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Literature review and study aims
High blood pressure continues to be a major, poorly controlled but highly modifiable risk factor for cardiovascular (CV) death, and is linked to chronic inflammation. Amongst key Western lifestyle factors, a diet poor in fibre is associated with increased prevalence of high blood pressure. It is emerging that fermentable (prebiotic) fibre might modulate CV risk factors. Consumption of a diet high in fermentable fibre increases gut microbiota populations that generate short-chain fatty acids (SCFAs), which are anti-inflammatory. Our pioneer study published in Circulation supports that having a diet high in fermentable fibre changes the gut microbiota and prevents the development of hypertension and associated CV damage.1 In the absence of fermentable fibre, we found that the pH of the small and large intestines increases, and this is associated with higher inflammation in pre-clinical models. Indeed, our unpublished studies show that lack of fermentable fibre leads to the development of a hypertensinogenic gut microbiome, hypertension and its end-organ damage complications in mouse models. Transfer of a high pH hypertensinogenic microbiota to gnotobiotic (germ-free) mice recapitulates the resistant starch-deprived hypertensive phenotype, including cardiac manifestations. [image: \\ad.monash.edu\home\User081\mfrancin\Documents\Grants\Grants 2019\NHF Vanguard\Figure 1 summary v2.jpg]Figure 1. Summary of study hypothesis. 


The overall aim is to determine the contribution of gut pH to blood pressure (BP) regulation via changes in inflammation (Figure 1). Specifically, we will determine:
1. The gut pH of normotensive and hypertensive subjects;
2. The associated gut microbiome and production of gut metabolites that lower the gut pH;
3. Activation of the immune system that is associated with gut pH. 

Fibre intake is consistently associated with lower BP and rates of cardiovascular disease (CVD).2 A recent meta-analysis reported that total dietary fibre intake was the only carbohydrate associated with a 15-31% decrease in systolic BP, all-cause mortality and CV mortality.3 Recommended targets for fibre intake, however, are rarely met. Consumption of a diet rich in fermentable fibre increases gut microbiota populations that generate SCFAs such as acetate, propionate and butyrate, which have local and systemic anti-inflammatory properties.

In recent years there has been increasing evidence that the gut microbiota play a role in CVD.2 Our own studies have demonstrated that a diet high in prebiotic fibre prevents cardiorenal disease in experimental CVD in the DOCA1 and Ang II models (Fig 2A, submitted for publication). Even in the absence of fibre in the Ang II model, adding SCFAs orally (which lower gut pH and inflammation) decrease BP (Fig 2B), cardiac hypertrophy and fibrosis. We have similar results in humans, showing that a 6 week dietary intervention with 20g prebiotic fibre lowered BP and inflammatory markers (IL4, IL6, IL8, TNFα), and increased levels of SCFAs (submitted for publication). [image: \\ad.monash.edu\home\User081\mfrancin\Documents\Grants\Grants 2019\NHF Vanguard\Figure 2.jpg]Figure 2. A) Lack of dietary fibre increases BP, and B) SCFAs, which lower pH, can lower BP even in the absence of fermentable fibre (resistant starch, RS). ***P<0.001. 

Fermentable fibre lowers pH and inflammation in the gut: Unpublished findings from CIB support that lack of fermentable fibre significantly increases the pH of the gastrointestinal tract (from 6 to 9 in the large intestine) in as little as one week (Fig 3A), and causes an increase in inflammatory T cells expressing inflammatory markers such as IFNγ and TNFα (Fig 3B, unpublished). 

A gut microbiome generated by the lack of prebiotic fibre and high pH creates a pro-hypertensinogenic environment: To determine whether the dysbiotic gut microbiome which results from the combination of a lack of prebiotic fibre (thus, high pH) and a mild hypertensive stimulus (Ang II) indeed contributes to the development of hypertension and its complications, we transplanted the large intestine faecal contents of sham or Ang II mice that received the low fermentable fibre diet into germ-free mice. After the faecal transplant all mice were kept in isolators for 4 weeks to avoid the introduction of other microbes and were fed the same diet with no other treatment. Compared to germ-free mice that received a faecal transplant from low fermentable fibre sham mice, germ-free mice that received a faecal transplant from low fermentable fibre Ang II mice had significantly higher ventricular and arterial BP, and this was associated with a significant elevation in the cardiac to body weight ratio, kidney to body weight ratio, and the degree of cardiac perivascular fibrosis. Together, these data suggests that the gut microbiome resultant of a diet lacking fermentable fibre not only is associated with higher BP, but indeed in itself increases BP and contributes to the development of pathological cardiac and renal alterations association with high BP.
[image: \\ad.monash.edu\home\User081\mfrancin\Documents\Grants\Grants 2019\NHF Vanguard\Figure 3.jpg]Figure 3. A) Lack of fermentable fibre significantly increases the pH of the intestine. B) Higher pH increases activation of inflammatory immune cells.

