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Preface
Obesity is a common, serious and growing problem. Epidemiological evidence indicates that 1.1 billion people worldwide are above their ideal weight. In the US, 66.7% of adults are overweight or obese, but despite these appalling numbers, the continental US ranks “only” third among the top ten Fattest Countries in the World. The first position goes to American Samoa with 93.5% of the population being overweight/obese. Interestingly, these top ten countries do not seem to follow any specific geographical, cultural, ethnic or economic clustering, and include populations as diverse as Germans (number 4, 66.5%); Egyptians (number 5, 66%); New Zealand people (number 7, 62.7%); Croatians (number 9, 61.4%) and finally the English that closes the list with 61%. In the US alone, obesity is blamed as a contributing factor in over 300,000 deaths annually, with economic costs reaching more than US$ 100 billion. In view of this, public health authorities have declared that we are suffering a pandemic of “globesity”, term coined by the World Health Organization in 2001 to impress upon us the widespread enormity of the problem. However, the most worrisome aspect of this pandemic is not in its current prevalence but in the forecasted trends for the next few decades, especially knowing that currently, children and adolescents are the segment of the population with the fastest growing overweight and obesity rates. The prediction models from the UK Foresight Report (Tackling Obesities: Future Choices —Modelling Future Trends in Obesity and the Impact on Health) indicate that, in the UK, by 2050, 60% of males and 50% of females could be obese. But this model does not account for the number of overweight people, a condition also associated with adverse health outcomes. If we include these numbers, the proportion of men and women having a healthy BMI (18.5–25kg/m2) in the UK will decline from about 30 and 40% in the present to less than 10 and 15%, respectively, by 2050. This presents a really bleak health future in the UK, and most probably around the world, to the point that it has been suggested that the gains in life expectancy experienced in the last century could be obliterated and even reversed as a consequence of globesity.
However, obesity is not an exclusive product of the 20th and 21st centuries as it has been in the mind of our forebears for most of human history and even before. Proof of that is in the prehistoric archaeological findings of Venus figurines (women statuettes) that, using all available materials, portray morbid female obesity with amazing detail, realism and similarity spanning in time from the Lower (2,500,000–200,000 BCE) to the Upper Palaeolithic (40,000–8,000 BCE). Their unknown symbolism, for some experts represent, in stark contrast with current views, the prehistoric idea of feminine beauty. For others, they have religious connotations as symbols of fertility. However, the latter interpretation will mean underestimating the most probably outstanding observational and deductive capacity of our ancestors, given the fact that morbid obesity has been associated with infertility.
More reliable information about the interpretation of obesity in historical times comes from the forefathers of modern medicine in Greece and Egypt, and later from England and France. In fact, the first physician to use the word obesity in a medical context was the Englishman Tobias Venner, in his 1660 Treatise “Via Recta ad Longam Vitam” (the right way to a long life). In this work he has some interesting therapeutic statements regarding the benefits of bathing in the Bath thermal waters: “make slender - such bodies as are too gross.” “Let those that fear obesity, and those who do not want to wax too gross, come unto our baths. For by the use of them, they may not only preserve their health but also keep their bodies from being unseemingly corpulent.” These recommendations will be considered nowadays as an undeclared conflict of interests, in view of the fact that he was the founder of the Bath Clinical Society. On his behalf, his treatise contained also dietary recommendations more in consonance with current thinking.
Overall, the written records show that obesity has been consistently associated with serious health issues. Thus, considerable effort has been placed over the last few thousand years, to identify successful approaches for its prevention and therapy. However, it has only recently been regarded as a disease in the sense of being a specific target for medical therapy. Consequently, developing obesity treatments has been a growing focus for biopharmaceutical medical device and dietary supplement industries. Again, data from the US indicate that the direct expenditures for surgery and prescription drugs to control obesity are thought to be $4 billion annually, whereas the over-the-counter market for weight-loss remedies and diets is estimated to be as much as $50 billion.
However, conceptually speaking, obesity should be a simple problem to solve. Unlike cancer and so many other diseases, the cure for obesity is known and has been known for many centuries: to maintain the correct balance between energy input and output. Consequently, obesity has been considered as a personal failure and associated with lack of willpower to maintain or return to optimal body weight. However, the current perception has changed dramatically and is shifting the “blame” away from the individual. This is clearly reflected by influential statements made on both sides of the Atlantic.
In the US, an advisory committee for the 2010 Dietary Guidelines for Americans identified obesity as “the single greatest threat to public health in this century” and declared that “Basic nutrition advice hasn’t changed much over the 30 years that the dietary guidelines have been published, but what has changed is that it is becoming harder and harder to eat well… For Americans today, healthy eating is like swimming upstream. It’s not that you can’t do it, it’s just it’s so hard…Without changing the food environment, people don’t stand a chance of following the advice in the dietary guidelines.”
In the UK, the influential UK Foresight report delivers a similar message: “obesity is one of the penalties of the modern world, where energy-dense food is abundant and laboursaving technologies abound… An unhealthy weight is often seen as a result of individual choice on diet, exercise and lifestyle. However, this report maps the complex web of societal and biological factors that have, in recent decades, exposed our inherent human vulnerability to weight gain. If we fail to tackle this ‘obesogenic environment’ the consequences for individuals, families, communities and society as a whole are grave”.
Even more extreme are the exculpatory headlines used by the popular press to capture readers’ attention: The real cause of obesity: It’s not gluttony. It’s genetics.
We should avoid these pendular believes and adopt the Aristotelic view that “virtue is somewhere in the middle”. While it is not fair to blame obesity entirely on the individual, it may be dangerous to remove all individual responsibility and blame the unchangeable (genetics), or the environment.
In the middle of this turmoil, this work is intended to contribute scientific rigor and balance to the obesity problem. For this purpose, most renowned experts in the field of obesity bring to the reader the most relevant aspects of this complex problem, from physiopathology to prevention and treatment, without overlooking such key aspects as genetics and society.
The Editors
Manuel Serrano-Rios, Jose A Gutierrez-Fuentes and Jose M. Ordovas
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Abstract
The cloning of the ob gene and its gene product leptin has led to the elucidation of a robust physiologic system that maintains fat stores at a relatively constant level. Leptin is a peptide hormone secreted by adipose tissue in proportion to its mass. Recessive mutations in the leptin gene are associated with massive obesity in mice and humans establishing a genetic basis for obesity. Leptin circulates in blood and acts'on the brain to regulate food intake and energy expenditure. When fat mass falls, plasma leptin levels fall stimulating appetite and suppressing energy expenditure until fat mass is restored. When fat mass increases, leptin levels increase, suppressing appetite until weight is lost. This system maintains homeostatic control of adipose tissue mass.
The discovery of leptin has advanced our understanding of metabolic disease in a number of respects. Its identification has revealed a new endocrine system regulating body weight. This system provides a means by which changes in nutritional state regulate other physiologic systems. A number of leptin deficiency syndromes that are treatable with leptin replacement have been identified. The majority of obese subjects are leptin resistant, which establishes that obesity is the result of hormone resistance. Leptin treatment results in weight loss in a subset of obese patients and can also synergize with other anti-obesity agents to reduce weight in the general population. Leptin provides an entry point for studying a complex human behavior. Finally, this research has established that there is a powerful biological basis for obesity, a fact that is (correctly) changing public perception about the pathogenesis of this medical condition.

