Public Title:
How low do you need to go? Comparing symptoms of diet induction and mood with outcomes from diets containing differing levels of carbohydrate restriction.  
Working Title /Scientific Title:
Does a moderate carbohydrate restriction result in fewer symptoms of dietary induction and greater maintenance of mood, with comparable cardiometabolic results, when compared to more extreme carbohydrate restriction in healthy volunteers?
Short Working Title:
Comparing cardiometabolic outcomes to symptoms of diet induction and mood in low carbohydrate diets differing in the level of carbohydrate restriction. 
Summary
A 13-week, 3-arm, randomised trial comparing diets consisting of 5, 15, or 25% calories from carbohydrate, 20% calories from protein and the remainder from lipids. Primary outcomes are change from baseline of symptoms and mood, as measured by a symptoms questionnaire (Symptoms-Q), and Profile of Mood States (POMS-SF), taken on awakening, fasted. Secondary outcomes include change in cardiometabolic (CM) status as measured by change from baseline triglyceride (TAG) to HDL ratio; and TAG, total/LDL/non-HDL/HDL cholesterol, anthropometry (BF%), HbA1c, serum urate, and c-reactive protein. A one week lead-in will be used to determine baseline calories, and mood and symptoms scores, for comparison to completion measures. Calories from the lead-in week will be maintained throughout the study. Symptoms and mood questionnaire will be taken daily, along with BOHB for the first 20 days. CM measures will be repeated upon completion. Symptoms and mood scores will be aggregated and summarised into mean changes from baseline and analysed by treatment group using ANOVA and compared with multiple linear regression. For secondary outcomes, changes in biomarker concentrations and anthropometry will be analysed using ANOVA and multiple linear regression. Tests will be two-tailed and the type-1 error rate of 5% will be used to judge statistical significance.
Background
Reduced carbohydrate diets offer benefits for the prevention and adjunct treatment of health conditions ranging from neurological disorders, cancer, obesity, diabetes and other conditions on the spectrum of metabolic syndrome.1-11 They are becoming increasingly popular for mainstream and athletic use for a range of outcomes including weight-loss and maintenance,12 and have been demonstrated to improved satiety and reduce hunger.13-15 But adaptation from a standard diet to one low in carbohydrates can cause various unpleasant symptoms,16 referred to in common parlance as ‘keto-flu’. These symptoms of carbohydrate restriction are assumed to provide a barrier to the use of, and compliance with low carbohydrate diets. However, these early-induction symptoms have not been well described in the scientific literature.
So, at this time, it is not clear whether symptoms are related solely to keto-induction (i.e. in very low carbohydrate ketogenic diets) or are more generally, symptoms of carbohydrate withdrawal. Outcomes from ketogenic and non-ketogenic lower carbohydrate diets are likely to be similar17 and the degree to which people experience symptoms of carbohydrate withdrawal or keto-induction is also likely to influence compliance. For many, it may not be necessary to restrict carbohydrate to the degree necessary to achieve ketosis, especially if the symptoms resulting from extreme carbohydrate restriction are disproportionate to the beneficial outcomes from the diet. This has not been investigated and this study will seek to address this important clinical topic
Study Hypothesis:
A moderate restriction of carbohydrate results in fewer symptoms of dietary induction and greater tolerance and adherence to diet, with comparable results for cardiometabolic outcomes when compared to more extreme carbohydrate restriction. 
Primary outcome: Symptoms and mood 
Primary outcome measures:  Daily Symptoms-Q, sum of symptoms score; and POMS-SF, total mood disturbance score (TMDS), taken on awakening, before breakfast. Change from baseline. 
Covariates/Potential confounders: Gender, age, BMI, BF%, baseline CHO/sugar intake, medications, medical conditions, smoking status, alcohol intake.
[i.e. as related to hypothesis; symptoms of keto-induction / carb-withdrawal are going to be lower in the moderate group than in the more severe]
Secondary Outcomes: Change in cardiometabolic markers 
Secondary outcome measures: Primary measure for secondary outcome: Change from baseline (TAG/HDL ratio). Also: triglycerides, total/LDL/non-HDL/HDL chol., anthropometry (BF%), HbA1c, serum urate, CRP 
Methods
A randomised, three-armed, single blinded, trial. 
Data to be collected at AUT Millennium
Recruitment
144 participants will be recruited from the networks of the four researchers, including from Auckland University of Technology at Millennium Institute of Sport and Health (AUT-MISH) (Albany, New Zealand) to participate in the trial. As the focus of this research is not ‘sensitive’, a ‘snowball recruitment’ approach is appropriate, encouraging applicants to share the advertisement for participants amongst their respective networks (for example via social media).18 
The power calculation for participant numbers is based on the findings of the pilot study: The effect of medium chain triglycerides on time to nutritional ketosis and symptoms of keto-induction in healthy adults (manuscript submitted for publication). The primary outcome chosen for this power calculation is change in POMS-TMDS from baseline. This measure was chosen as a validated questionnaire that is fit for our purpose of evaluating the effect of dietary induction on participants. In the pilot study the mean POMS-TMDS was -11.4 in the control group (SD: 17.3) and -5.1 (SD: 7.2) in the experimental. We expect to see lowest mood disturbances in the NKLCD arm of the study compared to the VLCKD arm. Assuming the ketogenic arm has a change from baseline of 11.4 (SD 17.4) and the minimum change in the NK arm is +9.2 units higher with a restricted SD, as seen in the pilot (SD 7), then 36 participants per arm is required to detect this difference with a false positive (α) rate of 5% and false negative of (β) 20%. We will allow for 48 per group to allow for dropouts based on pilot. 
Criteria for inclusion: Non-obese, non-diabetic, between the ages of 25 and 49. 
Exclusion: BMI <19 or >30, diagnosed metabolic condition such as diabetes, or cardiovascular disease, chronic kidney or liver disease. Pregnancy or breastfeeding. Habitual intake of >40% calories from carbohydrate.
Lead-in week
A one-week lead-in phase will be carried out, in which participants will record dietary intake using a phone and web-based application, ‘Fat Secret’ Professional’, and complete a daily questionnaire and record fasting blood BOHB and the online questionnaire described below, on awakening. Participants will be instructed to not substantively change activity levels for the duration of the entire study period, and thus, differences in activity will be accounted for by the baseline information collected. The lead-in phase will provide baseline characteristics of the habitual eating of the participants and of their mood-state and any symptoms they are currently experiencing. It will also familiarise the participants with the blood-prick measures, online questionnaires and the use of the food tracking app. 
Randomisation
Participants will be allocated into one of three groups by a randomised sequence prepared by the study statistician and given a sealed envelope with their diet allocation.
Intervention groups
After the lead-in, participants will be assessed at baseline for:
· [bookmark: _GoBack]Blood lipid and cardiometabolic profile including TAG, total cholesterol, high-density lipoprotein (HDL-C), low-density lipoprotein (LDL-C), c-reactive protein (CRP), glycated haemoglobin (HbA1c).
· Anthropometric assessments; weight, waist girth measurement, hip girth measurement, waist to hip ratio.  
Participants will be instructed on the dietary interventions by a qualified and registered clinical nutritionist and dietitian, with meal plans provided. Blood measures and anthropometric assessment will also be carried out at the conclusion of the study for comparison to baseline measures. 
Average daily calorie intake per person will be calculated from data collected during the lead-in phase and this intake will be maintained over the study duration. Participants will continue to track their diets using ‘Fat Secret Professional’ for 20 days, attempting to meet targets for carbohydrate, protein and lipids based on their prescribed diets. Diets will consist of the following targets, individualised to each participant in grams per day, based on their baseline, habitual calorie consumption.
	
