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Study Protocol
Understanding the utilisation of an insulin-to-protein ratio in people with type 1 diabetes who follow a carbohydrate-restricted diet.
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Overview
A study to understand the use of a protein-to-insulin ratio in the management of type 1 diabetes mellitus (T1DM) in the context of a carbohydrate-restricted diet.   
Background
The usual management for T1DM involves matching insulin to dietary carbohydrate to achieve glycaemic control without excessive hyper or hypoglycaemia. Maintaining tight glycaemic control can be challenging on a high carbohydrate diet. Recent research has suggested that a carbohydrate-restricted diet can be a feasible option which allows for weight loss, reduced daily insulin requirement and improved glycaemic control.
In addition to the predominant effect of carbohydrate, there is a well-documented effect of dietary protein and fat on increasing postprandial glucose excursions. It appears that when habitually consuming a carbohydrate-restricted diet, insulin requirements may be underestimated as the contributions of fat and protein are not accommodated for with the usual carbohydrate counting. While some research has investigated the use of an additional insulin bolus based on meal fat and protein, there has been little research conducted in the context of a carbohydrate-restricted diet.
A study performed by Prof Krebs et al suggested that, for adults with T1DM who follow a carbohydrate-restricted diet, a mealtime dose of bolus insulin based on dietary protein, in addition to the usual bolus based on carbohydrate, lowers postprandial hyperglycaemia without significantly increasing the risk of hypoglycaemia. In that study, participants’ blood glucose levels were followed for three hours after a low carbohydrate meal. A pre-meal insulin dose was calculated using a simple insulin-to-protein ratio whereby the insulin-to-carbohydrate ratio was halved and was given in addition to usual insulin based on carbohydrate. 
Hypothesis
We propose that an additional protein-based insulin dose will improve glucose control for people with T1DM who choose to follow a carbohydrate-restricted diet.
Study Design
This is a three month 1:1 non-blinded randomised parallel group, intervention study of a mealtime protein-based insulin dose in addition to a carbohydrate-based insulin dose, compared with standard carbohydrate-based insulin dosing, on glucose control in people with T1DM who follow a carbohydrate-restricted diet.
Inclusion Criteria
· Diagnosis of T1DM
· Follows a basal-bolus insulin regimen
· Attends diabetes clinics at Capital and Coast Health
· 18-years of age and over
Exclusion Criteria
· Pregnant or planning pregnancy
· Breast-feeding
· Unstable diabetes control (HbA1c>85 mmol/mol)

· Kidney disease (EGFR<30 or on dialysis) 

· Hypoglycaemia unawareness, defined as a recurrent failure to detect a significant fall in blood glucose below normal levels

· People who undertake more than 15 hours of moderate to intense exercise per week

