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Chapter 1 
General introduction 
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Obesity epidemic 

 Obesity is a growing global epidemic with significant personal and societal 

consequences. According to the 2014 estimation of the World Health Organization there 

are more than 1.9 billion adults (or approximately 39% of the world population aged 18 

years and over) who are overweight and among those over 600 million who are obese 

(World Health Organization 2014). This is an expensive problem: in the USA alone, the 

annual individual cost of being obese has been estimated at $4879 for women and $2646 

for men, not including the cost of years lost due to obesity (Dor et al 2010). Obesity is a 

major risk factor for numerous chronic diseases, such as type 2 diabetes mellitus 

(Albaugh et al 2016), cardiovascular diseases (Lavie et al 2016), certain cancers (Deng et 

al 2016), which have been linked to cause 3.4 million deaths in 2010 (Ng et al 2014). 

 Why do humans (at least the developed nations) get fat? In pre-historic times, 

humans were hunters-gatherers and it is most likely that our earliest behaviorally modern 

ancestors of some 150,000 years ago had regular episodes of limited food resources 

(Cordain et al 2005). Although dietary patterns differed, among others, with latitude, 

season, weather and culture, all ancestral diets shared some common key features. The 

consumption of unprocessed plants, foraging/hunting marine animals and only consumed 

natural foods from the local environments. All edible components of the animals, 

including muscle meat, brain, organs, bone marrow and storage depots were consumed 

(Eaton et al 1997). The drastic environmental changes, which were introduced by modern 

agriculture and animal husbandry (between 5,000 and 10,000 years ago and more recently 

the Industrial Revolution) occurred too recently on an evolutionary time scale for the 

human genome to adapt (Cordain et al 2005, Eaton et al 1985). The typical Western 

lifestyle with its overabundance of processed foods, and its altered physical activity 

patterns gave rise of the so-called civilization diseases, among them obesity being the 

most prevalent (Eaton et al 1985, Ruiz-Núñez et al 2013). These factors together, 
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compromising the modern Western lifestyle form the so-called obesogenic environment, 

since they predispose humans to obesity. 

 

Methods of weight loss 

 The core of the problem is that only a few effective treatment options exist for 

obese patients. The traditional methods (diet and exercise) do not produce sustainable 

weight loss. For most obese individuals, dieting only leads to modest weight reduction on 

long term (Kraschnewski et al 2010, Montesi et al 2016).  Because of the disappointing 

outcomes of traditional weight reducing methods and the side effects of new drugs 

surgical methods became highly attractive alternatives for the treatment or even 

prevention of obesity and type 2 diabetes (Fried et al 2010, Ribaric et al 2014, Schauer et 

al 2017). Traditionally bariatric surgeries were classified as reductive (reducing the 

volume of the stomach) and malabsorptive (creating some kind of malabsorption via 

reducing the nutrition absorptive surface of the intestine lining) methods since at the 

beginning of the surgical treatment of obesity mechanistically these explanations seemed 

probable. As science advanced (eg the discovery of gut hormones and the enteral nervous 

system) more potential pathways came into focus. Most gut hormones are anorexigenic, 

providing an enteral feedback mechanism to the central nervous system about the quality 

and quantity of nutrients being digested. Many of the same hormones are present in the 

central nervous system (i.e., either originating from the periphery, or locally produced as 

neuropeptide transmitters), where they play crucial roles in food intake and metabolic 

regulation via various hypothalamic, mid- and hindbrain and brainstem regions and 

nuclei. These findings established that the enteral and the central nervous system are in 

constant cross talk to regulate energy status of the body. Altered bile acid secretion and 

modified gut microbiota are also strong candidates as regulatory mechanisms of body 

weight, thanks to the results seen after bariatric surgeries. The difficulty maintaining 
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weight loss points to a strongly conserved homeostatic mechanism protecting bodily fuel 

reserves (Lam et al 2016, Pontzer 2015). Thus, new obesity treatment options dealing 

with the control of energy balance are warranted, although our understanding of this 

system is still far from being clear. 

