Template Ref: CRESTAR
Template Version 11 25/04/2025
IRAS: 168400
Protocol Reference Number: 
© Imperial College of Science, Technology & Medicine  	
	
 








PROTOCOL





Dietary resistant starch from plant-based foods for healthy glucose homeostasis










Main Sponsor 			Imperial College London
Funders			BBSRC	
REC Reference number 		15/LO/0184
IRAS Project ID: 			168400




Protocol authorised by

					
Professor Gary Frost,
Professor of Nutrition and Dietetics,
Department of Metabolism, Digestion and Reproduction 
Hammersmith Hospital Campus, Imperial College,
6th Floor, Commonwealth Building,
Du Cane Road, London,
W12 0NN


Dr. Katerina Petropoulou
Research Fellow
Department of Metabolism, Digestion and Reproduction
Hammersmith Hospital Campus, Imperial College,
10th Floor, Commonwealth Building,
Du Cane Road, London,
W12 0NN






Full title of the research:  Dietary resistant starch from plant-based foods for healthy glucose homeostasis

Study Management Group

Chief Investigator	Professor Gary Frost

Co-investigators	Dr. Katerina Petropoulou


Study Management	Dr Katerina Petropoulou



Sponsor

Imperial College is the main research sponsor for this study. For further information regarding the sponsorship conditions, please contact the Head of Research Governance and Integrity at:

Research Governance and Integrity Team Imperial College London and Imperial College Healthcare NHS Trust
Room 215, Level 2, Medical School Building
Norfolk Place
London, W2 1PG
Tel: 02075941862 
W: https://www.imperial.ac.uk/research-and-innovation/research-office/research-governance-and-integrity/ 





PROBLEMS RELATED TO THIS TRIAL SHOULD BE REFERRED TO PROFESSOR GARY FROST
g.frost@imperial.ac.uk





KEYWORDS

Nutrition, Health, Glucose Homeostasis, Resistant starch










Table of Contents


1. INTRODUCTION

2. STUDY 1: Evaluating the impact of resistant starch from peas on gastric emptying

3. STUDY 2: Evaluating the impact of resistant starch from peas on small intestinal digestion

4. STUDY 3: Evaluating the impact of resistant starch from peas on starch delivery to the colon

5. STUDY 4: Evaluating the impact of resistant starch from peas on β-cell function

6. STUDY 5: Evaluating the impact of resistant starch from chickpeas on small intestinal digestion

7. STUDY 6: Evaluating the impact of pea products, high in resistant starch content, on blood glucose.

8. STUDY 7: Evaluating the effects on glucose homeostasis using a portfolio of food staples made by high resistant starch flour. 

9. Withdrawal criteria and adverse events definitions reporting procedures

10. Assessment and follow-up

11. Regulatory issues

12. Publication policy

13. References












1. INTRODUCTION
Background

Type 2 diabetes is an increasing problem worldwide and is particularly prevalent among the aging population. Over 2.5 million individuals in the UK are affected, costing the NHS around £10 billion per year (almost 10% of its budget). The risk of diabetes is thought to increase with age because of a progressive decline in the capacity of cells in the pancreas (beta-cells) to secrete insulin, the hormone that controls glucose levels. This in turn results to poor glucose control. The decline in beta-cell function can be accelerated by a poor diet and lifestyle, thus increasing the risk of developing type 2 diabetes. This is more evident in poorer communities where those on lower incomes tend to exhibit less nutritious dietary habits, placing them at greater risk of non-communicable diseases. 
Most staple affordable foods have a poor nutritional profile and contain high proportions of rapidly digestible starch. Starch is the main carbohydrate component in the diet and in most plant-based foods. High intakes of readily digestible carbohydrates can lead to fluctuating and elevated fasting and post-prandial glycaemic responses, demonstrated to be a significant factor for noncommunicable diseases.
There is much evidence that diets rich in a type of carbohydrate called resistant starch have a positive impact on controlling of blood glucose levels, and hence reduce susceptibility to type 2 diabetes. Resistant starches not completely digested in upper parts of the digestive tract and is fermented by bacteria in the colon. The products of fermentation, known as short-chain fatty acids, are thought to improve beta-cell function and thus insulin secretion. There are a variety of fruits and vegetables that contain various amounts of resistant starch, but UK diets are generally low in resistant starch. Thus, by promoting the widespread consumption of resistant starch, there is the potential to lower type 2 diabetes incidence in the long term. Moreover, another approach to tackle this risk is to reduce the glycaemic impact of commonly consumed foods. Diets rich in complex carbohydrate structures that are digested and absorbed slowly result in reduced glycaemic responses. Such carbohydrates are typically partially resistant to digestion by intestinal amylase. Reducing glycaemic responses and preventing substantial blood glucose fluctuations post-meal can positively impact metabolic health.
Our study will centre on peas, chickpeas, and pea flour, which have naturally occurred variants or mutants with diverse types of resistant starch. These products will be fed to human volunteers to determine the digestibility of the starch in vivo, together with a full spectrum of short- and medium-term physiological responses relevant to beta-cell function and control of blood glucose levels to be monitored. We will also study the best way to process/prepare the peas and chickpea products, as some resistant starch respond differently to these procedures and so they can be used in a wide range of foods. This project will provide new insights into the relationship between resistant starch and susceptibility to type 2 diabetes.     