	Protein
	Carb
	Fat

	Very Low Carbohydrate Ketogenic Diet
	~20%
	5%
	~75%

	Modified Ketogenic Diet
	~20%
	15%
	~65%

	Non-ketogenic Low Carbohydrate Diet
	~20%
	25%
	~55%


Participants will be provided with a nutrition plan and calorie and macronutrient prescription but they will also have freedom to choose meal timing and frequency, so long as they are adhering to the calorie and macronutrient guidelines in their plan. 
Blood BOHB measures will continue to be taken daily for the first twenty days of the study, in the morning upon waking (fasted). Participants will also complete a daily questionnaire in the morning upon rising, consisting of a ketogenic diet questionnaire (Symptom-Q) previously developed by the author and Profiles of Mood States, short-form questionnaire (POMS-SF), for the entire study duration, along with daily weight measure. They will also be instructed to continue to continue where able, to track daily calories. 
From day 20 onwards, participants will be instructed to continue their carbohydrate allocation, as a percentage of ad libitum calories, as best able. 
Explanation of daily measures: 
Beta-hydroxybutyrate (BOHB). Participants will be provided with a ‘FreeStyle Neo’ blood-prick ketometer/glucometer (Abbott Industries). Participants will be required to use the device (by way of a personal blood prick) to measure and record BOHB daily upon waking. Taken for the first twenty days. 
Online survey. Indicators of general and psychological health and subjective symptoms of carbohydrate withdrawal will be evaluated by a daily electronic (online) survey, using Typeform software which will include: 1) a modified 5-point mood scale and 2) a carbohydrate restriction symptoms questionnaire using a Likert Scale (developed by the primary researcher). The symptoms checklist will be used to monitor the commonly observed symptoms resulting from carbohydrate withdrawal, namely constipation, headache, halitosis, muscle cramps, diarrhoea, general weakness and rash.20
Data analysis
Subjects will be compared with regard to baseline variables by treatment allocation arm to check for balance. Exploratory data analysis will consider the variation in different facets of the symptom scores with time from commencing the diet, by treatment arm, and by sociodemographic and clinical characteristics. Correlation between individual items in the score and baseline characteristics will be undertaken using principal components and biplots. Similar analyses will be carried out for associations between. Daily symptoms scores will be aggregated and summarised into mean changes from baseline. These changes will then be analysed by treatment group using ANOVA. These analyses will be compared with multiple linear regression, with baseline characteristics included in the regression model. Similarly, for secondary outcomes, changes in biomarker concentrations and anthropometry will be analysed using ANOVA and multiple linear regression. Linear mixed effects models, with within individual All tests will be two tailed and the type-1 (false positive) error rate of 5% will be used to judge statistical significance. 
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