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Abstract


Gut hormones are known to play an important role in long-term weight loss maintenance after bariatric surgery. However, the interplay between gut hormones and diet-induced weight changes remains unclear. Our aims were to evaluate the alterations of gut hormones in diet-induced weight loss, weight maintenance, and weight regain periods. Available studies were searched on MEDLINE, EMASE, ClinicalTrials.gov, the Cochrane Library, and Web of science from inception to October 2016. After selection, 16 studies with 656 participants were included. Based on current evidence, we found significant alterations of gut hormones induced by different diets. In weight-loss diets, decreased fasting total PYY, GLP-1, CCK, GIP, PP, and amylin along with increased ghrelin levels were observed in most studies. After weight loss, the persistent decreases of fasting total PYY and GLP-1 levels as well as increased appetite were reported, suggesting the profound impact of altered gut hormones on later weight regain after dietary intervention. The differences between diet-induced changes in gut hormones and other treatments such as bariatric surgery and exercise are also discussed in this review. Although significant alterations of gut hormones were found during weight changes, huge heterogeneity exists in methods and populations. More large-scale studies with elaborate design addressing the gut hormone alterations in dietary weight regulation are required in the future.





[bookmark: N10CAC]
Key words

	gut hormones - 
	body weight changes - 
	appetite - 
	gut-brain axis





 

[bookmark: ]

[bookmark: N1188E]
	
References


	
[bookmark: R2017-01-0003-0001]1 

Blomain ES, 


Dirhan DA, 


Valentino MA, 


Kim GW, 


Waldman SA. 

Mechanisms of weight regain following weight loss. ISRN Obes 2013; 210524 





PubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0002]2 

Calle EE, 


Thun MJ. 

Obesity and cancer. Oncogene 2014; 23: 6365-6378 





PubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0003]3 

Berthoud HR, 


Shin AC, 


Zheng H. 

Obesity surgery and gut-brain communication. Physiol Behav 2011; 105: 106-119 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0004]4 

Kotsis V, 


Stabouli S, 


Papakatsika S, 


Rizos Z, 


Parati G. 

Mechanisms of obesity-induced hypertension. Hypertens Res 2010; 33: 386-393 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0005]5 

Dixon JB, 


Zimmet P, 


Alberti K, 


Rubino F. 

Bariatric surgery: An IDF statement for obese Type 2 diabetes. Diabetic Med 2011; 28: 628-642 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0006]6 

Sjöström L, 


Lindroos A-K, 


Peltonen M, 


Torgerson J, 


Bouchard C, 


Carlsson B, 


Dahlgren S, 


Larsson B, 


Narbro K, 


Sjöström CD, 


Sullivan M, 


Wedel H. 

Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric surgery. N Engl J Med 2004; 351: 2683-2693 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0007]7 

Buchwald H, 


Avidor Y, 


Braunwald E, 


Jensen MD, 


Pories W, 


Fahrbach K, 


Schoelles K. 

Bariatric surgery: A systematic review and meta-analysis. JAMA 2004; 292: 1724-1737 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0008]8 

Ramon JM, 


Salvans S, 


Crous X, 


Puig S, 


Goday A, 


Benaiges D, 


Trillo L, 


Pera M, 


Grande L. 

Effect of Roux-en-Y gastric bypass vs sleeve gastrectomy on glucose and gut hormones: A prospective randomised trial. J Gastrointest Surg 2012; 16: 1116-1122 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0009]9 

Baskota A, 


Li S, 


Dhakal N, 


Liu G, 


Tian H. 

Bariatric surgery for type 2 diabetes mellitus in patients with BMI <30 kg/m2: A systematic review and meta-analysis. PLoS One 2015; 10: e0132335 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0010]10 

Mingrone G, 


Panunzi S, 


De Gaetano A, 


Guidone C, 


Iaconelli A, 


Nanni G, 


Castagneto M, 


Bornstein S, 


Rubino F. 

Bariatric–metabolic surgery versus conventional medical treatment in obese patients with type 2 diabetes: 5 year follow-up of an open-label, single-centre, randomised controlled trial. Lancet 2015; 386: 964-973 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0011]11 

Eisendrath P, 


Deviere J. 