2.  	STUDY 1: Evaluating the impact of resistant starch from peas on gastric emptying

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 10 male and female volunteers. 

Inclusion criteria: 
· Body mass index (BMI) of 20-35 kg/m2
· Age between 18-65 years (inclusive)

Exclusion criteria:
· Weight change of ≥ 3kg in the preceding 2 months
· Current smokers
· Substance abuse
· Excess alcohol intake
· Pregnancy
· Diabetes
· Cardiovascular disease
· Cancer 
· Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
· Kidney disease
· Liver disease
· Pancreatitis
· Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including: anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: This is a pilot study in a new area and therefore a power calculation is not possible. 

STUDY DESIGN

Visit 1- Health Screening
Participants will attend the NIHR Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, LFT, U&E and lipids) and height and weight measurements will also be taken. They will also have an electrocardiogram (ECG) and blood pressure will be recorded. All women of child bearing age will have a pregnancy test. 

Participants will be told not to start any other new diets or intensive exercise regimes during the study period as this may give us conflicting results.

Visits 2, 3, 4, 5 – Study visits

The day prior to each study day, the participants will be requested to complete a 24 hour food and drink diary and refrain from strenuous exercise and alcohol. Participants will be asked to try to maintain the same 24 hour food and drink intake prior to each study day.  There will be a washout period of at least 7 days between study visits.

At 09:00 an intravenous cannula will be inserted into one arm for blood sampling. At 10:00 fasting blood samples will be taken through an intravenous peripheral cannula (-10 and 0 min). Participants will then receive a standardised breakfast (0 min) together with 100 mg 13C-octanoic acid.  13C-octanoic acid breath test is a non-invasive, reproducible, stable isotope method for measuring gastric emptying [1].  By measuring the level of 13C-octanoic acid that appears in breath samples we can calculate how quickly the stomach empties after eating. Breath samples will be taken every 15 min until the end of the study day. The breath test involves blowing through a straw into a test tube and poses no risk to the participants.

In a random order the test breakfast will contain:
1. Wild-type whole peas (control)
2. Resistant starch whole peas 
3. Resistant starch pea flour
4. Resistant starch pea food product (bread, soup, yoghurt, fruit juice, biscuit bar)

The dose of resistant starch will be 10 g. The control will provide the same available (digestible) starch content as the intervention groups.

Postprandial blood samples will be taken at 15, 30, 60, 90, 120, 180, 195, 210, 240 and 300, 360 min to measure hormones, metabolites and inflammatory signals.  7 ml of blood will be taken at each blood sample. 91 ml (13 × 7 ml) of blood will be taken during each study visit. A standardised lunch will be given approximately 180 minutes post ingestion. Ad libitum meal will be given at the end of the study.
Appetite and satiety will be assessed by visual analogue scale every 60 min of the study visit and breath hydrogen concentration will be measured at the same time. Urine will be collected throughout the study visit to measure metabolite concentrations. Subjects will empty their bladder before the test breakfast and collect all urine thereafter for a period of 360 min. Subjects will be provided with an appropriate measurement container to collect urine.























3.	 STUDY 2: Evaluating the impact of resistant starch from peas on small intestinal digestion

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 10 male and female volunteers. 

Inclusion criteria: 
· Body mass index (BMI) of 20-35 kg/m2
· Age between 18-65 years (inclusive)

Exclusion criteria:
· Weight change of ≥ 3kg in the preceding 2 months
· Current smokers
· Substance abuse
· Excess alcohol intake
· Pregnancy
· Diabetes
· Cardiovascular disease
· Cancer 
· Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
· Kidney disease
· Liver disease
· Pancreatitis
· Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including: anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: This is a pilot study in a new area and therefore a power calculation is not possible. 

STUDY DESIGN

Visit 1- Health Screening
Participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, LFT, U&E and lipids) and height and weight measurements will also be taken. They will also have an electrocardiogram (ECG) and blood pressure will be recorded. All women of child bearing age will have a pregnancy test. 