Introduction
The ob gene was cloned in 1994 using the methodology of positional cloning. Leptin, the protein encoded by the ob gene was identified in 1995 and shown to be a hormonal signal that regulates energy balance.1.2.3. and 4. Since its discovery 15 years ago, 30,943 articles on leptin have been written (S. Korres, personal communication, 2009) providing an opportunity to assess, with some hindsight, the impact of this research. What follows is a summary of the conclusions that have emerged from on leptin research.

Historical background
The first law of thermodynamics applies similarly to inanimate and biological systems. Because weight is remarkably stable in animals and humans over long periods of time, especially when taking into account the large number of calories that are consumed, the elaboration of this principle by the Prussian surgeon Hermann von Helmholtz, and others, suggested that organisms would need a means for maintaining constancy of energy stores by regulating energy balance (food intake vs. energy expenditure). 5 A precise balance between energy intake and energy expenditure has been noted in humans over even a 2-wk time frame, which proved to be long enough to average out day-to-day fluctuations in intake. 6 This stability is also observed in experimental settings where the body weight of animals were either overfed or starved returned to that of a control group once food intake returned to normal. 2,7.8.9.10. and 11. Finally, when animals are fed nutrient in varying dilutions, they adjust their intake to maintain constancy of the number of calories that are consumed, not the volume. 12 In each case, it appeared that the animal had sensed a change in its body weight and in turn adjusted its recent food intake to return weight to control levels.
In aggregate, these data were interpreted to mean that there must be a biologic system that regulated food intake and maintained homeostatic control of body weight. 12 This premise was articulated often during the first half of the 20th century and was further advanced by the demonstration that body weight could be altered, in either direction, by introducing specific lesions in the hypothalamus; lesions of the ventromedial hypothalamus causing obesity and lateral hypothalamic lesions causing leanness. 13 It was thus suggested that brain centers in the hypothalamus receive peripheral signals that reflect an organism's nutritional state as part of a feedback loop(s) that maintains homeostatic control of body weight. 14,15
The key question concerned the identity of these putative signals. It was proposed that glucose, fat and protein stores were in some way sensed, as were core temperature, recent food intake and other variables. 14,15 Kennedy first proposed the possibility that one of these signals might be derived from adipose tissue, although neither the nature of this factor nor the mechanism by which it acted was clear. Kennedy16 and later Hervey17 invoked a mechanism whereby a fat derived factor, perhaps a steroid hormone that increased appetite, was partitioned in both the adipose tissue and aqueous compartments and was diluted as adipose mass increased. That this factor might be hormonal was first suggested by data from parabiosis (cross circulation) experiments between obese, ventromedial hypothalamic (VMH) lesioned and control rats. 18 The observation that the normal rats paired to those with a VMH lesion ate less and lost weight suggested that the lesioned rats overproduced an appetite-suppressing factor secondary to a lesion at its site of action (i.e., the hypothalamus). Although the existence of this factor could be inferred from this and other similar studies, the intrinsic difficulty of implementing a biochemical purification using a behavioral assay of feeding behavior impeded successful efforts to identify it. In retrospect, with the identification of this factor as leptin, it is clear how challenging such a purification would be, even using modern methods, because of the requirement for chronic dosing of leptin to elicit an anorectic effect. A biochemical approach for identifying endogenous appetite suppressants is also complicated by frequent false positives that arise because many compounds exert aversive effects to nonspecifically reduce appetite.
A clue to the identity of this circulating factor was provided by parabiosis experiments pairing genetically obese ob/ob and db/db mice to wild-type mice, or to each other; ob and db are recessive mouse mutations that cause massive obesity as a result of profound hyperphagia and reduced energy expenditure. In addition, both mutants manifest a pleiotropic set of numerous other physiologic abnormalities (see below). 19 The phenotypes of both mutations are strikingly similar, which suggested that the encoded genes might function in the same physiologic pathway. The results from the parabiosis experiments were consistent with this possibility and further suggested that the ob gene encoded a circulating factor that suppressed food intake and body weight and that the db gene encoded its receptor. The aforementioned studies using the parabiotic union of mice with lesions of the ventromedial hypothalamus to normal rats further suggested that this receptor was localized in the hypothalamus. In aggregate, these studies were consistent with the parsimonious hypothesis that a circulating factor produced in adipose tissue and encoded by the ob gene acted on a receptor in the hypothalamus that was encoded by the db locus.
These studies thus suggested that food intake and body weight —or, more precisely, adipose tissue mass— were regulated by an endocrine system and provided a strong impetus for the cloning of the ob and db genes.