Major complications of bariatric surgery: Endoscopy as first-line treatment. Nat Rev Gastroenterol Hepatol 2015; 12: 701-710 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0012]12 

Behary P, 


Cegla J, 


Tan TM, 


Bloom SR. 

Obesity: Lifestyle management, bariatric surgery, drugs, and the therapeutic exploitation of gut hormones. Postgrad Med 2015; 127: 494-502 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0013]13 

Acosta A, 


Abu Dayyeh BK, 


Port JD, 


Camilleri M. 

Recent advances in clinical practice challenges and opportunities in the management of obesity. Gut 2014; 63: 687-695 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0014]14 

Sumithran P, 


Prendergast LA, 


Delbridge E, 


Purcell K, 


Shulkes A, 


Kriketos A, 


Proietto J. 

Long-Term persistence of hormonal adaptations to weight loss. N Engl J Med 2011; 365: 1597-1604 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0015]15 

Umeda LM, 


Silva EA, 


Carneiro G, 


Arasaki CH, 


Geloneze B, 


Zanella MT. 

Early improvement in glycemic control after bariatric surgery and its relationships with insulin, GLP-1, and glucagon secretion in type 2 diabetic patients. Obes Surg 2011; 21: 896-901 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0016]16 

Jensen DE, 


Nguo K, 


Baxter KA, 


Cardinal JW, 


King NA, 


Ware RS, 


Truby H, 


Batch JA. 

Fasting gut hormone levels change with modest weight loss in obese adolescents. Pediatr Obes 2015; 10: 380-387 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0017]17 

Vincent RP, 


le Roux CW. 

Changes in gut hormones after bariatric surgery. Clin Endocrinol 2008; 69: 173-179 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0018]18 

Troke RC, 


Tan TM, 


Bloom SR. 

The future role of gut hormones in the treatment of obesity. Ther Adv Chronic Dis 2014; 5: 4-14 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0019]19 

Wang PYT, 


Caspi L, 


Lam CKL, 


Chari M, 


Li X, 


Light PE, 


Gutierrez-Juarez R, 


Ang M, 


Schwartz GJ, 


Lam TKT. 

Upper intestinal lipids trigger a gut-brain-liver axis to regulate glucose production. Nature 2008; 452: 1012-1016 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0020]20 

Barja-Fernandez S, 


Folgueira C, 


Castelao C, 


Leis R, 


Casanueva FF, 


Seoane LM. 

Peripheral signals mediate the beneficial effects of gastric surgery in obesity. Gastroenterol Res Pract 2015; 2015: 560938 





PubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0021]21 

Reinehr T, 


Roth C. 

The gut sensor as regulator of body weight. Endocrine 2015; 49: 35-50 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0022]22 

Jeon TY, 


Lee S, 


Kim HH, 


Kim YJ, 


Lee JG, 


Jeong DW, 


Kim YJ. 

Long-term changes in gut hormones, appetite and food intake 1 year after subtotal gastrectomy with normal body weight. Eur J Clin Nutr 2010; 64: 826-831 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0023]23 

Lien LF, 


Haqq AM, 


Arlotto M, 


Slentz CA, 


Muehlbauer MJ, 


McMahon RL, 


Rochon J, 


Gallup D, 


Bain JR, 


Ilkayeva O, 


Wenner BR, 


Stevens RD, 


Millington DS, 


Muoio DM, 


Butler MD, 


Newgard CB, 


Svetkey LP. 

The STEDMAN project: Biophysical, biochemical and metabolic effects of a behavioral weight loss intervention during weight loss, maintenance, and regain. OMICS 2009; 13: 21-35 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0024]24 

Hayes MR, 


Miller CK, 


Ulbrecht JS, 


Mauger JL, 


Parker-Klees L, 


Gutschall MD, 


Mitchell DC, 


Smiciklas-Wright H, 


Covasa M. 

A carbohydrate-restricted diet alters gut peptides and adiposity signals in men and women with metabolic syndrome. J Nutr 2007; 137: 1944-1950 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0025]25 

Essah PA, 


Levy JR, 


Sistrun SN, 


Kelly SM, 


Nestler JE. 

Effect of weight loss by a low-fat diet and a low-carbohydrate diet on peptide YY levels. Int J Obes 2010; 34: 1239-1242 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0026]26 

Leidy HJ, 


Mattes RD, 


Campbell WW. 

