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Glossary of abbreviations

BA: bile acid
CVD: cardiovascular disease
EDTA: ethylenediaminetetraacetic acid
FFQ: food frequency questionnaire 
FSH: Fiona Stanley Hospital
GCMS: gas chromatography mass spectrometry
GCP: Good Clinical Practice
HCl: hydrochloric acid
HDL: high density lipoprotein
HFrEF: heart failure reduced ejection fraction
HREC: Human Research Ethics Committee
LCMS: liquid chromatography mass spectrometry
LDL: low density lipoprotein
NAD/NADH: nicotinamide adenine dinucleotide (oxidised and reduced form)
NHMRC: National Health and Medical Research Council
PCR: polymerase chain reaction 
RPM: revolutions per minute 
SCFA: short chain fatty acid
TGA: Therapeutic Goods Administration
TMA: trimethylamine
TMAO: trimethylamine-N- oxide
VAD: ventricular assist device
16S rRNA: 16S ribosomal ribonucleic acid


Summary

Cardiovascular disease (CVD) 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 pilot study, we will investigate the microbiome of heart failure. To do this, dental, saliva, blood and stool samples will be obtained from participants with heart failure and analysed for microbiota and their metabolites as an indication of the microbiome. Participants will be followed up at 6 months. A complex relationship exists between the gut microbiome and host health via production and release of metabolites such as short chain fatty acids, bile acids and trimethylamine-N-oxide, which all have far reaching consequences in the body. By obtaining various microbiota samples at different sites from individuals with heart failure we aim to analyse and compare the composition and functionality of the gut microbiome in heart failure and following transplant. 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.
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[bookmark: _Toc17707052]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), 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).

Heart failure is a chronic condition, with symptoms such as shortness of breath, fatigue, dizziness and oedema, and signs, such as increased venous pressure and pulmonary crackles, occurring when the heart cannot pump blood effectively around the whole body due to a weak or stiff heart muscle (10). This results in cardiac dysfunction and increased mortality (10). In developed countries, the leading cause of heart failure is hypertension and coronary artery disease (11). Heart failure can structurally be classified as left sided, right sided or biventricular (affecting both right and left ventricles). However, it can also be classified based on pumping ability, that is heart failure with reduced ejection fraction (HFrEF) or preserved pumping ability (12). When end-stage heart failure is reached, a ventricular assist device (VAD) or heart transplant may be required. In both heart failure and heart transplant, the gut microbiota of participants is altered, affecting disease pathogenesis and progression.

In cardiovascular disease (CVD), there is an alteration in the composition, diversity and ratio of gut microbiota known as dysbiosis (8). Microbiota dysbiosis contributes to the progression and pathogenesis of disease (13). Studies have shown increased plasma levels of circulating trimethylamine-N-oxide (TMAO), a gut microbiota metabolite, in individuals with atherosclerosis and acute coronary syndrome (14-16). There is also a correlation between elevated TMAO levels and increased risk of major adverse cardiac events, such as stroke and myocardial infarction or death (14). Furthermore, gut microbiota can influence and modulate the deconjugation of primary bile acids (BAs) to form secondary BAs via bacterial bile salt hydrolase activity (17). BAs act as a major pathway for cholesterol elimination via excretion in faeces, thus effectively decreasing circulating cholesterol levels and risk for atherosclerosis (13). Gut microbiota dysbiosis can impair bile salt hydrolase activity and reduce the effectiveness of cholesterol elimination, thus, promoting atherosclerosis (18). 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 (19), due to the role of SCFAs in maintaining gut barrier function and inflammation (20, 21).

Current literature suggests that gut microbiota dysbiosis, is associated with cardiovascular diseases such as atherosclerosis, hypertension and heart failure (2, 3, 20, 22, 23). 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 participants presenting to FSH with acute and chronic heart failure and of the chronic group, there will be participants who subsequently require a VAD or undergo a heart transplant. Although there is vast research regarding atherosclerosis and heart failure, there is a lack in research outlining the role of the gut microbiome in the initiation and progression of atherosclerosis as well as its influence on acute and chronic heart failure. There is also a lack in research on the role of the gut microbiome in human heart transplant and VAD participants. 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 both acute and chronic heart failure, and may be used as a marker for possible organ rejection post heart transplant, 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: _Toc17707053]2. Aims

(1) To investigate the gut microbiota profile in acute and chronic heart failure and how it is affected by VADs and heart transplant in humans. 

