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Control of body weight by eating behavior in children
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Diet, exercise, and pharmacological interventions have limited effects in counteracting the worldwide increase in pediatric body weight. Moreover, the promise that individualized drug design will work to induce weight loss appears to be exaggerated. We suggest that the reason for this limited success is that the cause of obesity has been misunderstood. Body weight is mainly under external control; our brain permits us to eat under most circumstances, and unless the financial or physical cost of food is high, eating and body weight increase by default. When energy-rich, inexpensive foods are continually available, people need external support to maintain a healthy body weight. Weight loss can thereby be achieved by continuous feedback on how much and how fast to eat on a computer screen.
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INTRODUCTION

The medical consequences of overweight and obesity in adults and children alike are well known (1–3), and although attempts to curb further escalation of the problem have met with some limited success (4–7), childhood obesity continues to increase throughout the world (8). Given that the biological mechanisms that contribute to weight regulation are complex (9–12) it is a challenge to treat obesity (13–15).

Public health initiatives, e.g., making people eat low-calorie foods and banning fast food commercials (16–18) and/or increasing their exercise level, e.g., implementing exercise programs at school (6, 16, 19), have also met with some success. Most attempts at developing obesity drugs have been abandoned owing to unwanted adverse effects (20); drug-induced body weight loss is most often <6% (21–23). New hope for weight-loss drug development has been ignited by “precision medicine” (24). This approach, which is based on an understanding of individual genetics, has been successful in managing some forms of cancer; the question is whether it can be used to develop individualized drugs to treat obesity, given the complexity of the interaction between genes and environment in human behaviors (25–27).

What is known, however, is that gastric surgery reduces body weight of both adults and children (28). Interestingly, the effect in obese mice appears not to be due to the decrease in gastric size, but to an increase in bile acids and their associated changes in intestinal microbe populations (29). Mimicking these effects pharmacologically might work with obese humans, and may even prevent the re-emergence of type-2 diabetes, which has been reported after bariatric surgery, despite the maintenance of a reduced body weight (30, 31). Although mimicking the physiology of weight loss with drugs has proved to be an ineffective strategy, it may be possible to mimic the change in bile acids to induce weight loss, a possibility supported by an impressive, comprehensive analysis of this subject (32).

We suggest, however, that the reason why most approaches to effect weight loss have failed is that the causes of obesity have been misunderstood and that our present understanding of how the neuroendocrine system is engaged in eating and body weight regulation is mistaken.

YOU ARE NOT WHAT YOU EAT

Although it was reported that counseling aiming at reducing caloric intake and increasing physical activity in two large groups of overweight and obese patients had negligible effects (33, 34), it was observed that behavioral factors, rather than macronutrient composition, are the main influences on weight loss. Some support for modifying eating behavior to induce weight loss was noted in a large-scale project with children (35, 36), but compelling results have not yet been published from this project. A recently published meta-analysis of the available data indicated that diet and exercise interventions have very small, albeit possibly clinically significant, effects on body weight (37). The specific content of diet appears unimportant, but what is important is patient compliance (36). However, it is axiomatic that those who are able to eat less food will lose weight and that those who are not able to do that, will not lose weight. Although some have found that an increase in physical activity combined with a reduction in calorie intake can result in a modest decrease in body weight (37), this feat is rarely accomplished. Moreover, others have concluded that calorie restriction with increased exercise is no better than calorie restriction alone (38).

THE BRAIN DOES NOT CONTROL EATING TO MAINTAIN A CONSTANT BODY WEIGHT

More than 100 years ago, it was discovered that hypothalamic damage is associated with changes in body weight. The subsequent experimental research on this topic concluded that there are dual hypothalamic centers that either induce or inhibit eating to maintain a constant body weight (39). A similar model of body weight control remains today, with the exception that while excitation and inhibition of eating behavior were originally thought to be only anatomically separable, they are now considered to be both chemically and anatomically distinct (40, 41). Body weight is thought to be kept stable through the activity of orexigenic and anorexigenic signaling molecules that respond to feedback from adipose tissue, the pancreas, and the gastrointestinal tract (42). But rather than being maintained at a constant level homeostatically, body weight is drifting upward all over the world – hypothalamic anorexigens that signal satiety are clearly unable to arrest this development.

