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From the past several decades to the present, obesity and cardiovascular diseases emerge as a
major cause of mortality and morbidity, ultimately imposing a huge economic burden globally.
In humans, a healthy gut microbiota metabolizes several indigestible dietary components which
maintain host immune homeostasis, but an imbalanced host-microbiota is associated with
various metabolic disorders including cardiovascular diseases and obesity. In this present
review, we critically analyze the literature which provides better insight into the mechanistic
link of gut microbiota with obesity and cardiovascular diseases. There is strong evidence that
suggests the potential role of the gut microbiota in metabolic disorders including cardiovascular
diseases and obesity. In addition, the different studies report that gut microbes can play a
promising role in the management of obesity and the treatment of cardiovascular diseases. In
the future, multidisciplinary approaches and advancements in culturing and molecular biology
techniques can provide us a better understanding.
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INTRODUCTION

The term intestinal microbiota refers to the pool of
various microorganisms present in the gastrointestinal
tract (GIT) of the humans. This gut microbiota shapes
the physiology of the host immune system through
assimilation and digestion of nutrients, host tissue
maturation, and inhibit a deleterious appearance of
opportunistic pathogens.?2 The human metabolism is
influenced by the intestinal microbiome. This review
critically discusses the wvarious aspects of gut
microbiota with human pathophysiology pathways
and their role in the pathogenesis of cardiovascular
diseases (CVDs) and obesity.

Globally, a high number of pregnant women are obese
or overweight, which increases two-to-five-fold
greater risk of intergenerational obesity. A novel
hypothesis suggest that the obesogenic microbiota is
considered as one of the major causative agents in
newborns during its transmission from mother to
fetus.®> The low-level transmission of microorganism
through the placenta from mother to fetus has been
reported. The nonpathogenic bacteria from the
Fusobacteria, Tenericutes, Bacteroidetes, Firmicutes
and Proteobacteria have been detected in healthy
newborn babies’ meconium.* In infants, the
composition of gut bacteria is influenced by the
several factors such as mode of delivery at birth
[cesarean section [CS] vs. vaginal delivery], feeding
and weaning.®

The impact of CS birth on microbiota has been
associated with obesity or high infection rate due to
adverse immune development as compared to the
vaginal delivery® intrapartum antibiotics may affect
the fetus health status as it decreased the level of
Bifidobacterium, Bacteroides and Blautia.” In some
countries the highest incidence reaching up to 40.5%
is alarming.® Azad et al further revealed that difference
in cesarean delivered infants gut microbiota may be
due to the [elective vs. emergent] suggestion that it is
associated with underlying medical conditions rather
than a surgical procedure. Till now the presence of
such confounding factors remains unexplored and
have not been established.®

The breast milk keeps the high number of
Bifidobacterium in the gut and lowered the other
bacteria Enterobacteriaceae, Streptococcaceae and
Lactobacillaceae as compared to the mixed feeding
which alters this percentage of microorganisms.'° Due
to formula feeding, the increased number of
Firmicutes and Bacteroidetes was reported. These
alterations continued for the first three years of age
until a well-balanced microbiota and host states called
as Enterotypes is established which is the stable
microbiota.'! In adult, human gut is composed of
approximately hundred trillion bacteria and mainly
consist of the three phyla: Actinobacteria, Firmicutes
and Bacteroidetes.'? Several reports suggested that the
gut microbiota is specific to every individual. Thus,
difference in composition of gut microbiota and
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functional genes associated with different metabolic
disorders.

To date, various studies reported the potential role of
gut microbiota in obesity and cardiovascular disorders
but, the results remain inconsistent, hence, it is the
need of the hour to analyze all the literature available
that provide us the more definite results about the
mechanistic link of gut microbiota with metabolic
disorders and treatment strategies.

