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Introduction: Structural and functional changes that occur post myocardial infraction (MI) lead to the syndrome
of heart failure (HF). However, their pathogenesis is poorly understood. Recently, alteration of the intestinal
microbiota (dysbiosis) has emerged as a new candidate that may be correlated with risk of HF development. We

Microbiome hypothesized that selective gut modulation by probiotic administration may improve metabolic dysfunction and
Myocardial infraction . . . .
Probiotics attenuate cardiac remodeling (CR) in MI subjects.

Methods: /Design: This article is presented in two sections: First, we provided a review of recent findings related
to gut microbiota and CR and their association with probiotic supplementation. Secondly, we will conduct a
randomized double-blinded controlled clinical trial in 46 Iranian patients with MI after successful percutaneous
coronary intervention (PCI). The participants (age: = 30 years; ejection fraction (EF) greater than 30) will be
selected by a simple random sampling method and will be assigned to 3 months of 1.6* 10° CFU probiotic
(Lactobacillus rhamnosus), or placebo groups (maltodextrin). The primary outcome is development of CR. The
secondary outcomes measures include gut microbiota profile, biochemical variables and the safety of the pro-
biotics supplementation. Also, echocardiography will be measured at baseline and following treatment. The data
will be compared within and between groups using appropriate statistical methods.
Discussion: The results of this trial will provide evidence about the efficacy and safety of gut microbiota ma-
nipulation by probiotics in post-MI cardiac remodeling prevention.
Ethical issues: Present study protocol was approved by the regional committee of ethics in international branch of
Tabriz University of Medical sciences (TBZMED) as a thesis proposal for PhD degree in Nutrition Sciences
(IR.TBZMED.REC.1397.184).

Trial registration The Clinical trial was registered in the Iranian Registry of Clinical Trials
(IRCT20121028011288N15).

1. Introduction

Heart failure (HF) is important public health problems in that its
prevalence and incidence has been growing dramatically since past
decades. In recent years [1,2], despite considerable pharmacotherapy,
such as angiotensin-converting enzyme [3], the five-year survival rate is
still unacceptably poor [4,5]. Although different diseases, such as hy-
pertension and diabetes, might lead to heart failure [6], adverse cardiac
remodeling (CR) [4] after myocardial infarction (MI), can predispose a
person to HF development [7]. In addition, quality of life has not been
appropriately improved by current therapeutic modalities [8,9]. So,

* Corresponding author.
E-mail address: mdalizadeh@tbzmed.ac.ir (M. Alizadeh).

https://doi.org/10.1016/j.conctc.2019.100364

preventing this process and alternative treatments may be useful. In the
present study, we aimed to review the current literature on the mod-
ulatory effects of gut microbiota in HF. Subsequently, we will specifi-
cally focus on probiotic supplementation to investigate the CR and
metabolic endotoxemia amelioration. In current study, we will debate
recent findings that reveal mechanisms connecting the gut microbiota
to low-grade inflammation in context of cardiovascular disease (CVD).
Additionally, we will discuss the potential relationships between the
gut microbiota with CR. Lastly, we talk over the potential gut mod-
ulation and their effects on CR process.
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2. Cardiac remodeling

A process of regional and global structural and functional changes in
the heart result from cardiac load or injury [10,11]. The process of
cardiac remodeling is influenced by degree of cardiac damage, in-
flammatory process, neurohormonal activation and other factors which
are still under investigation [12,13]. Moreover, there is general ac-
ceptance that CR might cause HF [7]. CR is assessed by echocardio-
graphy, and elevated circulating biomarkers, such as B-type natriuretic
peptide (BNP) or matrix metalloproteinase (MMP) 9 and several new
biomarkers which has been introduced in recent years [14,15]. As well
as, progressive left ventricular (LV) dilatation post-MI assessed by
diastolic and systolic dimensions (LVDD and LVDS, respectively) and
ejection fraction through electrocardiography can be regarded as CR
detection methods [16].

