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Beating Prediabetes Study Protocol

1. Background

Background:  People with prediabetes, an intermediate state of hyperglycaemia1, are at high-risk of developing type 2 diabetes mellitus (T2DM)2. In New Zealand there are over 300,000 people with T2DM3 and currently the estimated annual conversion rate of prediabetes to T2DM is 5-10%2,4. Prediabetes has been recognised as being the key period during which interventions may lead to preventing development of T2DM1,5,6. 

Polyphenol-rich foods have been investigated for their ability to modulate blood glucose levels7-14 and reduce postprandial glucose responses in both healthy subjects and in those with T2DM. Our research group has focused on using foods with bioactives containing polyphenols and nitrates (e.g beetroot (BR); antioxidant-rich foods and food extracts), to improve modifiable risk factors such as blood pressure15,16 and postprandial blood glucose response in healthy subjects7, 17,18  and in people with prediabetes19. 

BR and blackcurrant (Bk) are foods both rich in polyphenols and other bioactives, but their effectiveness in improving glycaemic control in the prediabetes state has not yet been investigated. BR is high in both dietary nitrate and phytochemicals (e.g. betalains, polyphenols)20,21. Nitrate is the precursor to the bioactive nitric oxide (NO), which plays a pivotal role in controlling vascular tone and blood pressure22 and also mediates glucose uptake from the intestines and skeletal muscle23,24. Bk is high in polyphenols including anthocyanins which are proposed to modify postprandial glycaemia25. We suggest BR and Bk have the potential to be natural, dietary interventions that could have a significant impact on glycaemic control in people with prediabetes. Furthermore, chronic supplementation with dietary nitrate has been shown to improve insulin sensitivity and glucose control in a rat model, however we are unaware of any robust studies being conducted in a chronic setting in humans. 

This study looks to establish the efficacy of chronic supplementation with BR and Bk on measures on metabolic syndrome and glucose metabolism such as glycated haemoglobin A1c (HbA1c), fasting blood sugar and lipid profiles in people with prediabetes.

2. Hypothesis
12 weeks of supplementation of blackcurrant anthocyanins or beetroot compounds, or both, will improve HbA1c and measures of metabolic syndrome compared to placebo.
3. Experimental design 
The study will be a double-blind, randomized, placebo-controlled, parallel study with four testing arms (placebo, blackcurrant juice, beetroot juice, beetroot and blackcurrant mix). Participants will receive one of four drinks to consume daily for 12 consecutive weeks with study visits taking place pre- and post-intervention. The participants will be randomized by age and gender by an independent randomization officer, and placebo drinks will be matched in colour to the beetroot/blackcurrant drinks. Drinks bottles will be labelled A, B, C or D (coding to be determined by randomization officer).
Measures will be taken for fasting blood glucose, HbA1c, lipid profile, blood pressure and body composition pre and post intervention. Participants will measure their own fasting blood glucose from home and will complete a compliance diary once per week. A feasibility questionnaire will also be completed during study visit 2, at the end of the 12-week intervention. Food frequency questionnaires will be assessed to ensure participants have not significantly changed their dietary intakes from baseline to 12 weeks. 
Study Drinks
Participants will be given study drinks at their first visit. 
The beetroot juice drink will contain 600mg of nitrate per day, using ~67g of concentrate. The participants will receive the concentrate diluted to 100ml servings to ease the burden of diluting the drink themselves.
The blackcurrant drink will contain 300mg anthocyanins per day, using ~9g of concentrate. The participants will receive the concentrate diluted to 20ml servings to ease the burden of diluting the drinks themselves.
The blackcurrant and beetroot mix will contain both 600mg of nitrate, and 300mg of anthocyanins, using ~67g of beetroot concentrate and ~9g of blackcurrant concentrate. The participants will receive the concentrate mixed and diluted to 100ml servings to ease the burden of diluting the drinks themselves.
The placebo will be made up using a red/purple food colorant and sweetener. It will contain negligible nitrate and anthocyanins.
The drinks are not isocaloric. The placebo will contain sweetener rather than be sugar-matched as the cohort is prediabetic and it may not be advised to add sucrose to their regular diet if avoidable. 
Whole Study at a GlanceScreening Visit/ Study Visit 1
Study Visit 2
Measurements:
· HbA1c
· Fasting Glucose
· Lipid Profile
· Blood Pressure
· FFQ
· Body Composition
Interval (12 weeks)
Daily consumption of intervention beverage at breakfast (300mg anthocyanin BC, 600mg nitrate BR, mix, placebo)

