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The  human  body  can  be  viewed  as  a superorganism,  or
metaorganism,  because  its  gastrointestinal  (GI)  tract,  par-
ticularly  the  large  intestine,  is  colonized  by  trillions  of
microorganisms  (termed the microbiota)  that contain  hun-
dreds  of  times  more  genes  (composing  the microbiome)
than  those  present  in  the human  body  genome.  The  compo-
sition  and  activity  of  this  community,  which is  mainly
composed  of  bacteria,  co-develop  with  the  host  and are
modulated  throughout  life  by  genetic  and  environmental
factors,  including  diet,  exercise,  and  medication.

The  intestinal  microbiota  exert several  metabolic
effects,  called  co-metabolism,  which  include  contributing
to  extraction  of  energy  from  dietary  constituents  and the
production  of  important  compounds  and  nutrients  for the
host,  including  vitamins  and  short-chain  fatty  acids  (SCFAs).
In  addition,  the gut microbiota  perform  other  crucial  func-
tions  for  host  homeostasis,  including  protecting  against
pathogens,  maintaining  gut  barrier  integrity  and  training  the
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immune  system.  Disturbances  in the  composition,  diversity
or  function  of  this  bacterial  community  cause  a  condition
termed  dysbiosis.  Although  it is  difficult  to  define  a  truly
pathogenic  bacterial  community,  the  term  dysbiosis  has
been  used  to  describe  impaired  gut  microbiota  composition
and/or  diversity  and richness  in the context  of a disease
state.  With  the recent  striking  advances  in  technologies
for  the  analysis  of  both  genes  (particularly  metagenomic
sequencing)  and data, research  in this field  has intensified
and extended  to  various  areas  of  human  health.  Dysbiosis
of  the intestinal  microbiota  has  been  associated  not  only
with  disorders  of the GI  tract,  but  also  with  extra-intestinal
diseases,  including  cardiovascular,  metabolic,  renal  and
infectious  disease.1,2

Changes  in the composition  of intestinal  microbiota  have
been  described  in  the context  of several  types  of  car-
diovascular  disease  (CVD),  characterized  by  an impaired
Firmicutes/Bacteroidetes  ratio  and/or  reduction  in  the
prevalence  of  butyrate-producing  bacteria  in patients,3

including  those  with  heart  failure  (HF),4,5 compared  to
healthy  subjects.  HF  is mainly  characterized  by impaired
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pump  function  of the heart  muscle  that  effects  several  other
organs  and  tissues,  including  blood  vessels,  lungs,  and intes-
tine.  Regarding  the gut,  impaired  cardiac  function  causes
reduced  intestinal  perfusion,  mucosal  edema,  and  changes
in local  pH,  which can  alter  the composition  of the  micro-
biota,  as  described  in previous  studies  comparing  HF with
non-HF  subjects.6 It  has  been suggested  that  gut microbiota
dysbiosis,  together  with  changes  in the  intestinal  barrier,
particularly  the mucosa  layer,  can  alter  its  permeability  and
allow  translocation  into  the circulation  of bacterial  frag-
ments  ---  such  as lipopolysaccharide  (LPS),  an  endotoxin  ---
and  products  of  the bacteria  and host  co-metabolism  of
dietary  components.  LPS targets  vascular  smooth  muscle
cells,  endothelial  cells,  platelets,  macrophages  and  other
immune  cells,  promoting  vascular  damage,  platelet  aggre-
gation  and  cytokine  production,  collectively  contributing  to
a  state  of inflammation,  atherosclerosis  and  atherothrom-
bosis  which  is  common  in  HF patients  as  well  as  in other
CVD.7 Apart  from  the endotoxemia  hypothesis,  other  mech-
anisms  have  been  suggested  to  explain  the link  between
dysbiosis  and  CVD, including  the  production  of  metabolites
with  proatherosclerotic  and  prothrombotic  properties,  espe-
cially  trimethylamine  N-oxide  (TMAO),  which  will  be  further
discussed  below.

