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& INTRODUCTION


Obesity-chronic disease--develops slowly, insidiously, persists for life. 


Obesity--increased 30% in last 10 yrs.


      --most common and costly nutritional problem in USA, 33% adults (35% 


       women & 31% men).


Health care costs $68 billion per year.


Additional $30 billion per year on weight-reduction programs and special foods.


Etiology--unclear--multifactorial: genetic, metabolic, social factors.


Treatment--largely ineffective, 90-95% lose weight subsequently regain it.


Behavior therapy, exercise, very-low-caloric diets, drug therapy, surgery--differing 


    levels of severity.


280,000 deaths/yr--overnutrition (2nd only to smoking as a cause of death)


Obese persons--higher risk for--hypertension, dyslipidemia, insulin resistance, and 


                          hyperinsulinemia.


BMI > 28--increase 3-4 times risk of morbidity: stroke, ischemic heart disease, diabetes 


          mellitus


Obesity--80% type 2 DM are obese & prevalence of DM increases with increasing age 


        and BW.


      --Upper-body obesity--strongly predispose to CAD


      --Gall stone 30% (10% in nonobese) 


      --abnormal pulmonary function--sleep apnea, pickwickian syndrome 


        (obesity/hypertenson)


      --men-higher mortality rate for colorectal and prostate ca.


      --women--higher rates for endometrial, cervical, ovarian, gall bladder, and 


               breast ca. 


      --increases OA and gout


Body-mass index (BMI = Body weight (kg)/Height (m)2)--direct measures body fatness


Central distribution of body weight (waist to hip ratio) > 0.8-0.9 in women, > 1,0 in 


      men--higher risk of morbidity and mortality.


BMI > 40 or weigh 100% above IBW--very high risks.


Obesity in childhood--increase risk of subsequent morbidity.


Weight cycling--regain the weight following weight reduction


    --Drenick & Johnson: only 2% severely obese persons reduced weight by fasting & 


      semistarvation-not return to preTx weight after 9 yrs.


    --Goodrick & Foreyt: only 5% trained in behavior self-management of obesity 


      achieved lon-term success.


    --Prentice & Reed & Hill & Wing: weight cycling has no effect on metabolic 


      variables & upper body obesity (Wadden) & CV risk factors (Jeffery).





& REGULATION OF ENERGY STORAGE, INTAKE, AND EXPENDITURE


Fat (triglyceride)--high caloric density and hydrophobic--energy storage (Table 1).























Stored energy = energy intake - work.


Triglyceride in adipose tissue = energy (food) intake - energy expenditure (resting 


                          metabolism and physical activity)


-->small imbalances over a longer period--large cumulative effect.


Highly palatable, calorically dense foods, sedentary lifestyle--weight gain.


Example: nonobese adults ingest 900,000 kcal food per year-- 3500 kcal chemical  


        energy contained in 0.45 kg (1 lb) adipose tissue


        if intake exceeded expenditure by 2 % daily for 1 yr--increase 18,000 kcal, or 


          2.3 kg (5 lb).


        In American--average 9.1 kg (20 lb) weight gain by man or woman between 


          ages 25 and 55 y/o--excess intake 0.3 % of ingested calories.





Control--achieved by coordinate effects on energy intake and expenditure--mediated 


        through endocrine and neural signals from adipose tissue, endocrine, 


        neurological , gastrointestinal systems and integrated by CNS.


Short term food intake-not closely correlated with energy expenditure or energy stores 


        in adults or children.


More mechanisms needed to integrate short term determinants of energy intake (hepatic 


        glycogen content, fatty acid oxidation, plasma glucose) with long term 


        energy stores (fat mass)--central to the regulation of body fat stores


        (Fig 1 and 2)


Energy sotrage--coordinate activity of complex system--highest cortical centers to the 


        adipocytes (Fig 2)


Large numbers factors --afferent signals--functional centers in CNS--efferent pathway--


        -regulate energy expenditure (sympathetic and parasympathetic nervous 


        system and thyroid hormone) and energy intake (eating behavior)


e.g.: Cholecystokinin (CCK)--increased by estradiol and insulin, dependent on 


                        parasympathetic afferents.