(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: _Toc17707054]3. Hypothesis 

Individuals with acute and chronic heart failure will have an altered microbiota, with reduced composition and diversity compared to healthy individuals. This will result in altered production of SCFA, TMAO and BA, which will be related to diet, medication use and clinical outcome. Participants who have undergone VAD placement and heart transplant will have a more stabilised gut microbiome, similar to healthy individuals. 

[bookmark: _Toc17707055]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 heart failure, compared to their healthy relatives, who will serve as environmental 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.

Acute heart failure is when the patient is acutely admitted to the hospital as an inpatient. Chronic heart failure are stable patients with established heart failure seen in the clinic.
Fifty participants from each group of acute and chronic heart failure will be recruited as they present to the Outpatient Clinic at the Department of Cardiology, Fiona Stanley Hospital (FSH) over a three-year period (Figure 1). These participants will be followed and those who subsequently have a VAD or transplant, will be followed further. Fifty healthy relatives from each group of acute and chronic heart failure participants will also be recruited and will serve as healthy environmental controls. All participants will provide verbal consent as well formal written informed consent after being deemed eligible to participate in the study, after which dental, saliva, blood and stool samples will be collected. In addition to a medical history, all participants will complete a validated food frequency questionnaire (FFQ) to ascertain macro and micronutrient intake and a health and lifestyle questionnaire to determine socioeconomic status. Heart failure participants will be followed-up at 6 months to ascertain current medication use and clinical outcome as well as provide a second dental, saliva, blood and stool sample.   
[image: ]
Figure 1: 100 participants with heart failure will be recruited for this study, fifty of which will have acute heart failure and fifty of which will have chronic heart failure. In. addition, fifty healthy elatives from the two respective groups will also be recruited as healthy controls.
[bookmark: _Toc17707056]5. Study location

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

[bookmark: _Toc17707057]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. 

Table 1: A timeline of the proposed study
	 
	Year 1
	Year 2
	Year 3

	Research protocol
	 
	 
	 

	Ethics application and approval
	 
	 
	 

	Participant recruitment
	 
	 
	 

	Sample collection
	 
	 
	 

	Sample analysis 
	 
	 
	 

	Statistical analysis 
	 
	 
	 

	Write up
	 
	 
	 



[bookmark: _Toc17707058]7. Study population

[bookmark: _Toc17707059]	7.1 Recruitment and consent of participants	

Participants will be recruited from the Outpatient Clinic, Department of Cardiology at Fiona Stanley Hospital, Murdoch under the supervision and guidance of Prof Girish Dwivedi. All participants will give verbal and formal written informed 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: _Toc17707060]		7.2 Inclusion criteria

Men and women between the age of 40– 80 years of age presenting to FSH with heart failure 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 heart failure 
· Healthy participants will be relatives of heart failure 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: _Toc17707061]		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 prebiotics, probiotics, dietary supplements, 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: _Toc17707062]	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 (24, 25) 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 participants 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).

[bookmark: _Toc17707063]	7.5 Potential for risks, burdens and benefits

As there is no intervention involved in this study, we do not foresee any major safety risks to the participants. However, having blood taken via venepuncture may cause some anxiety, discomfort, bruising, minor infection or bleeding. To minimise the risk, venepuncture will be performed by a suitably trained phlebotomist. . Dental scraping samples may cause temporary discomfort, and there is a risk of gum bleeding, gum inflammation, and  possible infection. The dental scraping will be performed by Miss Adilah Falahi Ahmad Hari Thas who is a PhD student from The University of Western Australia who has been trained and assessed by a qualified dentist (Dr Shamalka DeSilva, BDSc University of Adelaide, at Dental Sense in Midland) to perform this procedure.

At this stage there is no direct benefit to the participants of this study. Long term possible benefits may include understanding how the gut microbiome changes during health and disease, which may lead to the development of new treatment options in the future. 

[bookmark: _Toc17707064]		7.6 Withdrawal of participants

Participants may freely withdraw from the study, without explanation at any time. Withdrawal from the study will not negatively impact their future medical care. All information collected on participants who withdraw will be retained, unless specifically requested otherwise by the participant. This request will be made in writing to the study coordinator.
[bookmark: _Toc17707065]8. Project procedures

[bookmark: _Toc17707066]		8.1 Sample collection 

Participants presenting with heart failure and those requiring heart transplant will be assessed and screened for study eligibility by Prof Dwivedi. Once eligible and an informed consent has been provided, the participant will provide a dental, saliva, blood and stool samples. These samples will be stored at -80oC for future analysis. 

