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Research Proposal 
Draft study design and methodology 
Obesity is an increasingly common problem around the world caused by consuming more calories than are expended and excess energy is then stored as fat. The world health organization (WHO, 2018) found that there were more than 1. 9 billion (39%) adults are overweight and 650 million (13%) obese globally. In the UK, 1 in 4 adults are obese. Obesity is a main risk factor of several serious health problems, including type 2 diabetes, hypertension, liver and kidney disease, coronary heart disease, cardiovascular diseases and stroke and musculoskeletal disorders (osteoarthritis). In obese individuals, the increased amount of non-esterified fatty acids, glycerol, hormones, cytokines, proinflammatory markers, and other substances that are involved in the development of insulin resistance and the development of type 2 diabetes (Al-Goblan et al, 2014). Studies have shown that obesity is associated with a greater risk of multiple disease risk factors (Burke et al, 2008). 
Physical activity is considered as a lifestyle factor which can prevent obesity and help maintain healthy weight. Low physical activity is associated with greater increase in weight gain in both women and men, with women at higher risk for weight gain compared to men (Swift et al., 2014). A Systematic Review by Swift et al. (2014), comparing different types of training methods and their effectiveness on weight loss and weight maintenance found individuals taking part in training programs without caloric restrictions can expect minimal weight loss of up to 2kg after approximately 6 months but for clinically significant weight loss, obese and overweight individuals need to exceed the current recommendations of 150 min per week to over 225 minutes per week without caloric restrictions being applied. However, the review did not look at different types of protein or carbohydrate restriction with combination of resistance and aerobic exercise (circuit training). 
As the prevalence of obesity is increasing, there is a need for low-risk and potent long term approaches to weight loss. Ketogenic diet, in which one consumes a very low-carb diet and thus depriving the body of carbohydrates for fuel and relying on ketones produced in the liver instead, has the potential to be an effective approach to reduce body weight in overweight and obese people. A randomized controlled trial (RCT) of 24 men in Spain reported that after 8 weeks, there was a significant reduction in fat mass and visceral adipose tissue in subjects following a ketogenic diet in addition to resistance training compared to those who only did resistance training and those in a control group (Vargas et al., 2018). These results denote that low-carb ketogenic diet might be an effectual dietary approach to decrease body weight without decreasing lean body mass. Another RCT reported greater weight loss in a group following a ketogenic diet compared with a group following a low-fat reduced-calorie diet (-12. 9% vs. -6. 7%) as well as a greater decrease in serum triglyceride levels, and greater increase in high-density lipoprotein cholesterol levels (Yancy Jr., et al. 2004). Several other trials also indicate greater weight loss for those following ketogenic diet compared to the alternative (Nickols-Richardson et al., 2005; Foster et al., 2003; Samaha et al., 2003). There is, however, a lack of evidence regarding the effect of ketogenic diet based on the protein source in addition to physical activity in overweight population. 
A systematic review carried out by Gilbert et al. (2010) evaluating the effect of plant-protein vs animal-protein based diets on body composition reported enhanced muscle synthesis with animal protein compared to plant-based diets, however, these diets did not restrict carbohydrate intake. Similarly, Demersay et al. (2017) compared the impact of plant- and animal-sourced proteins on several features of metabolic syndrome not in combination with a low carbohydrate diet and reported a greater decrease in LDL cholesterol in soy protein and other plant protein diets compared with animal-sourced protein consumption. Another RCT showed a decrease in fat mass associated with increased intake of plant protein, while the same trend was found by decreasing animal protein intake (Kahleova et al. 2018).  Nevertheless, the study carried out by Farnsworth et al. (2003) which used a parallel showed no significant differences in weight and fat loss suggesting the effect of replacing carbohydrate with animal- or plant-based protein on body composition in obese adults is still inconclusive. The aim of this study is to compare animal and plant based low carbohydrate diets combined with physical activity in overweight adults and compare their effect on body composition; metabolic disease risk factors; and satiety. 