    Release of insulin--increased by CCK and parasympathetic efferents, inhibited by 


                        sympathetic efferents.


The redundancy and interactions within this system--pharmacologic or surgical 


    manipulation of a single component--not lead to long-term resolution of obesity. 

























































































& NEUROPHYSIOLOGY OF FEEDING


Numerous biopsychological factors--eating behavior.


Arcuate and paraventricular nuclei in ventromedial hypothalamus--integrate body 


    composition with energy intake and expenditure..


Afferent neural (vagal and catecholaminergic) stimuli and hormonal stimuli (insulin, 


    cholecystokinin, leptin, and glucocorticoids)---received in hypothalmus--release of 


    peptide (affect food intake) and efferent signals to the hypothalamic-pituitary axis 


    (endocrine mediation of fuel disposition) and autonomic nervous system (energy 


    expenditure and insulin release).


Rats--lesions of ventromedial hypothalmus (or the median forebrain bundle)--disrupt 


     nuclei and contagious tracts--hyperinsulinemia, hyperphagia, hypometabolism--


     obesity


     ==>altered a set-point mechanism for regulating body weight.


Dietary composition and weight fluctuations---not have major roles


    --Protein & CHO--may be metabolically convert to fat.


    --Changing the proportions of protein, carbohydrate, fat in the diet without 


      reducing caloric intake--not promote weight loss.


    --Fat--higher caloric density--contribute to palateability of food--promote calories 


      ingestion.


 


& METABOLIC EFFECTS OF WEIGHT PERTURBATION


24-hr energy expenditure per unit of lean body mass is similar in lean and obese 


     subjects at their usual body weight.


Small (10%) decrease BW--decline in energy expenditure that persist despite a caloric 


    intake that is sufficiently reduced to maintain the lower weight. 


    --Obese person need 15% fewer calories to maintain normal body weight than 


      nonobese .


Decline in 24-hr energy expenditure reflects 18% decrease in resting energy 


    expenditure (resting cardiorespiratory work, maintenance of transmembrance ion 


    gradient) and 25 % in nonresting energy expenditure (physical activity)


    ==>Reduction in energy expenditure may be due in part to changes in the 


       efficiency with which skeletal muscle converts chemical energy to mechanical 


       work.


Reduction in energy expenditure persist in adults who lose weight for 3-5 yrs.


But the lost weight rapidly regained.


In genetically obese rodents--metabolic efficiency is increased or calories are 


    preferentially stored as fat during the first few weeks of life, before the 


    development of obesity.


Some adults and children who later become obese have lower rates of energy 


    expenditure than nonobese persons.


In addition, both formerly obese adults and those who later become obese oxidize fat 


    more slowly than do obese adults or nonobese adults who do not later become 


    obese==> the formerly or subsequently obese more prone to accumulate fat.


The decreased expenditure of energy and increased propensity to store fat may precede 


    the development of obesity.





& FUTILE CYCLES


Futile cycles--metabolic cycles that consume ATP without performing useful 


    biochemical work--simultaneous lipolysis and glyceride synthesis in fat cells and 


    glycosis and gluconeogenesis in the liver--theoretically affect body weight over 


    time.


Substrate oxidation uncoupled from ATP generation in brown adipose tissue--


    mechanism for regulating body energy store.


A protein (uncoupling protein 2) identified in high fat-fed mice


==> uncoupled mitochondrial respiration may act as an energy buffer in humans.





& CHEMICAL MEDIATORS OF ENERGY HOMEOSTASIS  


Insulin:


Plasma insulin conc. are proportional to the adipocyte volume.


Insulin--saturable transport system--CNS--inhibiting the expression of neuropeptide Y, 


       enhancing anoretic effects of cholecystokinin, inhibiting neuronal 


       norepinephrine reuptake--reduces food intake.


Insulin--effect on leptin-mediated signaling--reduces food intake.





Cholecystokinin (CCK):


peptide--from duodenum--reduces food intake.


2 types receptors:


 type A--GI system


 type B--brain--esp in nucleus of the tractus solitarius and area postrema.  


