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Alterations in gut microbial composition and metabolism have
been mechanistically linked to the development of heart failure (HF)
[1]. However, the promise of targeting the gut microbiome to prevent
or even reverse disease progression remains somewhat unfulfilled
despite the exponential growth of technological advances that have
allowed us to gain insights and deliver therapeutic interventions to
modulate gut microbial metabolism [2]. In a recent issue of EBioMedi-
cine, an esteemed group of clinical investigators from Norway and
Brazil reported their primary findings of the GutHeart trial, a pro-
spective multicenter study that demonstrated that short-term treat-
ment of either rifaximin or Saccharomyces boulardii did not improve
cardiac function in patients with HF with reduced ejection fraction
[3]. Secondary endpoints, such as cardiac and inflammatory bio-
markers or gut microbial metabolites (e.g. trimethylamine N-oxide
[TMAOQ]), were also unaffected by either intervention, even though
rifaximin did alter gut microbial composition as expected. These find-
ings were in stark contrast with prior observations that Saccharomy-
ces boulardii may reestablish the production of short-chain fatty acids
(SCFA) and improve cardiac function [4]. Assuming that the gut
microbiome remains a therapeutic target for HF, findings from the
GutHeart study highlight several key opportunities and challenges in
the pursuit of precision medicine as clinical investigations continue
in this area.

First, we need to identify the right patients for the interventions.
As the authors alluded to in their paper, the fact that their study
cohort was relatively compensated and with minimal dysbiosis may
have limited the effectiveness of the utilized interventions. Future
investigations will depend on the ability to identify vulnerable
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populations, perhaps through the use of specific biomarkers, that
may better benefit from these interventions. In searching for a useful
biomarker, there is debate on whether or not to utilize stool micro-
bial composition as a marker of dysbiosis, since stool metagenomics
may not reflect the true intestinal microbial content, and microbial-
mediated metabolites can be affected by absorption and clearance
mechanisms of the human host and can be heavily influenced by die-
tary intake and behavioral factors [5]. Therefore, finding a reliable
biomarker to identify the appropriate vulnerable patient population
for intervention remains a top priority.

Second, we need to identify the right interventions to target the
pathophysiologic mechanisms of interest. While the beneficial effects
of probiotics, including altering intestinal pH, competing against
pathogenic organisms, and modifying host immune responses, are
touted as a global panacea for dysbiosis, accumulating evidence sup-
ports the notion that the efficacy of probiotics is likely both strain-
specific and disease-specific. Furthermore, acute or periodic ingestion
of a few microbial species may not produce the necessary effects to
shift an entire microbial community residing in an intact gut environ-
ment. Although previous animal models of HF have demonstrated
some beneficial effects of probiotic administration in acute ischemic
models [6], high-quality prospective human studies are still lacking.
Indeed, there was limited evidence to show that Saccharomyces bou-
lardii in the GutHeart study had any impact on local or systemic SCFA
levels. On the other hand, rifaximin is commonly used for the treat-
ment of irritable bowel disease and bacterial overgrowth, but its role
in modulating gut microbial composition is still evolving. In prior
non-cardiac studies, rifaximin did not alter the levels of cardiovascu-
larly important microbial metabolites TMAO or SCFA, but did modu-
late gut microbial compositions [7-9]. These observations are largely
consistent with the neutral findings from GutHeart, and may imply
that better understanding of the targeted mechanisms may be neces-
sary prior to the conduct of human intervention studies. It is also
important to recognize that even if initial (short-term) effects can
lead to a desirable alteration in gut microbiota-dependent metabo-
lites and a beneficial effect, long-term antibiotic treatment can ulti-
mately lead to potential harm if antibiotic-resistant microbes with
survival benefits adversely dominate the intestinal biome. Therefore,
we must understand how to appropriately balance the gut ecosystem
as we deliver the interventions.
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Third, we need to identify the best timing for the intervention.
Short term changes in gut microbial composition and function fol-
lowing dietary interventions have previously been shown to occur
within days to weeks [10]. Nevertheless, while it’s possible that the
neutral results reported in the GutHeart study represent a lack of any
changes, it’s also possible that short-term changes did occur but were
overcome by other host factors (such as changes in clinical status) or
environmental factors (such as changes in dietary habits) over time.
Furthermore, the assumption that modulating dysbiosis can alter the
natural history of HF remains largely untested, as upstream dietary
interventions that prevent HF may provide a greater impact than any
intervention after HF ensures. In this line of thought, the consistency,
reproducibility, and clinical relevance of the endpoints of interest
from dietary or metabolic modulation still needs further definition in
the HF population.

The neutral findings in some ways are a reminder that extrapola-
tion of interventions that have theoretic effects on the gut micro-
biome for other indications needs to be confirmed with rigorous
investigations in HF such as the GutHeart trial. There is the much-
needed work ahead in seeking a deeper understanding of the unique
therapeutic mechanisms targeting the gut microbiome that may alter
the natural history of HF.
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