The problems with the hypothalamic model of food intake emerge when attempts are made to translate this concept into the clinic. Thus, most purported orexigens, which should increase food intake, are elevated in patients with anorexia nervosa, yet these patients rarely eat (43). And when anorexic patients eat more food, their blood levels of an anorexigen, such as leptin, increases (44). An inhibitor of food intake, of course, should not be found at high levels at a time of increased food intake. Conversely, since obese patients have elevated levels of the purported anorexigen leptin, and they continue to eat large amounts of food (45), leptin cannot be an anorexigen. To rescue the concept of orexigens/anorexigens, it has been suggested that obese patients are insensitive to leptin. However, insensitivity to leptin is a fragile idea because: (1) the sensitivity to leptin can be restored with amylin treatment, (2) the brains of experimental animals eating a high-fat diet are as sensitive to leptin as are the brains of animals eating a low-fat diet, and (3) while sensitivity to leptin can be suppressed in one brain area, it can be retained in another (46).

To some extent, therefore, these conceptual problems are created by the outdated hypothalamic homeostatic framework. It would be very surprising indeed if the cause of obesity is found in the presumably abnormal brains of the hundreds of millions of people who are now obese. Their brains are probably simply doing what they have evolved to do, and the cause of their problem is more likely outside than inside of their body (47). Body weight was kept low over millennia through the lack of easily available food (48). Hence, all animals, including humans, have evolved efficient behavioral strategies foraging for food (49), and these strategies can be studied experimentally. Thus, by dissociating the behavioral responses for foraging for food (appetitive behavior) from those employed for eating food (consummatory behavior) in laboratory animals, it was discovered that neuropeptide tyrosine, a “hypothalamic orexigen,” stimulated the search for food at the expense of eating, and that leptin, generally recognized as an inhibitor of eating, markedly increased eating when the need to search for food was circumvented (50). These results are inconsistent with the hypothalamic homeostatic framework, but consistent with the behavioral and clinical phenotypes of underweight and overweight patients (51).

However, a remarkable recent demonstration that activation of a mere 800 hypothalamic neurons evoked voracious feeding within minutes in mice compelled the authors to conclude that these neurons serve a “dedicated role coordinating this complex behavior” (52), inducing renewed optimism: “the future of hypothalamic research is clearly bright” (53). However, this conclusion was rapidly challenged by the even more recent finding that the same cell groups were activated immediately upon presentation of food to a mouse, but before it started to eat, persuading these authors to suggest that these neurons were involved in appetitive, rather than consummatory behaviors (9, 42), confirming the findings of Ammar et al. (50). However, the authors were perhaps inaccurate in suggesting that the neurons that were studied actually control appetitive behavior. Instead, it was clear that the neurons responded to the presentation of food, and as a consequence, the animal engaged in appetitive behavior; the neurons were controlled by the environment. The importance of such neurobiological adaptation to environmental changes as related to eating has long been known (54, 55).

These recent studies support the hypothesis that the brain permits, rather than controls eating, and that eating and body weight are controlled externally, with the major regulatory factor being the physical and economic price of the food (47, 48, 51, 56, 57). Because hypothesized hypothalamic orexigens can turn into anorexigens in response to a change in the environment (48), drugs developed to decrease eating might actually increase eating when that change occurs. For this reason, the utility of the pharmacological approach to the control of eating behavior and body weight will probably continue to be minimal (58, 59).

ENTER PRECISION MEDICINE

It has recently been suggested that obesity is the result of a chronically disordered brain (60). On this perspective, the brain is thought to reprioritize behavior outputs and increase food intake independent of energy stores in the form of body fat (61). More plausibly, eating a great deal of food should be considered to be a normal response to palatable, easily accessed food (47, 62). Encouraging people to make healthy food choices (63) should therefore be expected to fail.

The risk of obesity is also thought to be due in part to genetic factors (61). According to a recent report, 97 gene loci are related to the control of body weight, including genes involved with specific pathways in the brain that engage multiple neurotransmitter systems (64). In order to take all of these factors into consideration, precision medicine would have to develop perhaps hundreds of drugs to reliable produce weight loss. The promise that this approach will solve most problems related to obesity seems unlikely.