· History of gastroparesis
Recruitment
This is a single centre study. All study visits will be conducted at Centre of Endocrine, Diabetes and Obesity Research (CEDOR), Capital and Coast Health, Wellington, New Zealand. 
We will recruit 36 patients with T1DM from patients attending the diabetes clinics at Capital and Coast Health.  Advertisements will be placed in clinic waiting rooms, and patients will also be made aware of the research by clinic staff. Participants will need to be following or prepared to follow a carbohydrate-restricted diet for the duration of the study.
Potential participants who express an interest in taking part will be contacted by phone to confirm interest in the study, confirm inclusion criteria, screen for exclusion criteria and obtain permission to make further contact by email or telephone. If participants meet eligibility criteria, they will be sent a study pack containing a participant information brochure, consent form and food diary. Following receipt of the brochure, potential participants will be contacted over the telephone and will be given an opportunity to discuss the patient information provided and answer any questions. 
Informed consent will be a two stage process. If willing, participants will be asked to provide initial consent prior to the first study visit for the purpose of completing a four-day food diary to bring with them to the first study visit. This can be completed on line or on a paper copy version that will be included with the information sheet so that they can use that if preferred.  The consent will be reaffirmed and signed again at the time of the first study visit to the research centre.  This process is being adopted to avoid the unnecessary participant burden of an extra study visit.  If potential participants would prefer to come in for an extra visit purely for providing consent prior to recording their food diary, then this will be accommodated. 
A record of recruitment will be kept with the reasons and justification for any screen failures.
Study Procedures
After participants give initial consent, they will be instructed to fill in a four-day food diary before their first visit to CEDOR. This will be used to determine the composition of their habitual diet and whether they are consuming a carbohydrate-restricted diet, defined as consuming ≤100g of carbohydrate per day. The importance of this step is to determine whether participants can enter the study directly, or whether they will need a run in phase of changing to a carbohydrate-restricted pattern.  Participants will be asked to return the food diary to CEDOR either by e mail or in a postage paid envelope provided. 
Figure 1.  Timeline for Participants 
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The diary will be analysed to determine the daily carbohydrate content. Participants will then be asked to attend CEDOR on either four or five occasions. They will come in for four visits if they are already following a carbohydrate-restricted diet. They will come in for five visits if they need to transition to a carbohydrate-restricted diet. The latter group, currently consuming >100g of carbohydrate per day, will have a first visit one month prior to randomisation to facilitate a transition to a carbohydrate-restricted diet. Participants will receive education on the type of foods which contain carbohydrate and protein.  They will be given examples of meals and food items that they can consume to follow a carbohydrate-restricted diet. However, the actual dietary prescription to achieve this diet will be at the patient’s discretion.
If the participant is currently consuming ≤100g of carbohydrate per day, they will have a freestyle libre continuous glucose monitor (CGM) sensor inserted on the upper outer arm in a standard location. Participants will be instructed on how to use the CGM and asked to use this for two weeks. They will be asked to complete a food diary throughout that time, with a record of the estimated carbohydrate and protein intake and dose of insulin administered. The group which were originally consuming >100g of carbohydrate per day will have an additional appointment two weeks after their initial visit to adjust their diet to meet the carbohydrate intake criteria.  At this additional visit they will then also have the CGM inserted and will be instructed to begin the two week food diary (see timeline above). 
At the first visit for each participant they will have their carbohydrate-to-insulin ratio established.  Participants will use their regular morning insulin-to-carbohydrate ratio or the formula: 500 divided by their total daily insulin dose; checked against their four day food diary. 
Participants will come for another visit at the end of the two weeks of CGM and food diary collection. At this visit they will have baseline measurements performed and following this will be randomised to either treatment protocol.
Current medications, active and background medical diagnoses will be recorded. Participants will have height, weight, blood pressure (BP) measured. Weight will be measured in kilograms, without jewellery, in light clothing without shoes and ensuring the participants pockets are empty. Height will be measured without shoes, in centimetres using a stadiometer.  BP will be manually recorded with the participant seated, in triplicate and the average of the 2nd and 3rd readings will be used for analysis. The participant will have their HbA1c measured from a venous blood sample collected into a EDTA tube and sent to a local laboratory.  A qualitative questionnaire will be completed. The participant will also fill in an International Physical Activity Questionnaire (IPAQ).
After baseline measurements, participants will be randomised on a 1:1 ratio to either intervention, and receive further training on estimating carbohydrate and protein content in their meals.  The study investigator will confirm the knowledge of the participant in management of hypoglycaemia and provide additional education as required. A standard protocol for hypoglycaemic management will be used.
At the next visit, ten weeks later, participants will have a further CGM inserted on the upper outer arm in a standard location. Participants will be reminded on how to use the CGM and asked to use this for two weeks. They will be asked to complete a food diary throughout that time, with a record of the estimated carbohydrate and protein intake and dose of insulin administered.
At the final visit, two weeks later, the CGM will be removed and glucose data for two weeks will be downloaded and food and insulin dosing diary collected. The participant’s HbA1c, IPAQ, physical and qualitative measurements will be repeated. 