Effects of acute and chronic protein intake on metabolism, appetite, and ghrelin during weight loss. Obesity 2007; 15: 1215-1225 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0027]27 

Ratliff J, 


Mutungi G, 


Puglisi MJ, 


Volek JS, 


Fernandez ML. 

Carbohydrate restriction (with or without additional dietary cholesterol provided by eggs) reduces insulin resistance and plasma leptin without modifying appetite hormones in adult men. Nutr Res 2009; 29: 262-268 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0028]28 

O’Connor KL, 


Scisco JL, 


Smith TJ, 


Young AJ, 


Montain SJ, 


Price LL, 


Lieberman HR, 


Karl JP. 

Altered appetite-mediating hormone concentrations precede compensatory overeating after severe, short-term energy deprivation in healthy adults. J Nutr 2016; 146: 209-217 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0029]29 

Moran LJ, 


Noakes M, 


Clifton PM, 


Wittert GA, 


Le Roux CW, 


Ghatei MA, 


Bloom SR, 


Norman RJ. 

Postprandial ghrelin, cholecystokinin, peptide YY, and appetite before and after weight loss in overweight women with and without polycystic ovary syndrome. Am J Clin Nutr 2007; 86: 1603-1610 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0030]30 

Sainsbury A, 


Evans IR, 


Wood RE, 


Seimon RV, 


King NA, 


Hills AP, 


Byrne NM. 

Effect of a 4-week weight maintenance diet on circulating hormone levels: Implications for clinical weight loss trials. Clin Obes 2015; 5: 79-86 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0031]31 

Lobley GE, 


Holtrop G, 


Horgan GW, 


Bremner DM, 


Fyfe C, 


Johnstone AM. 

Responses in gut hormones and hunger to diets with either high protein or a mixture of protein plus free amino acids supplied under weight-loss conditions. Br J Nutr 2015; 113: 1254-1270 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0032]32 

Neacsu M, 


Fyfe C, 


Horgan G, 


Johnstone AM. 

Appetite control and biomarkers of satiety with vegetarian (soy) and meat-based high-protein diets for weight loss in obese men: A randomized crossover trial. Am J Clin Nutr 2014; 100: 548-558 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0033]33 

Sloth B, 


Due A, 


Larsen TM, 


Holst JJ, 


Heding A, 


Astrup A. 

The effect of a high-MUFA, low-glycaemic index diet and a low-fat diet on appetite and glucose metabolism during a 6-month weight maintenance period. Br J Nutr 2009; 101: 1846-1858 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0034]34 

Adam T, 


Jocken J, 


Westerterp-Plantenga MS. 

Decreased glucagon-like peptide 1 release after weight loss in overweight/obese subjects. Obes Res 2005; 13: 710-716 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0035]35 

Cahill F, 


Shea JL, 


Randell E, 


Vasdev S, 


Sun G. 

Serum peptide YY in response to short-term overfeeding in young men. Am J Clin Nutr 2011; 93: 741-747 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0036]36 de 

Luis DA, 


Sagrado MG, 


Conde R, 


Aller R, 


Izaola O. 

The effects of two different hypocaloric diets on glucagon-like peptide 1 in obese adults, relation with insulin response after weight loss. J Diabetes Complications 2009; 23: 239-243 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0037]37 

Green BG, 


Dalton P, 


Cowart B, 


Shaffer G, 


Rankin K, 


Higgins J. 

Evaluating the ‘Labeled Magnitude Scale’ for measuring sensations of taste and smell. Chem Senses 1996; 21: 323-334 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0038]38 

Flint A, 


Raben A, 


Blundell JE, 


Astrup A. 

Reproducibility, power and validity of visual analogue scales in assessment of appetite sensations in single test meal studies. Int J Obes Relat Metab Disord 2000; 24: 38-48 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0039]39 

Stunkard AJ, 


Messick S. 

The 3-factor eating questionnaire to measure dietary restraint, disinhibition and hunger. J Psychosom Res 1985; 29: 71-83 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0040]40 

Westerterp-Plantenga MS, 


Rolland V, 


Wilson SA, 


Westerterp KR. 