However, we know that the major factor that prevented an increase in body weight throughout the world was the poor availability of food (49). Humans also evolved to run for long distances to be able to capture wild game to support their life, but today such routine exercise is rarely part of daily life, impacting negatively on health (65). It has been suggested that the search for the candidate genes for the human homeostatic phenotype that would allow the maintenance of a constant body weight should consider the ways in which glycogen and triglycerides are stored in skeletal muscle, a key to optimal physical activity (66). Skeletal muscle fitness has since been elegantly analyzed and has been associated with both cardiovascular and mental health (67, 68). However, although exercise genomics as it relates to metabolic health is making impressive progress (69), even the genes of the world’s best runners (70) do not protect their carriers from the effects of living in an easy food environment (71).

YOU ARE HOW YOU EAT

Thus, our brain and genes permit rather than control eating, and because evolution has not encouraged satiety, we eat in most circumstances, and unless we have to work for the food, our body weight increases (51). Unsurprisingly, attempts at dieting also increase, but rather than having the desired effect, dieting increases the risk for losing control and gaining even more weight (72). We have suggested, therefore, that today when inexpensive high-energy foods are continually available at low cost, we need external support to eat a normal amount of food and maintain a healthy low body weight (47).

A treatment for childhood and adolescent obesity that relies on this perspective was an adjustment of a treatment for underweight patients, who had been diagnosed with anorexia nervosa. Addressing their disordered eating behavior directly was shown to be effective in a randomized controlled trial with a remission rate of 75% in on average 1 year of treatment and a rate of relapse of 10% over 5 years of follow-up (73, 74). Anorexia typically develops at 14–19 years of age and the patients in our studies were on average 17.5 years old, having been diagnosed on average 3.2 years earlier (74). However, it is important that the treatment is effective in most age groups, and therefore, age is not an exclusion criterion.

A critical part of therapy is giving them mealtime feedback on their speed of eating. Anorexics eat very little food very slowly, and they use the feedback to practice eating more food at a higher speed. The feedback shows their speed of eating on a small monitor next to the normal rate of consumption of such a meal. In an effort to treat obese adolescents and children, this same approach was used, with the exception that the rapid food intake of such individuals was normalized with the mealtime feedback (75). The underlying assumption is that anorexia and obesity are the extreme opposites with the same behavioral problem; both have lost control over the speed at which they eat their food (51). It should be noted, however, that although eating quickly is associated with overconsumption of food (76), it has not yet been demonstrated quantitatively that the obese actually eat quickly. And if they do, the cause–effect relationship between eating speed and obesity remains to be determined.

A randomized controlled trial showed that reducing the speed of eating decreased the food intake and the body weight of obese 12.5 years old more effectively than a standard diet intervention, and, interestingly, the effect was maintained over 6 months of follow-up (75). Relapse into obesity, which is all too common, is hypothetically caused by irreversible biological changes, such as elevated levels of ghrelin, a purported hunger hormone (11, 77). However, treating eating behavior directly reduced, rather than increased the level of ghrelin [Figure 1 (78, 79)]. Changes in endocrine secretions through experimentally induced changes in behavior, such as the effect of an alteration in eating behavior on ghrelin, show that this principle can be translated into the clinical management of childhood obesity.
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FIGURE 1 | Fasting concentrations of ghrelin in 13 adolescents who received a standard diet intervention for 12 months, and in 14 who practiced eating at a reduced speed for 12 months. The children were on average 12.5 years old, the values are mean (SD).



A change in eating behavior can be caused by an environmental change. For example, the limited amount of time available for eating lunch forces school children to eat quickly. Thus, 100, on average 13 years old, children spent on average just 7 min eating their school lunch with their peers (80). A more detailed study showed that 18 girls ate their lunch in as little as 5.6 min and 12 boys ate theirs in a mere 6.8 min. Only two girls and one boy were able to maintain their food intake at the level observed when they ate individually (258 g in girls and 289 g in boys). Nine girls ate on average 33% less food and seven girls ate 23% more food, whereas the remaining boys ate 26% more food when eating their school lunch rapidly with their class mates (Figure 2). The average speed of eating increased to 183% in the girls and to 166% in the boys compared to when they were eating individually. These changes in food intake during school lunches were replicated by experimentally increasing the speed of eating when the children were eating individually (Figure 2) (80). Thus, most boys and half of the girls eat too much when forced to eat quickly; only a few are able to eat a normal amount of food.
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FIGURE 2 | Food intake during the school lunch in 18 girls and 12 boys. The children had their speed of eating experimentally increased, unchanged, or decreased in relation to its value in a meal eaten without constraints, the values are expressed as percent of that value. Green lines indicate individuals able to maintain their food intake independent of the speed of eating. The children were on average 13 years old.



