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Objectives 

1. Review mechanisms of weight loss in diet and exercise

2. Explore the elements and evidence of a few currently 

popular diets including the ketogenic diet, alkaline diet, 

and paleo diets 

3. Discuss the role of microbiome in weight loss



Neurobiology of obesity 

Berthoud et al. Gastro 2017



Calories in, calories out…?

• 3500kcal per pound – is it that simple? 

• Energy intake and expenditure are interdependent 

variables and also influenced by body weight 

• Physiological adaptation exist to resist weight loss

• Set point theory

• Homeostatic mechanisms



Daily Energy Expenditure

1. Thermic effect of food

• Smallest component

• Protein > carbohydrates > fat

2. Physical Activity Expenditure 

• Related to overall body weight so obese people actually have 

similar amounts despite being less active

3. Resting Energy Expenditure

• Usually the largest contributor

• Obese people generally have a higher absolute REE because of 

increased fat free mass in addition to fat mass

• Organ size contributes to variability 

Hall KD, Guo J. Gastro 2017



Exercise, intake, and weight loss

• Physical activity alone- minimal weight loss short term

• Large amounts of exercise needed for modest weight loss

• Does cause preferential loss of fat and maintains lean muscle

• Less than expected results 

• Compensation with eating and other daily activity

• Hypothesized “Constrained energy expenditure model” however 

there are contradicting findings as well 

• Ongoing exercise may lead to improvements in biomechanical 

efficiency that decreases the cost of exercise 

• Exercise important in weight maintenance 

Hall KD, Guo J. Gastro 2017

Donnelly et al. Med Sci Sports Exerc. 2009



A FEW POPULAR DIETS



Intermittent fasting

• Limiting calorie intake on certain days or times

• 16:8 or 5:2 most popular 



Intermittent Fasting 5:2

• RCT of 112 overweight pts: intermittent energy restriction 
vs continuous energy restriction on weight loss, 
maintenance and cardiometabolic risk 

• Adults with BMI 30-45, central obesity, and ≥ 1component 
of metabolic syndrome

• Randomized to intermittent (5:2 with 400/600kcal per day) 
vs equivalent continuous calorie restriction 

• 6 months of weight loss phase + 6 months maintenance

• Similar change in weight loss and waist circumference (8 
vs 9kg P= 0.6)

• Reduction of calories: 28% in the IF + 26% in continuous

• IF as effective but not superior to continuous calorie 
restriction

Sundfør et al. Nutr, Metab and Cardiovasc Dis2018 



Ketogenic diet



Are all calories the same?

• Protein has been shown to have a positive effect on REE 

(150kcal/d)

• What about fat and carbohydrates? 

• Theory: carbs cause elevation of insulin levels, promoting 

fat storage; fats do not stimulate insulin secretion and 

thus a LCHF diet leads to fat loss by mobilizing free fatty 

acids as fuel 

• Low carb diets have been to shown to lead to greater 

short term weight loss 





Classic Keto Menu 
Meal Fat (g) Protein (g) Carb (g)

Breakfast

Scrambled eggs and 1 avocado 50 11 2

Snack

Veggies and dip 10 0.5 2

Lunch

Beef tenderloin with vegetables, cream sauce and 

walnuts

50 10 2

Snack

Fruit and Cream 10 0.2 2

Supper

Turkey Burger, salad (romaine lettuce) with ranch 

dressing, avocado

50 10 2

Snack

Avocado 10 1 1

Totals 180 32.7 11

Courtesy of Leanne Mulesa, RD 



Ketogenic diet

• Ketosis occurs when carbohydrate intake does not meet a 
minimal daily requirement of 50 g.