Dental 
The dental scraping will be performed by Miss Adilah Falahi Ahmad Hari Thas who is a PhD student from The University of Western Australia who will be trained and assessed by a qualified dentist (Dr Shamalka DeSilva, BDsc University of Adelaide at Dental Sense Midland, 2 Mellar Court Midland WA 6056) to perform this procedure. The PhD student will be assessed as being competent in the procedure by performing a dental scrape on a volunteer under the assessment of Dr Shamalka De Silva, who will verify the competency of the PhD student in dental scraping in writing by letter.

Dental scrapings will be collected from participants at the Outpatient clinic, Department of Cardiology, Fiona Stanley Hospital. Dental scrapings will be obtained as per standard operating procedure (26). Briefly, a dental curette from the OraCare dental care kit will be used to collect supragingival and subgingival plaque samples from the following 6 teeth: the first molar on the upper right quadrant, first molar in lower left quadrant, first premolar in upper left quadrant, first premolar in the lower right quadrant, central incisor in the upper left quadrant and central incisor in the lower right quadrant (Figure 2). The supragingival samples will then be pooled into a solution of one OMNIGene® Saliva  OM-501 or OM-505 collection kit and frozen until analysis. The same will be done to the subgingival samples.

[image: ]
Figure 2. Dental scrapings will be obtained from the above 6 teeth.

	Saliva
Participants will be asked to pool saliva in the mouth and spit into a sterile container at the Outpatient clinic, Department of Cardiology, Fiona Stanley Hospital, The saliva stored at -80°C until required for analysis. 

	Blood
About 20mL of blood will be collected via venepuncture and collected into EDTA tubes at the Outpatient clinic, Department of Cardiology, Fiona Stanley Hospital. The samples will be centrifuged at 3000 RPM at 4°C for 10 minutes and the plasma will be collected and stored at -80°C until analysis. The plasma samples collected will be used in various assays to determine SCFA, BA, TMA (a precursor of TMAO), and TMAO levels.

	Stool
Faeces will be collected and stored by participants in a stool collection jar (provided) and stored in a cool place, such as the fridge, and brought to the hospital where it will be stored at -80°C until analysis.  




[bookmark: _Toc17707067]		8.2 Sample analysis 

	Microbiome
After collection, dental, saliva and stool samples will be analysed by using commercially available DNA isolation kits to determine bacterial genomic data. After DNA extraction, 16S rRNA sequencing can be carried out. Briefly, bacterial DNA will be extracted from the samples and amplified by PCR. Primers will be used to amplify the bacterial 16S rRNA gene at specific regions, V3 and V4. The PCR amplions will be purified by magnetic purification beads and quantified using a DNA assay kit according to manufacturer’s instructions. The comprehensive methodology is as previously published (27, 28). This will take place at the external 16S rRNA profiling site: Genewiz at 115 Corporate Blvd, South Plainfield, New Jersey, 07080, USA. Samples will be de-identified and sent on dry ice via a commercial courier.

SCFA
SCFA concentrations will be measured using GC-MS with sodium acetate, sodium propionate, sodium butyrate and sodium succinate as internal standards. Briefly 10µL of 0.5M HCl will be added to thawed plasma. The samples will be vortexed for 30 seconds, then 20 µL of internal stock standard solution (composed of acetate, propionate, butyrate, succinate, HCl and milliQ water, prepared to a known concentration using 0.05M HCl and homogenised with 300 µL isopropanol) will be added and further vortexed. The solution will be centrifuged for 10 minutes at 13 000 rpm at room temperature. Following this, 80 µL of supernatant will be pipetted and transferred to a GCMS vial with insert before being run on the GC-MS machine with helium as the carrier gas and according to specifications previously published (24). Sample concentrations of SCFAs are calculated by monitoring and following ions, 171 and 172 m/z (acetate), 185 and 186 m/z (propionate), 199 and 200 m/z (butyrate) and 340 and 344 m/z (succinate).

BA
Various BAs will be profiled and the ratio of primary to secondary BAs will be determined to provide suggestions on gut microbiota activity, resorption rate in the colon and BA synthesis. Primary BAs for profiling includes cholic and chenodeoxycholic acids. Secondary BAs for profiling includes deoxycholic acid, lithocholic acid and hyodeoxycholic acid. Mass spectrometry will be used for profiling specific bile acids using plasma. While total bile acid concentrations will be assessed by using a commercial total BA assay kit containing enzymes which will oxidise BAs into 3-keto steroids in the presence of Thio-NAD which will be reduced to Thio-NADH (29). The absorbance of Thio-NADH will be measured and used to determine total BA levels in plasma. Samples will be prepared according to manufacturer’s instructions, incubated for 3 minutes at 37 °C. The absorbance of Thio-NADH will be measured at 405 nm 1- and 2-minutes post incubation. Mass spectrometry will be used for profiling specific bile acids. 

