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Abstract
Foods have a wider role besides simply satisfying hunger, and the gut may be the source of several diseases. The human
gut is populated by 100 trillion microorganisms and the most abundant phyla are the Firmicutes ( 60 a 80%), such as the
lactobacilli, and the Bacteroidetes ( 20 a 40%), such as the gender Bacteroides.The obesity epidemics may be related to
the constant availability of food, less physical exercise, and influences on the gut microbiota such as type of food
ingested (low fiber, high calorie, and high fat). The beneficial effects of the gut microbiota result partly from products
derived from the fermentation of nondigestible carbohydrates (fibers), which generate short chain fatty acids, which in
turn influence hormones that stimulate insulin secretion, improve insulin receptor sensitivity, promote satiety and
inhibit glucagon secretion. Obese individuals have increased intestinal permeability and LPS release may promote,
through metabolic endotoxaemia, an inflammatory state, such as seen in type II diabetes mellitus and obesity. Chronic
heart failure results in a decreased perfusion of the gastrointestinal tract, with edema, dysmotility and malabsorption,
which facilitates LPS release, which may induce negative inotropic effects, myocardial hypertrophy, fibrosis and
apoptosis via tumor necrosis factor (TNF)-α, interleukin (IL)-1 and IL-6. Trimethylamine-N-oxide (TMAO) is a microbiota
derived metabolite and is pro-atherogenic.
Eating healthy and making judicious use of antibiotics may promote cardiovascular health via effects on the gut
microbiota.
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Introduction
“Let food be thy medicine and medicine be thy food”
and “All disease begins in the gut” are sayings
attributed to Hypocrates, 460 B.C. The concept that
foods have a wider role besides simply satisfying
hunger, and that the gut may be the source of several
diseases is not new (1). Despite this, the interest of the
general public or that of the scientific community on
this issue is relatively contemporaneous. Recent studies

have boosted the production and commercialization of
the so-called functional foods, including probiotics and
prebiotics. Prebiotics are nutritional substrates that
promote the growth of microbes that confer health
benefits in the host. Probiotics are live microbes that
confer health benefits when administered in adequate
amounts in the host. Some formulations are synbiotics,
that is, they contain a combination of prebiotics and
probiotics.
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Basics:
The human microbiota is complex and dynamic. It is
present in the skin surface, in the oral cavity, in the
nasopharynx,
genitourinary
tract
and
the
gastrointestinal tract. It exceeds 10 times the number of
somatic cells and 150 times the number of bacterial’s
(and other microorganisms’) genes (the microbiome)
compared to the human genome. The microbiota is
more heavily concentrated in the colon, and is mainly
composed of bacteria, some archae, eukaryots and
viruses. However, it is estimated that only 30% of the
human gut microbiota has been characterized, as
current microbiological methods are unable to detect
most of them. The human gut is populated by 100
trillion (10 14) microorganisms and the most abundant
phyla in humans and mice are the Firmicutes (60 - 80%),
such as the Lactobacilli, and the Bacteroidetes ( 20 40%), such as the gender Bacteroides.(2).
Gut colonization is influenced by the mode of birth and
by lactation (or its absence) and microbiota composition
stabilizes at the age of 3 years. Subsequently there are
various influencing factors, such as geographical, diet,
age, use of prebiotics, probiotics, and antibiotics.
Despite these influences, many microbial species
persist, especially those acquired early in life (2).
The beneficial effects of the gut microbiota result partly
from products derived from the fermentation of nondigestible carbohydrates (fibers), which generate short
chain fatty acids (SCFA), the most important of which
are acetate, propionate and butyrate. These serve as
energy sources to peripheral tissues, to the liver and to
the colonic epithelium. SCFA are natural ligands to the G
protein, which is attached to the GPR43 receptor, which
in turn is expressed in several tissues, such as
adipocytes, endocrine and immunologic cells. When
SCFA bind to the GPR43 receptor in colonocytes, they
stimulate GLP-1 (glucagon-like peptide-1) secretion, an
incretin that is produced by the gut and stimulates
insulin secretion, improves insulin receptor sensitivity,
promotes satiety and inhibits glucagon secretion. Mice
who overexpress GPR43 in fat tissue remain lean even
when fed a high-fat diet; they weigh less, have less
white fat tissue and smaller adipocytes. Consequentially
they have better glucose tolerance and adequate lipid
metabolism (3, 4).

