL, Korcarz CE, Hansen KM, Murga-Garrido SM,
Hazen SL, et al. Effects of smoking and smoking cessation on the
intestinal microbiota. J Clin Med. 2020;9:2963. doi:10.3390/
jcm9092963.

Liu'Y, Dai M. Trimethylamine N-oxide generated by the gut
microbiota is associated with vascular inflammation: new

insights into atherosclerosis. Mediat Inflamm. 2020;2020:1-15.
d0i:10.1155/2020/4634172.

Pasini E, Aquilani R, Testa C, Baiardi P, Angioletti S, Boschi F, et al.
Pathogenic gut flora in patients with chronic heart failure. JACC
Heart Fail. 2016;4:220-7. doi: 10.1016/j.jchf.2015.10.009.
Zhang Q, Xiao X, Li M, Yu M, Ping F, Zheng J, et al. Vildagliptin
increases butyrate-producing bacteria in the gut of diabetic

rats. PLoS One. 2017;12:e0184735. doi: 10.1371/journal.
pone.0184735.

Zuo K, LiJ, LiK, Hu C, Gao Y, Chen M, et al. Disordered gut
microbiota and alterations in metabolic patterns are associated
with atrial fibrillation. GigaScience. 2019;8:1-17.

Zhou X, Jin M, Liu L, Yu Z, Lu X, Zhang H. Trimethylamine N-oxide
and cardiovascular outcomes in patients with chronic heart failure
after myocardial infarction. ESC Heart Fail. 2020;7:189-94. doi:
10.1002/ehf2.12552.

Zuo K, Yin X, Li K, Zhang J, Wang P, Jiao }, et al. Different types

of atrial fibrillation share patterns of gut microbiota dysbiosis.
Msphere. 2020;5(2):10-1128.

Scott L, Jr,, Fender AC, Saljic A, Li L, Chen X, Wang X, et al. NLRP3
inflammasome is a key driver of obesity-induced atrial arrhythmias.
Cardiovasc Res. 2021;117:1746-59. doi: 10.1093/cvr/cvab024.
Liu H, Zhao Y, Xie A, Kim TY, Terentyeva R, Liu M, et al. Interleukin-
1B, oxidative stress, and abnormal calcium handling mediate
diabetic arrhythmic risk. JACC Basic Transl Sci. 2021;6:42-52.
Hasan RA, Koh AY, Zia A. The gut microbiome and
thromboembolism. Thromb Res. 2020;189:77-87. doi:10.1016/].
thromres.2020.03.003

Sun’X, Jiao X, May, LiuY, Zhang L, He Y, et al. Trimethylamine N-oxide
induces inflammation and endothelial dysfunction in human umbilical
vein endothelial cells via activating ROS-TXNIP-NLRP3 inflammasome.
Biochem Biophys Res Commun. 2016;481(1-2):63-70.

Ma G, Pan B, Chen'Y, Guo C, Zhao M, Zheng L, et al. Trimethylamine
N-oxide in atherogenesis: impairing endothelial self-repair capacity
and enhancing monocyte adhesion. Biosci Rep. 2017;37(2).
https://pmc.ncbi.nlm.nih.gov/articles/PMC5333780/

Tang WH, Wang Z, Levison BS, Koeth RA, Britt EB, Fu X, et al.
Intestinal microbial metabolism of phosphatidylcholine and
cardiovascular risk. New Engl) Med. 2013;368(17):1575-84.
Zhu W, Gregory JC, Org E, Buffa JA, Gupta N, Wang Z, et al. Gut
microbial metabolite TMAO enhances platelet hyperreactivity and
thrombosis risk. Cell. 2016;165(1):111-24.

Romano KA, Vivas El, Amador-Noguez D, Rey FE. Intestinal
microbiota composition modulates choline bioavailability

from diet and accumulation of the proatherogenic metabolite
trimethylamine-N-oxide, mBio. 2015;6(2):e02481.