 

Type of diet 

 Human diet consists of a waste array of food but if chemically analyzed all of 

them are made up of carbohydrate, fat, protein (the so called macronutrients 1, since 

humans need large quantities of these) and micronutrients (because the requirements of 

these for life are considerably smaller than that of macronutrients, such as vitamins, fiber, 

salts) and water . Based on calorimetric bomb measurements by Atwater et al the three 

macronutrients have the following energy content (or total combustible energy content): 1 

g carbohydrate contains 3.75 calories (15.69 kJ), 1g protein has 4 calories (16.736 kJ) and 

1 g fat has 9 calories (37.656 kJ) (Widdowson et al 1955). It is worth noting that not all 

combustible energy is available to the human or animal body for maintaining energy 

balance 1. incomplete digestion eg fecal energy loss, 2. incomplete absorption eg texture 

of food, (eg fiber content see: Capuano 2017) 3. health state of the individual eg illness or 

lactation, 4. the capture of energy (conversion to adenosine triphosphate [ATP]) from 

food is less than completely efficient in intermediary metabolism (Flatt et al 1997). 

 The macronutrient composition of the diet (the proportions of calories contributed 

by fat, carbohydrate, and protein) have been investigated the past several decades for its 

potential relevance in weight regulation. It has been long theorized that diets can exert 

different effects on body weight based on their energy content, and their specific effects 

on intermediary metabolism. Countless short-, and long-term studies have been aimed to 

 
1 alcohol is considered a separate macronutrient, but not discussed here 
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identify the optimal ratio of macronutrients for weight maintenance and weight loss. 

Lowering the proportion of daily calories consumed from total fat has been targeted not 

only because fat is the most energy dense macronutrient but also because high fat 

consumption (especially saturated fat) has been a risk factor of cardiovascular disease 

(Chowdhury et al 2014, Hooper et al 2015, Sack et al 2017). Thus, reducing total fat 

intake would theoretically lead to reduction of total energy intake. However, randomized 

trials have failed to consistently demonstrate that reducing the percent of energy from 

total fat leads to long-term weight loss compared to other dietary interventions (Hu et al 

2012, Kmietowicz 2015, Tobias et al 2015). Considering the effect of high fat diet on 

energy expenditure high fat diet has been reported to increase energy expenditure in 

humans (Hall et al 2016, Thearle et al 2013) and in rats (Jackman et al 2010, Jornayvaz et 

al 2010) although results are contradictory (Choi et al 2015, Kien et al 2005). 

 Recently diets low in carbohydrates but high in “healthy” fats {eg mono-

unsaturated fatty acids (Hammad et al 2016), n-3 poly-unsaturated fatty acids (Alexander 

et al 2017)} have been popularized, because of their weight lowering (Liu et al 2018) and 

cardiovascular disease protecting effects (Wang et al 2017). On this venue, the so called 

paleolithic diet, which contains high percentage of protein has been reported to reduce 

body weight (Drummen et al 2018) via various possible underlying mechanism such as 

increased satiety (Martens et al 2012), diet induced thermogenesis (Westerterp-Plantenga 

et al 2009), anorexic hormone levels (Belza et al 2013). High protein diet with low 

glycemic index rather than high glycemic index carbohydrates has been reported to be 

effective in weight loss, weight maintenance in obese patients pinpointing that the single 

macronutrient approach needs to be updated (Astrup et al 2015). 
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Energy balance 

 It has been stated that human physiology complies with the first law of 

thermodynamics (Kapsak et al 2013, Schoeller 2008), which means that energy can be 

transformed from one form to another but cannot be created or destroyed. Thus, human 

(and animal) physiological systems are in energy balance when the rate of change in the 

body’s macronutrient stores (Es) is equal to the difference between the energy entering the 

system (Ein) and leaving the system (Eout).  Es= Ein- Eout. Ein primarily consists of the 

chemical energy from food and fluids consumed. Eout includes the heat produced by the 

body, work performed and the latent heat evaporation. The consumed and digested foods 

are not only used for energetic purposes, but can also be used as building blocks for the 

body for growth and storage. Energy efficiency can be derived from calculating how 

much weight change (in grams) occurred by consuming a given amount of food/energy 

(in kJ). (Weight gain (g)/energy intake (kJ). (Björntorp et al 1982, McPhee et al 1980). 