Lamas

SCFA act on several intestinal peptides; for example, the
oral administration of butirate, and to a lesser degree,
that of propionate, results in a significant increase in
plasma levels of gastric inhibitory peptide (GIP),GLP-1,
PYY, insulin and amylin, and the general effect of this is
the slowing down of digestion and of the intestinal
transit, which promotes satiety and increases plasma
insulin levels. Acetate increases leptin release from
adipocytes and stimulates the lipolysis rate and the
lipogenesis; it also increases propionate and butyrate
actions on PYY and GLP-1(4).
The obesity epidemics
The obesity epidemics may be related to the constant
availability of food along the last centuries, or more
recently, and importantly, along the last decades. This
was accompanied by a progressive decline in physical
activity. These two factors have led to energy imbalance
in human beings. As part of the evolutionary
development, man has remained physiologically prone
to protect his energy stores by accumulating fat tissue.(
5). Besides these fairly simple considerations, other
issues are at stake: there is a striking difference in
quality and diversity of the microbiota in lean and fat
individuals, men and mice. These differences come by
different eating habits: diets with high sugar and fat
content (so called the western diet) lead to the
predominance of Firmicutes and to a decrease of
Bacteroidetes. In the phylum Firmicutes, Lactobacili
predominate, but species variation may be associated
with fatness, for ex. L. reuteri , or to slimness, ex.
L.gasseri. Some studies in obese men show an increase
in the number of Actinobacteria and Prevotella. An
increase in Methanobacterium smithii, of the Archaea
phylum, has been noted in anorexic patients (4-6). The
high fiber diet in less developed societies, associated
with less sugar, fat and calorie intake, bring about
greater variety of the gut microbiota in these
populations. Obese mice and men have a deranged
intestinal permeability and LPS release may promote,
through metabolic endotoxaemia, an inflammatory
state, such as seen in type II diabetes mellitus and
obesity (2,4,5,7).
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Cardiovascular events and microbiota derived TMAO
Trimethylamine-N-oxide (TMAO) is a microbiota derived
metabolite and it is pro-atherogenic in men and mice.
TMAO results from the metabolism of ingested choline
and L-carnitine; choline is present in eggs, red meat,
fish, shrimps, milk and vegetables such as broccoli,
cauliflower and quinoa; L-carnitine is present
essentially in red meat. Choline taken orally is
metabolized to trimethylamine (TMA) by gut bacteria;
TMA is absorbed and metabolized in the liver to TMAO
by monooxigenases. Plasma levels of TMAO have a
positive correlation to cardiovascular risk. A study on
the relationship of TMAO and the incidence of
cardiovascular (CV) events (death, myocardial infarct or
stroke) was done on 4007 patients who had
angioplasty, with a 3-year follow up. Even when
traditional risk factors for CV disease were adjusted,
elevated TMAO levels could predict major CV events.
The link between microbiota and CV disease
pathophysiology was established. On the other hand,
3,3-Dimethyl-1-butanol (DMB) is a molecule that
inhibits TMA production derived from choline. DMB is
found in some foods such as balsamic vinegar, olive oil
and grape seeds. This may partially explain the
beneficial effects of the so called Mediterranean diet,
which is little atherogenic. Despite evidences, it is not
clear whether the modification of the gut microbiota
precedes metabolic changes or simply coincides with
them, and causality cannot be ascertained (8).
Heart failure
Chronic/congestive heart failure (CHF) is an important
cause of morbidity and mortality worldwide, despite
advances
in
therapeutics.
Neuroendocrine
dysregulation is at its genesis, but CHF is also
characterized by an important inflammatory
component, accompanied by an increase in circulation
cytokines and inflammatory mediators (9, 10). CHF
results in a decreased perfusion of the gastrointestinal
tract, with edema, dysmotility and malabsorption. The
damage to intestinal permeability facilitates bacterial
translocation and endotoxin release. Bacterial
components, such as LPS, reach the systemic
circulation, releasing tumor necrosis factor (TNF)-alfa, a
cytokine with cardiosuppressive action (11). The same
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mechanisms may increase interleukin (IL)-1 and IL-6.
The resulting inflammation may induce negative
inotropic effects, myocardial hypertrophy, fibrosis and
apoptosis. This gut-heart axis contributes to the
worsening of CHF. Studies utilizing short courses of
antibiotics have shown a decrease of toxic metabolites
implicated in cardiovascular damage, such as TMAO
(12). In rats, the administration of probiotics improved
cardiac function following induced myocardial infarction
(13). In human individuals, the outpatient
administration of probiotics for 3 months improved left
ventricular ejection fraction by 5% (14) .Therefore,
modulation of the gut microbiota made it possible to
improve acute and chronic heart dysfunction.
Potential beneficial measures in nutrition and
antibiotic use for cardiovascular health :
- Decrease the oral intake of foods, which are rich in
choline, so as to decrease the amount of TMAO
generated.
- Increase the offer of foods, which are rich in DBB.
- Stimulate the intake of high fiber content foods,
especially oligossacharides fructanes and galactanes,
which act as prebiotics (15).
- Eat the least possible high fat high sugar diets.
- Be cautious regarding the use of probiotics, as they
may result in no effect or in deleterious effects,
especially in immunossuppressed or severely ill patients
(16).
- Make judicious use of antibiotics, since they are nonselective in eliminating gut bacteria, and may cause
immediate and long lasting metabolic effects (17,18).