Interventions
Participants will be randomized 1:1 in a non-blinded fashion to either standard carbohydrate-based insulin dosing or carbohydrate and additional protein-based insulin dosing.
Carbohydrate-based insulin dosing: This will consist of the patient self-administering meal-time bolus of insulin based on their individualised insulin-to-carbohydrate ratio. They will follow this regimen for three months.
Carbohydrate and protein-based insulin dosing: This will consist of the patient self-administering meal-time bolus of insulin based on their individualised insulin-to-carbohydrate ratio with additional insulin calculated using the insulin-to-protein ratio.  Insulin-to-protein ratios will be calculated by halving the insulin-to-carbohydrate ratio; for example, if the insulin-to-carbohydrate ratio is 1 unit: 10 g, the insulin-to-protein ratio becomes 1 unit: 20 g. They will follow this regimen for three months.
Adherence to a carbohydrate-restricted diet will be assessed by the two-week food diary prior to randomisation and for the two weeks prior to the final visit.  Adherence to the insulin dosing regimen, will also be assessed on the second diary.  In addition, weekly phone calls will be made to the participant to enquire about adverse events and review the dietary intake and insulin dosing. 
In the event that participants become unwell during the trial they are asked to contact the investigators who will decide whether to suspend or modify the intervention until such a time as they have recovered. The justification for this interruption, details of the illness & duration of the treatment interruption will be recorded. 
Participants will be asked to maintain their baseline level of physical activity for the entire trial period in so far as possible.  The IPAQ will be recorded at 0 and 12 weeks to evaluate this.
Safety Monitoring
The participants’ usual primary care practitioner will be advised of participation in the trial and participants will be instructed to consult either the research team or their usual carer if they feel unwell during the study period. Participants will be advised of the protocol to follow if they experience hypoglycaemic episodes during the study. Participants will be in weekly phone contact with the investigator. Formal data safety monitoring is not considered to be necessary as the coordinating investigator will be directly involved in the trial conduct, data entry, data checking and responding to any health concerns experienced by the participants, the coinvestigators will be briefed on any such events. The coordinating investigator will be in direct contact with all participants who will be provided with email and phone contact details in the event that they feel unwell during the study period. Such communication will be carefully documented at the time of capture and placed on file.
Assignment of Intervention
Computer generated random numbers will be used to assign participants to each intervention. Odd numbers will be allocated to the carbohydrate-based insulin dosing intervention & even numbers to the carbohydrate and protein-based insulin dosing intervention. 
Random number generation & concealment will be conducted by a staff member at the site who is not involved in the participant visits or data collection. Allocation of participants will also be conducted by a staff member at the site who is not involved in any other aspect of the study.  Enrolment of participants will be conducted by one of the names investigators. 
Once generated, numbers will be printed, separated and concealed in sealed envelopes. These will be prepared prior to recruitment. The envelope order will be preserved and allocated sequentially to participants at their randomisation visit. 

Primary Outcomes
· HbA1c at three months adjusted for baseline

Secondary Outcomes
· Area under the curve (AUC) for post-prandial periods measured by continuous glucose monitor
· Proportion of times blood glucose was above 8 or below 4mmol/L
· Self-reported number of hypoglycaemic episodes
· Qualitative assessment of quality of life, acceptability and ease of use of insulin dosing regimen. 
Data Collection, Management & Analysis:
Data Collection:
Data collection will occur at each of the study visits and at initial contact with potential participants. Data Collection will be structured using study & visit specific instruments with pre-specified fields, representing the minimum acceptable data-set for each study visit. Data collection may be manual or digital. Manual data capture must be followed by data entry & data checking to highlight missing information and ensure quality of the dataset. A REDCAP™ project database will be used to record all information. 
Questionnaires will be filled out during study visits using REDCAP software. The database will be backed up after each entry. 
The 4-day self-reported food diaries will be checked for quality and detail by a trial investigator.  Food diaries data will be manually entered into FoodWorks ™ software by a trained member of the research team. 
Data Management: 
The database will have pre-specified ranges or drop-down menus for each variable to reduce operator error. Data checking will occur separate to data entry and prior to statistical analysis. A data checking log will be kept that details any errors identified, any changes to the data set made, the reasons for this and by whom. 
Data entry & checking will occur after every 10 participants recruited. A further data check will occur after 20 participants have been recruited. The final data check will occur at study completion. 
Data Protection
Participant’s confidential information will be recorded in hard copy and /or digitally. Hard copy data will be stored in secure locations at the research site. The co-investigators alone will have access to this dataset. The digitally recorded information will be stored on secure servers with password protection. The co-investigators will have access to this data. Hard copy data will be recorded digitally. An offsite, password protected backup will be kept. All data and study records will be kept for a minimum of 15 years.  Participants will be explicitly consented to be contacted in the event that they are interested in future studies. 