Participants from greater Glasgow will be recruited through social media, newspapers, poster and email advertising. Those fitting the inclusion criteria will also be invited by their. Inclusion criteria includes all overweight (BMI > 27. 3 for females and > 27. 8 for males) sedentary adults aged 18 – 65 whose weight remained stable in the 3 months prior to the study. Participants will be contacted via telephone and screened. Those already suffering from disease; smokers; taking medication (any that could affect body composition or metabolic disease risk factors) or weight loss supplements in the past 3 months; or following any specific diets (vegan, vegetarian, gluten free, allergies etc.) are excluded. The number of participants recruited will be determined by power analysis using the software GPower. All participants must consent to following diet and training plans for 6 months; agree to body composition analysis; and provide blood and urine samples at various intervals. As a reward, a sum of £500 will offered to participants who completed the study at the end of the 6 months. 
Participants will be invited to a screening session, when fasted, where several measurements will be conducted by trained nurses and physicians who are unaware of which diet will be allocated to each subject. Transport will be provided for all. Energy expenditure will be determined by the doubly labelled water technique explained elsewhere (Westerterp, 2017). In summary, the subjects drink the doubly labelled water at the session and are provided with labelled containers to provide urine samples in over the next 10 days. The samples are then collected from their homes via courier after the 10 days and analysed as described. The body composition of participants will be analysed by dual-energy X-ray absorptiometry scanning and magnetic resonance imaging to determine lean body mass, fat mass and analyse the distribution of fat as well as coronary endothelial function. Blood pressure when seated will be measured using an automated sphygmomanometer. Participants will provide multiple blood samples which will be analysed by trained laboratory workers to determine their lipid profile, insulin sensitivity and levels of C-Reactive Protein (CRP) which will be used to detect inflammation. 
Once all baseline measurements have been conducted, participants will be randomly assigned to one of the three groups based on a computer-generated randomisation protocol, the control group will continue consuming their habitual diet. All diets will last for a period of 6 months. The low-carbohydrate and high-protein diet will be composed of 30% of calories from carbohydrates, 33% from fat and 37% from protein and total energy will be matched to the subject’s energy expenditure. Carbohydrate sources will be comprised of fibre-containing foods and low-starch vegetables. Plant-based protein sources will include fruits and vegetables, nuts and seeds, beans, peas and legumes and gluten; while animal-based protein sources include meat and meat products, egg and egg dishes, fish and fish dishes and milk and dairy products. Food preparation will be made as simple as possible for participants. Dry, refrigerated and frozen diet foods will be packed in a central location and shipped in separate boxes, ready for microwave, oven cooking or prepared with boiling water. Participants will be sent weekly text reminders encouraging them to continue their diet and will be asked to provide fortnightly urine samples which will be collected by courier for laboratory analyses of urinary ketones to confirm diet adherence. Participants found to have urinary ketone levels below 0. 5 mmol/L in two samples will be excluded. 
Subjects will follow a specifically designed training program for a period of 24 weeks (6 months) at a private gym facility. Transport will be provided for all. All three groups: control (CON), plant based high-protein-low-carbohydrate group (PLC) and animal-based high-protein low-carbohydrate (ALC) diets will complete the training program based around circuit training consisting of resistance, and endurance-based exercises. Participating subjects will take part in a supervised exercise program divided into three non-consecutive days per week (totalling 72 workouts), lasting approximately 50 minute per session were attendance will be noted. All participants will complete a familiarisation session allowing them to learn correct exercise techniques and answer any questions participants may have. The circuit training will include a 5 min aerobic warm-up performed on either a bike or a treadmill, followed by 5 mins of dynamic stretching. The circuit will consist of bodyweight, resistance and endurance based exercises (push-ups, squats, lunges, back extensions, side bends, triceps dip, calves raises, bicep curls, chest press, shoulder press, sit-ups, rowing, cycling, treadmill and incline walking).  Participants will complete resistance exercises using free-weights and elastic bands and endurance exercise will be completed using stationary machines. Any participants failing to attend 80% of sessions will be excluded. 
After the 6 months intervention, all participants who have successfully completed both diet and training interventions will be asked to attend a post screening session where all baseline measurements will be repeated. A questionnaire will be completed by all asking subjects to score their levels of satiety and satisfaction when following their assigned diet. Baseline measurements will be compared with post intervention measurements to assess the effect of the intervention. Data analysis will be done using IBM SPSS Statistics. An ANOVA with post hoc analysis will be used to assess differences between groups and variables will be adjusted for potential confounders which will be determined using multiple linear regressions. A p-value of ≤0. 05 will be deemed significant. 
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