Combined, our findings suggest that fibre might protect against CVD by production of SCFAs that lower intestinal pH, which decreases inflammation. This is a new mechanism that has never been explored before in hypertension or CVD.


Significance: The findings from these studies will explore a new mechanism in hypertension related to gut pH. They could lead to further studies with major implications for managing the burden of hypertension in the future, both through changes in dietary guidelines to lower gut pH.



Study design
We will perform a cross-sectional study.

Study endpoints
Main outcome: This study will provide the first evidence for a higher gut pH being associated with higher BP and arterial stiffness. 
Secondary outcomes: We will determine changes in circulating cytokines, immune cells, sympathetic activation and modulation of gut microbes with gut pH and levels of SCFAs.  

Justification of sample size
Power calculation: in this proof of principle study we will require 23 subjects per group (normotensives and hypertensives) to achieve 90% power with α=0.05 (calculated effect size 1) to determine a difference in pH of 1 (SD=1). We will recruit untreated hypertensives only, but will recruit both men and women for the trial. 

Recruitment strategy
We will combine several recruitment strategies during the next 10 months. Healthy controls and healthy untreated hypertensives will be recruited from the general community. This will include the use of our large clinical database, where participants have given approval to be contacted in relation to new research, as well as advertising in traditional media, online and social media (Monash website, Marques Lab website, Facebook, Twitter). We will also have advertising material in public places (sport clubs, senior citizens club, churches, local councils, shopping centres, GPs offices) and clinics around and at Monash University. Patients who attend the Alfred Hospital Heart Centre and the Healthy Hearts Clinic (at AMREP) and fit the selection criteria below will be asked by the research nurse if they are willing to participate in further research. If they give verbal or written consent to participate in further research, their name and contact details will be shared with the researchers, who will contacted them directly. Volunteers of the May Measurement Month (MMM) (Marques is a research leader for the MMM20 at Monash) that have selection criteria for diagnosis of hypertension will be given a flyer. 

Inclusion and exclusion criteria
Participants will be asked screening questions (attached) regarding the criteria below: 

Inclusion criteria: 
· 18-70 years of age
· BMI 18.5-30
· Either sex
· For hypertensive patients: Hypertension will be defined according to the Australian Heart Foundation guidelines using automated office blood pressure where BP is ≥140/90 mmHg and 24h ambulatory blood pressure monitoring (AMBP) is ≥130/80. Masked hypertensive patients will be included in the hypertensive group (office BP ≤140/90 mmHg but AMBP ≥130/80) and white coat hypertensives will be included as controls (office BP ≥140/90 mmHg but AMBP ≤130/80). 

Exclusion criteria: 
· Use of anti-hypertensive medication
· Recent use of antibiotics (<3 months)
· Presence of type 1 or type 2 diabetes
· Pregnant women
· Presence gastrointestinal diseases (including inflammatory bowel disease, celiac disease, chronic pancreatitis or other malabsorption disorder).

Data collection and measurements 
A familiarization session will take place at Monash University AMREP campus (Alfred Centre, level 6). We estimate that it would take between 60 and 90 minutes. During this visit we will once again explain the study to the participant. They will be given further opportunity to ask questions before confirming their decision to participate. 

Before the visit
We will send the PICF and consent form for the participants. If they agree to participate, we will ask them to fill in a 3-day diet diary to bring with them when they come in. 