Visit 2 

The day prior to the study visit, the participants will be requested to refrain from strenuous exercise and alcohol. The following morning participants will be asked to attend the NIHR/Wellcome Trust Imperial CRF at Hammersmith Hospital for 4 days. Participants will stay at the Clinical Research Facility for 3 nights.
Enteral feeding tubes will be placed to allow sampling of gastric content from the stomach and small intestine. The enteral feeding tubes will be placed by a Gastroenterologist using the CORPAK feeding tubes that track the position of the tube during placement without the need for x-rays. These tubes will remain in place for the duration of the 4 day visit. An intravenous cannula will be inserted into one arm for blood sampling. 

Each morning fasting blood samples and gastric content samples will be taken (-10 and 0 min). In a random order, participants will then receive a test breakfast containing:
1. 	Wild-type whole peas (control)
2.	Resistant starch whole peas 
3.	Resistant starch pea flour from two types.
4.	Resistant starch pea food product (bread, soup, yoghurt, fruit juice, biscuit bar)

The dose of resistant starch will be 10 g. The control will provide the same available (digestible) starch content as the intervention groups. Postprandial blood samples will be taken at 15, 30, 60, 90, 120, 180, to measure hormones, metabolites and inflammatory signals.  10 ml of blood will be taken at each blood sample. 320 ml (4 × 8 × 10 ml) of blood will be taken during the 4 day study visit. Following each test breakfast, samples of gastric content will be taken every 15 min for 180 min.  Microscopy and metabolomics assessment will be made to assess the impact of initial digestion on the breakdown of the different peas. Following the 180 min samples on the fourth study day, the enteral tubes and intravenous cannula will be removed and volunteers will be discharged from the Clinical Research Facility.




















4.	STUDY 3: Evaluating the impact of resistant starch from peas on starch delivery to the colon

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 10 male and female volunteers. 

Inclusion criteria: 
· Body mass index (BMI) of 20-35 kg/m2
· Age between 18-65 years (inclusive)

Exclusion criteria:
· Weight change of ≥ 3kg in the preceding 2 months
· Current smokers
· Substance abuse
· Excess alcohol intake
· Pregnancy
· Diabetes
· Cardiovascular disease
· Cancer 
· Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
· Kidney disease
· Liver disease
· Pancreatitis
· Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including: anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: This is a pilot study in a new area and therefore a power calculation is not possible. 

STUDY DESIGN

Visit 1- Health Screening
Participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, LFT, U&E and lipids) and height and weight measurements will also be taken. They will also have an electrocardiogram (ECG) and blood pressure will be recorded. All women of child bearing age will have a pregnancy test. 

Participants will be told not to start any other new diets or intensive exercise regimes during the study period as this may give us conflicting results.

Visits 2, 3, 4, 5 – Study visits

The day prior to each study day, the participants will be requested to complete a 24 hour food and drink diary and refrain from strenuous exercise and alcohol. Participants will be asked to try to maintain the same 24 hour food and drink intake prior to each study day.  There will be a washout period of at least 7 days between study visits.

At 09:00 an intravenous cannula will be inserted into one arm for blood sampling. At 10:00 fasting blood samples will be taken through an intravenous peripheral cannula (-10 and 0 min). In a random order, participants will receive a standard test breakfast containing:

1. Resistant starch whole peas 
2. Wild-type whole peas 
3. Resistant starch pea flour
4. Wild type pea flour

The dose of resistant starch will be 10 g. The control will provide the same available (digestible) starch content as the intervention groups. The resistant starch and control pea products will be grown in a 13C enriched atmosphere to produce pea starch with an enrichment ~1-2% above natural abundance.13C is a naturally occurring stable isotope used commonly in clinical practice. The 13C test will allow us to assess the digestion of the resistant starch and control peas by isotope ratio mass spectrometry.  Breath 13C samples will be collected at -10 and 0 min at 15 min intervals for 360 min post-ingestion. The breath test involves blowing through a straw into a test tube and poses no risk to the participants. To measure the contribution of the 13C pea products to plasma glucose and SCFA appearance we will have to know absolute loss terms and thus a small amount of naturally occurring stable isotopes of glucose and acetate will be given to participants at 40min and 180min to quantify exogenous production.

Postprandial blood samples will be taken at 15, 30, 60, 90, 120, 180, 240 300 and 360 min to measure 13C, hormones, metabolites and inflammatory signals.  10 ml of blood will be taken at each blood sample. 110 ml (11 × 10 ml) of blood will be taken during each study visit.  Breath hydrogen concentration will be measured at 60 min intervals during the study visit.