The purpose of the current review is to critically
analyze the role of the gut microbiota in
cardiovascular diseases and obesity. We also reviewed
the advanced laboratory analysis techniques and
therapeutic strategies

METHODOLOGY

The current literature was selected from the November
2019 to April 2020. A detailed search was done by
using different databases including Google and Bing,
Google Scholar and Medline/PubMed. Moreover, to
ensure the credibility only indexed journal articles was
included for study.

Impact of host genetics on gut microbiota: Host
genetics have shown the role in affecting microbiome
composition and individual bacterial taxa.!* The
classic approach used to differentiate the effects of
shared environment from those of shared genetics is
comparing the dissimilarity between the groups of
dizygotic twins and monozygotic twins. Each pair of
dizygotic and monozygotic twins revealed the
variation in genetic similarity 50% and 100%
similarity while both types share the same
environment. There are several reports which
confirmed the significant heritability of individual
bacterial taxa and overall microbiome composition.

Microbiome genome wide association studies
(MGWAS) are the cohort studies from the same
individual to investigate how the composition of
microbiome and host genetics affect health and disease
which combine whole genome sequencing (WGS) or
human genome typing with analysis of microbiome
(metagenomic sequencing or 16 ribosomal RNA
(rRNA). In 2017 mGWAS, confirmed the high
number of associations between the human host
genetic variants and gut microbiome. Moreover,
recently the family Methanogens and
christensenellaceae also identified as the heritable
bacterial taxa by using mMGWAS.'> Awany et al. in
2019 report the association between the gut
microbiome to the wide range of complex diseases
including cardiovascular diseases, diabetes, obesity,

inflammatory bowel diseases, weight gain and
asthma.*®

Impact of environmental factors on gut
microbiota: The maternal environment is considered
as one of the earliest factors which affects the gut
microbiota composition. The health status of the
offspring is affected by the maternal metabolic,
nutritional, and physiological states that ultimately
leads to abnormalities during developmental stages of
the fetus as well as after birth increased the risk of non-
communicable diseases among the newborns.® There
are different experiments performed on the animals
which proved that the presence of the microbiota in the
fetus is from the pregnant woman. Moreover, mother
weight gain during pregnancy can also affect the
microbiota composition as compared to the
recommended weight gain mothers’ infants. The
current evidence suggests that the at six-month high
abundance of Clostridium histolyticum and at one-
month lower number of the bacteriodes-prevotella
group due to obesity in mothers.” The gestational age
at birth also results in various alteration in gut
microorganisms as Fouhy et al. in 2019 reports that the
preterm infants have decreased the number of the
Bifidobacterium as compared to the full-term infants.
Profiles of microbiota are also characteristic in
children depends on gestational maturity and age as
the preterm and full-term delivery is characterized by
at year one Lactobacillus and Bacteroides at year two
Streptococcus and Parabacteroides while at year three
Carnobacterium and Christensenellaceae
respectively.'®

Gut microbiota composition: Due to the diversity,
complexity, and variation among individual results in
different microbial taxa which thus precise and
complete composition of gut microorganisms remains
a challenge. The core microbiome concept by using
the culture-based studies states that the Escherichia
coli is a core of stable colonizer around which other
microbes fluctuates slowly. While in comparison
sequencing based studies report the microorganisms in
the gut are hypervariable in population, which
ultimately confirmed the high specificity of final
composition and the concept of core microbiome is
less accepted.*

The human gut microbiota is composed of transient or
allochthonous  microorganism and indigenous
microorganisms also called as autochthonous. It is
comprised on the Eubacteria, Archaea and Eukarya
which shows the complex, trophic relationship with
each other and host.*® Figure 1 explains the factors
affecting the gut microbiota composition.*®
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In healthy adult, gut microbiota is dominated by the
phyla Bacteroidetes and Firmicutes followed by the
minor constituents of the Verrucomicrobia and
Actinobacteria. The species occurring in the gut
microbiota are described further in Figure 2.2° In
archaeal population the dominant microorganism is
M. smithii which is the hydrogen utilizing
methanogen.*