The cloning of the ob gene and identification of leptin has uncovered a new endocrine system regulating body weight
The development of positional cloning, a methodology that enabled the cloning of mutant genes based solely on a detailed knowledge of their position on a genetic map, provided a means for identifying the ob and db genes. In 1994 the ob gene was identified as an ∼4.5 kb RNA that was expressed exclusively in adipose tissue (Fig. 1-1). 1
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	Figure 1-1 Expression of the ob gene in adipose tissue. The ob gene was mapped using a set of genetic crosses to a 300 kB region of mouse chromosome 6. A northern blot using a cDNA clone probe from this region, 2G7, showed that this gene was expressed as a 4.5 kB transcript exclusively in adipose tissue. (From reference 1.)




This RNA encoded a predicted 167-amino acid polypeptide with a signal sequence, which indicated that it was secreted and likely to circulate in plasma. The gene is disrupted in the 2 available alleles of ob (Fig. 1-2); in the original C57/Bl6J ob/ob mutation, a nonsense mutation disrupts protein function leading to a secondary increase in the RNA, whereas in the second coisogenic ob 2j mutation, a retroviral insertion abrogates expression of the coding sequence altogether. 2,20
The available data suggested the hypothesis that the polypeptide encoded by the ob gene, now known as leptin (derived from the Greek root leptos, meaning “thin”), functioned as the afferent signal in a negative feedback loop that maintained stability of adipose tissue mass.1.2.3. and 4. If true, the following criteria had to be satisfied: leptin should circulate in plasma, its concentrations should change proportionately with increases or decreases of fat mass, and the recombinant protein should reduce food intake and body weight in lean and ob but not db mice. Finally, the db gene should encode the receptor for leptin and be localized in the hypothalamus (and possibly elsewhere).
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	Figure 1-2 Ob gene expression in ob/ob mice. The 2G7 probe was hybridized to RNA from two independent mouse strains with mutations in the ob gene. In the SM/CKC strain there was no detectable RNA in the mutant sample. This was later shown to be a result of a viral insertion into the gene that disrupted its expression. In the C57Bl/6J mutant, there was an increase in RNA abundance which was secondary to a point mutation in the coding sequence of the gene. The fact that the RNA was induced when protein expression was absent provided the first evidence that the ob gene was a component of a negative feedback loop controlling body weight. Overall, these data confirmed that the ob gene had been isolated. (From reference 1.)




Leptin circulates in the plasma of all mammals tested including humans and rodents as an ∼16 kD protein with a single disulfide bond that is required for bioactivity. 2 Leptin levels increase with accretion of adipose tissue mass and decrease when adipose mass is lost (Fig. 1-3). 21 Injections or infusions of leptin reduce food intake and body weight of wild type and ob mice but have no effect on db mice (Figs. 1-4 and 1-5).2.3. and 4.,22 The failure of recombinant leptin to alter food intake or weight in db mice established specificity of the effect by excluding the possibility that the protein reduced weight as a result of an aversive or “toxic” effect that made animals feel sick. 2
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	Figure 1-3 Leptin protein levels in mouse blood. The ob gene sequence predicted that a 16kD protein would circulate in plasma. This was confirmed using Western blots. The data further showed that the levels of the protein, named leptin, decreased after food restriction and that its level of expression was increased in obese (db/db) mice. The lower levels of the protein in plasma from db/db mice further confirmed that leptin levels are highly correlated with the amount of adipose tissue and provided evidence that it is a nutritional signal that informs the brain about the aggregate size of body fat stores. (From reference 21.)




	[image: B978848086740550001X/gr4.jpg is missing]

	Figure 1-4 Effect of leptin on body weight. Recombinant leptin was prepared from bacteria and given to ob/ob, db/db and wild type mice either as a series of injections or as a constant infusion. A. An ob mouse treated with saline (L) and leptin (R). B. Leptin has potent effects to reduce the food intake and body weight of ob mice (panels 1 and 2) but has no effect on db/db mice (panels 3 and 4). These data were consistent with Coleman's hypothesis that ob mice were missing a blood factor that suppressed body weight and that db mice lacked the receptor for this factor. The data also confirmed that leptin effects were physiologic and not toxic because if the effect were a non-specific one causing animals to feel ill, ob and db mice would have responded similarly.
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	Figure 1-5 Leptin effect on wild type mice. A. Leptin also reduced body weight in wild type mice albeit to a lesser extent than in ob mice. Leptin treatment resulted in reduced food intake and a durable 12% loss of body weight. B. At the conclusion of this treatment, animals had been depleted of their entire adipose tissue mass. Once adipose mass was depleted, food intake returned to normal and weight stabilized (see inferior panel). It is still unclear why the effect of leptin to reduce food intake is reduced once fat mass has been lost. Overall thse data established that leptin is an afferent hormonal signal in a negative feedback loop controlling body weight. (From references 2 and 22.)