The main risk factor for loss of control – dieting – also causes a sexually dimorphic change in eating behavior. Although men who skipped dinner eat more food quickly the next day, women eat less food the next day at a constant speed (81). If maintained, this pattern of eating results in a further loss of control; when women who eat at the same speed throughout their meal are forced to eat quickly, they over-eat. Conversely, when forced to eat slowly, they under-eat (82). They rapidly adopt the pattern of eating characteristic of obese patients and anorexics, who both eat at a constant speed (83). Interestingly, using the feedback method discussed above, anorexic and obese patients are able to eat normal-size meals at the normal speed, suggesting that the biological changes associated with these individuals do not prevent them from eating normally (81, 82).

CONCLUDING REMARKS

It is probably normal to eat large quantities of food when eating is easy. Most people, therefore, need external support to eat a proper amount of food and maintain a healthy low body weight. Such support can be provided by feedback on a computer screen to both under- and over-weight patients. This method has brought hundreds of patients with eating disorders into remission (74) and is presently used effectively with obese children and adults. It must be added, however, the effects of new methods need to be further evaluated and followed up before they are implemented into health-care systems.

AUTHOR CONTRIBUTIONS

MZ, II, ME, JS, and SL performed experimental work. PS and CB developed treatment and technology. PS and ML wrote the paper. PS authorized by authors for the final version of the manuscript.

FUNDING

This work is supported by Mando Group AB.

REFERENCES

1. Dietz WH. Health consequences of obesity in youth: childhood predictors of adult disease. Pediatrics (1998) 101:518–25.

2. Kopelman PG. Obesity as a medical problem. Nature (2000) 404:635–43. doi:10.1038/35007508

3. Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab (2004) 89:2583–9. doi:10.1210/jc.2004-0535

4. Booth HP, Prevost TA, Wright AJ, Gulliford MC. Effectiveness of behavioural weight loss interventions delivered in a primary care setting: a systematic review and meta-analysis. Fam Pract (2014) 31:643–53. doi:10.1093/fampra/cmu064

5. Hartmann-Boyce J, Johns DJ, Jebb SA, Aveyard P. Behavioural weight management review group. Effect of behavioural techniques and delivery mode on effectiveness of weight management: systematic review, meta- analysis and meta-regression. Obes Rev (2014) 15:598–609. doi:10.1111/obr.12165

6. Clark JE. Diet, exercise or diet with exercise: comparing the effectiveness of treatment options for weight-loss and changes in fitness for adults (18-65 years old) who are overfat, or obese; systematic review and meta-analysis. J Diabetes Metab Disord (2015) 14:31. doi:10.1186/s40200-015-0154-1

7. Gudzune KA, Doshi RS, Mehta AK, Chaudhry ZW, Jacobs DK, Vakil RM, et al. Efficacy of commercial weight-loss programs: an updated systematic review. Ann Intern Med (2015) 162:501–12. doi:10.7326/M14-2238

8. Chan M. WHO Director-General Addresses Childhood Obesity Commission. WHO Commission on Ending Childhood Obesity, 2015 (2015). Available from: http://www.who.int/end-childhood-obesity/en/

9. Chen Y, Linm C, Kuom TW, Knight ZA. Sensory detection of food rapidly modulates arcuate feeding circuits. Cell (2015) 160:829–41. doi:10.1016/j.cell.2015.01.033

10. Dhurandhar EJ, Kaiser KA, Dawson JA, Alcorn AS, Keating KD, Allison DB. Predicting adult weight change in the real world: a systematic review and meta-analysis accounting for compensatory changes in energy intake or expenditure. Int J Obes (Lond) (2015) 39:1181–7. doi:10.1038/ijo.2014.184

11. Ochner CN, Tsai AG, Kushner RF, Wadden TA, Yu YH, Vasselli JR, et al. Treating obesity seriously: when recommendations for lifestyle change confront biological adaptations. Lancet Diabetes Endocrinol (2015) 3:232–4. doi:10.1016/S2213-8587(15)00009-1

12. Yu YH, Vasselli JR, Zhang Y, Mechanick JI, Korner J, Peterli R. Metabolic vs. hedonic obesity: a conceptual distinction and its clinical implications. Obes Rev (2015) 16:234–47. doi:10.1111/obr.12246