It has long been accepted that HF is associated with altered in-
testinal function. As well as, metabolic endotoxmia as a result of altered
gut microbiota could influence HF [17]. More recently, preliminary
animal CR model studies also demonstrated a direct mechanistic link
between gut microbiota metabolites, and adverse ventricular dysfunc-
tion [17]. Indeed, it has been suggested that altered gut microbiota is
prevalent in patients with HF [18]. However, the possible influence of
gut modulation on HF pathogenesis is mostly unknown. At present, to
the best of our knowledge, the association between gut metabolite and
progress of HF has not been investigated. Given the proposed involve-
ment of intestinal dysfunction and microbiota alterations in HF, we
planned to investigate the association between gut microbiota, etiology
and prognosis of CR process in MI patents.

3. Gut microbiota

The human gut microbiota has been identified as a possible novel
risk factor [18]. Abnormal gut microbiota profiles (dysbiosis) have been
associated with obesity, diabetes and CVD [19]. Exactly, in “metabolic
endotoxemia” condition, lipopolysaccharides (LPSs) of gram-negative
cell wall are able to induce systemic low-grade inflammation, insulin
resistance, and increase cardiovascular risk [20]. The binding of LPS
with Toll-like receptor (TLR) 4, exert innate immune system stimulation
leading to proinflammatory response and subsequent metabolic dis-
orders. Besides its role in inflammation [21,22], TLR4 induces pro-
duction of MMP 9, which has been proposed to be a marker for CR
process [23]. Therefore, it is thought that TLR4 plays an important role
in post MI remodeling, however, so far, the effect of gut modulation on
TLR4 and subsequent on CR processes has not been investigated. Pro-
biotics administration may a novel therapeutic option to ameliorate LV
remodeling in patients with MI. As pervious study proposed probiotics
lead to decline in TLR4 stimulation [24,25].

In addition, bacterial components also cause inflammation and
metabolic disease and certain bacterial metabolites such as
Trimethylamine-N-oxide (TMAO) can accelerate cardiac remodeling
process and cardiomyopathy [17]. Dysbiosis lead to increased TMAO
levels which is a colorless amine oxide generated from choline, betaine,
and carnitine by gut microbial metabolism [17].

Elevated TMAO levels predicted the risk of ventricular remodeling
and heart failure development in humans and in several experimental
studies [17,26,27]. There is not enough knowledge about the TMAO
role in the CR process [26] and current evidence suggested that by
affecting lipid and hormonal homeostasis TMAO may lead to the de-
velopment of atherosclerosis [28]. Also, a recent study by Suzuki and
colleague showed that elevated plasma TMAO levels not only caused
inflammation and immune response but also directly contributed to
progressive adverse ventricular remodeling [17,29].

Considering that the dysbiosis has significant effect on different
aspects of CR processes that can lead to HF, it is important to under-
stand approaches to modulate the gut microbiota (including the
changes in diet or pre/probiotics supplementation). In this regard,
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several therapeutic methods have been developed to modulate and
restore the gut microbiota [30]. Probiotics are live micro-organisms
which can offer health benefits when administered in adequate
amounts and used to rebalance the disturbed intestinal microbiota [31].
Several studies have been demonstrated that probiotics supplementa-
tion may be helpful for controlling the cardiovascular risk factors such
as dyslipidemia, hypertension and inflammation [32,33]. However,
there's a paucity of information regarding the potential benefit of pro-
biotics on CR process. Recently, Lam et al. provided the primary evi-
dence that probiotics is also cardio protective due to the observed re-
duction in size of infarct and improved left ventricular (LV) function
after administration of probiotic Lactobacillus plantarum 24h in is-
chemic rats. On the other hand, preliminary evidence proposed that gut
modulation with probiotics, reduced the TMAO levels, secretion of in-
flammatory cytokines and the development of CR process [34].

4. Gut microbiota and cardiovascular disease

A number of preclinical studies have proposed that alterations in gut
microbiota play an important role in the pathogenesis of cardiovascular
disease (CVD). As well as, many studies showed that the gut microbiota
also influences the whole metabolic activity of the body and its immune
function [18]. Thus, modifying the gut microbiota with probiotics may
be a new way for prevention and treatment of the cardiac remodeling in
humans. It has long been recognized that probiotics supplementation
leads to decrease in cardiovascular risk factor such as inflammation,
hypercholesterolemia, hypertension, and metabolic disturbances [19].
On the other hand, probiotics administration may also influence on
TMAO and metabolic consequence [35]. In addition, this is the first
study to date in which we will assess the efficacy of probiotic in de-
creasing the level of endotoxin and intestinal metabolites (TMAO) and
its effect on the cardiac remodeling process.