Thus, a given individual (or animal) has higher energy efficiency than another, when the 

first individual (animal) gains more weight than the second gains when they consume the 

same amount of energy.  Along these lines, energy efficiency is zero, when a person is 

weight stable (i.e. body weight change over time is zero). Weight loss (such as following 

bariatric surgery) would yield a negative energy efficiency.  Although zero and negative 

energy efficiencies are conceptually controversial from a thermodynamic standpoint, their 

calculations are nevertheless useful for comparative reasons. 

Even though bariatric surgeries produce substantial weight loss, with the 

remission of type 2 diabetes and the reduction of cardiovascular disease.  The several 

proposed underlying mechanisms are still not clearly understood. It has been theorized 

that the high efficacy of bariatric surgery may be due to its effect on energy balance, 

shifting it toward a negative state. Indeed, after bariatric surgery both humans 

(Dimitriadis et al 2017, Dirksen et al 2013, Münzberg et al 2015), and rodents (Chelikani 
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et al 2010, Ranzy et al 2014, Stylopoulos et al 2009) reduce their food intake (Ein), and 

the energy expenditure (Eout) follows the reduced body weight (Bueter et al 2010, Kayala 

et al 2011, Münzberg et al 2015). But controversy still exist regarding energy expenditure 

after bariatric surgery mainly for two reasons: first it is difficult to compare the relative 

rates of energy expenditures of humans (or rodents) of different weights and body 

compositions, because a consensus regarding the relative accuracy of normalizing oxygen 

consumption to body weight, body surface area, or lean body mass has not been reached 

yet (Tschop et al 2011). The second reason is that (at least in humans) it is difficult to 

compare patients who underwent bariatric surgery with subjects who have lost weight by 

other means. Weight loss decreases energy expenditure (since the reduced body mass 

requires less energy to maintain) thus the question is not that energy expenditure 

following bariatric surgery has decreased per se. It is rather that whether the reduction of 

enegy expenditure after bariatric surgery is proportionate to that weight loss, which would 

have been after a large weight loss by other methods, or smaller. If smaller it would 

reduce the built in mechanism of weight regain, leading to a successful and sustained 

weight loss.The limited data from human comparative studies and rodent experiments 

suggest that it is not likely that the reduction of energy expenditure is appropriate to 

explain the observed large amount of weight loss after these surgeries.  

 

The aim of this thesis 

 In the present work, we embarked to investigate whether bariatric surgery alters 

energy balance and therefore weight change in rats. We investigated this question by 

using two different surgery models: the ileal transposition and the Roux-en-Y gastric 

bypass. 
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- Ileal transposition (IT): offers a unique advantage to other bariatric surgeries in that with 

IT the, the stomach is unaltered and the alimentary tract retains its original length, since 

only a 10 cm ileal segment is transposed into a more proximal location, thus the entire 

gastrointestinal tract is still exposed to the indigested food matter.  There is nevertheless 

some controversy regaring the issue whether or not the innervation and the blood supply 

of the (transposed) gastrointestinal tract remains intact (Zhu et al 2018, Aiken et al 1994, 

Bai et al 2019).   

 

- Roux-en-Y gastric bypass (RYGB): coined as a (reductive) malabsorptive technique 

because in RYGB only a small pouch (15-25 ml in humans) remains of the stomach 

(reduction) and the duodenum and the proximal jejunum (alimentary limb) is excluded 

from the passage of food (malabsorption). The so-called Roux limb (originally the distal 

gut) is connected to the pouch. The alimentary limb is connected to the Roux limb by an 

enteroenterostomy, creating a Y-shaped junction where food meets gastric acid and bile. 

In this model energy reduction, could result from various facts. 

 

 In Chapter 2 ileal transposition (IT) as a bariatric surgery is introduced. In this 

experiment rats consumed high protein/high fat (equal diet) diet, because we wanted to 

test if high protein content influences satiety (Batterham et al 2006, Martens et al 2014) 

and if high fat content alters food intake (Spiller et al 1984, van Citters et al 1999), 

theoretically contributing to weight change. Food intake, body weight loss and energy 

expenditure were measured and body composition analysis carried out to give a general 

picture of the effects of IT. 