Assessments at the visit: 
· In the first visit, participants will be asked to fill in a questionnaire (attached) including demographic questions (date of birth, sex, ethnic background), socioeconomic metrics, medical history (smoking status, current medication, past/present diseases, confirm the last time the participant had any antibiotics/probiotics), and sedentary status.  They will also have their height measured.
· Participants will be weighed and BMI will be calculated. Weigh will also be used to determine weight loss or gain with the different treatments. 
· Participants will come to the visit fasting, so ~30 ml of blood can be collected (see what will be measured below). 
· Participants will have a 24h diet recall interview on the day of the first visit and the day they return the monitors. 
· During the visits participants will be assessed for office blood pressure. After 5 minutes of resting, the investigator will set up the participant with an automatic blood pressure monitor that will do 3 automated measurements while the researcher is not in the room. 
· Participants will be set with a 24-hour blood pressure monitor and will be given instructions.
· Participants will swallow 2 pills (a pH pill and a gas pill) which will collect information regarding gastrointestinal pH, time and levels of SCFAs.  

Assessments at home: 
· Participants will be asked to collect a faecal sample (to be dropped off together with 24-hour blood pressure monitor).  
· Ambulatory blood pressure monitoring: involves readings every 15-30 min over 24 hours, which generate whole-day, day-time and night-time values, and the rate of early morning rise in blood pressure. 
· pH and gas pill monitoring are similar to ambulatory blood pressure and use a monitor or applicative in the mobile phones. 

Blood:
At the end of the familiarization session, a trained staff will collect a small blood sample (~30ml) in plasma and serum tubes. Blood will not be used for detection of genetic material. 

Blood will be used to measure the following:
· Plasma cytokines associated with hypertension (IL1B, IL6, IL10, IL17A) and/or gut health (IFN-γ, TNFα, IL21, IL22) (Marques lab at Monash University).
· [bookmark: _GoBack]Renal and liver function tests (Alfred Hospital)
· Fasting blood glucose and cholesterol (Alfred Hospital)
· Gut permeability: lipopolysaccharide binding protein (Marques lab)
· SCFA and other gut metabolites: performed by gas chromatography and mass spectrophotometry (Monash University)

Faecal samples:
At the end of the familiarization session, participants will receive a kit to collect a faecal sample at home (see attached). They will be asked to store the sample at -20oC or (preferentially) bring the sample to Monash University as soon as possible. Faecal samples will be used to measure the following:
· Microbiome DNA sequencing: gut microbiome will be determined by 16S rRNA (bacteria) and shotgun metagenome sequencing (for other microbes). 
· SCFA and other gut metabolites: performed by gas chromatography and mass spectrophotometry. 

Bias and Confounding control
Diet can be a confounding factor because of the ability to modulate the gut microbiota and change levels of SCFAs. Participants will be asked not to change their diet before and during the study, given a list of foods to avoid, and will write down what they eat for 24h or until the pills are expelled from the body. 

Data management
Only members of the study team will have access to the data and all the information will be either securely locked in a storeroom (in the case of hard copy questionnaires), or be protected by an electronic password (in case of digital files) at the Monash server. All files that contain participant information (i.e., age, blood pressure, BMI, sex, etc) will be coded and will not contain any direct identification of the participants. We will use RedCap to store information. 

Biological samples: Samples will be immediately stored in a secured -80oC freezer at Muir’s and Gibson’s laboratory and permanently stored samples at the Monash University’s Hypertension Laboratory (Marques). All biological samples will be coded and will not contain any direct identification of the participants.  

What will happen to leftover samples? We will store any remaining blood and stool samples indefinitely in a secured -80oC freezer at the Monash University’s Hypertension Laboratory (Marques). As new techniques and information emerge in the future we would like to be able to reanalyse these sample. These samples will be coded with a study number, of which a study log is kept to link back the study sample and the participant’s identity. This log will be kept in secure area whereby only the study staff members have access to it. Participants will be asked to consent that their information is used for this specific study and to future related research. 

Data analyses
We will use step-wise multiple linear or logistic regression models adjusted for clinical variables as independent parameters in SPSS, as Marques has previously done (example in 4). 
Primary endpoints: higher pH level being associated with higher blood pressure and pulse wave velocity (analysed as categorical and continuous variable). 
Secondary endpoints: levels of gut pH associated with levels of SCFAs, gut microbiome and inflammatory markers. 




Protocol v1 – date 30/01/2020 - MUHREC # 23336

6

Study timelines
	
	March–August 2020
	Sept–Oct 2020
	Nov–Dec 2020

	Recruitment (2 subjects per week)
	10 months
	
	

	Laboratory measurements of blood and faecal samples
	
	2 months
	

	Bioinformatics, data analyses and manuscript preparation
	
	
	2 months
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