Measurements:
· Weekly fasting glucose from home
· Weekly compliance diaries
Measurements:
· HbA1c
· Fasting Glucose
· Lipid Profile
· Blood Pressure
· FFQ
· Body Composition
· Feasibility Questionnaire

 
Screening visit (Visit 1)
During the screening and first study visit, we will assess whether the participant meets the study inclusion criteria. Participants will arrive at the Massey University Human Nutrition Research Unit ONE morning to have a screening fasted blood sample collected. The session should take approximately one hour. Measures will be taken for fasting blood sugar, lipid profile and HbA1c levels through a finger prick blood sample. The participant will be invited to participate in the study visits if screening indicates they are eligible for the study.
In addition, body mass index (BMI), waist and hip circumference, and body composition (using a bioelectrical impedance scale) will be measured. Blood pressure and heart rate will also be measured. The participant will also be asked about relevant medical history, and any medication use. Finally, the participant will complete a food frequency questionnaire online which will provide us information on eating habits over the previous 30 days.
If eligible to participate in the study, the participant will be issued with a handheld glucometer and all materials required to test their fasting blood glucose at weekly intervals for 12 weeks. A trained researcher will also show them how to do this safely at home. If the participant already owns and uses a handheld glucometer, they may use their own device.
Study Interval (12 weeks) 
Between study visits 1 and 2 there will be a 12-week interval during which time the participant will be asked to consume a beverage daily, before breakfast. This beverage will be either placebo, blackcurrant, beetroot or a blackcurrant/beetroot mix. During this time, they will be asked to complete a weekly fasting glucose measurement using the handheld glucometer issued during first visit (or their own). The participant will be asked to complete a compliance diary each week including questions about how they are feeling and how they are finding the intervention drink. The participants will also be asked to return any unconsumed intervention products to corroborate the compliance diaries. This should take no longer than 5-10 minutes to complete. 
Study Visit 2
Study visit 2 will be identical to study visit 1. The participant will be required to come to the lab fasted (10 hour fast) and the same measurements that were taken at visit 1, will be taken by the researcher, to determine if the intervention has influenced any of the measures stated above. The participant will also complete a feasibility questionnaire to assess the long-term viability of the intervention drink.

4. Methods and procedures

4.1 Sample size
The study will recruit 40 people into each group (160 participants total, both male and female). As there is no robust previous literature using chronic supplementation of either BR or Bk in prediabetes, the study is a pilot study, and the sample size has been chosen based on our current knowledge of the expected changes in primary outcome measures over the 84-day intervention period. We anticipate that 40 participants per group will be sufficient to see changes in HbA1c and other outcome measures over this time period. 
4.2 Inclusion criteria

· 30-65 years of age
· BMI 18.5 - 40.0 kg/ m2
· HbA1c 41-49 mmol/ mol
· Fasting glucose > 5.6 mmol/ L
· Not taking any medications that include blood glucose/sugar lowering prescriptions
· Not pregnant or breastfeeding
· Not allergic to beetroot or blackcurrant
· Non-smoker
· Able to communicate well in English

4.3 Exclusion criteria

· Use insulin
· Chronic kidney disease
· Significant weight loss in previous 12 months
· Regularly participating in >5hrs exercise weekly
· On strict dietary restrictions 
· Other medical factors that may affect study

4.4 Blood sampling
Blood samples will be collected using finger-prick blood sampling methods. A trained researcher will take blood samples and collect samples into HbA1c and lipid cartridges for analysis on a Cobas101+ machine. Fasting glucose will be measured via the same finger-prick sample using glucometer test strips on a Caresens® glucometer. Samples will be immediately discarded in biohazard waste bags using standard aseptic procedures.
4.5 Other Methods
Body composition, waist and hip circumference and blood pressure will be measured according to Massey University’s Standard Operating Procedures for these measures. These measures will be carried out by a trained researcher.
4.6 Statistical Analysis
Paired t-test analyses will be used to compare HbA1c, lipids, body composition and blood pressure before and after the twelve-week intervention. Fasting glucose samples will be compared using a one-way ANOVA with a repeated measures design. A p-value <0.05 will be considered statistically significant.
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