Statistics and Planned Analysis
Sample size:
The study was powered using data from an identical insulin dosing intervention in a sample of 16 participants. In this study the primary outcome was the count of blood glucose values ≥ 8 mmol/l observed during a set of eight timed venous blood samples following a meal challenge. The meal challenge was repeated on 3 occasions for each of the protein dosing arm and conventional carbohydrate dosing arm. The generalised linear mixed model for this study incorporated individuals as random effects to account for correlation of repeated measures and the intervention arm was specified as a fixed effect, the number of repeated measures on each occasion was used as the offset variable. A simulation method for generalised linear mixed models, simr, was used to assess the expected rate ratio of 0.72 when comparing the protein dosing arm to the carbohydrate dosing arm. A sample size of 30 yielded a power of 80% with a Type I error rate of 5% to detect a rate ratio of 0.72. The simulation model is identical to the planned generalized linear model appropriate for the design of this study.

The current study will have far more frequent repeated measures, >2000 per participant, based on recordings every five minutes for seven days. A sample size of 36 was chosen to account for a 10% loss due to drop out.

Reimbursement Provisions
$NZ30 will be provided to each participant at each visit to cover travel costs.
Post-Trial Care & Insurance Provisions 
If participants are injured as a result of the study they should be assisted by the study team in lodging an application to ACC. All participants with private health care will be advised to discuss the implications of participating in this trial with their insurer as the first contact. Insurance provisions are outlined in the consent form for this study. 
If any conditions are identified in the course of the study a medically qualified co-investigator will contact the participant’s primary physician with their consent, in order to brief them on the diagnosis, the results of any investigations and to co-ordinate primary care follow-up a follow up for them. 
Ethics Approval
An application for ethics based on protocol draft version 1. has been submitted to the national HDEC committees. Locality Approval will be sought from the CCDHB.  Consultation with Māori will occur through the Research Advisory Group Māori (RAGM). 
Protocol Amendments 
Protocol amendments will be disseminated to the whole team (JK, RH, AP, HW and BC). New versions will have an updated date and version number. A copy with tracked changes will be stored in the research site under “Insulin-to-protein/Previous Drafts” to illustrate relevant changes. The new protocol version once adopted will be stored under “Insulin-to-protein/Current Protocol”. On adoption of a new protocol with significant modifications the following bodies will be notified as appropriate: the HDEC according to its guidelines, trial participants, CCDHB as providers of locality agreement and the clinical trial registry.  

Funding
Financial Support for this study is provided by grants in aid from the Maurice and Phyllis Paykel Trust and an anonymous private donor. This funding will be used to finance consumables, laboratory analysis of blood samples, to reimburse the cost of travel for study visit attendance.  
The funding sources had no role in the design of this study and will not have any role during its execution, analyses, interpretation of the data or decision to submit results. 
Consent 
Written informed consent will be obtained by the co-investigators involved in the study in a two-stage process as described above. All participants will be offered a copy of their signed consent forms. 
Dissemination Policy: 
Following completion of the study, a manuscript will be prepared for submission to an academic journal. Copies of the published manuscript will be disseminated to trial participants by email. A lay summary of the key findings will also be provided to each participant. Individual results of blood tests will be disseminated to participants by email, or hard copy once they have completed the trial. The trial results will be presented at regional and international conferences. 
Trial Sponsor Information
No sponsor
Declaration of Competing Interest
None of the listed co-investigators have any conflict of interest to declare.  
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