Collins HL, Drazul-Schrader D, Sulpizio AC, Koster PD, Williamson

Y, Adelman SJ, et al. L-Carnitine intake and high trimethylamine
N-oxide plasma levels correlate with low aortic lesions in ApoE(-/-)
transgenic mice expressing CETP. Atherosclerosis 2016;244:
29-37.

DOI: https://doi.org/10.70389/PJS.100020 | Premier Journal of Science 2024;1:100020


https://doi.org/10.70389/PJS.100020

PREMIER JOURNAL OF SCIENCE

92 Wang Z, Klipfell E, Bennett BJ, Koeth R, Levison BS, Dugar B,
et al. Gut flora metabolism of phosphatidylcholine promotes
cardiovascular disease. Nature. 2011;472(7341):57-63.

93 Jonsson LA, Caesar R, Akrami R, Reinhardt C, Fak Hallenius F, Boren
J, et al. Impact of gut microbiota and diet on the development of
atherosclerosis in Apoe(~/-) mice. Arterioscler Thrombos Vas Biol.
2018;38(10):2318-26.

94 Gensollen T, lyer SS, Kasper DL, Blumberg RS. How colonization
by microbiota in early life shapes the immune system. Science.
2016;352(6285):539—44.

95 Milani C, Duranti S, Bottacini F, Casey E, Turroni F, Mahony J, et al.
The first microbial colonizers of the human gut: composition,
activities, and health implications of the infant gut microbiota.
Microbiol Mol Biol Rev. 2017;81(4):e00036-17.

96 Knoop KA, Gustafsson JK, McDonald KG, Kulkarni DH, Coughlin PE,
McCrate S, et al. Microbial antigen encounter during a preweaning
interval is critical for tolerance to gut bacteria. Sci Immunol.
2017;2(18):eaa01314.

97 MiyoshiJ, Bobe AM, Miyoshi S, Huang Y, Hubert N, Delmont TO,
et al. Peripartum antibiotics promote gut dysbiosis, loss of immune
tolerance, and inflammatory bowel disease in genetically prone
offspring. Cell Rep. 2017;20(2):491-504.

98 Schulfer AF, Battaglia T, Alvarez Y, Bijnens L, Ruiz VE, Ho
M, et al. Intergenerational transfer of antibiotic-perturbed
microbiota enhances colitis in susceptible mice. Nat Microbiol.
2018;3(2):234-42.

99 Colonetti K, Bento dos Santos B, Nalin T, Moura de Souza
CF, Triplett EW, Dobbler PT, et al. Hepatic glycogen storage
diseases are associated to microbial dysbiosis. PLoS One.
2019;14(4):0214582.

100 Rakoff-Nahoum S, Foster KR Comstock LE The evolution of
cooperation within the gut microbiota. Nature. 2016;533:255-9.
doi:10.1038/nature17626.

101 Li H, Limenitakis JP, Fuhrer T, Geuking MB, Lawson MA, Wyss M,
et al. The outer mucus layer hosts a distinct intestinal microbial
niche. Nat Commun. 2015;6:8292. doi: 10.1038/ncomms9292.

102 Tailford LE, Owen CD, Walshaw J, Crost EH, Hardy-Goddard J, Le Gall
G, et al. Discovery of intramolecular trans-sialidases in human gut
microbiota suggests novel mechanisms of mucosal adaptation. Nat
Commun. 2015;6:7624. doi:10.1038/ncomms8624.

103 Crost EH, Tailford LE, Monestier M, Swarbreck D, Henrissat
B, Crossman LC, et al. The mucin-degradation strategy of
Ruminococcus gnavus: the importance of intramolecular trans-
sialidases. Gut Microbes. 2016;1-11.

104 Crost EH, Tailford LE, Le Gall G, Fons M, Henrissat B, Juge N,
et al. Utilisation of mucin glycans by the human Gut symbiont
Ruminococcus gnavus is strain-Dependent. PLoS One.
2013;8:€76341.doi:10.1371/journal.pone.0076341.