Satiety related to 24h diet-induced thermogenesis during high protein/carbohydrate vs high fat diets measured in a respiration chamber. Eur J Clin Nutr 1999; 53: 495-502 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0041]41 

Batterham RL, 


Heffron H, 


Kapoor S, 


Chivers JE, 


Chandarana K, 


Herzog H, 


Le Roux CW, 


Thomas EL, 


Bell JD, 


Withers DJ. 

Critical role for peptide YY in protein-mediated satiation and body-weight regulation. Cell Metab 2006; 4: 223-233 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0042]42 

Batterham RL, 


Cohen MA, 


Ellis SM, 


Le Roux CW, 


Withers DJ, 


Frost GS, 


Ghatei MA, 


Bloom SR. 

Inhibition of food intake in obese subjects by peptide YY3–36. N Engl J Med 2003; 349: 941-948 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0043]43 

Wynne K, 


Bloom SR. 

The role of oxyntomodulin and peptide tyrosine-tyrosine (PYY) in appetite control. Nat Clin Pract End Met 2006; 2: 612-620 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0044]44 

Chan JL, 


Stoyneva V, 


Kelesidis T, 


Raciti P, 


Mantzoros CS. 

Peptide YY levels are decreased by fasting and elevated following caloric intake but are not regulated by leptin. Diabetologia 2006; 49: 169-173 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0045]45 

Batterham RL, 


ffytche DH, 


Rosenthal JM, 


Zelaya FO, 


Barker GJ, 


Withers DJ, 


Williams SC. 

PYY modulation of cortical and hypothalamic brain areas predicts feeding behaviour in humans. Nature 2007; 450: 106-109 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0046]46 

Kojima M, 


Hosoda H, 


Date Y, 


Nakazato M, 


Matsuo H, 


Kangawa K. 

Ghrelin is a growth-hormone-releasing acylated peptide from stomach. Nature 1999; 402: 656-660 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0047]47 

Murakami N, 


Hayashida T, 


Kuroiwa T, 


Nakahara K, 


Ida T, 


Mondal M, 


Nakazato M, 


Kojima M, 


Kangawa K. 

Role for central ghrelin in food intake and secretion profile of stomach ghrelin in rats. J Endocrinol 2002; 174: 283-288 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0048]48 

Wren AM, 


Small CJ, 


Abbott CR, 


Dhillo WS, 


Seal LJ, 


Cohen MA, 


Batterham RL, 


Taheri S, 


Stanley SA, 


Ghatei MA, 


Bloom SR. 

Ghrelin causes hyperphagia and obesity in rats. Diabetes 2001; 50: 2540-2547 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0049]49 

Garin MC, 


Burns CM, 


Kaul S, 


Cappola AR. 

The human experience with ghrelin administration. J Clin Endocrinol Metab 2013; 98: 1826-1837 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0050]50 

Cummings DE, 


Purnell JQ, 


Frayo RS, 


Schmidova K, 


Wisse BE, 


Weigle DS. 

A preprandial rise in plasma ghrelin levels suggests a role in meal initiation in humans. Diabetes 2001; 50: 1714-1719 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0051]51 

Fedonidis C, 


Alexakis N, 


Koliou X, 


Asimaki O, 


Tsirimonaki E, 


Mangoura D. 

Long-term changes in the ghrelin-CB1R axis associated with the maintenance of lower body weight after sleeve gastrectomy. Nutr Diabetes 2014; 4: e127 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0052]52 

Parker HE, 


Gribble FM, 


Reimann F. 

The role of gut endocrine cells in control of metabolism and appetite. Exp Physiol 2014; 99: 1116-1120 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0053]53 

Brubaker PL, 


Anini Y. 

Direct and indirect mechanisms regulating secretion of glucagon-like peptide-1 and glucagon-like peptide-2. Can J Physiol Pharmacol 2003; 81: 1005-1012 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0054]54 

Cummings DE, 


Overduin J. 

Gastrointestinal regulation of food intake. J Clin Invest 2007; 117: 13-23 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0055]55 

Flint A, 


Raben A, 


Astrup A, 


Holst JJ. 

Glucagon-like peptide 1 promotes satiety and suppresses energy intake in humans. J Clin Invest 1998; 101: 515 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0056]56 

Lowe MR, 


Doshi SD, 


Katterman SN, 


Feig EH. 