• Many ketogenic diets are 20g/d of carbohydrates especially 
in the initial phase

• Research in epilepsy, neurodegenerative disorders, 

cancer

• With insufficient intake of glucose, glycogen stores are reduced 
and fatty acids are mobilized 

• Ketone bodies are produced and used as fuel by the brain

Thom et al. Gastro 2017



Ketogenic diets

• Has been shown, in addition to weight loss, to improve:

• Insulin resistance

• Blood pressure

• Triglycerides

• In the first 2 weeks of a ketogenic diet, up to 2kg of weight 

loss may be from glycogen depletion and associated 

water loss 

Brouns Eur J Nutr 2018

Thom et al. Gastro 2017



Ketogenic diets 

• How does it work?

• A satiating effect from high-fat 

• Decreases appetite-stimulating hormones (insulin, ghrelin)- less 

carb

• Restriction of large amounts of classifications of foods

• A direct hunger-reducing effect of ketone bodies

• Increased energy expenditure from utilization of protein and fat

• Promotes loss of fat versus lean muscle

Brouns Eur J Nutr 2018

Thom et al. Gastro 2017



Ketogenic diet – reported side effects 

• Early onset 

• Dehydration 

• GI discomfort (nausea, constipation) 

• Dyslipidemia

• Hypomagnesemia

• Hyperuricemia

• Late onset 

• Renal stones 

• Osteopenia 

Kang et al. Epilepsia 2004 



Ketogenic diet

• Meta-analysis of very low carb ketogenic diet vs low fat 

diet for weight loss

• 13 studies mets inclusion criteria: 

1. Adults on a VLCKD <50g CHO/d or 10% energy from CHO or 

low fat diet <30% fat

2. Follow up >12 months

3. BMI>27.5

• Ketogenic diet group showed decreased body weight, 

triglycerides, and diastolic blood pressure 

Bueno et al. Br J Nutr 2013



Bueno et al. Br J Nutr 2013



Bueno et al. Br J Nutr 2013



Low carb diets 



Macronutrient composition

• Study of 43 obese patients admitted to hospital for 6 

weeks and given 1000kcal diets of varying composition: 

• 32% pro -15% CHO - 53% fat versus 29%pro - 45% CHO - 26% fat 

• Also participated in exercise and behavioural sessions

• Results:

• No significant difference in weight loss

• Fasting plasma glucose, insulin, cholesterol, and 

triglyceride concentrations decreased significantly in low 

carb group 

Golay et al. Am J Clin Nutr 1996



Weight loss with differing macronutrient 

composition 
• 811 overweight adults to one of four diets; the targeted 

percentages of energy derived from fat, protein, and 

carbohydrates in the four diets with varying amounts of 

fat, carbohydrates, and protein

• Each participant to take 750kcal/d lower than their usual 

• Group sessions included behavioural counselling 

• Fat, protein, and carbohydrates in the four diets were: 

• 20, 15, and 65%; 

• 20, 25, and 55%;

• 40, 15, and 45%

• 40, 25, and 35%.

Sacks et al. NEJM 2009



Weight loss with differing macronutrient 

composition 

• By 2 years, weight loss 

was similar (average 

4kg)

• Attendance was 

strongly associated with 

weight loss (0.2 kg per 

session attended)

• The diets improved lipid-

related risk factors and 

fasting insulin levels.

Sacks et al. NEJM 2009



Low carb vs low fat RCT 

• 300 participants with a mean BMI of 36.1 comparing low 

carb diet (20g per day for first 3 months then slowly 

increased to steady weight loss) versus low fat diet (1200 

– 1800kcal and ≤30% fat)

• Both included behavioural treatment - Met weekly for 

20 wks then monthly for up to 2 years 

• Mean weight loss in both groups at year 1 (11%) with 

subsequent weight regain to 7% at year 2

• Drop outs rates:16%, 26%, and 42% at 6, 12, and 24 mo

• HDL cholesterol was improved in the low carb group 

throughout the study

Foster et al. Ann Int Med 2010



Fig. 1 Pleiotropic effects of low-carbohydrate, high-fat diets.