 

 In Chapter 3 we investigated whether IT causes alterations in energy efficiency 

when rats were maintained on three different diets: high fat (HF), high protein (HP) and 
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high carbohydrate (HC). With the introduction of the three different diets we also 

investigated wether HF diet is more appetizing (Kasper et al 2014) and if the effects of 

cafeteria diet (our HC diet) on body weight (D’Alessio et al 2003, Epstein et al 2010, 

Melanson et al 2000) still exists even after IT. 

 

 In Chapter 4 we investigated how IT influenced food intake, body weight, energy 

budget, energy balance and energy expenditure not only immediately after the surgery but 

also during and after recovery. We also investigated whether the three different diets 

showed different recovery trajectories after IT. 

 

 In Chapter 5 we investigated the effect of IT on the synthesis of Glucose 

Dependent Insulinotropic Polypeptide (GIP), Glucagonlike peptide 1 (GLP-1), Peptide 

Tyrosine-Tyrosine (PYY), neurotensin and insulin and their effects on food intake and 

body weight. 

 

 In Chapter 6 we investigated the effect of RYGB paired either with high fat or low 

fat diet on food intake, body weight change, energy efficiency, circadian body 

temperature and locomotor responses. 

 

 Chapter 7 is the summary and discussion of these findings by comparing IT and 

RYGB on energy balance. 

17



 

References 

Albaugh VL, Flynn CR, Tamboli RA, Abumrad NN. Recent advances in metabolic and 

bariatric surgery. F1000Research [Internet]. 2016 May 24;5:F1000 Faculty Rev-978. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/27239296 

 

Aiken KD, Yu W, Wright JRJ, Roth KA. Adaptation of enteroendocrine cells in response 

to jejunal-ileal transposition in the rat. Gastroenterology. 1994 Jun;106(6):1576–83. 

 

Alexander DD, Miller PE, Van Elswyk ME, Kuratko CN, Bylsma LC. A Meta-Analysis 

of Randomized Controlled Trials and Prospective Cohort Studies of Eicosapentaenoic and 

Docosahexaenoic Long-Chain Omega-3 Fatty Acids and Coronary Heart Disease Risk. 

Mayo Clin Proc [Internet]. 2017;92(1):15–29. Available from: 

http://www.sciencedirect.com/science/article/pii/S0025619616306814  

 

Astrup A, Raben A, Geiker N. The role of higher protein diets in weight control and 

obesity-related comorbidities. Int J Obes (Lond) [Internet]. 2015/01/20. 2015 

May;39(5):721–6. Available from: https://www.ncbi.nlm.nih.gov/pubmed/25540980 

 

Bai L, Mesgarzadeh S, Ramesh KS, Huey EL, Liu Y, Gray LA, et al. Genetic 

Identification of Vagal Sensory Neurons That Control Feeding. Cell. 2019 

Nov;179(5):1129-1143.e23. 

 

Batterham RL, Heffron H, Kapoor S, Chivers JE, Chandarana K, Herzog H, et al. Critical 

role for peptide YY in protein-mediated satiation and body-weight regulation. Cell Metab 

[Internet]. 2006 Sep 1;4(3):223–33. Available from: 

https://doi.org/10.1016/j.cmet.2006.08.001 

18



 

 

Belza A, Ritz C, Sørensen MQ, Holst JJ, Rehfeld JF, Astrup A. Contribution of 

gastroenteropancreatic appetite hormones to protein-induced satiety. Am J Clin Nutr 

[Internet]. 2013 Mar 6;97(5):980–9. Available from: 

https://doi.org/10.3945/ajcn.112.047563 

 

Björntorp P, Yang MU. Refeeding after fasting in the rat: effects on body composition 

and food efficiency. Am J Clin Nutr [Internet]. 1982 Sep 1;36(3):444–9. Available from: 

https://doi.org/10.1093/ajcn/36.3.444 

 

Bueter M, Löwenstein C, Olbers T, Wang M, Cluny NL, Bloom SR, et al. Gastric Bypass 

Increases Energy Expenditure in Rats. Gastroenterology [Internet]. 2010 May 

1;138(5):1845-1853.e1. Available from: https://doi.org/10.1053/j.gastro.2009.11.012 

 

Capuano E. The behavior of dietary fiber in the gastrointestinal tract determines its 

physiological effect. Crit Rev Food Sci Nutr [Internet]. 2017 Nov 2;57(16):3543–64. 