Dieting and restrained eating as prospective predictors of weight gain. Front Psychol 2013; 4: 577 





PubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0057]57 

Sumithran P, 


Proietto J. 

The defence of body weight: A physiological basis for weight regain after weight loss. Clin Sci 2013; 124: 231-241 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0058]58 

Leibel RL, 


Rosenbaum M, 


Hirsch J. 

Changes in energy expenditure resulting from altered body weight. N Engl J Med 1995; 332: 621-628 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0059]59 

Hosoda H, 


Kojima M, 


Kangawa K. 

Biological, physiological, and pharmacological aspects of ghrelin. J Pharmacol Sci 2006; 100: 398-410 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0060]60 

Ellacott KL, 


Halatchev IG, 


Cone RD. 

Interactions between gut peptides and the central melanocortin system in the regulation of energy homeostasis. Peptides 2006; 27: 340-349 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0061]61 

Le RC, 


Welbourn R, 


Werling M, 


Osborne A, 


Kokkinos A, 


Laurenius A, 


Lönroth H, 


Fändriks L, 


Ghatei MA, 


Bloom SR. 

Gut hormones as mediators of appetite and weight loss after Roux-en-Y gastric bypass. Ann Surg 2007; 246: 780-785 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0062]62 

Molin Netto BD, 


Earthman CP, 


Cravo Bettini S, 


Grotti Clemente AP, 


Landi Masquio DC, 


Farias G, 


Boritza K, 


da Silva LG, 


von der Heyde ME, 


Dâmaso AR. 

Early effects of Roux-en-Y gastric bypass on peptides and hormones involved in the control of energy balance. Eur J Gastroenterol Hepatol 2016; 28: 1050-1055 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0063]63 

Goldstone AP, 


Miras AD, 


Scholtz S, 


Jackson S, 


Neff KJ, 


Penicaud L, 


Geoghegan J, 


Chhina N, 


Durighel G, 


Bell JD, 


Meillon S, 


le Roux CW. 

Link between increased satiety gut hormones and reduced food reward after gastric bypass surgery for obesity. J Clin Endocrinol Metab 2016; 101: 599-609 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0064]64 

Alamuddin N, 


Vetter ML, 


Ahima RS, 


Hesson L, 


Ritter S, 


Minnick A, 


Faulconbridge LF, 


Allison KC, 


Sarwer DB, 


Chittams J, 


Williams NN, 


Hayes MR, 


Loughead JW, 


Gur R, 


Wadden TA. 

Changes in fasting and prandial gut and adiposity hormones following vertical sleeve gastrectomy or roux-en-y-gastric bypass: An 18-month prospective study. Obes Surg 2016; 6: 1563-1572 





PubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0065]65 

Malin SK, 


Kashyap SR. 

Differences in weight loss and gut hormones: Rouen-y gastric bypass and sleeve gastrectomy surgery. Curr Obes Rep 2015; 4: 279-286 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0066]66 

Santo MA, 


Riccioppo D, 


Pajecki D, 


Kawamoto F, 


de Cleva R, 


Antonangelo L, 


Marcal L, 


Cecconello I. 

Weight regain after gastric bypass: Influence of gut hormones. Obes Surg 2016; 26: 919-925 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0067]67 

Guijarro A, 


Suzuki S, 


Chen C, 


Kirchner H, 


Middleton FA, 


Nadtochiy S, 


Brookes PS, 


Niijima A, 


Inui A, 


Meguid MM. 

Characterization of weight loss and weight regain mechanisms after Roux-en-Y gastric bypass in rats. Am J Physiol Regul Integr Comp Physiol 2007; 293: R1474-R1489 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0068]68 

Bailey DP, 


Smith LR, 


Chrismas BC, 


Taylor L, 


Stensel DJ, 


Deighton K, 


Douglas JA, 


Kerr CJ. 

Appetite and gut hormone responses to moderate-intensity continuous exercise versus high-intensity interval exercise, in normoxic and hypoxic conditions. Appetite 2015; 89: 237-245 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2017-01-0003-0069]69 

Hazell TJ, 


Islam H, 


Townsend LK, 


Schmale MS, 


Copeland JL. 

Effects of exercise intensity on plasma concentrations of appetite-regulating hormones: Potential mechanisms. Appetite 2016; 98: 80-88 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 35.170.203.195
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  