Peer-review: internal and external
Conflict of interest: None to declare
Authorship: C.L.
Acknowledgement and funding: Dr. Lamas received a
research grant from Fundacao de Amparo a Pesquisa do
Estado do Rio de Janeiro (FAPERJ; number #
E26/202.782/2015).

Heart, Vessels and Transplantation 2019; 3: doi: 10.24969/hvt.2019.137
The gut and the heart

Lamas

References:
1. Smith R. “Let food be thy medicine...” BMJ 2004; 328:
0.
2. Sankar SA, Lagier JC, Pontarotti P, Raoult D, Fournier
PE. The human gut microbiome, a taxonomic
conundrum. Syst Appl Microbiol; 38: 276-86.
3. McKenzie CI, Mackay CR, Macia L. GPR43 - A
prototypic metabolite sensor linking metabolic and
inflammatory diseases. Trends Endocrinol Metab 2015;
26: 511-2.
4. Rosenbaum M, Knight R, Leibel RL. The gut
microbiota in human energy homeostasis and obesity.
Trends Endocrinol Metab 2015; 26: 493-501.
5. Krajmalnik-Brown R, Ilhan ZE, Kang DW, DiBaise JK.
Effects of gut microbes on nutrient absorption and
energy regulation. Nutr Clin Pract 2012; 27: 201–14.
6. Armougom F, Henry M, Vialettes B, Raccah D, Raoult
D. Monitoring bacterial community of human gut
microbiota reveals an increase in Lactobacillus in obese
patients and methanogens in anorexic patients. PLoS
One 2009; 4: e7125.
7. Million M, Angelakis E, Maraninchi M, Henry M,
Giorgi R, Valero R, et al. Correlation between body mass
index and gut concentrations of Lactobacillus reuteri,
Bifidobacterium animalis, Methanobrevibacter smithii
and Escherichia coli. Int J Obes 2013; 37: 1460–6.
8. Yamashita T, Emoto T, Sasaki N, Hirata KI. Gut
microbiota and coronary artery disease. Int Heart J
2016; 57: 663-71.
9. Niebauer J, Volk HD, Kemp M, Dominguez M,
Schumann RR, Rauchhaus M, et al. Endotoxin and
immune activation in chronic heart failure: a
prospective cohort study. Lancet 1999; 353: 1838-42.
10. Gullestad L, Ueland T, Vinge LE, Finsen A, Yndestad
A, Aukrust P. Inflammatory cytokines in heart failure:
mediators and markers. Cardiology 2012; 122: 23-35.
11. Sandek A, Anker SD, von Haehling S. The gut and
intestinal bacteria in chronic heart failure. Curr Drug
Metab 2009; 10: 22-8.
12. Aukrust P1, Yndestad A, Ueland T, Damås JK,
Gullestad L. Anti-Inflammatory trials in chronic heart
failure. Heart Fail Monit 2006; 1: 2-9.
13. Gan XT, Ettinger G, Huang CX, et al. Probiotic
administration attenuates myocardial hypertrophy and
heart failure following myocardial infarction in the rat.
PLoS One 2017; 12: e0168622.
14. Costanza.A et al. Probiotic therapy with
Saccharomyces boulardii for heart failure patients: A

randomized, double-blind, placebo-controlled pilot trial.
Int J Cardiol 2015; 179: 348-50.
15. Gibson GR, Hutkins R, Sanders ME et al. Expert
consensus document: The International Scientific
Association for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of
prebiotics. Nat Rev Gastroenterol Hepatol 2017; 14:
491-502.
16. Costa RL, Moreira J, Lorenzo A, Lamas CC. Infectious
complications following probiotic ingestion: a
potentially underestimated problem? A systematic
review of reports and case series. BMC Complement
Altern Med 2018; 18: 329.
17. Raoult D. It is about time physicians and clinical
microbiologists in infectious diseases investigated the
aetiology of obesity. Clin Microbiol Infect 2013; 19:
303-4.
18. Thuny F, Richet H, Casalta JP, Angelakis E, Habib G,
Raoult D. Vancomycin treatment of infective
endocarditis is linked with recently acquired obesity.
Plos One 2010; 5: e9074.