Available from: https://doi.org/10.1080/10408398.2016.118050 

 

Chelikani PK, Shah IH, Taqi E, Sigalet DL, Koopmans HH. Comparison of the effects of 

Roux-en-Y gastric bypass and ileal transposition surgeries on food intake, body weight, 

and circulating peptide YY concentrations in rats. Obes Surg [Internet]. 2010 

Sep;20(9):1281—1288. Available from: https://doi.org/10.1007/s11695-010-0139-6 

 

Choi M-S, Kim Y-J, Kwon E-Y, Ryoo JY, Kim SR, Jung UJ. High-fat diet decreases 

energy expenditure and expression of genes controlling lipid metabolism, mitochondrial 

function and skeletal system development in the adipose tissue, along with increased 

19



 

expression of extracellular matrix remodelling- and inflamm. Br J Nutr [Internet]. 

2015/03/06. 2015;113(6):867–77. Available from: 

https://www.cambridge.org/core/article/highfat-diet-decreases-energy-expenditure-and-

expression-of-genes-controlling-lipid-metabolism-mitochondrial-function-and-skeletal-

system-development-in-the-adipose-tissue-along-with-increased-expression-of-extracell 

 

Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward HA, Johnson L, et al. 

Association of Dietary, Circulating, and Supplement Fatty Acids With Coronary Risk: A 

Systematic Review and Meta-analysisDietary, Circulating, and Supplement Fatty Acids 

and Coronary Risk. Ann Intern Med [Internet]. 2014 Mar 18;160(6):398–406. Available 

from: https://doi.org/10.7326/M13-178 

 

Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, et al. Origins and 

evolution of the Western diet: health implications for the 21st century. Am J Clin Nutr 

[Internet]. 2005 Feb 1;81(2):341–54. Available from: 

https://doi.org/10.1093/ajcn.81.2.341 

 

D’Alessio D, Tso P, Rushing PA, Seeley RJ, Woods SC. A Controlled High-Fat Diet 

Induces an Obese Syndrome in Rats. J Nutr [Internet]. 2003 Apr 1;133(4):1081–7. 

Available from: https://doi.org/10.1093/jn/133.4.1081 

 

Deng T, Lyon CJ, Bergin S, Caligiuri MA, Hsueh WA. Obesity, Inflammation, and 

Cancer. Annu Rev Pathol Mech Dis [Internet]. 2016 May 18;11(1):421–49. Available 

from: https://doi.org/10.1146/annurev-pathol-012615-044359 

 

20



 

Dimitriadis GK, Randeva MS, Miras AD. Potential Hormone Mechanisms of Bariatric 

Surgery. Curr Obes Rep [Internet]. 2017/08/05. 2017;6(3):253–65. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/28780756  

 

Dor, A., Ferguson, C., Langwith, C., Tan, E.A Heavy Burden: The Individual Costs of 

Being Overweightand Obese in the United States. The George Washington University 

Department of Health Policy Research Report 2010. Available 

at:http://www.stopobesityalliance.org/wp-

content/themes/stopobesityalliance/pdfs/Heavy_Burden_Report.pdf. 

 

Dunlop M V, Westerterp-Plantenga MS, Mattes RD, Tan S-Y, Martens EA. Protein 

leverage effects of beef protein on energy intake in humans. Am J Clin Nutr [Internet]. 

2014 Apr 23;99(6):1397–406. Available from: https://doi.org/10.3945/ajcn.113.078774 

 

Drummen M, Tischmann L, Gatta-Cherifi B, Adam T, Westerterp-Plantenga M. Dietary 

Protein and Energy Balance in Relation to Obesity and Co-morbidities  [Internet]. Vol. 9, 

Frontiers in Endocrinology . 2018. p. 443. Available from: 

https://www.frontiersin.org/article/10.3389/fendo.2018.00443 

 

Eaton SB, Konner M. Paleolithic Nutrition. N Engl J Med [Internet]. 1985 Jan 

31;312(5):283–9. Available from: https://doi.org/10.1056/NEJM198501313120505 

 

Eaton SB, Eaton SB, Konner MJ. Review Paleolithic nutrition revisited: A twelve-year 

retrospective on its nature and implications. Eur J Clin Nutr [Internet]. 1997;51(4):207–

16. Available from: https://doi.org/10.1038/sj.ejcn.1600389 

 

21



 

Epstein DH, Shaham Y. Cheesecake-eating rats and the question of food addiction. Nat 

Neurosci [Internet]. 2010 May 1;13:529. Available from: https://doi.org/10.1038/nn0510-

529 

 

Flatt JP, Tremblay A Energy expenditure and substrate oxidation. In G.A. Bray, C. 