The leptin receptor was identified biochemically and shown to be a cytokine family receptor that is expressed broadly. 23 It was subsequently shown that leptin receptor RNA was alternatively spliced and that only one of the splice variants, referred to as ObRb (also known as LepR-1 or LepRb) was mutant in C57Bl/Ks db/db mice. 24,25 These mutant mice show an identical phenotype to animals with null mutations of the leptin receptor or leptin itself. 24,25 This genetic evidence established the critical importance of this receptor isoform in leptin signaling. 
ObRb is the only receptor isoform that expresses all the protein motifs required for cytokine receptor signaling. More importantly, while the other receptor isoforms were expressed broadly, ObRb was highly enriched in the hypothalamus in precisely those nuclei that alter body weight when lesioned. 24,26 These data thus suggested that leptin acted directly on the hypothalamus to regulate food intake and body weight. Consistent with a central nervous system (CNS) site of action, infusions of low dose leptin centrally replicate all the effects of peripheral leptin even at intracerebroventricular doses that do not alter plasma leptin levels. 2 It is now known the leptin receptor also signals at other CNS sites outside the hypothalamus including reward centers in the ventral tegmental area (VTA) and nucleus accumbens and that its expression at these other brain sites contributes to the broad panoply of leptin effects (see below). There is also compelling evidence that leptin also acts directly on cells of the immune system but the importance of possible direct effects of leptin on other peripheral cell types is less clear. 27,28 The critical role of leptin actions directly in the CNS have been established with the findings that a brain specific knockout of the leptin receptor causes obesity similar to that of db/db mice and brain specific expression of a LepRb transgene can suppress the obesity of db mice. 29,30
In aggregate, these data established that leptin is a novel hormonal signal in a negative feedback loop that maintains homeostatic control of adipose tissue mass by modulating the activity of neural circuits that regulate food intake, energy expenditure, and metabolism (Fig. 1-6). These conclusions are important not only because key elements of the homeostatic system regulating weight were identified but because the identification of leptin and its receptor confirmed the very existence of a homeostatic system that many believed did not exist at all.
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	Figure 1-6 A feedback loop regulating body weight. Leptin is a peptide hormone secreted by adipose tissue in proportion to its mass. This hormone circulates in blood and acts on the hypothalamus to regulate food intake and energy expenditure. When fat mass falls, plasma leptin levels fall stimulating appetite and suppressing energy expenditure until fat mass is restored. When fat mass increases, leptin levels increase, suppressing appetite until weight is lost. By this mechanism, total energy stores are stably maintained within a relatively narrow range.





Changes in nutritional state regulate other physiologic systems
Leptin deficient ob mice develop a complex phenotype that includes abnormalities in most, perhaps all, physiologic systems. 31 These pervasive abnormalities are distinct from those typically manifest in human obesity. In retrospect, it has been appreciated that all of the abnormalities of massively obese ob/ob mice (paradoxically) resemble those that normally develop during starvation of normal animals and humans. This apparent paradox can be most easily understood if one considers the normal response to starvation. With weight loss, fat mass is lost and leptin levels fall. 21 This low leptin level is sensed and induces a state of positive energy balance by increasing appetitive behavior and also by reducing energy expenditure as part of a biologic response aimed at restoring fat mass. This same starvation signal (i.e., low leptin) also modulates the function of other biologic systems that are elements of the adaptive response to starvation. These responses include, but are not limited to, cessation of female ovulation, reduced immune function, a decrement in insulin signaling, alterations of hemostasis, and the development of a euthyroid sick state. 27,32,33 A role for leptin in ovulation was consistent with the suggestion by Rose Frisch that an adipose tissue derived factor was required to develop and maintain reproductive capacity in females, see below. 34
In the absence of leptin production as a result of a genetic mutation, leptin deficient animals and humans live in a state of perceived starvation. In this state, the absence of leptin not only increases food intake but also triggers additional biologic responses that reduce energy expenditure as a means to conserve adipose tissue mass. Despite the fact that leptin deficient individuals become obese, the absence of leptin prevents the generation of a leptin-mediated signal that would otherwise suppress a set of physiologic responses act to conserve energy when nutrient is limiting. Thus by down-regulating metabolism, thyroid function, immune function, and suppressing menstruation, energy is conserved.
In normal animals and humans, this response is active only in the starved state when plasma levels fall. A key result in support of this conclusion was provided by studying fasted animals coincident with injections of recombinant leptin. 32 In this experiment, leptin was able to suppress the effect of starvation on ovulation, thyroid function and other neuroendocrine responses. Analogous studies have also shown that recombinant leptin can also suppress the immune abnormalities that develop in fasted animals. 27
In humans, the role of low leptin to induce this set of alterations has been confirmed by the demonstration of a beneficial effect of leptin treatment in a number of states of leptin deficiency, see below. Overall, these human and animal data identify adipose tissue as a bona fide endocrine organ and further confirm that leptin plays a key role in the adaptive response to starvation by modulating the function of other physiologic systems (Fig. 1-7). It is widely accepted that changes in nutritional state alter the function of other physiologic systems and it is now clear that leptin is a key means by which the change in nutritional state is communicated.
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	Figure 1-7 Adipose tissue as an endocrine organ. Adipose tissue is an endocrine organ that links changes in nutrition to compensatory responses in the physiology of other almost all other organs. Thus when weight is lost, leptin levels fall which results not only in an increase in appetite but also a pleiotropic set of endocrine and metabolic responses. Patients with low leptin levels show multiple abnormalities including infertility, diabetes and immune abnormalities all of which are corrected by leptin treatment. These findings have led to the use of leptin as a treatment for an increasing number of other human conditions including a subset of obesity, some forms of diabetes including lipodystrophy and hypothalamic amenorrhea which is a condition that results in the cessation of menstruation in extremely thin women. ANS, autonomic nervous system.