The  crosstalk  between  gut  microbiota  and  host  in CVD  is
complex  and  involves  various  players  and  factors,  in such  a
way  that  it  is  difficult  or  almost  impossible  to  determine
causal  relationships.  For  example,  it  is  unclear  whether
the presence  of  HF  per  se,  rather  than  the  existence  of
comorbidities,  especially  coronary  artery disease  (CAD),  is
responsible  for  the  changes  in gut  microbiota  composition
and/or  richness.  In  order  to  contribute  new  data  to  this
topic,  Kilic  et  al.,  in their  article  published  in this  issue  of  the
Journal,8 analyzed  gut microbial  composition  using  16S  ribo-
somal  DNA (rDNA)  sequencing  techniques,  in stable  systolic
HF  patients  with  reduced  ejection  and CAD,  compared  to  a
more  homogenous  group  of  patients  with  CAD  but  without
HF  (normal  ejection  fraction).  Determination  of  micro-
biota  composition  was  complemented  with  measurement
of systemic  inflammatory  markers,  including  tumor  necro-
sis factor-alpha,  interleukin  1-beta,  endotoxin,  C-reactive
protein,  galectin-3,  interleukin-6,  and  lipopolysaccharide-
binding  protein.  The  authors  found  no changes  in gut
microbial  richness  and diversity  in  stable  HF patients  with
CAD  compared  with  those  with  CAD but  without  HF,  suggest-
ing  that  stable  HF  per  se may  not  affect  the  gut  microbial
composition.  In addition,  no  statistically  significant  relation-
ship  was  observed  between  inflammatory  marker  levels  and
microbial  richness  and  diversity  when  analyzed  at  the phy-
lum  level.

In  their  paper,  the  authors  acknowledge  some  limita-
tions  that  may  bias  their  results,  including  the small sample
size  (40  patients,  19  with  HF  and  CAD  and  21  with  CAD
without  HF),  the  predominance  of males,  the broad  age
range  (between  40  and  74  years),  and  the  lack  of  objec-
tive  questionnaires  to  report  dietary  habits.  All  these  pitfalls
could  indeed  affect  the ability  to  obtain  robust  differences
between  the  groups.  In  addition,  the  authors  recognize  that
a patient  group  with  acute  decompensated  HF could  have
improved  the study.  Apart  from  the  limitations  due  to  the
difficulty  in controlling  for  factors  such as  diet  and  exercise
habits,  I  do  feel  that  the  study  is  also  harmed by  the back-

ground  CAD  in all  the  patients.  As  mentioned  above,  gut
microbiota  dysbiosis  has  been  reported  in several  studies  of
CVD  patients.  Kilic et al.  were  unable  to  establish  a  relation-
ship  between  microbial  diversity  in the gut  and  inflammatory
markers.8 However,  apart  from  inflammation,  it is  nowa-
days  clear  that host-microbiota  interaction  involves  several
other  pathways  and  players,  such  as  SCFAs  and  metabolites
of  bile  acids  and  amino  acids  (e.g.  tryptophan).  One  of  the
most  studied  is  TMAO,  a  metabolite  generated  by  a  metaor-
ganismal  pathway  involving  certain  bacteria  and  the host
liver.  Several  experimental  studies  have  shown  that  TMAO
can  contribute  to  atherosclerosis  and to  metabolic  and  renal
damage  by  several  mechanisms9;  in  addition,  clinical  stud-
ies  have suggested  that  TMAO  could  be a  biomarker  of  CVD
risk,  as  well  as  a prognostic  marker  in HF  patients.10 The
study  by  Kilic et al.  would  therefore  have  benefited  from
the  inclusion  of  measurements  of  TMAO  and other  microbial
metabolites,  as  well  as  from  the  assessment  of  SCFAs.

One  of  the most  critical  aspects  of  current  knowledge
regarding  the actual  importance  of  alterations  in gut micro-
biota  composition  and  function  in diseases  of  different
types,  including  CVD,  is the difficulty  in establishing  causal-
ity.  Is  dysbiosis  a cause  or  a  consequence  of CV disease?
Which  is  the  chicken  and  which  is  the egg?  In  order  to  clarify
this  and  other  open  questions,  studies  need  better sam-
ples  and  more  robust  data. Despite  the significant  advances
seen  in recent  decades,  there  is  still  a long  way  to  go  in
terms  of  scientific  knowledge.  Some  of  the most important
tasks  to  take  into  account  include:  (i)  unveiling  the stan-
dard  profile  ---  if one  actually  exists  ---  of  dysbiotic  intestinal
microbiota  in terms  of  CVD;  (ii)  proving  a causal  associa-
tion  between  dysbiosis  and  these diseases;  (iii)  exploring
the  importance  of  the  interactions  between  microbiota,
immune  system  and  diet for  the  diseases  in question;  (iv)
standardizing  the parameters  analyzed  in clinical  studies
used  to  assess  the  effects  of  strategies  aimed  at  modulat-
ing  the intestinal  microbiota;  (v)  understanding  the  impact
of  interventions  using  more  targeted  tools,  including  bac-
teria  produced  by  bioengineering  and bacteriophages;  and
(vi)  developing  more  comprehensive  and  consistent  stud-
ies,  which  include  these  more  targeted  approaches,  possibly
from  a  perspective  of personalized  medicine.
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