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Highlights

⚫ Heart failure（HF） is associated with the gut microbiota, while the

gut hypothesis of HF is less discussed in a thorough manner.

⚫ We reviewed how changes in metabolites of the gut microbiota

contribute to HF and possible underlying mechanisms.

⚫ We also reviewed potential interventions for HF targeting the gut

microbiota, including dietary interventions, probiotic therapy, fecal

microbiota transplantation, antibiotics, and other approaches.



Introduction—Prevelence and definition of HF

⚫ Worldwide, there are approximately 64.3 million HF 

patients, with HF patients accounting for 1% ~ 2% of 

adults in developed countries.

⚫ The 2022 AHA/ACC/HFSA guideline indicates that “HF is a 

complex clinical syndrome with symptoms and signs that 

result from any structural or functional impairment of 

ventricular filling or ejection of blood”, and 

asymptomatic stages with either cardiomyopathies or 

structural heart disease are considered at-risk for HF or 

pre-HF.



Introduction—The gut hypothesis

⚫ no later than 1997

⚫ imply the role of CHF in leading to increased bowel permeability and consequently

bacterial translocation and release of endotoxin

⚫ Metabolites, mainly trimethylamine N-oxide (TMAO) and short-chain fatty acids 

(SCFAs), play an important role in the interaction with HF.

⚫ Other metabolites like N, N, N-trimethyl-5-aminovaleric acid (TMAVA),

phenylacetylgutamine (PAGln) are also involved in HF.

⚫ In this review, we aim to briefly introduce “the gut hypothesis of heart failure”, role

of gut microbiota metabolites in HF, and related interventions.



Gut hypothesis of HF and impairment of intestinal barrier  

⚫ Low cardiac output and circulation

congestion in the system lead to

reduced intestinal perfusion, resulting

in ischemia and damage to the

intestinal barrier.

⚫ Ischemia of the intestines would

generate a series of pathological

changes



Gut hypothesis of HF and impairment of intestinal barrier  

⚫ 1997:  hypothesized that mesenteric venous

congestion in CHF leads to an increase in

bowel permeability, thus contributing to

bacterial translocation and release of

endotoxin deteriorating inflammation.

⚫ Proved in 1999.

⚫ Metabolites of the gut microbiota also have an

impact on HF.

Refined hypothesis: Congestion in HF would cause

increased bowel permeability, followed by

bacterial translocation and inflammation, and

alterations in the gut microbiota can exacerbate HF

through metabolites, mainly TMAO, SFCAs, and

resulting in a vicious cycle.



Changes in gut microbiota composition

⚫ Multiple studies have revealed that the gut microbiota composition is different

between HF patients and healthy controls.

⚫ Cbacteria, such as Bacteroides/Prevotellain, Eubacterium rectale, and Fusobacterium

prausnitzii, are found to be more frequent in HF patients, while others, such as

Coriobacteriaceae, Erysipelotrichaceae, and Ruminococcaceae, are decreased

⚫ The diversity of the gut microbiota is reduced in HF patients.



Changes in gut microbiota composition-Increase

⚫ Bacteroides/Prevotellain, Eubacterium rectale, Fusobacterium prausnitzii,  Campylobacter, Candida,

Salmonella, Shigella, Yersinia enterocolitica, and Candida species are more frequently found in CHF patients.

⚫ Candida, Campylobacter, Shigella, and Salmonella were found to be higher in NYHA III to IV than in NYHA

I to II CHF patients, while Yersinia enterocolitica was similar between the two groups.



Changes in gut microbiota composition-Decrease

⚫ The abundance of

Coriobacteriaceae,

Erysipelotrichaceae, and

Ruminococcaceae families ，

Blautia, Collinsella, unclassified

Erysipelotrichaceae, unclassified

Ruminococcaceae Eubacterium

rectale is lower in HF patients.

⚫ The abundance of Bacteroidetes

is higher, while Proteobacteria is

lower in young compared with

older HF patients.

⚫ Bacteria  that generate SCFAs

are also decreased in the HF

group.



Changes in metabolites contributing to HF-TMAO

TMAO can contribute to HF development through various and complex interactions.



TMAO could

⚫ promote cardiac fibrosis and hypertrophy, 

leading to myocardial damage 

⚫ trigger an inflammatory response and 

endothelial dysfunction 

⚫ alter the oxidation process, leading to 

disturbances in energy metabolism 

⚫ affect thermogenesis, which in turn may 

promote HF. 

Changes in metabolites contributing to HF-TMAO



SCFAs are mainly 

produced from dietary 

fiber by the gut 

microbiota. 