Many leptin deficiency syndromes are treatable with leptin replacement
Leptin mutations in human are associated with massive obesity that is remediable by leptin treatment. 35 While leptin mutations are rare, the demonstration of a profound phenotype in these patients confirms the role of this hormone in human physiology. Note, the low incidence of leptin mutations is similar to that observed for other key hormones such as insulin; a complete loss of hormone function is often catastrophic in an evolutionary context (for example, leptin deficient humans and animals are infertile and leptin deficient animals are likely to be more susceptible to predation) and thus strongly selected against.
Leptin deficient patients, as mentioned above, also show a set of abnormalities in other physiologic systems and these too are remediated by leptin treatment. 35,36 The realization that leptin deficiency is associated with alterations in the function of other organ systems suggested the possibility that low leptin levels associated with other pathological conditions might also have pathologic consequences that would be ameliorated by leptin replacement therapy. Several such conditions have been identified, the first of which was lipodystrophy.
Lipodystrophy (LD) is a heterogeneous disorder that is associated with the absence or a profound reduction in adipose tissue mass. 37 Lipodystrophy can be complete or partial and is often the result of mutations in genes normally required for adipose tissue development. Lipodystrophy can also be acquired as a result of (presumed) immune alterations or more recently in chronic human immunodeficiency virus (HIV) patients. 38,39 Indeed a substantial number of HIV patients, generally those on high active antiretroviral therapy (HAART) triple therapy, develop lipodystrophy with metabolic abnormalities severe enough to require medical treatment.
In this condition, the reduction of adipose tissue mass (whatever the cause), results in the secondary deposition of lipid in other organs, in particular the liver, and a severe, often intractable insulin resistance develops. Because of the reduced adipose tissue mass, leptin levels are pathologically low in lipodystrophic patients. The contribution of the low leptin level to the consequences of this disease has been clearly established by the profound effect of leptin treatment to correct the hepatic steatosis and insulin resistance in patients with this condition. 37,40,41 The response to leptin therapy was most pronounced in patients with complete lipodystrophy but beneficial effects were also evident in some patients with partial and HIV lipodystrophy. Finally, leptin also ameliorated the neuroendocrine abnormalities that develop in LD patients despite the fact that a significant loss of adipose tissue mass was observed. 37 This finding, and an analogous finding in patients with hypothalamic amenorrhea (see below) uncouple the normal relationship between fat mass and the response to starvation and thus confirm that it is a low leptin level that conveys nutritional information that an individual is pathologically thin, not the fat mass itself.
Hypothalamic amenorrhea (HA) is another condition associated with low leptin levels. Female patients who are extremely thin frequently enter puberty late or sometimes fail to enter puberty at all. In addition, adult females who develop extreme leanness, often associated with protracted vigorous exercise, frequently stop menstruating. 34 Women with this condition show a prepubertal pattern of gonadotrophin secretion and also manifest other neuroendocrine and metabolic abnormalities including premature, severe osteoporosis, which in most cases cannot be treated adequately with hormone replacement therapy. 42 This condition is not uncommon affecting 4–8% of women of reproductive age and accounting for as many as one in three visits by women to an infertility clinic (Chris Mantzoros, personal communication). The contribution of hypoleptinemia to this condition was confirmed by the demonstration that leptin replacement therapy can restore reproductive function in women with HA some of whom had not menstruated for years. 42 It is this result, as first suggested by Frisch, that confirmed that a fat-derived factor is essential for the development and maintenance of normal reproductive function in women.
HA patients also develop a set of neuroendocrine abnormalities typically associated with starvation, and these too are ameliorated by leptin treatment. Premature osteoporosis is a major problem for HA patients, and there is evidence from serum markers that leptin might also improve the bone pathology that often develops in these patients, though further studies will necessary to confirm this. Similar to the results for lipodystrophy, these patients show endocrine and metabolic improvement despite losing adipose mass thus confirming the key role of hypoleptinemia in the activation of the set of physiologic responses to starvation, not adipose mass itself. 43
These data further suggest that leptin might have beneficial effects in other conditions associated with extremely low leptin levels. As noted by Frisch, delayed puberty is often associated with extreme leanness and the failure to enter puberty in the correct temporal window can have significant, life-long consequences. 34 Females with leptin mutations typically do not enter puberty even when at an appropriate bone age; leptin therapy rapidly induces a peripubertal pattern of gonadotrophin secretion which reverts when leptin therapy is stopped. 35 In this setting leptin is permissive for the onset of puberty, as leptin treatment does not induce puberty in very young girls, or animals who have not reached the appropriate bone age. 44 Thus, it is possible that in some cases leptin therapy might be of benefit for inducing puberty.
Women with anorexia nervosa and patients with cachexia resulting from cancer or severe chronic infections also show many of the same abnormalities observed in malnourished individuals including prominent immune abnormalities. These immune alterations often contribute to the high incidence of infectious disease and mortality in these conditions. Consistent with this, patients with leptin mutations also show abnormalities in immune function and in one extended pedigree segregating leptin mutations, there was a high incidence of premature death from infectious disease. 36,45 While leptin would have the undesirable effect of inducing weight loss in the setting of cachexia, there is evidence from animals that leptin administration can suppress these immune abnormalities at lower doses than are required to suppress food intake or body weight. 46 Thus it is conceivable that very low dose, carefully titrated leptin treatment could have beneficial effects on immune function and other abnormalities in anorectic or cachectic patients, a possibility would require further, controlled clinical testing.

Most obese patients are leptin resistant
Plasma leptin levels in human are highly correlated with adipose tissue mass and most obese patients have high leptin levels (Fig. 1-8). 21 The presence of a high endogenous hormone level in the absence of an evident hormone effect (in this instance, leanness) suggests that there is resistance to that hormone. Thus, the initial data indicating that endogenous leptin levels are elevated in animal and human obesity suggested that obesity is most often the result of leptin resistance and that the response of obese subjects to exogenous leptin was thus likely to be variable. 22 Leptin efficacy was first shown to be variable in rodents with different obese strains showing a spectrum of leptin sensitivity with leptin deficient ob/ob mice being the most leptin sensitive and animals with leptin receptor mutations being the most resistant. 22 Animals with diet-induced obesity brought on by a cafeteria or highly palatable diet —often a reliable predictor of drug responses in humans— showed a partial response to leptin administration.
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	Figure 1-8 Leptin levels in obesity. Patients with leptin mutations are massively obese and lose weight after leptin therapy. However, while these data establish a physiologic role for leptin in human, leptin mutations are extremely rare and thus do not contribute to the development of obesity in the general population. An enzyme-linked immunosorbent assay (ELISA) assay was used to measure plasma leptin levels in obese and lean patients in the general population and also in Pima Indians, a native American people in Arizona who show a high incidence of obesity. It was observed that the majority of obese patients (>90%) have elevated leptin levels. A subset of obese individuals have relatively normal leptin levels and it is possible that this subgroup might show significant weight loss These data suggest that in most cases, obesity is the result of leptin resistance. This has been confirmed in animal and human studies of the effect of leptin treatment in obese and lean individuals. The molecular basis of leptin resistance is under intense investigation. (From reference 21.)