13. Ho M, Garnett SP, Baur LA, Burrows T, Stewart L, Neve M, et al. Impact of dietary and exercise interventions on weight change and metabolic outcomes in obese children and adolescents: a systematic review and meta-analysis of randomized trials. JAMA Pediatr (2013) 167:759–68. doi:10.1001/jamapediatrics.2013.1453

14. van der Heijden LB, Feskens EJ, Janse AJ. Maintenance interventions for overweight or obese children and adolescents who participated in a treatment program: study protocol for a systematic review. Syst Rev (2014) 3:111. doi:10.1186/2046-4053-3-111

15. Jang M, Chao A, Whittemore R. Evaluating intervention programs targeting parents to manage childhood overweight and obesity: a systematic review using the RE-AIM framework. J Pediatr Nurs (2015). doi:10.1016/j.pedn.2015.05.004

16. Kim K, Park SM, Oh KW. The impact of nutritional policy on socioeconomic disparity in the unhealthy food intake among Korean adolescents. Appetite (2013) 71:388–95. doi:10.1016/j.appet.2013.09.010

17. Woo Baidal JA, Taveras EM. Protecting progress against childhood obesity – the national school lunch program. N Engl J Med (2014) 371:1862–5. doi:10.1056/NEJMp1409353

18. Flattum C, Draxten M, Horning M, Fulkerson JA, Neumark-Sztainer D, Garwick A, et al. HOME plus: program design and implementation of a family-focused, community-based intervention to promote the frequency and healthfulness of family meals, reduce children’s sedentary behavior, and prevent obesity. Int J Behav Nutr Phys Act (2015) 12:53. doi:10.1186/s12966-015-0211-7

19. Sun MX, Huang XQ, Yan Y, Li BW, Zhong WJ, Chen JF, et al. One-hour after-school exercise ameliorates central adiposity and lipids in overweight Chinese adolescents: a randomized controlled trial. Chin Med J (Engl) (2011) 124:323–9. doi:10.3760/cma.j.issn0366-6999.2011.03.001

20. Bray GA. Obesity: Liraglutide-another weapon in the war against obesity? Nat Rev Endocrinol (2015) 11:569–70. doi:10.1038/nrendo.2015.133

21. Burke LK, Heisler LK. 5-HT medications for the treatment of obesity. J Neuroendocrinol (2015) 27:389–98. doi:10.1111/jne.12287

22. Halpern B, Halpern A. Safety assessment of FDA-approved (orlistat and lorcaserin) anti-obesity medications. Expert Opin Drug Saf (2015) 14:305–15. doi:10.1517/14740338.2015.994502

23. Khorassani FE, Misher A, Garris S. Past and present of antiobesity agents: focus on monoamine modulators. Am J Health Syst Pharm (2015) 72:697–706. doi:10.2146/ajhp140034

24. Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med (2015) 372:793–5. doi:10.1056/NEJMp1500523

25. El-Sayed Moustafa JS, Froguel P. From obesity genetics to the future of personalized obesity therapy. Nat Rev Endocrinol (2013) 9:402–13. doi:10.1038/nrendo.2013.57

26. Lee SH, Ripke S, Neale BM, Faraone SV, Purcell SM, Perlis RH. Genetic relationship between five psychiatric disorders estimated from genome-wide SNPs. Nat Genet (2013) 45:984–94. doi:10.1038/ng.2711

27. O’Dushlaine C, Rossin L, Lee PH, Duncan L, Parikshak NN, Newhouse S, et al. Psychiatric genome-wide association study analyses implicate neuronal, immune and histone pathways. Nat Neurosci (2015) 18:199–209. doi:10.1038/nn.3922

28. Sachdev P, Makaya T, Marven SS, Ackroyd R, Wales JK, Wright NP. Bariatric surgery in severely obese adolescents: a single-centre experience. Arch Dis Child (2014) 99:894–8. doi:10.1136/archdischild-2013-305583

29. Ryan KK, Tremaroli V, Clemmensen C, Kovatcheva-Datchary P, Myronovych A, Karns R, et al. FXR is a molecular target for the effects of vertical sleeve gastrectomy. Nature (2014) 509:183–8. doi:10.1038/nature13135

30. Sjöström L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C, Carlsson B, et al. Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric surgery. N Engl J Med (2014) 351:2683–93. doi:10.1056/NEJMoa035622

31. Sjöström L, Peltonen M, Jacobson P, Ahlin S, Andersson-Assarsson J, Anveden Å. Association of bariatric surgery with long-term remission of type 2 diabetes and with microvascular and macrovascular complications. JAMA (2014) 311:2297–304. doi:10.1001/jama.2014.5988