Following the 360 min samples, subjects will be discharged from the laboratory and given a rack of test tubes to take home with them. Subjects will be asked to collect breath samples hourly until they go to bed and also when they wake the following morning. Subjects will store the collected samples at home and bring them to the next trial.

Subjects will empty their bladder before the test breakfast and collect all urine thereafter for a period of 24 h. Subjects will be provided with an appropriate measurement container to collect urine and will be asked to note the total volume following each collection. 

Subjects will be asked to collect a stool sample to assess gut microbial composition. Subjects will collect the first stool they pass after 10:00 pm on that day. Participants will be provided with detailed instructions of how to do this and will be given appropriate containers. 

Subjects will return to the following morning with their breath, urine and stool samples collected at home.




5.	 STUDY 4: Evaluating the impact of resistant starch from peas on β-cell function

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 60 male and female volunteers. 

Inclusion criteria: 
· Body mass index (BMI) of 20-35 kg/m2
· Age between 40-70 years (inclusive)

Exclusion criteria:
· Weight change of ≥ 3kg in the preceding 2 months
· Current smokers
· Substance abuse
· Excess alcohol intake
· Pregnancy
· Diabetes
· Cardiovascular disease
· Cancer 
· Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
· Kidney disease
· Liver disease
· Pancreatitis
· Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including: anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: Power calculations based on previous studies using an intravenous glucose tolerance test (IVGTT) suggest that a cohort of 35 will yield statistically significant results [2]. With a dropout rate of 40% we aim to recruit 60 participants. 

Visit 1- Health Screening

Participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, LFT, U&E and lipids) and height and weight measurements will also be taken. They will also have an electrocardiogram (ECG) and blood pressure will be recorded. All women of child bearing age will have a pregnancy test. 

Participants will be told not to start any other new diets or intensive exercise regimes during the study period as this may give us conflicting results.

Supplementation Periods

In a randomised order participants will be provided with common food products (bread, soup, yoghurt, fruit juice, biscuit bars) supplemented with:
1) Wild-type peas (control)
2) Resistant starch peas (intervention)

Participants will be instructed to ingest the food products for 28 days at home. The intervention food products will contain 30 g/day of resistant starch. This dose of resistant starch has been used in a number of studies that demonstrate effects on glucose homeostasis [3]. The control intervention will provide the same available (digestible) starch content as the intervention group. There will be a washout period of at least 28 days (4 weeks) between supplementation periods. An independent researcher (i.e. not linked to the study) will be given the task of randomisation, which will be by sealed envelopes.

Before and at the end of each 28 day supplementation period, participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital on two consecutive days to determine outcome measures. The day prior to the study visits, the participants will be requested to refrain from strenuous exercise and alcohol. Participants will then be requested to fast overnight (they are allowed to drink water). Participants will be requested to complete a 72 hour food and drink diary before each two-day study day period.

Study Day 1: IVGTT

At 09:00 an intravenous cannula will be inserted into each arm, one for sampling and the other for infusion. At 09:30 and 09:45 fasting blood samples will be taken through an intravenous peripheral cannula (time = -30 min and -15 min). At 10:00 (0 min), a glucose bolus will be administered at a dose of 0.3 g/kg body weight (maximum dose of 25 g glucose) over 5 min, followed, at time 20 min, by a bolus of insulin at a dose of 0.03 U/kg body weight given over 5 min. Frequent blood samples (30 in total) will be taken over a 180 min period following the glucose infusion. In total 150 ml (5 ml per sample) of blood will be taken during the study visit. Blood samples will be measured for hormones, metabolites and inflammatory signals.  Breath hydrogen concentration will be measured at 0, 60, 120 and 180 min, using a handheld device, as a marker of colonic fermentation. 

Participants will be asked to provide a stool sample to assess gut microbial composition. Participants will be provided with detailed instructions of how to do this and will be given appropriate containers.

Study Day 2: Pulsatility of insulin secretion and postprandial response

At 09:00 an intravenous cannula will be inserted into one arm for blood sampling. At 09:30 15 blood samples (3 ml per sample) will be taken at minute intervals to determine the pulsatility of insulin secretion.

At 10:00 fasting blood samples will be taken through an intravenous peripheral cannula (-10 and 0 min). Participants will then receive a standardised breakfast (0 min) containing 75 g of carbohydrate and 20 g of fat. The breakfast will also contain 10 g of the resistant starch (intervention) or control that the participant had received for the previous 28 day supplementation period. Postprandial blood samples will be taken at 10, 20, 30, 45, 60, 90, 120 and 180 min to measure hormones, metabolites and inflammatory signals.  10 ml of blood will be taken at each blood sample. 145 ml (15 × 3 ml + 10 × 10 ml) of blood will be taken during the study visit. Breath hydrogen concentration will be measured at 0, 60, 120 and 180 min, using a handheld device, as a marker of colonic fermentation. 