Bouchard and W.P.T. James, eds. Handbook of obesity. 1997 New York, Marcel Dekker. 

 

Fried M, Ribaric G, Buchwald JN, Svacina S, Dolezalova K, Scopinaro N. Metabolic 

Surgery for the Treatment of Type 2 Diabetes in Patients with BMI <35 kg/m2: An 

Integrative Review of Early Studies. Obes Surg [Internet]. 2010;20(6):776–90. Available 

from: https://doi.org/10.1007/s11695-010-0113-3 

 

Global status report on non-communicable diseases 2014. World Health Organization; 

Geneva: 2014. Available from: https://www.who.int/nmh/publications/ncd-status-report-

2014/en 

 

Hall KD, Chen KY, Guo J, Lam YY, Leibel RL, Mayer LE, et al. Energy expenditure and 

body composition changes after an isocaloric ketogenic diet in overweight and obese 

men. Am J Clin Nutr [Internet]. 2016/07/06. 2016 Aug;104(2):324–33. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/27385608Hammad S, Pu S, Jones PJ. Current 

Evidence Supporting the Link Between Dietary Fatty Acids and Cardiovascular Disease. 

Lipids [Internet]. 2016;51(5):507–17. Available from: https://doi.org/10.1007/s11745-

015-4113-x 

 

22



 

Hooper L, Martin N, Abdelhamid A, Davey Smith G. Reduction in saturated fat intake for 

cardiovascular disease. Cochrane Database Syst Rev [Internet]. 2015;(6). Available from: 

https://doi.org//10.1002/14651858.CD011737 

 

Jackman MR, MacLean PS, Bessesen DH. Energy expenditure in obesity-prone and 

obesity-resistant rats before and after the introduction of a high-fat diet. Am J Physiol 

Regul Integr Comp Physiol [Internet]. 2010/08/04. 2010 Oct;299(4):R1097–105. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/20686168 

 

Jornayvaz FR, Jurczak MJ, Lee H-Y, Birkenfeld AL, Frederick DW, Zhang D, et al. A 

high-fat, ketogenic diet causes hepatic insulin resistance in mice, despite increasing 

energy expenditure and preventing weight gain. Am J Physiol Endocrinol Metab 

[Internet]. 2010/08/31. 2010 Nov;299(5):E808–15. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/20807839 

 

Kaiyala KJ, Schwartz MW. Toward a more complete (and less controversial) 

understanding of energy expenditure and its role in obesity pathogenesis. Diabetes 

[Internet]. 2011 Jan;60(1):17–23. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/21193735 

 

Kapsak WR, DiMarco-Crook C, Hill JO, Toner CD, Edge MS. Confusion on All Sides of 

the Calorie Equation: Lessons Learned, Future Directions. Nutr Today [Internet]. 

2013;48(5). Available from: 

https://journals.lww.com/nutritiontodayonline/Fulltext/2013/09000/Confusion_on_All_Si

des_of_the_Calorie_Equation_.4.aspx 

 

23



 

Kasper JM, Johnson SB, Hommel JD. Fat Preference: a novel model of eating behavior in 

rats. J Vis Exp [Internet]. 2014 Jun 27;(88):e51575–e51575. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/24998978 

 

Kien CL, Bunn JY, Ugrasbul F. Increasing dietary palmitic acid decreases fat oxidation 

and daily energy expenditure. Am J Clin Nutr [Internet]. 2005 Aug 1;82(2):320–6. 

Available from: https://doi.org/10.1093/ajcn/82.2.320 

 

Kraschnewski JL, Boan J, Esposito J, Sherwood NE, Lehman EB, Kephart DK, et al. 