A similar variability in the response to leptin has been seen in obese humans where leptin-deficient patients are extremely sensitive to the effects of leptin treatment. In obese patients in the general population, there was a statistically significant effect of leptin to reduce weight in a small cohort of patients. 47 However, in further studies only a subset of obese humans (∼1/3) showed a clinically significant degree of weight loss on leptin therapy (Alex DePaoli, personal communication). 47 These data indicated that the utility of leptin as a monotherapy for the treatment of obesity was likely to be limited to a subset of patients. It is yet unclear whether the individuals that respond to leptin have lower starting leptin levels than non-responders. At a given body mass index or percent fat, there is substantial variability of leptin and ∼10–15% of obese subjects have endogenous levels of leptin that are indistinguishable from lean patients. 21 The demonstration that leptin can have potent weight-reducing effects in some patients with low leptin levels such as lipodystrophy and HA, see above, has suggested leptin may be efficacious in obese patients with low plasma leptin levels. 46 While leptin has been shown to have potent weight-reducing effects in experimental obese animals with low leptin levels, this possibility has not been directly tested in humans. 46
A key issue for future studies will be to elucidate the molecular mechanisms responsible for leptin resistance. Leptin activates signal transduction in specific neural populations in the hypothalamus and other brain regions. 48 The leptin receptor signals via the JAK-Stat signal transduction pathway, which depends in part on phosphorylation of tyrosine residues of specific protein substrates including Stat3. 48 Signaling by this class of receptors is generally turned off as a consequence of the secondary activation of suppressive cytokine signalling (SOCS) proteins which inhibit the JAK kinase, and specific tyrosine phosphatases which shut off cytokine signaling after the signal transduction pathway is initially activated. Consistent with this, the cellular effects of leptin have been amplified in cells lacking either SOCS3 or PT1b, a phosphotyrosine phosphatase. Importantly, mice with haploinsufficiency for either of these genes are resistant to obesity, remain lean on a high fat diet and retain leptin sensitivity. 49,50 While the contribution of these proteins to the development of leptin resistance is as yet unclear, these data do show that the enhancement of leptin sensitivity can protect against obesity. These results also suggest that chemical inhibitors of SOCS3 or PT1b could have potential as anti-obesity agents either alone or in combination with leptin. Efforts to develop inhibitors of these proteins are underway.
Recently, the hormone amylin has also been shown to ameliorate leptin resistance though the molecular mechanism has not been fully established. 51 Amylin is a peptide hormone secreted from pancreatic cells which has a number of effects to reduce plasma glucose that are synergistic with insulin. This agent is approved for the treatment of diabetes as an adjunct to insulin treatment. Amylin reduces glucose absorption, suppresses glucagon secretion and reduces food intake. 51
Amylin therapy is also associated with a durable weight loss of ∼5% in humans, establishing it as one of a number of gastrointestinal signals that regulate nutrient intake and disposition. The possibility that amylin could interact with leptin to achieve even greater weight loss was first assessed in diet-induced rats, where it was shown that doses of leptin that had no discernible effect as a monotherapy in this setting could significantly enhance the response to amylin. 51 The data further suggested that there was true synergy between leptin and amylin, and that amylin could restore leptin signal transduction in the hypothalamus of DIO rats. The clinical significance of these findings was also assessed in humans, where the combination of leptin and amylin resulted in substantial weight loss of 12.9% that was significantly greater than either agent alone. 51 Further studies will establish the safety and efficiency of this combination for the treatment of obesity.

Leptin provides an entry point for studying a complex human behavior
Leptin treatment of leptin deficient animals or humans has extremely potent effects on food intake. In one instance, the food intake of a leptin-deficient child was monitored before and after the first series of leptin injections. Prior to the first injection, this then 3-year-old child ate at least 1,300 KCal at a single test meal (Stephen O'Rahilly, personal communication). This is approximately one half the number of calories a fully-grown adult might eat in an entire day. After a short period of leptin treatment, this child ate 180 KCal at an identical test meal, which is the age-appropriate intake of a 4 year old. Marked effects of leptin to reduce food intake in lipodystrophic patients and others have also been noted. 37
The mechanism by which leptin reduces food intake has been partially elucidated. Leptin activates neural pathways that inhibit food intake and inhibits pathways that activate food intake. A portion of leptin's actions appear to result from inhibition of neuropeptide Y/agouti gene-related protein (NPY/AGRP) expressing neurons in the arcuate nucleus of the hypothalamus, which stimulate appetite, and activation of POMC neurons, which reduce appetite by activating the postsynaptic MC4 receptor in other parts of the brain (Fig. 1-9). 52 However, it is likely that other neural pathways also play a role and it is not clear what the aggregate set of pathways is that accounts for the full effect of leptin treatment. Moreover it is also not clear whether leptin resistance abrogates leptin signaling by the NPY or POMC neurons or as yet unknown neural circuits. The identification of the specific circuits that are altered in the leptin resistant state would provide key entry points for delineating the pathophysiologic molecular mechanisms that lead to obesity.
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	Figure 1-9 Leptin regulates feeding by modulating the activity of a complex neural circuit. In the hypothalamus leptin activates neurons that reduce food intake, including a neural population that expresses the leptin receptor and proopiomelanocortin (POMC), the precursor of the aMSH neuropeptide. These neurons reduce feeding by signaling to neurons that express the MC4 receptor. Leptin also inhibits neurons that activate feeding including a neural population that expresses the leptin receptor and neuropeptide Y (NPY). Leptin concentrations modulate the balance between these two “opposed” neural populations. When leptin is absent, the NPY neurons are active and the POMC neurons are silent and an individual eats more. When leptin is increased, the POMC neurons are activated and the NPY neurons are silent and an individual eats less. Thus this system is tuned such that quantitative changes in leptin concentration regulates the relative activity of anorexigenic vs. orexigenic pathways.