Urine will be collected throughout the study visit to measure metabolite concentrations. Subjects will empty their bladder before the test breakfast and collect all urine thereafter for a period of 180 min. Subjects will be provided with an appropriate measurement container to collect urine.

6. STUDY 5: Evaluating the impact of resistant starch from chickpeas on small intestinal digestion

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 10 male and female volunteers. 

Inclusion criteria: 
· Body mass index (BMI) of 20-35 kg/m2
· Age between 18-65 years (inclusive)

Exclusion criteria:
· Weight change of ≥ 3kg in the preceding 2 months
· Current smokers
· Substance abuse
· Excess alcohol intake
· Pregnancy
· Diabetes
· Cardiovascular disease
· Cancer 
· Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
· Kidney disease
· Liver disease
· Pancreatitis
· Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including: anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: This is a pilot study in a new area and therefore a power calculation is not possible. 

STUDY DESIGN

Visit 1- Health Screening
Participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, LFT, U&E and lipids) and height and weight measurements will also be taken. They will also have an electrocardiogram (ECG) and blood pressure will be recorded. All women of child bearing age will have a pregnancy test. 

Visit 2 

The day prior to the study visit, the participants will be requested to refrain from strenuous exercise and alcohol. The following morning participants will be asked to attend the NIHR/Wellcome Trust Imperial CRF at Hammersmith Hospital for 4 days. Participants will stay at the Clinical Research Facility for 3 nights.

Enteral feeding tubes will be placed to allow sampling of gastric content from the stomach and small intestine. The enteral feeding tubes will be placed by a Gastroenterologist using the CORPAK feeding tubes that track the position of the tube during placement without the need for x-rays. These tubes will remain in place for the duration of the 4 day visit. An intravenous cannula will be inserted into one arm for blood sampling. 

Each morning fasting blood samples and gastric content samples will be taken (-10 and 0 min). In a random order, participants will then receive a test breakfast containing:
1. Acclimatization visit (Tubes insertion)
2. Diet low in resistant starches- no chickpeas (NO chickpea, low RS)
3. High resistant starch chickpeas (intact cells)
4. High resistant starch chickpeas (broken cells)

The dose of resistant starch will be 10 g. The control will provide the same available (digestible) starch content as the intervention groups. Postprandial blood samples will be taken at 15, 30, 60, 90, 120, 180, to measure hormones, metabolites and inflammatory signals.  10 ml of blood will be taken at each blood sample. 320 ml (4 × 8 × 10 ml) of blood will be taken during the 4 day study visit. Following each test breakfast, samples of gastric content will be taken every 15 min for 180 min.  Microscopy and metabolomics assessment will be made to assess the impact of initial digestion on the breakdown of the different products. Following the 180 min samples on the fourth study day, the enteral tubes and intravenous cannula will be removed and volunteers will be discharged from the Clinical Research Facility.




7. Study 6: Evaluating the impact of pea products, high in resistant starch content, on blood glucose.

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 20 male and female volunteers. 

Inclusion criteria: 
· Body mass index (BMI) of 20-35 kg/m2
· Age between 18-65 years (inclusive)

Exclusion criteria:
· Weight change of ≥ 3kg in the preceding 2 months
· Current smokers
· Substance abuse
· Excess alcohol intake
· Pregnancy
· Diabetes
· Cardiovascular disease
· Cancer 
· Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
· Kidney disease
· Liver disease
· Pancreatitis
· Any Known Allergies
· Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including: anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: This is a pilot study in a new area and therefore a power calculation is not possible. 

STUDY DESIGN

Visit 1- Health Screening
Participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, glucose) and height and weight measurements will also be taken. Blood pressure will be recorded. All women of childbearing age will have a pregnancy test. 

Participants will be told not to start any other new diets or intensive exercise regimes during the study period as this may give us conflicting results.

Visits 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,12– Study visits

The day prior to each study day, the participants will be requested to complete a 24-hour food and drink diary and refrain from excess caffeine, strenuous exercise and alcohol. Participants will be asked to try to maintain the same 24-hour food and drink intake prior to each study day.  There will be a washout period of at least 3 days between study visits.

At 09:00 an intravenous cannula will be inserted into one arm for blood sampling. At 9:30 fasting blood samples will be taken through an intravenous peripheral cannula (-10 and 0 min). Participants will then receive a standardised breakfast (0 min) including the pea-based products (such as pasta, crackers, bread muffins, and cereal)

In a random order the test breakfast will contain:

A. Negative Control product ( 50 g or 25 g of glucose drink)
B. Positive Control product: normal pea food products (bread, pasta, crackers and muffins)
C. Intervention: High Resistant starch pea food products (bread, pasta, crackers and muffins

The dose of resistant starch dry weight peas used will be 50 g. The control will provide the same available (digestible) starch content as the intervention groups.