Gut microbiota physiological role: In humans, the
gut microbiota plays an essential role during the
metabolic process, particularly to those which are
linked to dietary metabolism. Over three million
genes encodes by the microbiome which encodesa
large number of metabolites which influences many
functions of the host, including various aspects of
host health such as metabolic, neurobehavioral
traits and immune system. Other key roles are those
associated with the short chain fatty acid
metabolism, improved lipid metabolism, insulin
signaling, decreases kidney toxin [indoxil sulphate],
increase antioxidant production, conversion of bile
acids to bile salts and vitamin synthesis.?! Dysbiosis
or imbalance in the gut microbiota composition can
cause obesity, cardiovascular diseases, diabetes,

and metabolic syndrome or in other case it may
cause increased susceptibility to infections in the
intestines due to its protective role in GIT in which
it inhibits the colonization of opportunistic or
pathogenic bacteria in the gut.'* The gut normal
flora may perturb due to overuse or misuse of broad
spectrum antibiotics, thus causing the recurrent
infections, obesity, CVDs or may lead to the
emergence of multi-drug resistant [MDR] bacteria.
Novel therapies are being developed to complement
antibiotic therapies attempting either re-establish
the beneficial effects of commensals communities
to the host together with selectively target the target
pathogens without disturbing the gut microbiota.??

Techniques/approaches used for the gut
microbiota determination: There are several
methods which are used for the gut microbiota
composition from routine culture methods used in
microbiology to the culture independent
approaches. The details of each of these major
approaches are discussed in detail, including every
method use and limitations in the following section.

Window of opportunity for microbiota modulation )

Postnatal factors:

« Feeding: breast-milk vs. formula
» Geographical location

« Family members
« Host interactions
« Maternal diet

» Weaning

Prenatal factors: Neonatal factors:
- Placenta » Mode of delivery
- Gestational age

Figure 1: Major factors affecting the composition of the gut microbiota'®
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Figure 2: Gut bacterial composition?

Culture-based: The culture-based method uses the
different culture media for isolation, identification, and
characterization of the bacteria. But it provides limited
insight due to the gap of knowledge regarding growth
requirements (pH, temperature, and selection of
appropriate media) for gut microbiota thus only 10-20%
of entire gut microbiota are easily cultured.®

Metagenomics: The characterization of these microbiota
appears a major challenge for the scientist around the
globe due to the limitations of culturing techniques used

SPECIES

examples

Desulfovidrionacese

Akhormansiaceas

in microbiology on the routine basis. The recent culture
independent approaches or omics techniques has been
revolutionizing the studies attempting to identify the
composition of the gut microbiota.

Shotgun sequencing: Metagenome assembled genome
is a method that enables the recovery of potential
genomes by using the denovo assembly of shotgun
metagenomic reads into counting sequences on the basis
of tetraneucleotide frequency and sequence coverage and
then place them into various bins.** The shotgun
metagenomics advantages include more specific
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functional and taxonomic classification of sequences,
better resolution and discovery of novel bacterial genes
and genomes but it is considered as expensive approach
for GIT microbiota determination.?

16S RNA sequencing: Microbial profiling using 16S
rRNA gene is basically the method which involves the 9
different hypervariable region flanked by highly
conserved deoxyribose nucleic acid sequence which are
suitable site for primer binding.!® The targeted 16S RNA
sequencing method provides more abundant data at the
taxonomic level and phylogenetic relationship, but in
comparison to the shotgun sequence it has low resolution
during polymerase chain reaction (PCR) step.?

Metaproteomics: Metaproteomics identifies and detects
the diverse proteins which further help to unravel the
molecular mechanisms underlying health and disease
pathogenesis, employed as biomarker during diagnosis
which ultimately provides more strategies regarding
disease prevention and management. But this approach
includes major limitations regarding protein extraction
and purification.?®

Metatranscriptomics: The RNA sequencing of the gut
microbiota provides insight into the biochemical
activities of microbiota by quantifying the active gene
microbial expression. And for all metabolically active
organisms, it provides strain level taxonomic resolution.
But it is more expensive and laborious due to the
laboratory and depth in-silico analysis.?’”