TMAO
TMA/TMAO levels will be assessed by using stable isotope dilution tandem mass spectrometry as previously described. Briefly 20 µL of plasma will be mixed with 80 µL of internal standard (comprised of deuterated TMAO in methanol). The protein present in the samples will be precipitated via vortexing for 1 minute. The solution will be centrifuged for 10 minutes at 20 000 G at 4°C. The supernatant will be analysed using LC-MS/MS with specifications as previously described (30). 

[bookmark: _Toc17707068]		8.3 Access to existing data 

Medical records and discharge notes of all heart failure participants will be used to gain information on medical history and medication use. 

[bookmark: _Toc17707069]		8.4 Safety considerations	

We do not anticipate any significant risks associated with taking part in this study as the study does not involve any intervention nor change to the patient’s usual care. After participants have given a verbal and written informed consent take part in the study, biological samples such as saliva, dental scrapings, blood and stool will be collected at baseline and again at the 6 month follow up period for analysis. There may be some temporary discomfort during the venepuncture process to obtain a blood sample. Venepuncture will be performed by trained phlebotomists. Numbing creams (e.g. EMLA) for blood tests is not offered by PathWest, but patients may choose to use such creams if they wish.  EMLA cream is available over-the-counter at pharmacies and do not require a prescription. 

Dental sampling may cause temporary discomfort. and there is a risk of gum bleeding, gum inflammation, and  possible infection. If bleeding occurs at the time of dental scraping, the procedure will stop and gauze will be used to stop the bleeding. The participant will be asked to rinse their mouth with water and the study clinician informed. If following the dental scraping, inflammation or infection occurs and a participant reports this, they will be asked to:
· Soothe the inflamed gums by brushing and flossing gently
· Rinsing the mouth with saltwater solution to rid the mouth of bacteria
· Avoid irritants such as strong mouthwashes, alcohol and tobacco
· Place a warm compress over the face to lessen gum pain or a cold compress to help decrease any swelling
· If the symptoms persist after 48 hours, the participant will be asked to visit the study clinician, who will assess their situation and treat them accordingly or refer them to a dentist. 
The dental scraping will be performed by Miss Adilah Falahi Ahmad Hari Thas who is a PhD student from The University of Western Australia who has been trained and assessed by (Dr Shamalka De Silva, BDSc, Dental Sense Midland, 2 Mellar Court Midland WA 6056) to perform this procedure. Briefly, dental plaque scrapings will be collected from 6 teeth: the first molar on the upper right quadrant, first molar in lower left quadrant, first premolar in upper left quadrant, first premolar in the lower right quadrant, central incisor in the upper left quadrant and central incisor in the lower right quadrant. The plaque will then be pooled and collected in a collection kit for microbiome analysis. If an adverse event occurs during or after the procedure, the study doctor, a cardiologist, will be informed to review the situation immediately and the patient will be treated as required at the Department of Cardiology, Fiona Stanley Hospital. 

All participants will be requested to notify the study coordinator of any side effects or adverse events that develop during the course of the study, including during the follow-up period. Serious adverse events are unlikely given there is no intervention in the study.
Any and all adverse events, serious or otherwise will be recorded in the patient’s file and reviewed by the Coordinating Principal Investigator, who is also the patient’s treating cardiologist and forwarded on to the HREC as requested. These will be reviewed by the study clinician and the HREC will be notified within 24 hours of being notified by the patient. Any and all serious adverse events will be recorded with the study coordinator and clinician and reported to the HREC as soon as possible. Where necessary, the participant will be withdrawn from the study. All participants will be entitled to follow-up care as required.
[bookmark: _Toc17707070]		
8.5 Data analysis	