Postprandial blood samples will be taken at-15, 0, 15, 30, 60, 90 and 120min to measure plasma glucose and serum insulin.  4 ml of blood will be taken at each blood sample. 28 ml (7 × 4 ml) of blood will be taken during each study visit. 

Appetite and satiety will be assessed by visual analogue scale every 30 min of the study visit and breath hydrogen concentration will be measured at the same time. 

Urine will be collected throughout the study visit to measure metabolite concentrations. Subjects will empty their bladder before the test breakfast and collect all urine thereafter for a period of 120 min. Subjects will be provided with an appropriate measurement container to collect urine.


8.  Study 7: Evaluating the effects on glucose homeostasis using a portfolio of food staples made by high resistant starch flour.

Study methodology: A randomised, controlled, double blind, cross-over study.

Participants: 35 male and female volunteers will be recruited via posters, leaflets, advertisements in newspapers and magazines, online advertisements via the Nativve website, and the Healthy Volunteer Database maintained by the Imperial Clinical Research Facility at the Imperial Centre for Translational and Experimental Medicine. 

Inclusion criteria: 
•	Body mass index (BMI) of 20-35 kg/m2
•	Age between 18-70 years (inclusive)

Exclusion criteria:
•	Weight change of ≥ 3kg in the preceding 2 months
•	Current smokers
•	Substance abuse
•	Excess alcohol intake
•	Pregnancy
•	Diabetes
•	Cardiovascular disease
•	Cancer 
•	Gastrointestinal disease e.g. inflammatory bowel disease or irritable bowel syndrome
•	Kidney disease
•	Liver disease
•	Pancreatitis
·        Any Known Allergies
•	Use of medications likely to interfere with energy metabolism, appetite regulation and hormonal balance, including anti-inflammatory drugs or steroids, antibiotics, androgens, phenytoin, erythromycin or thyroid hormones.

Any participants with the above conditions would already have an altered pattern of hormones and inflammatory molecules because of their disease process and would therefore give us confounding or misleading results. 

Support of number of volunteers: Power calculations were based on Petropoulou et al., 2020, Nature Foods, Study 1, pea flour data. Using G Power calculator results indicated that a cohort of 27 participants is required [3]. With a dropout rate of 30%, we aim to recruit 35 volunteers. The primary outcomes include plasma glucose and serum insulin. Secondary outcomes include gut microbiota and incretin gut hormones. 

Visit 1- Health Screening

Participants will attend the NIHR Imperial Clinical Research Facility at Hammersmith Hospital where their eligibility will be assessed. They will have a blood test (FBC, LFT, U&E and lipids) and height and weight measurements will also be taken. They will also have their blood pressure will be recorded. All women of childbearing age will have a pregnancy test. 

Participants will be told not to start any other new diets or intensive exercise regimes during the study period as this may give us conflicting results.

Supplementation Periods

In a randomised order participants will be provided with common food products (bread, pasta, biscuits, soup, breakfast cereal bars and snacks made with 30% pea flour (Wild type or resistant starch pea flour) and 70% durum wheat flour) with:

1) Wild-type pea flour products (Positive Control)
2) Resistant starch peas flour products (Intervention)
3) Commonly consumed similar products (Negative Control)

Participants will be instructed to consume the food products for 28 days at home. The intervention and positive control group food products will contain 8g of dry pea material each. The Negative Control group food products will consist of commonly consumed products that mirror the products given on the other two groups (e.g., pasta made with pea flour will be replaced with normal pasta). We will aim for the digestible starch content to be the same. 

There will be a washout period of at least 14 days (2 weeks) between the 3 different supplementation periods. An independent researcher (i.e., not linked to the study) will be given the task of randomisation, which will be done by sealed envelopes.

Before and at the end of each 28-day supplementation period, participants will attend the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital to determine outcome measures. 
The day prior to the study visits, the participants will be requested to refrain from excess caffeine, strenuous exercise, and alcohol. Participants will then be requested to fast overnight (they are allowed to drink water). 
Participants will be requested to complete a 3-day food and drink diary before each visit.

Study Day 0-Baseline and Day 29-Follow Up: Oral Glucose Tolerance Test 

Cannulation
At 09:00 an intravenous cannula will be inserted into each arm, one for sampling and the other for infusion. 

Fasting Blood Samples
At 09:30 and 09:45 fasting blood samples will be taken through an intravenous peripheral cannula (time = -30 min and -15 min). 