32. Stefater MA, Wilson-Pérez HE, Chambers AP, Sandoval DA, Seeley RJ. All bariatric surgeries are not created equal: insights from mechanistic comparisons. Endocr Rev (2012) 33:595–622. doi:10.1210/er.2011-1044

33. Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, et al. Comparison of weight-loss diets with different compositions of fat, protein, and carbohydrates. N Engl J Med (2009) 360:859–73. doi:10.1056/NEJMoa0804748

34. Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday M, et al. Cardiovascular effects of intensive lifestyle intervention in type 2 diabetes. N Engl J Med (2013) 369:145–54. doi:10.1056/NEJMoa1212914

35. Romon M, Lommez A, Tafflet M, Basdevant A, Oppert JM, Bresson JL, et al. Downward trends in the prevalence of childhood overweight in the setting of 12-year school- and community-based programmes. Public Health Nutr (2009) 12:1735–42. doi:10.1017/S1368980008004278

36. Borys J-M, Le Bodo Y, Jebb SA, Seidell JC, Summerbell C, Richard D, et al. EPODE approach for childhood obesity prevention: methods, progress and international development. Obes Rev (2012) 13:299–315. doi:10.1111/j.1467-789X.2011.00950.x

37. Dombrowski SU, Knittle K, Avenell A, Araújo-Soares V, Sniehotta FF. Long term maintenance of weight loss with non-surgical interventions in obese adults: systematic review and meta-analyses of randomized controlled trials. BMJ (2014) 348:g2646. doi:10.1136/bmj.g2646

38. Luke A, Cooper RS. Physical activity does not influence obesity risk: time to clarify the public health message. Int J Epidemiol (2013) 42:1831–6. doi:10.1093/ije/dyt159

39. Stellar E. The physiology of motivation. Psychol Rev (1954) 61:5–22. doi:10.1037/h0060347

40. Rui L. Brain regulation of energy balance and body weight. Rev Endocr Metab Disord (2013) 14:387–407. doi:10.1007/s11154-013-9261-9

41. Gautron L, Elmquist JK, Williams KW. Neural control of energy balance: translating circuits to therapies. Cell (2015) 161:133–45. doi:10.1016/j.cell.2015.02.023

42. Seeley RJ, Berridge KC. The hunger games. Cell (2015) 160:805–6. doi:10.1016/j.cell.2015.02.028

43. Méquinion M, Langlet F, Zgheib S, Dickson S, Dehouck B, Chauveau C, et al. Ghrelin: central and peripheral implications in anorexia nervosa. Front Endocrinol (2013) 4:15. doi:10.3389/fendo.2013.00015

44. Misra M, Klibanski A. Endocrine consequences of anorexia nervosa. Lancet Diabetes Endocrinol (2014) 2:581–92. doi:10.1016/S2213-8587(13)70180-3

45. Ahima RS. Revisiting leptin’s role in obesity and weight loss. J Clin Invest (2008) 118:2380–3. doi:10.1172/JCI36284

46. Sáinz N, Barrenetxe J, Moreno-Aliaga MJ, Martínez JA. Leptin resistance and diet-induced obesity: central and peripheral actions of leptin. Metabolism (2015) 64:35–46. doi:10.1016/j.metabol.2014.10.015

47. Södersten P, Bergh C, Zandian M, Ioakimidis I. Obesity and the brain. Med Hypotheses (2011) 77:371–3. doi:10.1016/j.mehy.2011.05.018

48. Södersten P, Nergårdh R, Bergh C, Zandian M, Scheurink A. Behavioral neuroendocrinology and treatment of anorexia nervosa. Front Neuroendocrinol (2008) 29:445–62. doi:10.1016/j.yfrne.2008.06.001

49. McCue MD. Comparative Physiology of Fasting, Starvation, and Food Limitation. Berlin, Heidelberg: Springer-Verlag (2012).

50. Ammar AA, Sederholm F, Saito TR, Scheurink AJ, Johnson AE, Södersten P. NPY-leptin: opposing effects on appetitive and consummatory ingestive behavior and sexual behavior. Am J Physiol Regul Integr Comp Physiol (2000) 278:R1627–33.

