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Information on the correlation between intestinal microbiota and cardiovascular risk
is growing. Some species of the microbiota influence the metabolism of specific food
components (such as carnitine, choline, phosphatidyl-choline), synthesizing the pre-
cursor of trimethylamine oxide, a molecule with documented harmful activity on the
vascular wall. Other strains, on the other hand, metabolize dietary fibre by synthe-
sizing short-chain fatty acids, which have a significant anti-inflammatory activity, or
produce secondary metabolites originating from molecules present in food (such as
enterodiol, which derives from lignin), characterized by a vascular protection activ-
ity. Prebiotic effects from plant compounds (such as berberine or resveratrol) are
also documented, which would induce favourable changes in the composition of the
microbiota. The possibility of influencing the composition and activity of the intesti-
nal microbiota will probably represent, in the future, an important component of

cardiovascular prevention strategies.

Introduction

An increasing number of studies, both from clinical and ba-
sic research, suggest the existence of a significant connec-
tion between the activities of the intestinal microbiota and
cardiovascular risk. In this regard, the microbiota would
act with different mechanisms: specific bacterial strains
could, for example, have direct effects on atherogenesis;
or instead modify, both in a potentially atherogenic and in
a protective sense, compounds naturally present in food.
This review will examine some of the microbiota-cardiovas-
cular risk interactions that, in light of the available evi-
dence, can already be considered to have a convincing
scientific soundness.

A prime example of these interactions emerges from the
link, documented in numerous observational studies, be-
tween the consumption of meat and eggs and an increase
in cardiovascular risk. The classic explanation of this asso-
ciation refers, above all, to the presence, in these foods, of
saturated fatty acids (especially in meat) and preformed
cholesterol (especially in eggs). Both of these components
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would increase the levels of LDL cholesterol, and therefore
cardiovascular risk. However, this interpretation has re-
cently been challenged. A 2015 meta-analysis,' confirming
evidence already present in the literature, has in fact sig-
nificantly downsized the possible role of the saturated fats
in increasing cardiovascular risk; the effect of dietary cho-
lesterol on LDL cholesterol, on the other hand, is small, and
probably of limited importance in a large part of the
population.

It should therefore be considered possible that meats
and eggs favour the formation of atheromatous lesions
through a process not linked to their effect on cholester-
olaemia. In this regard, the authors of a now classic pa-
per have identified and characterized a well-defined
metabolic mechanism which, starting from choline,
phosphatidyl-choline, or carnitine (present in numerous
foods of animal origin), leads to the formation of trime-
thylamine (TMA); TMA is then enzymatically oxidized by
the liver, with the formation of trimethylamine oxide
(TMAO).? Trimethylamine oxide would be responsible for
arterial damage: if its blood levels are high, in fact, the
risk of cardiovascular events increases by ~60%;> this in-
crease is in any case independent of traditional cardio-
vascular risk factors.

Published on behalf of the European Society of Cardiology. © The Author(s) 2020.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any
medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com



L118

A. Poli

It is interesting to note that the conversion of carnitine,
choline, or lecithin into TMA (which activates the subse-
quent metabolic processes, previously mentioned) takes
place only in the presence, in the intestine, of bacterial
strains characterized by a specific enzyme endowment.
The determining role of the microbiota in this metabolic
sequence is clearly documented in experimental animal
models: the administration of carnitine in the mouse leads
to a significant increase in the plasma levels of TMA and
TMAO, but pre-treatment with antibiotics cancels this in-
crease, blocking the conversion of carnitine to TMA.2

The practical implications of these findings are relevant.
It is intuitive that, if the mechanism described is the one
actually responsible of the vascular damage associated
with the consumption of meat and eggs, this damage could
also be controlled by changing the composition of the in-
testinal microbiota. Similarly, it is conceivable that sub-
jects with different compositions of the microbiota will
differently react to the dietary intake of carnitine and cho-
line (and therefore of meat and eggs); these compounds
would be converted into TMAO in subjects who host in their
intestine bacterial strains relevant in this regard, while in
other subjects (without such strains in the microbiota) such
conversion would not take place. If this scenario were con-
firmed, changing the diet, or instead intervening on the
microbiota, and therefore on the metabolic modifications
induced by the microbiota on components of the diet,
would become alternative or complementary procedures,
to be carefully evaluated in their overall effects on cardio-
vascular risk.