Briefly, dysbiosis can stimulate cardiac remodeling in three ways:
first, through increased levels of lipopolysaccharides (LPS) and the
development of metabolic endotoxmia. Secondly, by increasing cardi-
ometabolic risk factors and inflammation in subjects with altered gut
microbiota. Thirdly, through harmful intestinal metabolites, such as
TMAO which directly promote the development and progression of
cardiac remodeling and CHF. Preliminary evidence suggests that en-
dotoxin concentrations are higher in adults with CVD compared with
healthy individuals. As well as, modulation the gut microbiota by
probiotics is an approach for reducing metabolic endotoxmia and at-
tenuating the cardiac remodeling in rodents. On the other hand, pro-
biotics may be able to improve the inflammation, lipid profile and ME
which are the main risk factor for CVD, also, maybe offsetting cardiac
remodeling process (Fig. 1).

To the best of our knowledge, there is no clinical trial which ex-
plored whether probiotics administration can reduce cardiac re-
modeling process in patients with MI. Therefore, the primary objective
of this study is to investigate the efficacy and safety of probiotics ad-
ministration in preventing the development of post-MI remodeling in
patent with successful percutaneous coronary intervention (PCI) via a
parallel-group randomized double-blind placebo-controlled clinical
trial. Left ventricular contractility and cardiac remodeling will be as-
sessed by two-dimensional echocardiography and biomarkers will also
be used to assess the remodeling.

5. The aims and hypotheses
5.1. General aim

The general aim of the current investigation is to determine the
effects of three-month probiotic supplementation on preventing the
development of post-MI remodeling and gut micro-biota composition
through a double-blind, randomized, placebo-controlled clinical trial in
adults with successful percutaneous coronary intervention (PCI).
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Fig. 1. Potential mechanism of dysbiosis and the onset of cardiac remodeling. These phenomena promote metabolic endotoxemia and initiate the development of
low-grade inflammation and increased TMAO in the blood stream which might be attenuated by probiotics.

6. The specific aims and hypotheses
6.1. Aim 1

To determine whether probiotic supplementation improves ven-
tricular contractility in individuals with successful PCI. We hypothesize
that Lactobacillus rhamnosus supplementation will attenuate cardiac
remodeling in these individuals compared with placebo. Cardiac re-
modeling will be assessed by two-dimensional echocardiography (in-
cluding left ventricular end diastolic diameter (LVEDD), right ven-
tricular end diastolic diameter (RVEDD), left ventricular end-diastolic
volume (LVEDV), right ventricular end-diastolic volume (RVEDV) and
Ejection Fraction [4] and biomarkers (including TGF. Beta, NT pro BNP,
MMP-9, Procolagen I).

6.2. Aim 2

To determine whether probiotic supplementation will improve in-
flammatory stress indices, oxidative stress indices and lipid profiles in
individuals with MI. We hypothesize that probiotic supplementation
will reduce the serum level of high sensitivity C-reactive protein (hs-
CRP), Interleukin 1 beta (IL1B), total cholesterol [6], triglyceride (TG),
low-density lipoprotein (LDL), (ox-LDL) and malondialdehyde (MDA)
and improve high-density lipoprotein (HDL), total antioxidant capacity
(TACQ), and Interleukin 10 (IL-10) levels in these individuals.

6.3. Aim 3

To determine whether probiotic supplementation will improve
metabolic endotoxemia and gut metabolite in individuals with MI. We
hypothesize that probiotic supplementation will improve gut metabo-
lites (TMAO) level and serum levels of endotoxemia (TLR4 and LPS) in
these individuals.

6.4. Aim 4

To determine the changes in abundance and ratio of gut microbiota
and their relation with cardiac remodeling during supplementation. We
hypothesize that the Lactobacillus rhamnosus supplementation would
attenuates the ventricular remodeling process after MI.

