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Background: The relationship between the gut microbiome 
and overall human health is increasingly recognized. This 
review discusses new research that outlines pathways and 
intermediaries that may mediate the interaction between the gut 
microbiome and cardiac arrhythmias.
Observations: Gut microbial constituents and their products 
have been shown to influence human physiology, including 
the cardiovascular system, cardiac arrhythmia, and other 
disease processes. The effect of the human gut microbiome on 

cardiovascular diseases may improve understanding of disease 
pathophysiologic mechanisms and presents opportunities for 
therapeutic modification of the gut microbiome to positively 
affect disease outcomes.
Conclusions: Research into the gut microbiome and its 
overarching impact on the human body is still in its early 
stages. Continued investigation of its complex relationships 
may lead to the development of novel therapies and strategies 
to enhance patient safety.
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The extensive surface of the gastro-
intestinal tract presents an interface 
between the human body and its en-

vironment. Residing within the intestinal 
lumen, ingested food and various microor-
ganisms are an essential aspect of this rela-
tionship. The trillions of microorganisms, 
primarily commensal bacteria hosted by 
the human gut, constitute the human gut 
microbiome. 

There is growing evidence that the 
human gut microbiome plays a role in 
maintaining normal body function and ho-
meostasis.1 Research, such as the National 
Institute of Health Microbiome Project, is 
helping to show the impact of gut micro-
organisms and their negative influence on 
metabolic diseases and chronic inflamma-
tory disorders.2-5 An imbalance in the mi-
crobiota, known as dysbiosis, has been 
associated with metabolic and cardiovascu-
lar diseases (CVD), including hypertension, 
diabetes mellitus, obesity, and coronary ar-
tery disease (CAD). Gut dysbiosis has also 
been associated with cardiac arrhythmias, 
including atrial fibrillation (AF) and ven-
tricular arrhythmias (Figure).6-12 

Whether gut dysbiosis is a cause or effect 
of the human disease process is unclear. 
While further research is warranted, some 
evidence of causation has been found. In 
2018, Yoshida et al demonstrated an asso-
ciation between patients with CAD who 
had a significantly lower burden of the gut 
bacteria species Bacteroides vulgatus and 
Bacteroides dorei compared to that of pa-
tients without CAD. The study found that 
administration of these Bacteroides species 
reduced atherosclerotic lesion formation 

in atherosclerosis-prone mice.13 If altering 
gut microbial composition can affect the 
disease process, it may indicate a causative 
role for gut dysbiosis in disease pathogene-
sis. Furthermore, this finding also suggests 
agents may be used to alter the gut micro-
biome and potentially prevent and treat dis-
eases. An altered gut microbiome may serve 
as an early marker for human disease, aid-
ing in timely diagnosis and institution of 
disease-modifying treatments.

This review outlines the broad relation-
ship of the pathways and intermediaries 
that may be involved in mediating the in-
teraction between the gut microbiome and 
cardiac arrhythmias based on rapidly in-
creasing evidence. A comprehensive search 
among PubMed and Google Scholar data-
bases was conducted to find articles rele-
vant to the topic.

POTENTIAL INTERMEDIARIES
Potential pathways for how the gut microbi-
ome and cardiovascular system interact are 
subjects of active research. However, recent 
research may point to potential mechanisms 
of the association between the systems. The 
gut microbiome may influence human phys-
iology through 3 principal routes: the au-
tonomic nervous system, inflammatory 
pathways, and metabolic processes. 

Autonomic Nervous System
The concept of bidirectional communica-
tion between the gut and central nervous 
system, known as the microbiota-gut-brain 
axis, is widely accepted.14 Proposed medi-
ators of this interaction include the vagus 
nerve, the sympathetic nervous system, and 
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the hypothalamic-pituitary-adrenal axis; cy-
tokines produced by the immune system, 
tryptophan metabolism, and the production 
of short-chain fatty acids (SCFAs).15,16 

The gut microbiome appears to have a 
direct impact on the autonomic nervous 
system, through which it can influence car-
diovascular function. Muller et al described 
how the gut microbiome modulated gut-
extrinsic sympathetic neurons and that the 
depletion of gut microbiota led to activation 
of both brainstem sensory nuclei and ef-
ferent sympathetic premotor glutamatergic 
neurons.16 Meng et al found that systemic 
injection of the gut microbiota-derived me-
tabolite trimethylamine N-oxide (TMAO) 
led to significantly increased activity in the 
paraventricular nucleus, a hypothalamic 
structure essential to the central autonomic 
network. Their study demonstrated that 
systemic TMAO also led to increased left 
stellate ganglion (LSG) activity, a known 
contributor to cardiac sympathetic tone.12