Long-term weight loss maintenance in the United States. Int J Obes (Lond) [Internet]. 

2010/05/18. 2010 Nov;34(11):1644–54. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/20479763 

 

Kmietowicz Z. Low fat diets are no better than others for long term weight loss, research 

finds. BMJ  Br Med J [Internet]. 2015 Oct 30;351:h5791. Available from: 

http://www.bmj.com/content/351/bmj.h5791.abstract 

 

Lam YY, Ravussin E. Analysis of energy metabolism in humans: A review of 

methodologies. Mol Metab [Internet]. 2016 Sep 20;5(11):1057–71. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/27818932 

 

Lavie CJ, De Schutter A, Parto P, Jahangir E, Kokkinos P, Ortega FB, et al. Obesity and 

Prevalence of Cardiovascular Diseases and Prognosis-The Obesity Paradox Updated. 

Prog Cardiovasc Dis. 2016;58(5):537–47. doi: 10.1016/j.pcad.2016.01.008 

 

24



 

Liu X, Li Y, Tobias DK, Wang DD, Manson JE, Willett WC, et al. Changes in Types of 

Dietary Fats Influence Long-term Weight Change in US Women and Men. J Nutr 

[Internet]. 2018 Sep 22;148(11):1821–9. Available from: 

https://doi.org/10.1093/jn/nxy183 

 

Martens EA, Lemmens SG, Westerterp-Plantenga MS. Protein leverage affects energy 

intake of high-protein diets in humans. Am J Clin Nutr [Internet]. 2012 Dec 5;97(1):86–

93. Available from: https://doi.org/10.3945/ajcn.112.046540 

 

McPhee CP, Trappett PC, Neill AR, Duncalfe F. Changes in growth, appetite, food 

conversion efficiency and body composition in mice selected for high post-weaning 

weight gain on restricted feeding. Theor Appl Genet [Internet]. 1980;57(2):49–56. 

Available from: https://doi.org/10.1007/BF00745028 

 

Melanson EL, Wyatt HT, Hill JO. Dietary Fat Intake and Regulation of Energy Balance: 

Implications for Obesity. J Nutr [Internet]. 2000 Feb 1;130(2):284S-288S. Available 

from: https://doi.org/10.1093/jn/130.2.284S 

 

Montesi L, El Ghoch M, Brodosi L, Calugi S, Marchesini G, Dalle Grave R. Long-term 

weight loss maintenance for obesity: a multidisciplinary approach. Diabetes Metab Syndr 

Obes. 2016;9:37–46. doi:10.2147/DMSO.S89836 

 

Münzberg H, Laque A, Yu S, Rezai-Zadeh K, Berthoud H-R. Appetite and body weight 

regulation after bariatric surgery. Obes Rev [Internet]. 2015 Feb;16 Suppl 1(Suppl 1):77–

90. Available from: https://www.ncbi.nlm.nih.gov/pubmed/25614206 

 

25



 

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, 

regional, and national prevalence of overweight and obesity in children and adults during 

1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 

(London, England). 2014 Aug;384(9945):766–81. doi: 10.1016/S0140-6736(14)60460-8 

 

Pontzer H. Constrained Total Energy Expenditure and the Evolutionary Biology of 

Energy Balance. Exerc Sport Sci Rev. 2015 Jul;43(3):110–6. doi: 

10.1249/JES.0000000000000048 

 

Ramzy AR, Nausheen S, Chelikani PK. Ileal transposition surgery produces ileal length-

dependent changes in food intake, body weight, gut hormones and glucose metabolism in 

rats. Int J Obes [Internet]. 2013 Oct 29;38:379. Available from: 

https://doi.org/10.1038/ijo.2013.201 

 

Ribaric G, Buchwald JN, McGlennon TW. Diabetes and weight in comparative studies of 

bariatric surgery vs conventional medical therapy: a systematic review and meta-analysis. 