Leptin signaling also has important modulatory effects on dopaminergic neurons that are part of reward pathways that provide input to the nucleus accumbens. 53,54 Consistent with this, fMRI imaging of leptin deficient subjects has revealed a marked increase in activity in the nucleus accumbens in response to images of food even in the fed state.55.56. and 57. Normal individuals typically show this activity only in the starved state and do not show this response in the fed state. The neural activity that is seen in the accumbens in fed leptin deficient patients was normalized by leptin therapy.55.56. and 57. In addition, leptin-deficient patients show markedly different food preferences and perception of food than do normal individuals.55.56. and 57. These data establish that leptin plays an important role in regulating feeding, a typical complex motivational behavior. The further delineation of the neural circuit activated by leptin may provide an opportunity to dissect the way in which complex, behavioral decisions are made. Feeding is regulated by many factors including, leptin, other hormonal and metabolic signals, sensory inputs, emotional factors and volitional factors such as the conscious motivation to diet or in other cases gain weight. It is not known how or even where in the brain these multiple sensory inputs are represented. The full spectrum of the downstream neuroanatomic sites to which leptin responsive neurons project are largely unknown and their delineation could help lead to a fuller understanding of how the decision to eat (or not eat) is generated.

Biologic basis for obesity
The relevance of specific hypothalamic neural circuits for human obesity has been established in a series of genetic studies in which it has been shown that single gene (i.e., Mendelian)  defects account for 10% of cases of morbid human obesity, perhaps more.58.59.60.61.62.63.64.65. and 66. In one cohort 15% of individuals with severe, early onset obesity were members of consanguineous pedigrees (Stephen O'Rahilly, personal communication). Thus in addition to mutations in the leptin and leptin receptor genes, significant obesity is also demonstrable in patients with POMC, MC4R and TrkB mutations. This high incidence of Mendelian inheritance exceeds that for most, perhaps all, other complex traits, all of which are commonly accepted to have a genetic basis. Consistent with this, twin studies and other approaches have established a substantial genetic basis for obesity with a hereditability of .7–.9, a level exceeded only by height. 67 While a subset of these individuals show Mendelian inheritance, the majority of these cases appear to be the result of polygenes interacting with environmental factors.
The identification of genetic factors that cause obesity is inconsistent with the widely held notion among the general public that obesity is a personal failing. In the US, the obese are often stigmatized to an extent that would be unacceptable for any other condition (see http://www.newsweek.com/id/215115). In addition, obese individuals on average make less money than their no better-qualified lean counterparts, and are promoted less readily. 68,69
The identification of human mutations that cause obesity requires that we modify the explanation that is often invoked to explain the pathogenesis of obesity, “The obese eat too much and exercise too little”. Although this is undoubtedly true, the deeper question is, “Why do the obese eat more and exercise less?” The answer appears to be less about the conscious choices that obese people make and more about their biologic makeup. The identification of leptin and other components of a physiologic system that maintains energy balance has established that feeding is at its core a basic biologic drive analogous to thirst, breathing and reproduction. 68 Although one can consciously override the basic drive to eat over the short term and transiently lose weight, over the long term this basic drive dominates the conscious drive to eat less. There are innumerable instances in each of our common experiences when basic drives overwhelm a conscious desire. The world would be a fairer place if the people who are inclined to deride the obese kept this in mind.
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Introduction: The evolution of Medical and Nutritional Thinking
Although obesity is considered to be a modern pandemic, obesity has a long-standing history in medicine, art and literature. 1 Nevertheless, in the last century the medical problems relating to obesity were highlighted by only a very few individual distinguished physicians such as Vague in France. 2 This neglect reflects the fact that obesity was not a common condition and modest degrees of overweight were seen as an index of good living in the affluent. There were unusual individuals who had astonishing degrees of adiposity but this simply reflected the remarkable range in individuals' appearance and odd physical conditions that featured in many medical textbooks.
Before the Second World War nutritional experiments were focussed on the role of vitamins and the concepts relating to the adequacy of protein and energy needs to promote the normal growth of children and the avoidance of vitamin deficiencies. These studies, combined with some innovative epidemiological studies in Britain relating to the relationship between food, health and income, 3 were concerned to overcome the highly prevalent rate of stunting in children. The results of nutritional experiments, human feeding trials and epidemiological data from the 1920s and 1930s were transformed under the intense pressure of war and food insecurity into major national food policies. The principal concern was to ensure that there was enough to eat. Thus, these policies included mass catering, school feeding programmes, the provision of supplements for pregnant and nursing mothers with ration books and the specification of the balance of different food groups needed to maintain a healthy nation. 4 These measures were so successful that after the Second World War food and agricultural polices worldwide were instituted to promote the production of ever cheaper meat and milk, fats, oils and sugar so that even the poor would be able to buy these important foods. The concept of food security was also paramount and amplified by the growing tension between the Soviet block and the West. The human nutritionists were then seen to have fulfilled their role in Western societies and so were encouraged to move to the “Third World”. There the major problem of protein deficiency with kwa shiorkor in babies and widespread malnutrition leading to marasmus, and stunted, thin children were just being recognised as major medical problems. 
Following the Second World War medical concern began to focus on the surprising development of a new problem of coronary heart disease that hitherto had been seen as another medical oddity. Keys in Minnesota and other international epidemiologists then began to engage in what we now term metabolic epidemiology on an international scale by evaluating the disparities between countries such as Japan, Greece and Yugoslavia, where coronary heart disease rates were very low, and Finland, the Netherlands and the United States, where the rates were 8–10 times greater. These studies highlighted the importance of smoking, high blood pressure and an elevated blood cholesterol level in inducing coronary heart disease. 5 The studies were backed by meticulous metabolic feeding studies which identified the importance of different fatty acids in modifying the level of blood cholesterol, the focus being on the individual saturated and polyunsaturated fatty acids. 6,7
Keys in his published analyses and verbal exchanges was adamant that body weight or the degree of adiposity of a population had nothing to do with the problem of cardiovascular disease because his middle-aged male samples from Greece had low rates of coronary artery disease, with low blood cholesterol levels, despite being the heaviest individuals in the seven countries studied.
This analysis then affected the approach of many cardiovascular epidemiologists, who made repeated surveys assessing the magnitude of cardiovascular disease and its key precipitating factors. Subsequently for several decades the problem of weight gain was considered to be simply “a risk factor” as distinct from high blood pressure and hypercholesterolemia, which statistically came through as powerful predictors of coronary heart disease.
The issue of whether obesity precipitated hypertension and dyslipidemia was just dismissed as unimportant. So if one assessed the impact of weight gain, but first took account of any increased blood pressure or cholesterol levels, then there seemed little or no benefit in adding the problem of obesity to any prediction of the probability of coronary heart disease. Part of this approach was statistical but another part related to the general impression that obesity was of modest medical importance and essentially a self-inflicted condition.

