Microbiota Profile in Acute Coronary Syndrome 


Study Protocol Outline


Glossary of abbreviations

ACS: acute coronary syndrome 
BA: bile acid
CVD: cardiovascular disease
EDTA: ethylenediaminetetraacetic acid
FFQ: food frequency questionnaire 
FSH: Fiona Stanley Hospital
GCMS: gas chromatography mass spectrometry
HCl: hydrochloric acid
HDL: high density lipoprotein
HRECS: Human Research Ethics Committees
LCMS: liquid chromatography mass spectrometry
LDL: low density lipoprotein
PCR: polymerase chain reaction 
RPM: revolutions per minute 
SCFA: short chain fatty acid
NAD/NADH: nicotinamide adenine dinucleotide (oxidised and reduced form)
TMA: trimethylamine
TMAO: trimethylamine-N- oxide
16S rRNA: 16S ribosomal ribonucleic acid


Summary

Cardiovascular disease is the leading cause of morbidity and mortality worldwide and in Australia. The human gut is populated by a rich and diverse community of microbiota (mainly bacteria) and together with their genetic material, make up the microbiome. The microbiome develops alongside the host over their lifetime. Although there is a large inter individual variation in the microbiome of individuals – healthy individuals are thought to share a ‘core’ microbiome. However, in conditions such as cardiovascular disease, the microbiome is changed. In this study, dental, oral, plasma and stool samples will be obtained from patients with acute coronary syndrome as well as their healthy relatives and analysed for microbiota and their metabolites as an indication of the microbiome. A complex relationship exists between the gut microbiome and host health via production and release of metabolites such as short chain fatty acids (SCFAs), bile acids (BAs) and trimethylamine-N-oxide (TMAO), which all have far reaching consequences in the body. By obtaining various microbiota samples at different sites from individuals with cardiovascular disease as well as their healthy relatives, we aim to analyse and compare the composition and functionality of the gut microbiome in healthy and diseased states. Given the prevalence of cardiovascular disease and the large interest in the microbiome field, the findings of this study will allow a greater understanding of the role of the microbiome in cardiovascular disease, which will have important clinical implications. It may also facilitate the future development of different therapeutic strategies to target and/or change the microbiome, which will be explored through intervention studies.


[bookmark: _Toc17364909]1. Background 

Gut microbiota is composed primarily of bacteria, but also includes viruses, fungi and protozoa (1). The majority of bacteria in the human gut are from the Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria and Verrucomicrobia phyla (2). However, there are differences in the composition, diversity, abundance and ratio of microbes between individuals, largely due to host genome and environmental factors such as lifestyle, diet and medication use (3). Most of the commensal bacteria are symbiotic, however can become pathogenic under specific conditions such as translocation through the gut mucosa or immunodeficiency (1). 

The role of the gut microbiome includes, fermentation of indigestible dietary substances (4), synthesis of certain vitamins (5), production of short chain fatty acids (SCFAs) which influence host energy metabolism (6) and inflammation and host immunity (7). Furthermore, the gut microbiome maintains the intestinal epithelial mucosal barrier, the disruption of which can cause the gut to become ‘leaky’ allowing bacterial translocation and increasing circulating endotoxins (8). The gut microbiome can produce various metabolites, which can be absorbed via the intestinal epithelium into the bloodstream causing systemic effects (9).

In cardiovascular disease (CVD), there is an alteration in the composition, diversity and ratio of gut microbiota known as dysbiosis (8). Dysbiosis contributes to the progression and pathogenesis of disease (10). Studies have shown increased plasma levels of circulating trimethylamine-N-oxide (TMAO), a gut microbiota metabolite, in individuals with atherosclerosis and acute coronary syndrome (11-13). There is also a correlation between elevated TMAO levels and increased risk of major adverse cardiac events, such as stroke, acute coronary syndrome (ACS) or death (11). Furthermore, gut microbiota can influence and modulate the deconjugation of primary bile acids (BAs) to form secondary BAs via bacterial bile salt hydrolase activity (14). BAs act as a major pathway for cholesterol elimination via excretion in faeces, thus effectively decreasing circulating cholesterol levels and risk for atherosclerosis (10). Gut microbiota dysbiosis can impair bile salt hydrolase activity and reduce the effectiveness of cholesterol elimination, thus, promoting atherosclerosis (15). Similarly, in conditions such as hypertension, an established risk factor for atherosclerosis, there is a reduction in SCFA producing bacteria, which may contribute to elevated blood pressure (16), due to the role of SCFAs in maintaining gut barrier function and inflammation (17, 18).

Current literature suggests that gut microbiota dysbiosis, is associated with cardiovascular diseases such as atherosclerosis including ACS, stable angina and stroke (2, 3, 17, 19, 20). Recent biochemical and molecular advances in analysis, have allowed the identification and characterisation of gut microbiota as well as their associated genomes and metabolites. However, the exact mechanism of action by which gut microbiota dysbiosis cause or exacerbate CVD remains unclear. An investigation into the gut microbiota and their metabolites and their role as a potential therapy has important clinical and public health implications. 