Obes Surg [Internet]. 2013/12/28. 2014;24(3):437–55. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/24374842 

 

M. SF, H. LA, H.Y. WJ, J. AL, A. CM, M. K-EP, et al. Dietary Fats and Cardiovascular 

Disease: A Presidential Advisory From the American Heart Association. Circulation 

[Internet]. 2017 Jul 18;136(3):e1–23. Available from: 

https://doi.org/10.1161/CIR.0000000000000510 

 

Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Aminian A, Brethauer SA, et al. Bariatric 

Surgery versus Intensive Medical Therapy for Diabetes — 5-Year Outcomes. N Engl J 

26



 

Med [Internet]. 2017 Feb 15;376(7):641–51. Available from: 

https://doi.org/10.1056/NEJMoa1600869 

 

Schoeller DA. Insights into energy balance from doubly labeled water. Int J Obes (Lond). 

2008 Dec;32 Suppl 7:S72-5. doi: 10.1038/ijo.2008.241 

 

Spiller RC, Trotman IF, Higgins BE, Ghatei MA, Grimble GK, Lee YC, et al. The ileal 

brake--inhibition of jejunal motility after ileal fat perfusion in man. Gut [Internet]. 1984 

Apr 1;25(4):365 LP – 374. Available from: http://gut.bmj.com/content/25/4/365.abstract 

 

Stylopoulos N, Hoppin AG, Kaplan LM. Roux-en-Y gastric bypass enhances energy 

expenditure and extends lifespan in diet-induced obese rats. Obesity (Silver Spring) 

[Internet]. 2009/06/25. 2009 Oct;17(10):1839–47. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/19556976 

 

Thearle MS, Pannacciulli N, Bonfiglio S, Pacak K, Krakoff J. Extent and determinants of 

thermogenic responses to 24 hours of fasting, energy balance, and five different 

overfeeding diets in humans. J Clin Endocrinol Metab [Internet]. 2013/05/10. 2013 

Jul;98(7):2791–9. Available from: https://www.ncbi.nlm.nih.gov/pubmed/23666976 

 

Tschop MH, Speakman JR, Arch JRS, Auwerx J, Bruning JC, Chan L, et al. A guide to 

analysis of mouse energy metabolism. Nat Methods. 2011 Dec;9(1):57–63. 

 

Tobias DK, Chen M, Manson JE, Ludwig DS, Willett W, Hu FB. Effect of low-fat diet 

interventions versus other diet interventions on long-term weight change in adults: a 

systematic review and meta-analysis. lancet Diabetes Endocrinol [Internet]. 2015/10/30. 

27



 

2015 Dec;3(12):968–79. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/26527511 

 

Van Citters GW, Lin HC. The ileal brake: A fifteen-year progress report. Curr 

Gastroenterol Rep [Internet]. 1999;1(5):404–9. Available from: 

https://doi.org/10.1007/s11894-999-0022- 

 

Wang DD, Hu FB. Dietary Fat and Risk of Cardiovascular Disease: Recent Controversies 

and Advances. Annu Rev Nutr [Internet]. 2017 Aug 21;37(1):423–46. Available from: 

https://doi.org/10.1146/annurev-nutr-071816-064614 

 

Westerterp-Plantenga MS, Nieuwenhuizen A, Tomé D, Soenen S, Westerterp KR. 

Dietary Protein, Weight Loss, and Weight Maintenance. Annu Rev Nutr [Internet]. 2009 

Jul 22;29(1):21–41. Available from: https://doi.org/10.1146/annurev-nutr-080508-141056 

 

Widdowson E. M. Assessment of the energy value of human foods. Proc Nutr Soc. 

1955;14(2):142–54. https://doi.org/10.1079/pns19550031. 

 

Zapata RC, Singh A, Chelikani PK. Peptide YY mediates the satiety effects of diets 

enriched with whey protein fractions in male rats. FASEB J [Internet]. 2018 Jan 

4;32(2):850–61. Available from: https://doi.org/10.1096/fj.201700519RR 

 

Zhu H, Wang H, Zheng Z, Ye B, Ruan X, Zheng X, et al. Ileal transposition rapidly 

improves glucose tolerance and gradually improves insulin resistance in non-obese type 2 

diabetic rats. Gastroenterol Rep [Internet]. 2018/07/24. 2018 Nov;6(4):291–7. Available 

from: https://www.ncbi.nlm.nih.gov/pubmed/30430018 

28



 

  

29


	Chapter 1