Breakfast
A standardized breakfast meal will be given consisting with products made from the 3 different interventions in random order.

Blood Samples 
Postprandial blood samples will be taken at -15, 0, 15, 30, 60, 90, 120, 180, 240 and 300 min to measure hormones, metabolites, and inflammatory signals.  For each time point, we will collect about 4 ml, which is about a teaspoon. A total of 40ml of blood will be taken. These will be taken through the plastic cannula. Measurements will be taken for 5 hours after you eat the breakfast.  At the end of the study, we will remove the cannula.

Appetite and energy intake measurements
[bookmark: _Hlk154125992]Appetite and satiety will be assessed by visual analogue scale every 60 min of the study visit. An Ad libitum meal consisting of pasta and tomato sauce will be given at the end of the study following Ad Libitum meal standardised protocol procedures. 


Breath Hydrogen
[bookmark: _Hlk154124101]Breath hydrogen concentration will be measured at 0, 15, 60, 120, 180, 240 and 300 minutes. 

Urine Samples
Urine will be collected throughout the study visit to measure metabolite concentrations. 
Subjects will empty their bladder before the test breakfast and collect all urine thereafter for a period of 360 min. Subjects will be provided with an appropriate measurement container to collect urine.

Stool Samples
Participants will be asked to provide a stool sample to assess gut microbial composition. Participants will be provided with detailed instructions of how to do this and will be given appropriate containers. The collection will happen the day prior to the study visits. 

Continuous Glucose Monitoring (CGM)
During participant’s stay at the clinical research facility, they will be asked to insert the Dexcom continuous glucose monitor. The glucose monitor would last for 10 days, and two extra monitors will be given to participants to be inserted for the 28-day period at home. Participants will be given the option to attend the clinical research facility, so the glucose monitor implementation is completed by a study team member if they wish. The Dexcom CGM will measure participant's blood glucose every 5 minutes throughout the day and the data will be made available to researchers via the Dexcom monitor. Dexcom CGM data will not be personally identifiable as every participant will receive a linked ID, therefore the data will become pseudonymised. The participants will not be able to see the readings because the device will be ‘blinded’. This device will only measure blood sugar levels.
The Dexcom data is stored in the transmitter for 30 days on Dexcom’s cloud system and can be available for download by the research team within this time frame.  After the transmitter's data has been downloaded and saved into a secure study folder on an NHS computer, the transmitter will be disposed of. 
To identify a participant's results participant numbers will be matched with the unique code found on the sensor and transmitter given to them. The spreadsheet containing this information will contain pseudonymised and will be stored securely on an NHS computer.

At the end of the study visit participants will receive the products for consumption for the next 28 days. 

Study Schedule 

[image: ]

9.  WITHDRAWL CRITERIA AND ADVERSE EVENTS

WITHDRAWAL CRITERIA

The safety of the study participants takes priority. Any significant adverse event (as assessed by the researchers) will halt the study and the ethics committee and sponsor will be informed as per standard protocol. All adverse events will be recorded and investigators will review each adverse event as it arises. In addition, participants will be free to withdraw at any time and are not required to give a reason. Finally, if participant’s lose capacity to consent, they and their data will be immediately excluded from the study.

Adverse Events

Definitions

Adverse Event (AE): 

Any untoward medical occurrence in a patient or clinical study subject.

Serious Adverse Event (SAE): 

Any untoward and unexpected medical occurrence that:
· results in death
· is life- threatening – refers to an event in which the subject was at risk of death at the time of the event; it does not refer to an event which hypothetically might have caused death if it was more severe.
· requires hospitalisation, or prolongation of existing inpatients’ hospitalisation.
· results in persistent or significant disability or incapacity
· is a congenital abnormality or birth defect

Medical judgement should be exercised in deciding whether an AE is serious in other situations. Important AEs that are not immediately life threatening or do not result in death or hospitalisation but may jeopardise the subject or may require intervention to prevent one of the other outcomes listed in the definition above, should also be considered serious.

REPORTING PROCEDURES

All adverse events should be reported. Depending on the nature of the event the reporting procedures below should be followed. Any questions concerning adverse event reporting should be directed to the Chief Investigator in the first instance.

Non-serious Aes

All such events, whether expected or not, should be recorded.

Serious Aes (SEAs)

An SAE form should be completed and faxed to the Chief Investigator within 24 h. However, relapse, death and hospitalisations for elective treatment of a pre-existing condition do not need reporting as SAEs.

All SAEs should be reported to the South East Coast – Surrey Research Ethics Committee where in the opinion of the Chief Investigator the event was:
· ‘related’, i.e. resulted from the administration of any of the research procedures; and
· ‘unexpected’, i.e. an event that is not listed in the protocol as an expected occurrence.