Transferring these general concepts to operational rec-
ommendations is, however, complex, and probably for now
premature. The variability of individual responses (in terms
of TMAO production after an egg yolk load) is, for example,
very high; we do not know, additionally, which species or
strains of the microbiota play an essential role in these
metabolic sequences, nor are we able to influence,
through mechanisms of competition between the various
bacterial species, the overall capacity of the microbiota it-
self to produce TMA. But it is reasonable to think that,
in the future, we will be able to know and perhaps influ-
ence these processes: thus significantly changing—if the
assumptions described will prove to be exact—the relation-
ship between some important components of the diet and
health.

Interestingly, TMAO would also possess a specific pro-
inflammatory effect, which would be relevant in determin-
ing its contribution to cardiovascular risk. A state of chronic
micro-inflammation, which can generally be identified by
a modest but stable increase in plasma levels of C-reactive
protein, is in fact regularly associated, in prospective stud-
ies, with an increased risk to develop cardiovascular dis-
eases. Recently it has been shown that some compounds of
bacterial synthesis (short-chain fatty acids or SCFAs) have
an interesting anti-inflammatory action.* The intestinal
microbiota produces these compounds mainly from fer-
mentable fibres (such as pectins, beta-glucans, guar gum,
inulin, and  phospho-oligosaccharides), essentially
contained in fruit, vegetables, and whole grains.
Non-fermentable fibres (such as cellulose and lignin), on

the opposite, do not contribute significantly to SCFA
synthesis.

These fatty acids are important, as previously men-
tioned, also for their role in modulating inflammatory pro-
cesses, through different mechanisms.

On the one hand, SCFA improves the barrier effect of the
intestinal mucosa (e.g. by stimulating the production of
mucin), limiting the passage of molecules and cells in the
circulatory system, and thus contributing to the reduction
of the overall inflammatory stimulus to the body. But SCFAs
also have more direct effects: many cells involved in the
immune response are in fact equipped with specific recep-
tors for these fatty acids, which if activated affect their
functions, mainly in an inhibitory way.® These receptors
are mostly G protein-coupled receptors, which generally
have cyclic AMP as the second mediator. They are wide-
spread in many areas of the body (e.g. they are also found
on the surface of the cells of the intestinal epithelium, or
fat cells, where they influence, e.g. lipolysis).

In general, SCFAs (and especially butyrate) seem to in-
hibit the activation of the nuclear factor NF-kB and the ac-
tivity of histone deacetylases (HDAC),® two mechanisms
that act on biochemical processes that are central, among
other things, in inflammatory responses. Their overall ef-
fect, as we remembered, is to attenuate the inflammatory
responses to various stimuli. Through these mechanisms,
butyrate, for example, inhibits the proliferation of T lym-
phocytes, and at high doses induces apoptosis of activated
T lymphocytes.” T-reg cells, characterized by regulatory or
suppressive activity on immunity mechanisms, are instead
activated by SCFAs, probably always through the inhibition
of HDAC.2 Inhibition of activation of the nuclear factor NF-
kB and of the activity of HDAC also seems to be the mecha-
nism behind the suppression of the release of TNF-alpha
(one of the most important inflammatory cytokines) by
granulocytes, monocytes, and macrophages after contact
with bacterial membrane lipopolysaccharides.