7. Methods/design

A two-arm parallel group randomized double-blind placebo con-
trolled trial, was designed according to the CONSORT 2013 guidelines,
and will be conducted over a period of one year from April 2018, in
Tabriz, Iran. We will include 46 myocardial infarction patents who have
been underwent successful percutaneous coronary intervention (PCI).
The trial will be conducted at outpatient cardiology clinic of Shahid
Madani Heart center affiliated to Tabriz University of Medical Sciences,
Iran. All the patients will be screened by an expert cardiologist for
eligibility which is presented in Table 1.

7.1. Allocation

Those who are willing to take part in the study will be carefully
evaluated according to the inclusion criteria. Then, they will be re-
quested to sign an informed consent and after that by using the Random
Allocation Software, the subjects will be allocated into either probiotic
or placebo group, stratified by sex, drugs intake and BMI. Participants
and investigators will be blinded to the allocation of intervention
(probiotic) or control (placebo) groups. Demographic information of
the participants including age, height, weight, waist circumference, hip
circumference will be collected. Primary and secondary outcomes
measurement will be carried out at baseline and after intervention.
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Table 1
Criteria for participation in the study.
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Inclusion criteria Exclusion criteria

Patients who provide written informed consent
Both gender

Subjects > 30 years of age

First episode of MI after successful PCI

Urgent need for revascularization procedure

Significant renal dysfunction (serum creatinine above 1.5 mg/dl)

patients with severe liver and gastrointestinal diseases or diagnosis of diabetes mellitus

allergy to studied agents; patients receiving immunosuppressive, anti-inflammatory and corticosteroid drugs; history of

supplementation with pre/pro/symbiotic or antioxidants during or previous two months

An echocardiographic LV EF = 30%
BMI > 25kg/m2

Heart failure (function class III and IV), Heart valve diseases
Refusal or inability to provide informal consent

7.2. Interventions

The participants will be randomized into two equal groups. The
groups are probiotic (containing the freeze-dried 1.6 x 10° CFU
Lactobacillus rhamnosus) or placebo (maltodextrin). The appearance
and labeling of drug product of the two capsule are identical. The
subjects will be educated to use Lactobacillus rhamnosus capsules or
placebo capsules together with their lunch daily for 12 weeks.

7.3. Randomization

Individuals will be suitably blinded in performing outcome mea-
surements and type of supplement. Letter A or B will be assigned to
supplements and are otherwise identical. The person responsible for
preparing the supplement capsule (who is completely unrelated to the
study) will be asked to assign a three-digit code to each of the two
capsules (probiotic and placebo), and keep the codes for himself until
the end of the study and data analyses. The subjects in both groups will
receive a weight loss diet considering their dietary habit. They will be
recommended not to modify their physical activity habits. To ensure
that these habits have not been changed during the study, the partici-
pants will be trained to record physical activity diaries, which will be
checked weekly during visits by a specialist's dietitian.

7.4. Follow-up

Study visits will be scheduled biweekly. During these visits, the
researchers will check the compliance with dietary regime, supplements
consumption and any side effects related to supplementation. Also,
general questionnaire and a dietary recall questionnaire will be com-
pleted. A 24-h dietary recall questionnaire will be completed at the
baseline, secondly middle of the intervention and also at the end of
study.

The supervisor will assess and report adverse events of trial inter-
ventions. Compliance will be assessed based on returned tablet counts.
Participant who miss > 10% of supplement dose at follow-up, will be
excluded from the trial. Also, in the case of any changes in medication
for example antibiotics consumption, or any other supplementation, the
participants will be excluded from the study. An overview of study
interventions and assessments is provided in Fig. 2.

7.5. Sample size

Calculation of sample size was based on a parallel two group ran-
domized clinical trial with measurements of main outcomes at two time
points. Considering the a = 0.05 for type one error rate, and to provide
80% power for demonstrating the superiority of the study agents
compared with placebo, 46 subjects were estimated [36].

7.6. Statistical analysis
Statistical analysis of all data will be performed using the SPSS

program, version 16.0 (SPSS Inc., Chicago, IL) and P value < 0.05 will
be considered statistically significant. To assess the efficacy of this trial,

both per protocol approach and intention-to treat [37] principle [38],
will be analyzed.