Reports of related and unexpected SAEs should be submitted within 15 days of the Chief Investigator becoming aware of the event, using the NRES SAE form for non-IMP studies. The Chief Investigator must also notify the Sponsor of all SAEs.

Local investigators should report any SAEs as required by their Local Research Ethics Committee, Sponsor and/or Research & Development Office.

	Contact details for reporting SAEs
RGIT@imperial.ac.uk
Prof. Gary Frost
Fax 020 8383 8320
Please send SAE forms to: g.frost@imperial.ac.uk

Tel: 020 7594 0959 (Mon to Fri 09.00 – 17.00)
















10. ASSESSMENT AND FOLLOW-UP: 	

No follow up visit or monitoring of the participant will be needed after participation in the study.


11. REGULATORY ISSUES

Ethics Approval

The Study obtained approval from the South East Coast – Surrey Ethics Committee and Health Research Authority (HRA). The study must also receive confirmation of capacity and capability from each participating NHS Trust before accepting participants into the study or any research activity is carried out. The study will be conducted in accordance with the recommendations for physicians involved in research on human subjects adopted by the 18th World Medical Assembly, Helsinki 1964 and later revisions.


Good Clinical Practice
The trial will be conducted in accordance with the guidelines laid down by the International Conference on Harmonisation for Good Clinical Practice (ICH GCP E6 guidelines and Addendum ICH GCP E6 (R2)).

Consent
Consent to enter the study must be sought from each participant only after a full explanation has been given, an information leaflet offered, and time allowed for consideration. Signed participant consent should be obtained. The right of the participant to refuse to participate without giving reasons must be respected. After the participant has entered the study, the clinician remains free to give alternative treatment to that specified in the protocol at any stage if he/she feels it is in the participant’s best interest, but the reasons for doing so should be recorded. In such cases, the participants remain within the study for the purposes of follow-up and data analyses. All participants are free to withdraw at any time from the study without giving reasons and without prejudicing further treatment.

Confidentiality

Pseudonymised data is data that can be linked back to a person (e.g., coded data).  It is considered both personal and identifiable data. Anonymised data is data that has no code and cannot be linked back to a person (e.g., aggregated data for publication, data without a code that cannot be linked back to a person).

The Chief Investigator will preserve the confidentiality of participants taking part in the study and is registered under the Data Protection Act.

Data And Sample Collection And Analysis

All data and samples will be collected at the NIHR/Wellcome Trust Imperial Clinical Research Facility at Hammersmith Hospital. All data and samples will be stored and analysed at the laboratories of the Department of Investigative Medicine, Hammersmith Hospital. The data and samples will be available only to the study researchers.  All analysis will be carried out on fully pseudonymised samples. The code linking samples to the donor will only be broken once all analysis has been conducted. All data analysis will be conducted by members of the Section of Digestion, Metabolism and Reproduction, Imperial College London. At the end of the project, should further analysis be warranted on the collected samples, a further project based application will be made. Otherwise all stored samples will be disposed in accordance with the HTA Code of Practice.

Data and all appropriate documentation will be stored for a minimum of 10 years after the completion of the study, including the follow-up period.  


Indemnity
Imperial College holds negligent harm and non-negligent harm insurance policies, which apply to this study.

Sponsor
Imperial College London will act as the main sponsor for this study. Delegated responsibilities will be assigned to the NHS trusts taking part in this study.

Funding
This research project is part of a grant funded by the Biotechnology and Biological Sciences Research Council. Participants will be reimbursed for their time. 
£200 will be awarded for completion of Study 1. 
£400 will be awarded for completion of Study 2 and study 5. 
£200 will be awarded for completion of Study 3. 
£400 will be awarded for completion of Study 4. 
£400 will be awarded for completion of Study 5. 
£225 will be awarded for completion of Study 6.
£200 will be awarded for completion of Study 7. 


Audits And Inspections
The study may be subject to inspection and audit by Imperial College London under their remit as sponsor and other regulatory bodies to ensure adherence to GCP and the UK Policy Framework for Health and Social Care Research.

12. 	Publication Policy

The findings of the research will be published in an open-access, peer-reviewed journal. In addition we will be collaborating with patient groups and professional groups to disseminate the findings via multiple media channels such as patient association publications, print and broadcast media.          

Incidental Findings 

Findings that could not have been anticipated given the current state of scientific knowledge or findings that the research team has not plan specifically (i.e lifesaving) will be reviewed by the study doctor and reported immediately to participants. Researchers will advise participants to speak with a health professional (e.g their GP) to discuss possible implications of the findings for their health or well-being or provide a list of options for support.  
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