David S. Ludwig et al. Science 2018;362:764-770Published by AAAS

***No long term studies on CVD risk 



Hall KD, Guo J. Gastro 2017



Hall KD, Guo J. Gastro 2017



Paleolithic diet 

• “Caveman/Hunter-gatherer 

diet” similar to what might 

have been eaten during the 

Paleolithic era, 2.5 million to 

10,000 years ago

• Variable but usually: 

• Lean meat, fish, eggs, 

vegetables, fruits, berries, 

and nuts

• Dairy products, cereals, 

added salt, and refined fats 

and sugar were excluded

Mellberg et al  Eur J Clin Nutr. 2014



Paleolithic diet 

• RCT included 70 post-menopausal, obese women that 

were fed either a paleo diet or a low fat/high fibre diet

• At 6 months, the paleo diet group had significant 

improvement in fat reduction and weight loss

• No difference 24 months

• Triglycerides did decrease more in Paleo group 

Mellberg et al. Eur J Clin Nutr. 2014



Mediterranean diet

• Emphasis on plant based foods, whole grains, legumes

• Fat is moderate (Olive oil) and MUFAs + PUFAs, low in 

saturated fat

• Fish, poultry and seafood with little red meat 

• Evidence for improvement in cardiovascular risk factors

• Comparable weight loss with low-fat diet

• Mediterranean diets can decrease liver fat even without 

weight loss 

Romero-Gómez M. J Hepatol 2017



Alkaline Diet 

• Belief that cancers can be caused by an acidic 

environment from acid-forming foods

• Animal products and refined carbohydrates

• Alkaline diet proposes to raise systemic pH 

• Fruits and vegetables with limited protein

• Diet is also promoted to prevent osteoporosis 

• No supporting evidence in the literature 

Fenton BMJ Open 2016



Microbiome in obesity 

• Lower diversity in GI microbiome may be seen in obesity 

• More fat mass

• Lower insulin sensitivity

• Dyslipidemia

• Increased inflammation

• Contributions from host genetic and immune system, the 

environment, and inter-species competition

Backhed Proc Natl Acad Sci USA. 2007

Bouter et al. Gastro 2017



Bouter et al. Gastro 2017



Microbiome in obesity 

• Animal studies: germ free mice have been shown to be 

resistant to diet induced obesity 

• Changes in the Firmicutes/Bacteroidetes ratio with weight 

gain and loss

• Changes in microbiome diversity can be seen pre and 

post bariatric surgery 

• Humans: association versus causality 

Backhed Proc Natl Acad Sci USA

Bouter et al. Gastro 2017

Aron-Wisnewsky J Gut 2019



Changes in microbiome

• Food emulsifiers in 

processed foods

• Artificial sweeteners

• Red meat

• Medications

• Vegetables

• Fibre

• Yogurt

Bouter et al. Gastro 2017











Take home points 

• Behaviour modification is essential

• Weight maintenance is as or more difficult than weight loss

• Many different diets work

• Overall energy intake matters more than macronutrient composition 

Little difference in weight loss

• Some nutrient deficiencies and complications to be aware of in certain 

diets 

fat/carbohydrates/intermittent fasting

• Your patients will follow the diet that is most enjoyable 

• The best diet is one that can be adhered to
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Ketogenic Diet in Epilepsy

• 29 patients treated with a KD

• 52 % had reduction of their seizures.

• 45 % of the patients had a reduction in the frequency of their 
seizure by 50 % or more.

• 21% had a decrease in seizure frequency by more than 80%.

• Trend towards better response in generalized epilepsy

• Diet was continued for a mean of 9 months 
• Most common side effects: undesired weight loss and constipation

• Compliance was 38% at 6 months, only 5 patients continued for ≥23
• months

Nei et al. Seizure 2014







Ketogenic diet in diabetes

• 89 patients in a prospective, open label study

• Very low cal ketogenic diet (<50g CHO) vs standard low 

cal diet 

• Excluded DM > 10y, insulin therapy, HBA1C ≥9

• 4 month intervention 

• More weight loss and better HBA1C in keto group

• Mild AE reported in 80% of keto vs 41% in control group 

Godday et al. Nutr Diabetes 2016