51. Södersten P, Bergh C, Zandian M, Ioakimidis I. Homeostasis in anorexia nervosa. Front Neurosci (2014) 8:234. doi:10.3389/fnins.2014.00234

52. Aponte Y, Atasoy D, Sternson SM. AGRP neurons are sufficient to orchestrate feeding behavior rapidly and without training. Nat Neurosci (2011) 14:351–5. doi:10.1038/nn.2739

53. Williams KW, Elmquist JK. Lighting up the hypothalamus: coordinated control of feeding behavior. Nat Neurosci (2011) 14:277–8. doi:10.1038/nn0311-277

54. Woods SC. The eating paradox: how we tolerate food. Psychol Rev (1991) 98:488–505. doi:10.1037/0033-295X.98.4.488

55. Ramsay DS, Woods SC. Clarifying the roles of homeostasis and allostasis in physiological regulation. Psychol Rev (2014) 121:225–47. doi:10.1037/a0035942

56. Collier G, Johnson DF. Who is in charge? Animal vs experimenter control. Appetite (1997) 1997(29):159–80. doi:10.1006/appe.1997.0124

57. Speakman JR. Evolutionary perspectives on the obesity epidemic: adaptive, maladaptive, and neutral viewpoints. Annu Rev Nutr (2013) 33:289–317. doi:10.1146/annurev-nutr-071811-150711

58. Iepsen EW, Torekov SS, Holst JJ. Therapies for inter-relating diabetes and obesity – GLP-1 and obesity. Expert Opin Pharmacother (2014) 15:2487–500. doi:10.1517/14656566.2014.965678

59. Moreno-Herrera A, García A, Palos I, Rivera G. Neuropeptide Y1 and Y5 receptor antagonists as potential anti-obesity drugs. Current status. Mini Rev Med Chem (2014) 14:896–919. doi:10.2174/1389557514666141029233816

60. Insel TR, Cuthbert BN. Medicine. Brain disorders? Precisely. Science (2015) 348:499–500. doi:10.1126/science.aab2358

61. van der Klaauw AA, Farooqi IS. The hunger genes: pathways to obesity. Cell (2015) 161:119–32. doi:10.1016/j.cell.2015.03.008

62. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et al. The global obesity pandemic: shaped by global drivers and local environments. Lancet (2011) 378:804–14. doi:10.1016/S0140-6736(11)60813-1

63. Lobstein T, Jackson-Leach R, Moodie ML, Hall KD, Gortmaker SL, Swinburn BA, et al. Child and adolescent obesity: part of a bigger picture. Lancet (2015) 385:2510–20. doi:10.1016/S0140-6736(14)61746-3

64. Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, et al. Genetic studies of body mass index yield new insights for obesity biology. Nature (2015) 518:197–206. doi:10.1038/nature14177

65. Noakes T, Spedding M. Olympics: run for your life. Nature (2012) 487:295–6. doi:10.1038/487295a

66. Chakravarthy MV, Booth FW. Eating, exercise, and “thrifty” genotypes: connecting the dots toward an evolutionary understanding of modern chronic diseases. J Appl Physiol (2004) 96:3–10. doi:10.1152/japplphysiol.00757.2003

67. Egan B, Zierath JR. Exercise metabolism and the molecular regulation of skeletal muscle adaptation. Cell Metab (2013) 17:162–84. doi:10.1016/j.cmet.2012.12.012

68. Agudelo LZ, Femenía T, Orhan F, Porsmyr-Palmertz M, Goiny M, Martinez-Redondo V, et al. Skeletal muscle PGC-1α1 modulates kynurenine metabolism and mediates resilience to stress-induced depression. Cell (2014) 159:33–45. doi:10.1016/j.cell.2014.07.051

69. Wolfarth B, Rankinen T, Hagberg JM, Loos RJ, Pérusse L, Roth SM, et al. Advances in exercise, fitness, and performance genomics in 2013. Med Sci Sports Exerc (2014) 46:851–9. doi:10.1249/MSS.0000000000000300

70. Vancini RL, Pesquero JB, Fachina RJ, Andrade Mdos S, Borin JP, Montagner PC, et al. Genetic aspects of athletic performance: the African runners phenomenon. Open Access J Sports Med. (2014) 5:123–7. doi:10.2147/OAJSM.S61361

71. Kimenju SC, Rischke R, Klasen S, Qaim M. Do supermarkets contribute to the obesity pandemic in developing countries? Public Health Nutr (2015) 15:1–10. doi:10.1017/S1368980015000919

