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The human body is co-inhabited by over a trillion
microorganisms, including > 2000 species of bacteria,
archaea, viruses, and single-celled eukaryotes that
live symbiotically with their hosts." The gut microbiota
is a dynamic and complex ecological community in
the gastrointestinal tract, an essentially anaerobic
environment with abundant nutrients and ideal conditions
for colonization; it acts as a virtual endocrine system that
communicates with organs through metabolism-dependent
pathways, releasing de novo products and transforming
external nutrients and host metabolites into hormone-like
signals.?

In addition to metabolic benefits, the gut microbiota
provides essential capacities for regulating the intestinal
epithelial barrier, immune homeostasis, optimal immune
responses, and protection against pathogen colonization.*
One of the most important roles of gut microbiota is to
act in digestion and nutrient absorption, producing short-
chain fatty acids that serve as energy substrate for intestinal
epithelial cells. After short-chain fatty acids bind to their
receptor, the enteroendocrine hormone peptide YY is
released, which regulates host appetite and contributes to
dietary energy availability.® Intestinal flora act to convert
various dietary nutrients into trimethylamine, which is
rapidly absorbed and oxidized in the liver to produce
trimethylamine N-oxide (TMAO).” Some foods, like red
meat, eggs, and fish, are rich in nutritional precursors that
can be converted into trimethylamine through specific
microbial enzymes; therefore, a change in microbiota
composition can alter circulating TMAO levels.

Evidence indicates that the composition of gut microbiota
changes throughout life via potentially modifiable factors,
including medication use, diet, lifestyle, and oxidative
stress. Such disruption of microbiota homeostasis results
in an imbalance in the microbial community and is
referred to as dysbiosis. Gut dysbiosis is associated with the
pathogenesis and progression of heart failure (HF), has been
linked to immune-mediated subtypes of cardiomyopathy,
and has been associated with HF-related comorbidities,
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including atherosclerosis, hypertension, chronic kidney
disease, insulin resistance, and cachexia.*®'> Reduced
cardiac output and elevated abdominal venous pressure can
lead to intestinal hypoperfusion, mucosal ischemia, and gut
barrier disruption (Figure 1). Such alterations have led to
the gut hypothesis of HF, which posits that these structural
changes contribute to increased intestinal permeability
and subsequent bacterial translocation, resulting in
elevated circulating endotoxins that correlate with HF
severity.’>1® Endotoxins, which are lipopolysaccharides
found in the cell wall of Gram-negative bacilli, can induce
the production of pro-inflammatory cytokines and impair
endothelial function and peripheral blood flow, resulting in
decreased ventricular contractility.”'® Likewise, endotoxin
and inflammatory cytokines can also exacerbate intestinal
permeability, promoting a loop of endotoxin translocation,
systemic inflammation, and worsening HE.'® Other potential
mechanisms of the gut hypothesis have also been described,
such as the upregulation of sodium-hydrogen exchanger
3 through hypoxia and acidosis in enterocytes, which
promotes sodium and fluid retention.?°

Several studies have supported the gut hypothesis of HF by
showing different patterns in gut microbial composition and
function between healthy individuals and patients with HE.?'-%*
In healthy guts, Firmicutes (consisting mainly of Lactobacillus,
Bacillus, Clostridium, Enterococcus, and Ruminococcus)
and Bacteroidetes (consisting of Bacteroides and Prevotella)
contribute to over 90% of the total bacterial species, also
called alpha diversity.*® Conversely, patients with HF have
shifts in the alpha diversity, with an increased abundance
of Bacteroidetes and a lower abundance of Firmicutes,
resulting in a lower Firmicutes/Bacteroidetes ratio than healthy
individuals.?'?* Depletion of bacteria with anti-inflammatory
properties, particularly Firmicutes, are associated with
an increase in the number of pathogenic microbes, such
as Shigella, Salmonella, and Candida.* The incidence of
Clostridium difficile infection, which typically occurs after the
use of antibiotics, is also higher in this population, as are the
genera Ruminococcus, Hungatella, and Succiclasticum #1942
In advanced HF, an increase in Pseudomonadota (formerly
Proteobacteria), has been demonstrated, a phylum that
mainly includes pathogenic Gram-negative bacteria, whose
abundance is considered a signature of dysbiosis.?!

Investigations have indicated that not only does alpha
diversity decrease with HF progression, but remains low
in patients treated with a left ventricular assist device or
heart transplantation,® a pattern in line with persistently
elevated TMAO levels.?” Studies of immunosuppression in
heart transplantation have demonstrated that gut microbial
diversity, inflammation, and oxidative stress are associated
with tacrolimus dosing requirements early after engraftment,?®
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Figure 1 - 1) Reduced cardiac output and elevated abdominal venous pressure can lead to intestinal hypoperfusion, mucosal ischemia, and gut
barrier disruption, with subsequent bacterial translocation and increased circulating endotoxins (lipopolysaccharides). Lipopolysaccharides induce the
production of pro-inflammatory cytokines, resulting in decreased ventricular contractility. Likewise, endotoxin and inflammatory cytokines can also
exacerbate intestinal permeability, promoting a loop of endotoxin translocation, systemic inflammation, and worsening heart failure. 2) Intestinal flora
convert various dietary nutrients into trimethylamine, which is converted in the liver to trimethylamine N-oxide. Gut dysbiosis is associated with the
pathogenesis and progression of heart failure and heart failure-related comorbidities, including atherosclerosis, hypertension, chronic kidney disease,
insulin resistance, and cachexia. 3) Several potential therapeutic approaches have already been proposed, including dietary interventions, prebiotics,
probiotics, trimethylamine N-oxide inhibitors, sodium-hydrogen exchanger 3 inhibitors, and fecal microbiota transplantation, as well as intestinal

microenvironment modulators (Rifaximin).

reinforcing the gut hypothesis at all stages of HF, from cardiac
injury to end-stage HF and even after advanced therapies.
Various HF phenotypes, such as preserved ejection fraction,
require further study to understand the relationship between
congestion and dysbiosis patterns. Pilot studies have revealed
that the microbiota of patients with HF with preserved ejection
fraction are imbalanced compared to healthy controls, with
more Enterococcus and Lactobacillus and less Butyricicoccus,
Sutterella, Lachnospira, and Ruminiclostridium at the genus
level* and a non-significant decrease in the Firmicutes/
Bacteroidetes ratio. How these alterations influence the
observed pathobiology remains uncertain.

All of these changes in gut microbiota are linked to
different physiological effects, such as cell cycle control,

cell division, chromosome partitioning, ion transport,
ribosomal structure, and amino acid metabolism. Identifying
the composition of gut microbes is complex and requires
sophisticated stool sample processing with 16S rRNA
gene sequencing and whole metagenomic profiling.
However, the use of surrogate circulating metabolites
is less complicated and is readily available.™?* It has
been discovered that certain microbial metabolites have
recognized roles in HF pathophysiology, such as short-chain
fatty acids, TMAO, amino acid metabolites, and bile acids;
they may be promising therapeutic targets for gut dysbiosis
in HE'? In fact, several therapeutic approaches have already
been proposed, including dietary interventions, prebiotics,
probiotics, TMAQO inhibitors, sodium-hydrogen exchanger
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3 inhibitors, and fecal microbiota transplantation, as well
as intestinal microenvironment modulators (Rifaximin), but
additional studies are still needed." Further exploration of
the heart-gut axis in the pathophysiology of HF may lead
to advances in innovative individualized risk stratification
and therapeutic interventions for patients with HF.
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