Standardising the Approach to the Measurement of “normal” Body Weight and Obesity
The original data for choosing appropriate “normal” weights were based on pre- Second World War US insurance statistics relating to differential death rates for adults in the US. This choice of a clear-cut hard end-point for specifying appropriate “normal” weights recognised that one had to take account of the height and sex of the adults, but at that stage they also allowed for the individual's or their doctor's perception of the insurer's frame size. These Metropolitan Life Insurance tables8 were then applied to several affluent societies, but at that time nobody considered the rest of the world as a relevant issue. There were at that stage no comparable data available for Asia, Africa, the Middle East or Latin America, where life expectancy was much shorter with high prevalence of infectious diseases and few adults were in a financial position to take out life insurance policies.
Quetelet had proposed that a standardised approach of using the body mass index (BMI), where BMI was based on weight(kg)/height(m) 2 and where the integer of 2 was most appropriate as this would allow a standard height-independent analysis of excess body weight to be made. However, this was not readily used until Bray in the US convened a Fogarty committee9 to assess the problem of obesity and a parallel undertaking in the UK by a government/Research Council group came to a similar conclusion. 10 At that stage analyses of the Metropolitan Life Insurance tables indicated that the lowest mortality was associated with BMIs of 19.1–24.6 in women and 19.7–24.9 in men but these figures were rounded to 20–25 since Garrow and others emphasised the value of simple BMI criteria for use in a clinical context. 11 Then obesity was taken as a BMI of 30+ simply because obesity had traditionally been considered a problem when the weight for height exceeded 20% of the Metropolitan standard weight.

Obesity Becomes Recognised as a Public Health Problem
By the early 1970s it was becoming clear that adults were, on average, slowly becoming fatter but in Europe obesity was seen to be a feature predominantly of middle age women; only a few children and adults seemed to have unusual amounts of excess fat. By the early 1980s the analyses12 were accumulating to show that obesity was a medical problem which induced or amplified an array of medical problems but by then the medical disciplines dealing with cardiovascular disease, hypertension, diabetes and other conditions were well established and very few medical practitioners focussed on the problem of obesity. Indeed epidemiologists continued to neglect the problem until Schaper in the UK13 with his background in cardiovascular epidemiology and Willett in the US14 began to document with greater precision the range of medical conditions and cardiovascular risk factors, which were ever more prevalent in those whose BMIs increased from a BMI of 20 or even less.
Several physicians in Scandinavia (e.g., Björntorp, Rössner and Rissanen), the UK (e.g., Garrow), France (e.g., Apfelbaum) and in the US (e.g., Hirsch, Bray and Sims) were already undertaking detailed analyses of the metabolic consequences of weight gain, the control of appetite and linking early animal studies of excess feeding to the consequences of bottle feeding of babies and the potential development of a hypercellular adipose organ. These concepts suddenly acquired public health significance as it was proposed, on the basis of the classic early rodent and porcine feeding studies of McCance and Widdowson, 15 that early nutritional events could establish body compositional and metabolic controls which then determined lifelong body composition and metabolism. This therefore had potentially immense public health significance.
When the World Health Organization (WHO) decided to consider how best to use anthropometric measures of the body as an index of health in the early 1990s it was dominated by the need to consider the problem of physical status16 in relation to childhood malnutrition, but chapters were inserted for completeness on overweight and obesity in both children and adults. The choice of cut-off points was not a big issue, the previous classification of BMIs of ≥ 25 and ≥ 30 being readily accepted. The childhood obesity criteria depended on the
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Epidemiological Analyses Relating to the Promotion of Obesity
Tabla 2.3 The contributors to the development of obesity as set out by WHO and categorized by the level of evidence for each contributor
Data from reference 34.	*Associated evidence and expert opinion.

	Data from reference 34. 
	Evidence	Decreases risk	No relationship	Increases risk
	Convincing	


		



	Probable	


		



	Possible	Low glycaemic index foods	Protein content of the diet	




	Insufficient	Increasing eating frequency		Alcohol
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