The primary outcome will be assessed from the stool and plasma samples collected for batch analysis at the completion of the study. All stool samples will undergo 16S rRNA analysis for microbiome profiling. DNA will be isolated from the sample using QIAamp Fast DNA Mini Kit and subsequent 16S rRNA gene sequencing performed using the MiSeq desktop sequencer (Illumina) with microbiome analysis conducted using SILVAngs pipeline data analysis and The R project for Statistical Computing (version 3.2.4), as previously described (24). Analysis will include; multivariate analysis to determine diet clusters and gut community composition in response to the different diets, diversity indexes to determine the diversity and dominance of gut bacteria, microbial taxonomic composition by phylum and family, and Tax4Fun analysis, a prediction tool to infer the functional capabilities of the bacterial community. To investigate the functional significance of alterations in the microbiome patterns and gain insight into the mechanistic handle linking the microbiome-coronary health axis, we will utilise virtual metagenomics and function software platforms. In addition, products of bacterial digestion including plasma and stool SCFAs, TMAO and BAs will be analysed using in house GCMS methods. In the final analysis, participants with ACS will be age matched with healthy controls.

Secondary outcomes will be associations with family history, medication use, diet and clinical outcomes. These will be done using participant medical records and discharge notes, a validated food frequency questionnaire to ascertain macro and micronutrient intake and participant follow-up. All heart failure participants will be followed up at 6 months when they present to the Department of Cardiology, where updated information on medication use, blood pressure and clinical outcomes will be gathered, in addition to follow up dental, saliva , blood and stool samples for analysis of microbiota profile, SCFA, TMAO and BA. This will allow us to determine if microbiota composition and functionality stabilises as the disease status stabilises.

[bookmark: _Toc17707071]9. Data management and record keeping

All data collected from participants will remain strictly confidential. Participants will be de-identified and given a unique study ID to conceal their identities. No references will be made to any patients in any resulting publications and/or presentations. Patient files and hospital records will be kept confidential, with access only allowed to study team members. All hard copy data will be recorded in an individual Case Report Form. Hardcopy data will be stored securely and in a locked cabinet in the office of Professor Girish Dwivedi at the Harry Perkins Institute of Medical Research, Fiona Stanley Hospital, Level 2, which is protected with swipe card access. All electronic data will be re-identified with the unique study ID and stored in a database on the study coordinator’s password protected computer, which is regularly backed up. The master log linking identifiable information against the unique study ID code will be stored separately. Biological samples will be re-identified as their unique study ID’s and stored in a -80°C freezer in the laboratory in the Harry Perkins Institute of Medical Research, Murdoch. All records as well as samples, will be retained for 15 years after the completion of the study, after which they will be securely destroyed. 

[bookmark: _Toc17707072]10. Data monitoring 

Study related monitoring, auditing and regulatory inspections will be granted to HRECS and other governance review bodies as requested. 

[bookmark: _Toc17364930][bookmark: _Toc17707073]11. Data Archiving 

Future research may be performed with samples collected. Participants will be asked to provide consent for their samples to be kept and used for future research in the participant information and consent forms. It is optional for participants to provide consent for future research. Ethics approval will be required for any future research projects that require access to these samples. 

[bookmark: _Toc17707074]12. Quality control and assurance

This study will be conducted in full compliance with principles of the Declaration of Helsinki, Good Clinical Practice (GCP), the National Statement on Ethical Conduct in Human Research (NHMRC, 2007), Australian Code for the Responsible Conduct of Research (2007) and within Australian laws and regulations.

[bookmark: _Toc17707075]13. Project outcomes and significance

The outcome of the study will determine the gut microbiota profile of participants with acute and chronic heart failure. Further investigations include looking at changes in the microbiome of heart failure participants pre and post heart transplant surgery and VAD placement. We will further investigate associations between the microbiota composition and functionality with medication use, diet and clinical outcome, including changes to the microbiota as the disease stabilises. By profiling the specific gut bacteria, we can determine whether microbiota alteration (through diet, prebiotics, probiotics) could provide a low cost, easily manageable and personalised potential therapeutic target in those with cardiovascular disease. 

[bookmark: _Toc17707076]14. Dissemination of results and publications

This study will be registered on the Australia and New Zealand Clinical Trials Registry. Results from this study will be published in the appropriate peer-reviewed scientific and medical journal, with no participant identifying information included. At the conclusion of the study, participants will be provided with a report on the study findings, if requested.


[bookmark: _Toc17707077]15. Budget, financing, indemnity and insurance

This study is funded by the Chief Investigators in house contribution at Fiona Stanley Hospital, with additional in-kind support from salary of Proessorf Girish Dwivedi (Fiona Stanley Hospital). This research project is also funded by Harry Perkins Institute of Medical Research start-up fund. Indemnity and insurance are provided by Crown Indemnity.
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