7.7. Outcome measurements

The changes of the biomarkers and echocardiographic indices of
cardiac remodeling, which will be measured by laboratory assessments
and 2-Dimensional Echocardiography is the primary outcome of this
study. Two-dimensional echocardiography will be conducted at Shahid
Madani Heart center affiliated to Tabriz University of Medical Sciences.
Some echocardiographic indices including LVEDV and RVEDV will be
calculated according to the biplane Simpson's method.

7.8. Blood samples

After an overnight fasting, blood will be collected by the laboratory
technician for measurement of biomarkers. The blood samples will be
frozen at — 80 °C until final processing. TGF. Beta, NT pro BNP, MMP-9,
Procolagen I levels will be measured by specific ELISA Kkit.
Measurement of total antioxidant capacity (TAC) and malondialdehyde
(MDA) in serum will be done using Colorimetric Assay Kit. Lipid profile
(TC, TG, LDL, HDL) and ox-LDL levels will be assessed by Pars Azmoon
test kits (Pars Azmoon Inc, Tehran, Iran). Also serum levels of en-
dotoxemia (TLR4 and LPS) and inflammatory stress indices (hs-CRP,
IL1B, and IL-10) level will be measured using specific ELISA Kit.

7.9. Stool samples

The stool samples will be obtained at baseline and post intervention
(after 3 months) in sterile plastic containers and will be delivered to the
laboratory within 1 h of collection. Samples will be immediately frozen
at —80 °C until assay. DNA will be extracted from fecal samples by DNA
Extraction Stool Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer's protocols. Gut microbiota profile before and after pro-
biotics supplementation will be determined by quantitative real-time
polymerase chain reactions (RT-PCR) methodology via specific de-
signed primers and Tagman probes.

7.10. Patient and public involvement

Patients and public were not involved in the design of this study.,
outcome measures, nor will they be involved with the conduct of the
study. The recruitment plan was informed based on feedback from
patients and public. A summary of the study results will be provided to
each of the study participants. We will submit our findings for peer-
review publication and presentation at national and international
conferences.

7.11. Ethical issues & trial registration

Present study protocol was approved by the regional committee of
ethics in international branch of Tabriz University of Medical sciences
(TBZMED) as a thesis proposal for PhD degree in Nutrition Sciences
(IR.TBZMED.REC.1397.184). Written informed consent will be taken
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Fig. 2. Overall study algorithm of the Probiotic study.

from all the study subjects. The Clinical trial was registered in the
Iranian Registry of Clinical Trials (IRCT20121028011288N15) and is
available at http://en.irct.ir/user/trial/30121/view.

8. Discussion

The objective of this trial is to assess the effect of gut microbiota
modulation on cardio metabolic risk factors and CR prevention after MI.
The results of this study will provide evidence regarding the value of
probiotic supplementation as an intervention for attenuating re-
modeling in patients with MI. As well as, we will evaluate the corre-
lation between gut microbiota profile and CR processes in human
subjects for the first time.

Despite the accepted roles of considerable pharmacotherapy such as
ACE inhibitors in management of post-MI cardiac remodeling, the in-
cidence rate is still noticeably high. Nevertheless, almost none of these
therapeutic strategies cure the symptoms, and all of them cause great
economic burdens to the patient and healthcare system (3, 4). Although
the pattern of post-MI remodeling may exhibit a different picture,
clinical guidelines recommend different methods to reduce the risk of
cardiac remodeling in clinical trials. In CR process, during MI cell death
and fibroblast recruitment take place resulting in collagen accumula-
tion and cardiac fibrosis which lead to HF [39,40]. According to CR
processes, fibrosis and inflammation are key pathological phenomenon
of HF [41] and this study may show that a probiotic administration
could attenuate this progression.

Disruption of gut microbiota profile has been implicated in many
conditions and diseases such as diabetes and CVD. Previous evidence
suggests that inhibition or treating these conditions might be achieved
by manipulation of the gut microbiota [3]. Probiotic administration has
been considered as an effective and safe approach for the treatment of