Culturomics: The rapid identification of gut microbiota
by using a high throughput culture approach is the
application of culturomics. It consists of mass
spectrometry or 16S rRNA sequencing, which is used for
the previous unculturable or unidentified bacterial
species.?®

Role and composition of gut microbiota in obesity:
The genetic spectrum of obesity is very complex and
contributes a small proportion in obesity progression. A
number of genetic factors implicated in the polygenic and
monogenic forms of obesity. Genome wide association
studies report significant role of single nucleotide
polymorphisms in several genes (leptin, leptin receptors,
fat mass and obesity associated gene (FTO)) in causing
obesity.?® The gut microbiota composed of the five phyla
which provides protection against a wide range of
pathogenic or opportunistic bacteria. Thus, the
disturbance in microbial equilibrium or dysbiosis is also
associated with obesity, which is further confirmed by
experimental studies in mice as results shows 50% less
Bacteroidetes and high Firmicutes in ob/ob (genetically
obese) mice as compared to lean or normal gut
microbiota composition.*® The impact of gut microbiota

on distant and local organs contribute to the pathogenesis
of obesity. In local tissue, gut microbiota has a potential
role in causing obesity as it increases in energy harvest
from the diet, in colon stimulates gene reprogramming,
and alters the bioactive molecules and polypeptide
hormones released by enteroendocrine cells affecting the
immune homeostasis and the intestinal barrier. These
microorganisms can also communicate with host brain,
liver, and adipose tissue. Gut microbiota through the fat
signaling axis participate in the adipogenesis, and along
with inflammation the lipopolysaccharide triggers an
immune response. Through the activation of G-protein
coupled receptor 41/43 (GRP41, and GRP43) short chain
fatty acids (SCFAS) also participate in insulin mediated
fat accumulation in adipocytes which further inhibits the
lipolysis. Gut bioactive molecules and hormones can
affect gut afferent neurons ultimately disturbing the gut-
brain axis. The dysbiosis can also cause results
disturbance in liver-gut axis, which include increased
permeability of lipopolysaccharide, bile acids, and short
chain fatty accumulation.3! In Pakistan, Ahmad et al.
analyze the gut microbiota composition of obese
individuals with type 2 diabetes mellitus by using the 16S
rRNA sequencing technique. The results of this study
revealed the Firmicutes, Negativicutes, and Clostridia
were predominant microorganisms in these patients.

Composition and role of gut microbiota in
cardiovascular diseases: Cardiovascular diseases are
the group of disorders involving the heart and its blood
circulation. In developing countries, its prevalence is the
highest which poses a threat and huge burden to health
care system. It is a multifactorial disorder involving both
the genetic and environmental factor. Conventional risk
factors are further divided into two types; modifiable and
non-modifiable risk factors. Modifiable risk factors
involve the smoking, sedentary lifestyle, obesity, stress,
hypertension, and diabetes. Whereas the non-modifiable
risk factors include gender, age, and family history.

The genetic association involves the genes which
regulate the pathways involve in pathophysiology such as
lipid metabolism (LPL, LPA, LDR, APQOs, CETP and
ABCAL1), inflammatory (interleukins), renin-angiotensin
pathway (ACE and AGT), oxidative pathways (PONS),
hormonal (ESR1) and endothelial integrity (NOS3).3
The evidence reported from different studies implicated
the role of the intestinal microbiota in the pathogenesis of
CVDs. Jin et al. elucidate that the alterations in the GIT
microorganisms is strongly associated with the
pathophysiology of CVDs as it is further confirmed by
the DNA from different species of bacteria which is
found different in the gut and atherosclerotic plaque of
the same individual which further suggest gut
microbiome potential role in CVDs. The high ratio of the
Firmicutes/ Bacteroides is the major indicator marker for
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gut microbiota role in CVDs. The gut microbiota profile
in CVDs includes a high number of Lactobacillus,
Enterobacteriaceae, Streptococcus spp and decreased
number of Roseburia.* Miele and Co compared the
microbiological profile of control (healthy) and cases
(patients), the patients of CVDs shows the highest
number of Collinsella and Proteobacteria as compared to
normal healthy subjects.®