Inflammatory Pathways
Inflammatory responses are another path-
way for the gut microbiome to influence the 
cardiovascular system. SCFAs are a set of gut 
microbial metabolites produced in the colon 
by bacterial fermentation and decomposi-
tion of resistant starches and dietary fibers.17 
These metabolites are increasingly recognized 
for their role in modulating disease processes, 
including cardiac disease. Aguilar et al found 
that the progression of atherosclerosis was 
slowed in apolipoprotein E (Apo-E) knock-
out mice by a chow diet supplemented with 
butyrate, a SCFA, suggesting it is an athero-
protective therapeutic agent. Less adhesion 
and migration of macrophages, reduced in-
flammation, improved plaque stability, and 
lowered atherosclerosis progression.18 Wei et 
al demonstrated in animal models that direct 
microinjection of the proinflammatory fac-
tors interleukin (IL)-1β and tumor necrosis 
factor (TNF)-α directly into the subfornical 
organ increased heart rate, mean blood pres-
sure, and renal sympathetic nerve activity.19 

Metabolic Processes
Serotonin (5-HT), a metabolite of tryp-
tophan, is a neurotransmitter that regu-
lates many bodily functions and plays a 
significant role in the microbiota-brain-

gut axis.20 Oral ingestion of the bacterial 
species Bifidobacterium infantis increased 
plasma tryptophan in rat models.21 Ad-
ditionally, many other microorganisms, 
including species of Candida, Strepto-
coccus, Escherichia, and Enterococcus are 
known to produce 5-HT.22 While a rela-
tionship between the gut microbiome and 
plasma 5-HT has been established, inter-
actions between 5-HT and the cardiovas-
cular system are complex. Research has 
shown that stimulation of 5-HT

1A recep-
tors produces bradycardic and vasopres-
sor effects, while stimulation of the 5-HT

2 
receptor induces vasoconstriction and 
tachycardia.23

A high-fiber diet can lower the incidence 
of hypertension, although the mechanisms 
are not clear. One potential reason could be 
alteration in gut bacteria, as a diet high in 
fiber has been shown to increase the preva-
lence of acetate-producing bacteria.24 

FIGURE. In the context of heart arrhythmias, the gut microbiota produces sub-
stances that are beneficial (turquoise), inhibiting arrhythmias; or detrimental (pink), 
promoting arrhythmias. TMAO promotes inflammation (red) in the brain and LSG 
to promote sympathetic remodeling to the heart that increases glutamate. TMAO 
and gut microbiota-exacerbated inflammation (red) promote increased numbers of 
glutamate receptors (NMDA receptors); the increased receptors and ligand drive 
arrhythmogenesis. Conversely, beneficial gut microbial products such as acetate 
inhibit the arrhythmias arising from fibrotic remodeled areas, while propionate 
reduces inflammation that contributes to arrhythmias and directly inhibits arrhyth-
mias. Serotonin promotes arrhythmias via cardiac serotonin type 4 receptors, de-
spite having many beneficial actions in the body.
Abbreviations: IL1β, interleukin-1β; LSG, left stellate ganglion; NMDA, N-methyl-d-
aspartate; TMAO, trimethylene N-oxide; TNF-α, tumor necrosis factor-α.
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ATHEROSCLEROSIS
Research investigating the relationship of the 
gut microbiome with arrhythmias is in its 
early stages; however, the connection of the 
gut microbiome and atherosclerosis is more 
established.25 Contemporary studies have 
shown various gut microorganisms associ-
ated with atherosclerosis.26 Jie et al reported 
that patients with atherosclerotic cardiovas-
cular disease had increased Enterobacteria-
ceae loads and oral cavity-associated bacteria 
with lower levels of butyrate producing bac-
teria when compared with healthy controls.27 
In addition, microbial metabolites such as 
TMAO appear to promote atherosclerosis by 
increasing vascular inflammation and plate-
let reactivity.26 Researchers are investigating 
the modulation of these associations to help 
reduce atherosclerotic burden. Kasahara et al 
found that Roseburia intestinalis could reduce 
atherosclerotic disease in mice through the 
production of butyrate.28 Roberts et al estab-
lished that administration of TMAO inhib-
itors reduced TMAO levels while reducing 
thrombus formation without observable tox-
icity or increased bleeding risk.29 