72. Ramos Salas X. The ineffectiveness and unintended consequences of the public health war on obesity. Can J Public Health (2015) 106:e79–81. doi:10.17269/cjph.106.4757

73. Bergh C, Brodin U, Lindberg G, Södersten P. Randomized controlled trial of a treatment for anorexia and bulimia nervosa. Proc Natl Acad Sci U S A (2002) 99:9486–91. doi:10.1073/pnas.142284799

74. Bergh C, Callmar M, Danemar S, Hölcke M, Isberg S, Leon M, et al. Effective treatment of eating disorders: results at multiple sites. Behav Neurosci (2013) 127:878–89. doi:10.1037/a0034921

75. Ford AL, Bergh C, Södersten P, Sabin MA, Hollinghurst S, Hunt LP, et al. Treatment of childhood obesity by retraining eating behaviour: randomised controlled trial. BMJ (2010) 340:b5388. doi:10.1136/bmj.b5388

76. Robinson E, Almiron-Roig E, Rutters F, de Graaf C, Forde CG, Tudur Smith C, et al. A systematic review and meta-analysis examining the effect of eating rate on energy intake and hunger. Am J Clin Nutr (2014) 100:123–51. doi:10.3945/ajcn.113.081745

77. Sumithran P, Prendergast LA, Delbridge E, Purcell K, Shulkes A, Kriketos A, et al. Long-term persistence of hormonal adaptations to weight loss. N Engl J Med (2011) 365:1597–604. doi:10.1056/NEJMoa1105816

78. Galhardo J, Hunt LP, Lightman SL, Sabin MA, Bergh C, Södersten P, et al. Normalizing eating behavior reduces body weight and improves gastrointestinal hormonal secretion in obese adolescents. J Clin Endocrinol Metab (2012) 97:E193–201. doi:10.1210/jc.2011-1999

79. Södersten P, Bergh C, Shield J, Lightman S. Reversible biological adaptations in obesity. Lancet Diabetes Endocrinol (2015) 3:314. doi:10.1016/S2213-8587(15)00090-X

80. Zandian M, Ioakimidis I, Bergström J, Brodin U, Bergh C, Leon M, et al. Children eat their school lunch too quickly: an exploratory study of the effect on food intake. BMC Public Health (2012) 12:351. doi:10.1186/1471-2458-12-351

81. Zandian M, Ioakimidis I, Bergh C, Leon M, Södersten P. A sex difference in the response to fasting. Physiol Behav (2011) 103:530–4. doi:10.1016/j.physbeh.2011.04.009

82. Zandian M, Ioakimidis I, Bergh C, Brodin U, Södersten P. Decelerated and linear eaters: effect of eating rate on food intake and satiety. Physiol Behav (2009) 96:270–5. doi:10.1016/j.physbeh.2008.10.011

83. Ioakimidis I, Zandian M, Bergh C, Södersten P. A method for the control of eating rate: a potential intervention in eating disorders. Behav Res Methods (2009) 41:755–60. doi:10.3758/BRM.41.3.755

Conflict of Interest Statement: Per Södersten and Cecilia Bergh own 47.5% each of the stock in Mando Group AB, Michael Leon owns 5%. Mando Group AB holds the IPR of Mandometer, the FDA-approved medical device used to treat patients with eating disorders in clinics managed by Mando Group AB. Swedish health care is publically funded. Modjtaba Zandian, Ioannis Ioakimidis, and Per Södersten are appointed by Karolinska Institutet, all salaries are paid by Mando Group AB. Ioannis Ioakimidis is supported by EU-grants.

Copyright © 2015 Zandian, Bergh, Ioakimidis, Esfandiari, Shield, Lightman, Leon and Södersten. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/logo.jpg
e S S0





OPS/images/cover.jpg
frontiers
in Pediatrics






OPS/images/fped-03-00089-g001.jpg
Ghrelin (pg/ml)

140

120 A

100

80 A

60 -

40

20 1

Base-line - 12 months

Dieting Reduced
speed
of eating






OPS/images/fped-03-00089-g002.jpg
Food intake (% of control)

180 180
160 4 160
140 A 140 A
120 4 120 A
100 ~ 100 A
80 A 80 -
60 60
40 — = 40 H———
] 3 ] 3
5885 53T
S5 58 E;:¢E g
3 & O A 3 £ 3 A
Speed of eating Speed of eating