DOI: https://doi.org/10.70389/PJS.100020 | Premier Journal of Science 2024;1:100020

REVIEW

105 Larsson JMH, Karlsson H, Crespo JG, Johansson MEV, Eklund
L, Sjovall H, et al. Altered o-glycosylation profile of MUC2
mucin occurs in active ulcerative colitis and is associated with
increased inflammation. Inflamm Bowel Dis. 2011;17:2299-307
doi:10.1002/ibd.21625.

106 Lopez-Siles M, Duncan SH, Garcia-Gil L}, Martinez-Medina M.
Faecalibacterium prausnitzii: from microbiology to diagnostics
and prognostics. ISME J. 2017;11(4):841-852. doi:10.1038/
ismej.2016.176.

107 Quévrain E, Maubert MA, Michon C, Chain F, Marquant R, Tailhades
J, et al. Identification of an anti-inflammatory protein from
Faecalibacterium prausnitzii, a commensal bacterium deficient
in Crohn’s disease. Gut. 2016;65(3):415-25. doi:10.1136/
gutjnl-2014-307649.

108 Bil E, Dilbaz B, Cirik DA, Ozelci R, Ozkaya E, Dilbaz S. Metabolic
syndrome and metabolic risk profile according to polycystic ovary
syndrome phenotype. ] Obstet Gynaecol Res. 2016;42:837-843.
doi:10.1111/jog.12985.

109 Kahrstrom CT, Pariente N, Weiss U. Intestinal microbiota in health
and disease. Nature. 2016;535:47-7. doi:10.1038/535047a.

110 Torres PJ, Ho BS, Arroyo P, Sau L, Chen A, Kelley ST, et al.. Exposure
to a healthy gut microbiome protects against reproductive and
metabolic dysregulation in a PCOS mouse model. Endocrinology.
2019;160:1193-204. d0i:10.1210/en.2019-00050.

111 Dahan T, Nassar S, Yajuk O, Steinberg E, Benny O, Abudi N,
et al. Chronic intermittent hypoxia during sleep causes browning
of interscapular adipose tissue accompanied by local insulin
resistance in mice. Int J Mol Sci. 2022;23:15462. doi:10.3390/
ijms232415462.

112 Fang JM, Zeng LR, He YL, Liu X, Zhang TC, Wang Q. Effects of
dietary tannic acid on obesity and gut microbiota in C57BL/6)
mice fed with high-fat diet. Foods. 2022;11:3325. d0i:10.3390/
foods11213325.

113 Xu D, Lv Q, Wang X, Cui X, Zhao P, Yang X, et al. Hyperuricemia
is associated with impaired intestinal permeability in mice.

Am | Physiol Gastrointest Liver Physiol. 2019;317:G484-92.
doi:10.1152/ajpgi.00151.2019.

114 Guo Z, Zhang J, Wang Z, Ang KY, Huang S, Hou Q, et al. Intestinal
microbiota distinguish gout patients from healthy humans. Sci Rep.
2016;6:20602. doi:10.1038/srep20602.

115 Moreno-Indias |, Torres M, Montserrat JM, Sanchez-Alcoholado
L, Cardona F, Tinahones FJ, et al. Intermittent hypoxia alters gut
microbiota diversity in a mouse model of sleep apnoea. Eur Respir J.
2015;45:1055-65.d0i:10.1183/09031936.00184314.

116 Ko CY, Liu QQ, Su HZ, Zhang HP, Fan JM, Yang JH, et al. Gut
microbiota in obstructive sleep apnea-hypopnea syndrome:
disease-related dysbiosis and metabolic comorbidities. Clin Sci
(Lond). 2019;133:905-17. doi:10.1042/C520180891.


https://doi.org/10.70389/PJS.100020