ATRIAL ARRHYTHMIAS
The gut microbiome can also specifically 
affect cardiac arrhythmogenesis, and mul-
tiple studies suggest possible mediators of 
this interaction. Certain gut microbiome-
derived metabolites like TMAO may have 
a role in promoting AF.30 Other gut micro-
bial metabolites like lipopolysaccharides 
and indoxyl sulfate are implicated in atrial 
electrical instability.31,32 Microbe-derived 
free fatty acids such as palmitic acid and 
adrenic acid can precipitate arrhythmogen-
esis.33,34 Preponderances of certain gut bac-
teria like Ruminococcus, Streptococcus, and 
Enterococcus, as well as reductions of Fae-
calibacterium, Alistipes, Oscillibacter, and 
Bilophila have been detected in patients 
with AF.8 Tabata et al found that certain 
clusters of bacterial groups led by Ru-
minococcus species seem to show higher 
prevalence in patients with AF, whereas 
the genus Enterobacter was significantly 
lower compared with control subjects. 
That study also noted that gut microbial 
composition is affected by diet and antacid 
use.35 Gut microbiome-derived serotonin 
may be another mediator for AF, which 

may be related to the fact that 5-HT
4
 re-

ceptors are present in atrial tissue.36

VENTRICULAR ARRHYTHMIAS
A critical component to the development 
of malignant ventricular arrhythmias is an 
imbalance in autonomic tone; in particular, 
the overactivation of the sympathetic ner-
vous system.37 Animal models have shown 
that augmentation of the sympathetic ner-
vous system plays an essential role in the 
subsequent development of ventricular ar-
rhythmias.38 Several studies have established 
the LSG as an important component of the 
cardiac sympathetic nervous system path-
way.38,39 Ablation of the LSG has been shown 
to effectively reduce the burden of malignant 
arrhythmias, further pointing toward the role 
of excess sympathetic activity.37,39 Stellate 
ganglion denervation has become an estab-
lished method for managing life-threatening 
ventricular arrhythmias.40 

Gut metabolites may have significant ef-
fects on cardiac sympathetic activity. Meng 
et al investigated the effect of TMAO on the 
LSG in animals and its overall effect on the 
incidence of ventricular arrhythmias under 
ischemic conditions. To fully explore this in-
teraction, they examined the effect of TMAO 
on LSG function though 2 mechanisms: 
local administration of TMAO within the 
LSG and systemic administration of TMAO 
leading to activation of the central sympa-
thetic nervous system. In both protocols, 
left anterior descending coronary artery oc-
clusion was performed after TMAO admin-
istration. Injection of TMAO directly into 
the LSG was found to significantly increase 
the cardiac sympathetic tone and incidence 
of ventricular arrhythmias. In the systemic 
administration control arm, ventricular ar-
rhythmias were also significantly increased.12 

Increased inflammatory states appear to 
correlate with an increase in sympathetic 
tone and ventricular arrhythmias.12 In an an-
imal study, direct injection of the proinflam-
matory factor IL-1β into the LSG not only 
resulted in increased inflammation, but ag-
gravated cardiac sympathetic remodeling. 
This led to a decreased effective refractory pe-
riod and action potential duration, leading 
to an increased maximal slope of the restitu-
tion curve and higher occurrence of ventric-
ular arrhythmias.41 Shi et al demonstrated 
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that paraventricular nucleus microinjection 
with TNF-α and IL-1β also enhanced the car-
diac sympathetic afferent reflex, showing that 
these proinflammatory cytokines not only 
upregulate the inflammatory response, but 
can also have excitatory effects that stimulate 
sympathetic activity and have the potential 
to be proarrhythmic.19,42 Local and systemic 
administration of the gut microbe-derived 
TMAO increased the expression of IL-1β and 
TNF-α, thus implicating the microbiome as 
a potential mediator of the inflammatory re-
sponse and as another potential pathway for 
increased ventricular arrhythmias.12 