These anti-inflammatory actions probably explain the
protective role of SCFA in inflammatory bowel diseases,
now well documented, but they also allow to hypothesize a
possible preventive action of atherosclerosis and its clinical
manifestations, characterized, as mentioned, by a activa-
tion of inflammatory processes. Short-chain fatty acids
also seem to counteract the accumulation of triglycerides
in fat cells; contrasting the development of overweight
and obesity and thus also limiting the pro-inflammatory ac-
tion of excess weight. These anti-inflammatory effects of
SCFA can help to understand the well-recognized associa-
tion, between the dietary consumption of dietary fibre and
the reduction of plasma levels of PCR or interleukina-6 or
TNF-alpha. The systemic anti-inflammatory effect of the
fibre, not easy to understand for a non-absorbable com-
pound, becomes in fact better explained if it is associated
with instead well absorbable metabolites of the fibre, such
as SCFA. And this anti-inflammatory action of fibre can
help justify the favourable results that fibre consumption
plays, according to a recent meta-analysis, on both cardio-
vascular and neoplastic risk, as well as on all-cause
mortality.’
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Another possible level of intervention of the microbiota
in these phenomena can also be represented by an increase
in the bioavailability of antioxidant molecules, which
amplifies their protective effect; some compounds of vege-
table origin can also have a prebiotic effect on specific
strains.

Berberine, present in many food supplements, seems,
for example, able to stimulate the growth of Akkermansia
muciniphila, which would significantly contribute to the
vascular protection effect associated with the use of ber-
berine itself in experimental models.”® Similarly, many
foods rich in polyphenols are able to influence intestinal
bacterial growth, also representing the metabolic basis for
the synthesis of secondary metabolites, sometimes of po-
tential health interest (such as enterodiol produced from
lignin)."" Resveratrol, by changing the profile of the intesti-
nal microbiota, would instead reduce, according to some
preliminary data obtained in the animal, the conversion
of choline into TMA and therefore in the corresponding
oxidized compound (TMAO),'? thus weakening one of the
possible mechanisms, previously mentioned, of the athero-
genicity of meat and eggs.

Some authors have also wondered if some of the health
benefits typical of the Mediterranean diet, especially on
cardiovascular risk, can actually derive from the specific
microbiota associated with this diet.

In most of the published studies, in fact, the consump-
tion of a Mediterranean type diet is associated with a spe-
cific microbiota, different from that associated with a
western-style dietary pattern. The ‘Mediterranean type’
microbiota is first of all characterized, generally speaking,
by a greater biodiversity (i.e. by a greater number of bac-
terial species identified);'> a characteristic considered
positive from the point of view of the effects on health.
More specifically, the western diet is, for example, associ-
ated with high levels of Bacteroides, while Prevotella are
more represented in the Mediterranean diet. Gutierrez-
Diaz et al.™ have identified higher levels of Clostridium
cluster XIVa and Faecalibacterium prausnitzii in subjects
with a high adherence score to the Mediterranean diet.
The same score, in another publication of the group, was
associated with a greater abundance of Bacteroidetes,
Prevotellaceae, and Prevotella and a lower presence of
Firmicutes and Lachnospiraceae. Even a lower Firmicutes-
Bacteroidetes ratio has been associated with high adher-
ence to the Mediterranean diet."®

Typical components of the Mediterranean diet also seem
to be associated with the presence of specific strains in
the intestinal microbiota. Cereals, for example, with
the presence of Bifidobacterium and Faecalibacterium,
Tenericutes and Dorea with olive oil, red wine again with
Faecalibacterium, vegetables with Rikenellaceae, Dorea,
Alistipes, and Ruminococcus, legumes with Coprococcus.™
The same authors have observed a correlation between the
polyphenol content of the diet (typically high in the
Mediterranean diet) and the presence of specific clostrid-
ium clusters (XIVa) and Faecalibacterium, capable of
synthesizing butyrate and probably endowed with an anti-
inflammatory action (like Akkermansia, also more

represented in association with the Mediterranean diet).
The combination of the dietary components typical of the
diet and the specific prevalent microbiota leads to the pro-
duction of specific metabolites, such as the SCFA, previ-
ously mentioned, more represented in the faeces of
subjects with a Mediterranean diet as opposed to the
TMAO, more associated with a western-type diet.

Conclusion

In conclusion, accumulating evidence indicates a direct in-
volvement of the gut microbiota in cardiovascular risk. This
area will be further explored in the coming years, and it is
easy to predict that this will also allow to face cardiovascu-
lar risk through innovative strategies, based on the modifi-
cation of the microbiota itself.
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