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ABSTRACT New studies show a strong connexion between the gut microbial community and cardiovascular system,
recognized as the gut-heart axis. This review seeks to contrast and compare how the gut microbiota contributing to
cardiovascular diseases (CVDs) mechanisms include microbial metabolites, immune response, and inflammation. In the
section devoted to emerging therapies relevant to the microbiome, probiotics, prebiotics, diet, and pharmacological therapies
that may influence the microbiome are described. The future directions underline the importance of individualization of the
treatment and the quality of the trial to improve microbiome-directed strategies in CVD patients.
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1. INTRODUCTION

The World Health Organization global status manual rec-
ognizes cardiovascular diseases (CVDs) as the number one
killer attributing 17.9 million deaths every year [I]|. Besides
these well-defined risk factors of hypertension, hyperlipi-
demia and diabetes, emerging data from the past have identi-
fied gut microbiota as another critical determinant of cardio-
vascular disease [2]]. Unlike the well-studied and better un-
derstood blood circulatory system and the endocrine system
[3]1, the gut microbiota consists of trillions of microorganisms,
which control a number of metabolic as well as immunolog-
ical functions that are not confined to the digestive system
alone. This review aims to discuss the GHA, its functional
processes, consequences, and potential targeting for CVDs
control.

2. MICROBIAL CONNEXION TO CARDIOVASCULAR
DISEASE

The term, gut-heart axis, illustrates a reciprocal relationship
between gut microbiota and the function of the heart via
microbial-derived metabolites, inflammation, and immune
signaling [, [5]..

1) Microbial Metabolites Gut microbiota produce metabolites
such as short-chain fatty acids (SCFAs) and Trimethylamine-
N-oxide (TMAO), which significantly impact cardiovascular
health:

« SCFAs: SCFAs (acetate, propionate, butyrate) generated
from dietary fibre fermentation are known to possess
anti-inflammatory effects, alter the blood pressure and
improve endothelial function (6], [7]].
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e TMAO: Derived from choline and l-carnitine in the
diet, TMAO accelerates the formation of atheroscle-
rotic plaques through boosting cholesterol loading and
platelet hyper aggregation. High TMAO is associated
with an increased risk of acute myocardial infarction,

ischemic stroke [8]-[[T0].

2) Immune Modulation Dysbiosis is a condition characterised
by microbial imbalance and leads to LPS and other micro-
bial products that enhance inflammation causing endothe-
lial dysfunction and atherosclerosis. Fourthly, changes in gut
permeability promoted bacterial translocation and enhance
inflammatory cytokines [11]].

3. CARDIOVASCULAR DISEASES AND DYSBIOSIS

1) Atherosclerosis Gut dysbiosis has been suggested to play a
role in atherogenesis by the DCA formation and inflammation
[]. Research shows elevated TMAO levels in patients with
CAD and play a crucial step in plaque development and
progression [[13]].

2) Current Availability of SCFA modification and the link
between reduced SCFA and increased gut permeability to
hypertension has been identified [I4]. Research done on
animals has shown that the SCFA supplement helps maintain
blood pressure and decrease the inflammation of blood ves-
sels [[I3].

3) Heart Failure Patients with heart failure had severe impair-
ment of gut permeability, bacterial endotoxins, and inflam-
mation []. TMAO which is a predictor of adverse clinical
outcomes has been observed to be at high levels in patients
with heart failure and, more so, high levels were found to be
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associated with increased mortality [17].

4. HOW SOME THERAPEUTIC APPROACHES AIM AT THE
MICROBIOME?

1) Probiotics and Prebiotics Probiotics that include Lacto-
bacillus and Bifidumi bacterium help regain proper balance
of the gut bacteria while prebiotics including inulin help with
the growth of the good bacteria [18], [19]. A review of
randomized placebo controlled clinical trials concerning the
effects that probiotics and prebiotics have on CVD risk factors
reported decreases in inflammatory markers and favorable
changes in lipid profile [20].

2) Dietary Interventions Plant-based diets, especially those
providing large amounts of fiber and polyphenols, promote
beneficial bacterial growth, increase mucus SCFA and there-
fore decrease TMAO [21]]. Mediterranean diets have been
postulated with protective effects against CVDs through al-
terations of gut microbiota [22]], [23].

3) Pharmacological Interventions Thus, new cardiovascular
risk reducing strategies include therapies that target microbial
enzymes involved in the synthesis of TMAO. For instance,
inhibitors of trimethylamine-lyase have shown promise in
earlier research work in the regulation of TMAO levels [24]].
4) Faecal Microbiota Transplantation (FMT) FMT process
involves transferring of microbial contents of stool from a
suitable donor to a patient with dysbiosis. There is some
preliminary evidence of its ability to rebalance the micro-
biome and decrease systemic inflammation relevant to CVD
situations [25]].

5. FUTURE DIRECTIONS AND CONCLUSION

Recent developments in metagenomics and metabolomics
studies have helped elucidating complex relations between
microbiota and cardiovascular status [26]] (Supporting In-
formation S2). However, it means that these findings should
be implemented into clinical practice on a large scale and
patients should be treated individually [27]].

Gut-heart axis is a relatively recent advance in cardiovas-
cular disease research holding significantly higher potential
for future prevention and intervention. Further research on
different microbiome interventions may lead to a shift in the
CVD approach and an overall increase in global health [28]].
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