The N-methyl-d-aspartate receptor 
(NMDAR) is found in multiple organs—in-
cluding the heart—but more specifically in 
the conducting system and myocardium.43,44 
Research has discovered an upregulation of 
NMDARs in the setting of cardiac sympa-
thetic hyperinnervation in rat models both 
with healed myocardial necrotic injury and 
without. The infusion of their ligand, NMDA, 
provoked ventricular tachycardia and ven-
tricular fibrillation in rat models with sym-
pathetic hyperinnervation and healed 
myocardial necrotic injury.45 Another study 
found that NMDAR activation provoked ven-
tricular arrhythmias, but also prolonged repo-
larization and induced electrical instability.46 
Proinflammatory markers have been shown 
to upregulate the expression of NMDARs; 
more importantly, NMDAR expression has 
been shown to be significantly increased in 
the setting of TMAO administration.12,47,48

5-HT also appears to have a substantial 
association with ventricular arrhythmias 
in addition to atrial arrhythmias. el-Mahdy 
demonstrated in anesthetized rats with 
acute coronary ligation that systemic doses 
of 5-HT represented a significant dose-
dependent increase in the duration of 
ventricular tachycardia and ventricular fi-
brillation, while also increasing the num-
ber of ventricular ectopic beats.49 Certain 
gut microorganisms are known to produce 
5-HT, including those in the genera Strep-
tococcus, Escherichia, and Enterococcus.22 
Additionally, oral ingestion of the Bifido-
bacterium infantis increased plasma levels of 
tryptophan in rat models.21 The gut microbi-
ome may have significant effects on plasma 
serotonin levels, and thus have the potential 
to alter the risk for ventricular arrhythmias.

The deleterious effects of the gut microbi-
ome have been documented. However, it ap-
pears to have potential protective effects, and 
several studies point to the possible mecha-
nisms of this beneficial interaction. Propio-
nate is a SCFA microorganism produced by 
gut microbial fermentation.50 In a rat model 
study, Zhou et al found that infusion of so-
dium propionate significantly reduced ven-
tricular arrhythmias during acute myocardial 
ischemia or burst stimulation, thus confirm-
ing cardioprotective effects.50,51

Proposed mechanisms for reduced sus-
ceptibility to ventricular arrhythmias with 
propionate infusion include parasympathetic 
activation via the gut-brain axis, anti-inflam-
matory pathways, and improved cardiac 
electrophysiology instability.50 In addition 
butyrate has been found to reduce inflamma-
tion and myocardial hypertrophy. Jiang et al 
demonstrated in rats postmyocardial infarc-
tion that butyrate promoted expression of 
anti-inflammatory M2 macrophage markers, 
decreased expressions of nerve growth fac-
tor and norepinephrine, and decreased the 
density of nerve fibers for growth-associated 
protein-43 and tyrosine hydroxylase. The cu-
mulative impact of butyrate led to suppres-
sion of inflammation and the inhibition of 
sympathetic neural remodeling, ultimately 
resulting in improved cardiac function and 
reduction in ventricular arrhythmias after 
myocardial infarction.52

Gut bacteria-derived acetate-mediated re-
duction in cardiac fibrosis may be another 
mechanism for the effects on ventricular 
arrhythmias. Cardiac fibrosis and scar are 
established as the primary substrate for re-
entrant ventricular arrhythmias seen in vari-
ous cardiomyopathies.

FUTURE DIRECTIONS
The microbiome residing in the human gut 
has a significant impact on cardiac arrhyth-
mias, the details of which remain unknown. 
A likely bidirectional relationship exists in 
which the gut microbiome may affect ar-
rhythmogenesis and in turn be affected by 
cardiac arrhythmias. The mechanisms of 
action are not well understood, but likely 
involve the autonomic nervous system, in-
flammation, and metabolic pathways.

The gut microbiome is a complex collec-
tion of heterogenous microorganisms that 
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have dramatic effects on the human body. 
Additional research is necessary to identify 
further associations and causations of gut mi-
croorganisms with various human body pro-
cesses, as well as cardiovascular disease. The 
microbiome has been shown to directly and 
indirectly influence the development of dif-
ferent disease states, including the cardiovas-
cular system and cardiac arrhythmias. Several 
pathways have been proposed through which 
the gut microbiome can potentially affect 
cardiac arrhythmogenesis. There are likely 
several mechanisms simultaneously in op-
eration. Understanding the role of human 
gut microbiome in the genesis of cardiac ar-
rhythmias not only may improve our under-
standing of arrhythmias, but also may result 
in novel treatment options. This could po-
tentially lead to the development of therapeu-
tic options and strategies to modulate the gut 
microbiome to help detect, prevent, and treat 
cardiac arrhythmias.
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