The novel analytical techniques such as metagenomic
sequencing provides insight into the role of the gut
microbiota in the pathophysiology of CVDs. The animal
and human model further explains that the
trimethylamine N-oxide (TMAO) production from the
liver from gut microbiota derived trimethylamine shows
a potential role in the atherosclerosis. Moreover, the
TMAO can enhance platelet activation and thrombosis.*
Recent evidence from the various research reports
suggest that the leaky blood vessels are the primary
source of the LPS which enters the blood circulation,
which can further activate the cytokines and
inflammation ultimately contributing a fundamental
cause of the heart failure. Moreover, comparative case
control studies further suggest that the patients who have
the bacterial DNA in peripheral blood vessels show high
levels of inflammatory markers.*” Indirect associations of
gut microbiota with CVDs is by its modulation effects on
other three modifiable risk factors, including diabetes,
obesity and hyperlipidemia as there is a high number of
scientific evidence suggesting that microbiota role in
short chain fatty acid fermentation and due to endotoxins
low grade inflammation.®®

Therapeutic relevance of the gut microbiota: So far,
we have discussed in detail about the intestinal
microbiota and various factors that can influence its
composition. There are several medical and surgical
treatment that can also affect the function and relative
composition of the gut microbes such as probiotics, fecal
microbiota transplant (FMT), antibiotics, gastric bypass,
prebiotics, and postbiotics.

The bacteriotherapy or FMT concept was first introduced
in China to treat food poisoning or diarrhea. It refers to
the healthy person fecal suspension in another person for
the treatment of a particular disease. The major
hypothesis for this FMT based cure is the fact that few
metabolic phenotypes is transferred which is further
confirmed by several experiments in animal models. In
the recent studies, it is proven effective as it cures more
than 80% cases of severe infection due to Clostridium
difficile.® Thus, given its potential, if some standard and
legal protocols are optimized FMT could be an effective
option as personalized medicine to treat CVDs, obesity,
and other metabolic disorders.

Probiotics are living microbes which could be beneficial
in subjects with the loss of these microbial groups as the
gut microbiota play a key role in energy harvest and
metabolism so its administration in another person can
cure the disorder. In infants conventional use of probiotic
beverages has been shown to improve its metabolism in
humans as well as rodent models. For example,
Bifidobacterium  containing  probiotics  increase
metabolism, gut barrier function, and reduce
endotoxemia in animal models.*°

Conclusions and future perspective: Taken together,
the scientific studies so far find the gut microbiota to be a
novel way of weight management and also appears to be
promising in the treatment of cardiovascular diseases
through its key role in energy harvest and metabolism,
fatty acid oxidation, fat storage, modulating the levels of
trimethylamine N-oxide and inflammatory mechanisms.
The strain dependent effects of microbial members in the
intestinal microbiota revealed a very complex
interactions within the members of microbiota as well as
with human physiology and genotype. Although exact
cause-effect relationship between gut microbiota with
CVDs and obesity is still unclear, but in future due to
rapid developments in the field of culturing (unculturable
bacterial members) and genotyping may give us a clear
picture of its real impact on host metabolism. Moreover,
there is a need of multidisciplinary research to explicate
the role of individual microorganisms, in specific
circumstances and to devise strategies for fecal
microbiota transplant, pharmacological or dietary
interventions to modulate the gut microbes to treat
metabolic disorders including cardiovascular diseases
and obesity. In future, more studies regarding systematic
reviews on gut microbiota can provide better insights
about its role in metabolic disorders.
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