Unmetabolized SCFAs 

would enter portal 

circulation, with a 

small number of SCFAs 

reaching the systemic 

circulation

Changes in metabolites contributing to HF-SCFA



Studies have shown a decrease in SCFAs-producing 

bacteria in CHF patients

SCFAs could

⚫ mitigate cardiac fibrosis, hypertrophy, and vascular 

dysfunction

⚫ relieve inflammation: down-regulate pro-inflammatory 

cytokines and up-regulate anti-inflammatory cytokines 

⚫ improve vascular endothelial function

⚫ support the failing heart by bypassing 

palmitoyltransferase 1 (CPT1) and be used as an energy

Changes in metabolites contributing to HF-SCFA



TMAVA

⚫ Elevated and associated with an increased risk of 

cardiac mortality and transplantation

⚫ reduce fatty acid oxidation and promote cardiac 

hypertrophy in mouse models

PAGln

⚫ risk factor and prognostic indicator of HF

⚫ related to the presence and severity of HF 

⚫ In an HF mouse model, PAGln increased the chance of 

ventricular arrhythmias by TLR4/AKT/mTOR signaling 

pathway activation 

Changes in metabolites contributing to HF-Other agents



Gut microbiota and HF interventions/treatments

⚫ Dietary interventions 

⚫ Probiotic therapy 

⚫ Fecal microbiota 

transplantation （FMT）

⚫ Antibiotics

⚫ Other interventions 



Dietary Approaches to Stop Hypertension （DASH）diet

⚫ In HF patients, the DASH diet can improve 6-minute 

walking test performance, compliance of artery, exercise 

capacity, and quality of life scores evaluated after an 

intervention for 3 months 

Mediterranean diet 

⚫ linked with lower all-cause mortality in CVD patients, did 

not find a significant decrease in HF incidence 

Gut microbiota and HF interventions/treatments-Dietary



Lactobacillus rhamnosus GR-1 

⚫ Attenuate hypertrophy and improve systolic and diastolic function of 

the left ventricle, preserve LVEF and fractional shortening 

Saccharomyces boulardii

⚫ improve LVEF, shorten left atrial diameter, and lower total cholesterol 

and uric acid levels

Probiotic yogurt 

⚫ Relieve the inflammatory status in CHF patients 

GutHeart trail

⚫ treatment with Saccharomyces boulardii or rifaximin for three month, 

on top of standard of care, had no significant effect on LVEF, 

diversity of microbiota, or the measured biomarkers in HFrEF patients

Gut microbiota and HF interventions/treatments-Probiotic



FMT/stool transplantation 

⚫ The procedure of transplanting stool from a 

healthy donor into another patient’s intestine 

⚫ Primarily used to treat recurrent Clostridium 

difficile infection

⚫ The potential effects of FMT on HF are not well 

studied , may hold promise as a supplementary 

treatment for HF.

Gut microbiota and HF interventions/treatments-FMT



microbial translocation

⚫ after an ST-elevation myocardial infarction,

microbial translocation can induce

inflammation and cardiovascular events,

which can be alleviated by antibiotics

⚫ Rifaximin is widely used to treat microbiota

toxicity and translocation

⚫ The effects of antibiotics on gut microbiota

in HF have not been extensively studied.

⚫ Antibiotics are a double-edged sword, with

potential benefits and risks that need to be

carefully weighed.

Gut microbiota and HF interventions/treatments-Antibiotics



⚫ Vitamin D: High TMAO levels are linked with deficiency in

vitamin D, indicating that vitamin D may help reduce TMAO

levels in patients

⚫ B vitamins + vitamin D can result in lowering of TMAO levels

compared to vitamin D alone

⚫ Berberine: decrease TMAO production in animal intestines and

lower TMA and TMAO levels in both feces and plasma of

patients through vitamin-like effects.

⚫ 3,3-dimethyl-1-butanol  (DMB):  raise cardiac function and

alleviate cardiac remodeling in HF mice induced by pressure

overload by down-regulating plasma TMAO levels.

⚫ Traditional Chinese medicine:  regulates metabolism and is

metabolized by gut microbiota.

Gut microbiota and HF interventions/treatments-Other



Summary
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⚫ The gut hypothesis of HF highlights the potential of targeting gut microbiota for the

interventions or treatments of HF.

⚫ The composition and diversity of gut microbiota are altered in HF.

⚫ It produces more TMAO and fewer SCFAs compared to healthy individuals. 

⚫ TMAO promotes HF by promoting cardiac hypertrophy, fibrosis, inflammation, and

endothelial dysfunction, while SCFAs have a protective role by preventing pathophysiological

changes and satisfying energy metabolism.

⚫ Other microbiota metabolites like TMAVA and PAGln may also play a role in HF.

⚫ Dietary interventions and probiotic therapy have shown potential in attenuating HF and

improving cardiac function. Further research and studies are needed to determine the

effectiveness of FMT and antibiotics in HF treatment.

⚫ The gut microbiota represents a promising avenue for the development of novel HF treatments.
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