various diseases such as cardiometabolic diseases [33]. Based on pre-
vious study, probiotics have shown effects on CVD through variety of
mechanisms including production of organic acids, diminishing en-
dotoxemia, inducing immune mediators, and by anti-inflammatory ef-
fect [33]. Evidence suggests that endotoxmia resulting from dysbiosis is
a possible trigger of systemic inflammation which probably plays an
important role in the pathogenesis and progression of HF [42]. In fact,
LPS has been shown to exert proinflammatory effect which accelerates
HF development [43]. Moreover, gut modulation with antibiotics or
pre/probiotics improved gut permeability, reduced endotoxmia, low-
ered inflammation and increased quality of life in patients with HF
[44]. In addition, it seems that gut modulation could attenuate CR
process which might progress to HF [3,45]. With regard to HF, nu-
merous studies have revealed that probiotics exert hypertrophic effects
under ischemic conditions. Furthermore, clinical studies have shown
that probiotic administration can potentially be helpful in prevention of
cardiac failure and improvement of quality of life [3,46]. Our study
maybe will be show a CR process, which was prevented by probiotics.
On the other hand, the other important outcome of gut modulation with
probiotics is that it can enable sensibly controlled metabolic en-
dotoxmia and subsequent outcomes [47].

Recently, TMAO has been identified as a novel risk factor for the
development of HF. It has been shown TMAO significantly elevated in
CAD patients with HF compared to control subjects [28]. As well as,
TMAO levels were strongly linked with gut microbiota profile and re-
cently it has been shown that, gut modulation was associated with
decrease in TMAO levels [17]. Based on recent findings, it is proposed
that probiotics have beneficial effects on remodeling process. One no-
table mechanism of probiotics is its capability in attenuation of harmful
gut metabolite such as TMAO which accelerate ventricular dysfunction.
However, it has been proposed that TMAO levels were not associated
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with plasma LPS levels, suggesting that additional duplication effect of
probiotics in HF prevention. These outcomes develop a hypothesis that
guts modulation with probiotics supplementation might serve as an
alternative method to treat CR process [17,26,27].

In addition, Lactobacillus rhamnosus as probiotics demonstrates
significant benefits by anti-proliferative and anti-apoptotic effect in
cardiomyocytes derived following myocardial infarction and attenuates
myocardial hypertrophy and heart failure. More recently, Chao-Hung
Lai et al. [48] showed that supplementation with multi-strain probiotics
may attenuate cardiomyocyte fibrosis, cardiac hypertrophy and the
autophagy-signaling pathway in high-fat diet-fed rats. In addition,
previous studies showed that oral administration of probiotics pro-
moted cardiac survival through activation of the PI3K/Akt pathway and
decreased inflammatory markers and expression of fibrosis protein in
hypertensive rats [49]. Indeed, probiotics supplementation may at-
tenuate CR process through suppression of TLR-4-related inflammatory
pathway and may have an anti-fibrosis effect [50].

However, the limitations of this study should also be considered.
First, short duration of the intervention, as participants will be treated
for only 12 weeks, whereas CR process development might progress in
the longer period. Additionally, our sample size was relatively small.
However, this study has a strong point which is the controlling main
dietary substrates for TMAO formation. Secondly, we will measure the
gut microbiome and gut metabolite together at the same time to firmly
establish the gut microbiota as a risk factor for CR.

In conclusion, as far as we are aware, there is a lack of evidence
regarding the management of post-MI cardiac remodeling. To the best
of our knowledge, this is the first study which has been designed to
assess the effects of probiotic supplementation in post-MI patients by
measuring the major biomarkers and echocardiographic indices. The
underlying mechanisms for these effects have not been understood yet;
however, initial evidence suggests the amelioration of metabolic en-
dotoxemia and decrease of low-grade inflammation and TMAO levels
could attenuate these processes. Although our study has a relatively
small sample size, this trial may play a vital role in providing basic
clinical data in management of post-MI cardiac remodeling. In this trial
using oral administration of probiotics, offers a new approach for post-
MI cardiac remodeling. We also anticipate that probiotics supple-
mentation will improve metabolic endotoxemia, lipid profile, and in-
flammatory status by altering the gut microbiota composition. If the
results of the investigation show are effective, it will serve as a new
strategy for CHF prevention. We hope this RCT will provide scientific
evidence in supporting probiotics intervention for attenuating CR in MI
patients.
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ACE Angiotensin-converting enzyme

MI Myocardial infarction

LV Left ventricle

EF Ejection fraction

ELISA  enzyme-linked immunosorbent assay
hs-CRP high-sensitive C-reactive protein

HF heart failure
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