This project is the first to characterise the gut microbiota in a range of samples from patients presenting to FSH with ACS, chronic stable angina (CSA), and healthy relatives of ACS patients as controls. Although there is vast research regarding atherosclerosis, there is a lack in research outlining the role of the gut microbiome in the initiation and progression of atherosclerosis. This is a novel study exploring the relationship of the gut microbiome with CVD and taking into account diet, medication and other co morbidities of the participants. Associations between microbiota profile, medication use, diet, disease progression and clinical outcome will also be investigated. The outcomes of this study are significant in regard to a clinical and community/public health perspective. The results from this investigation will inform clinicians and researchers on the role of the gut microbiota in the pathogenesis of ACS as well as providing a rationale to investigate new therapeutic options through microbiome alteration (e.g. use of prebiotics and probiotics). This therapy would be low-cost, easily achievable and widely accepted and provide adjunct/alternative treatment options to alleviate the burden of cost to the health care system and improve patient outcomes. 

[bookmark: _Toc17364910]2. Aims

(1) To investigate the gut microbiota profile in ACS in humans and compare it to the profile found in healthy controls and patients with CSA.

(2) To assess associations between the microbiota profile and family history, medication use, diet and clinical outcomes and determine the change in microbiota composition as the disease status stabilises.

[bookmark: _Toc17364911]3. Hypothesis 

Individuals with ACS will have an altered microbiota, with reduced composition and diversity compared to healthy individuals and patients with chronic stable angina. This will result in altered production of SCFA, TMAO and BA, which will be related to diet, medication use and clinical outcome.

[bookmark: _Toc17364912]4. Study design

This is a single center, non-interventional, cross-sectional study, designed to investigate and identify the gut microbiota profile of individuals with acute coronary syndrome, compared to their healthy relatives, who will serve as environmental controls and patients with chronic stable angina, who will serve as stable CVD controls. Eligibility of patients will be determined based on the inclusion/exclusion criteria and screening assessment. All interested patients will sign and date the informed consent form before any study procedures.

[bookmark: _Toc17364913]5. Study location

This is a single-centre study with recruitment, sample collection and storage occurring at the Outpatient Clinic, Department of Cardiology at Fiona Stanley Hospital, Murdoch, Western Australia. 

[bookmark: _Toc17364914]6. Study duration

As the availability of participants with suitable characteristics will vary over the timeline, this is an ongoing study over 3 years. Table 1 outlines the main processes required from the start to completion of the study. 
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Table 1: A timeline of the proposed study
	 
	Year 1
	Year 2
	Year 3

	Research protocol
	 
	 
	 

	Ethics application and approval
	 
	 
	 

	Patient recruitment
	 
	 
	 

	Sample collection
	 
	 
	 

	Sample analysis 
	 
	 
	 

	Statistical analysis 
	 
	 
	 

	Write up
	 
	 
	 



[bookmark: _Toc17364915]7. Study population

[bookmark: _Toc17364916]	7.1 Recruitment and consent of participants	

Participants will be recruited from the Outpatient Clinic at the Department of Cardiology, Fiona Stanley Hospital, Murdoch under the supervision and guidance of Prof Girish Dwivedi. Acute coronary syndrome patients will be recruited from the coronary care unit and chronic stable angina patients will be recruited during investigation (i.e. echocardiogram, exercise test, coronary catheterisation). All participants will give verbal and formal informed written consent to take part in the study. Participants will be provided with a copy of the signed consent forms. Ethics approval will be obtained from the South Metropolitan Health Services Human Research Ethics Committee with reciprocal approval from the UWA Human Research Ethics Committee.

[bookmark: _Toc17364917]		7.2 Inclusion criteria

Men and women between the age of 40– 80 years of age presenting to FSH with acute coronary syndrome or chronic stable angina will be recruited for the study. Healthy family members of patients will be invited to take part in the study and will act as environmental controls and will be age matched where possible.

Inclusion criteria:

· The participant to present to FSH with acute coronary syndrome or chronic stable angina. 
· Healthy participants will be relatives of ACS patients and are defined as individuals with no clinically relevant abnormalities identified by a detailed medical history, full physical examination including blood pressure, heart rate, clinical lab tests from a fasting blood sample 
· Evidence of a personally signed and dated informed consent document indicating that the participant has been informed of all pertinent aspects of the trial
· Willing and able to comply with study procedures, i.e. sample collection

[bookmark: _Toc17364918]		7.3 Exclusion criteria

Participants will be excluded from the study:

· If there are circumstances that interfere with the participant’s ability to give informed consent (e.g. diminished understanding, or proficiency in English language and an interpreter unavailable)
· Participants taking probiotics, antibiotics or antivirals which may disrupt gut microbiota environment, current or recent <3 months.
· Major chronic disease e.g. cancer or dementia
· Healthy participants will be excluded if they have a history of major chronic disease (including cardiovascular disease, psychiatric illness, cancer, diabetes), BMI <18 or >35 kg/m2, current or recent (<12 months) smoking, current or recent (<6 months) significant weight loss or gain (>6% body weight), alcohol intake  >280g p/week for men and >210g p/week for women. 
· Inability to comply with study procedure

[bookmark: _Toc17364919]	7.4 Sample size and statistical power

This is a pilot proof-of-concept study, with expected differences and standard deviations based on extrapolation from our previous animal studies (21, 22) and unpublished human data. This study is designed to investigate an innovative concept and provide important preliminary data and rationale for future large-scale intervention studies. Based on our previous studies, fifty subjects in each group will provide 80% power (α error 5%) to detect a significant difference of 0.85 units in the Shannon diversity index using a two-tailed t-test and assuming a standard deviation within each group of 1 (considering the expected high inter-individual variation).