Only type A receptors binds the bioactive C-terminal octapeptide of CCK.


CCK anorectic effect--blocked by abdominal vagotomy--primary site of action of CCK


    is in the periphery.


CCK does not cross brain-blood-barrier--duodenal CCK does not directly affect central 


    systems of energy homeostasis.


CCK-synthesized in the brain, intracranial administration of CCK results in a feeling of 


    satiety.





Other Endocrine and Peptide signals:


Modulate fat storage through effects on energy intake--glucocorticoids and glucagon


On energy expenditure: androgens and thyroid and growth hormone.


Lesions in the ventromedial hypothalamus--obesity--adrenectomy ameliorates the 


    obesity--Tx with glucocorticoid antagonists may effective in case of obesity.


Other gut peptides--gastrin-releasing peptide, neuromedin B, enterostatin, and amylin--


    regulation of energy balance in humans.





Leptin:


Leptin--lep gene (human gene LEP) (Table 2)


























Synthesized in and secreted from adipose tissue--potential afferent signal of fat stores. 


In ob/ob mice (leptin-deficiency)--systemic or intracerebroventricular administration of 


    leptin--reduces food intake and increases energy expenditure-reduced body fat & 


    retoration of insulin-sensitive glucose disposal.


Very high doses leptin--similar effects in nonobese animals.


Leptin in rats deprived of food corrects many neuroendocrine changes (decrease the 


    release of thyroid hormone), but does not alter the rate of weight loss..


Effects on GHRH & GnRH--the leptin-mediated signal provide a critical link between 


    somatic energy stores & growth and fertility--concept of lipostatic set point for 


    weight regulation.


Expression of leptin in adipose tissue


--increased by insulin, glucocorticoids, and estrogens.


--decreased by b-adrenergic agonists and possibly by androgens.


Leptin-decreasing neuropeptide Y mRNA or blocking its action as an appetite 


    stimulant--energy homeostasis. it also acts through mechanisms are independent of 


    neuropepetide Y.


Leptin exerts potent antiobesity effects in leptin-deficient rodents--role in the 


    pathogenesis or treatment of obesity in human is unclear.


LEP gene with adiposity--reported in groups of extremely obese whites, and in a 


    Hispanic population, but not in the Pima Indians.


Most obese persons do not have any abnormalities in the coding sequence for leptin.


Plasma leptin conc. increased in obese humans in direct proportion to body fat mass,


leptin mRNA to adipocyte volume.


Obese subjects with high plasma leptin have a resistance to insulin, and leptin 


    diminishes the sensitivity to insulin in human cells in vitro.


In nonobese subjects, the cerebrospinal fluid leptin conc. is about 5 % plasma conc.


In obese subjects, the percetage is lower.


The proportion of circulating leptin that is bound to protein in lean subjects is 


    approximately twice that in obese subjects.


Disproportionately low CSF leptin conc in obese subjects may reflect a degree of 


    resistance to leptin.


During weight loss, plasma leptin conc. and the expression of leptin mRNA in adipose 


    tissue reduced to level below that predicted by the change in fat mass. No 


    significant changes in plasma leptin conc. noted when body weight gain.


The primary role of leptin--indicated whether somatic fat stores are sufficient for growth 


    and reproduction.


    If stores are inadequate--decline in plasma leptin--hyperphagia, low energy output, 


     and infertility.


Plasma leptin conc. above this threshold may have a minimal physiologic effect or none.





Leptin receptors:


If leptin a major afferent signal to the CNS regarding fat mass. human obesity may be 


    the result of mutations or allelic variations in the leptin receptor showed in diabetic 


    (db/db) mice and Zucker fatty (fa/fa) rats.


Leptin receptor--widely expressed--in brain, lungs, kidneys, muscle, and adipose tissue.


Distinct forms of receptor--serve to transport leptin in circulation and across cell 


    membranes--action of leptin.





Neuropeptide Y:


Links afferents reflecting the nutritional status of the organism from the endocrine, GI, 


    and central and peripheral nervous systems to the effectors of energy intake and 


    expenditure. (Fig 2)


Synthesized by cell bodies in arcuate nucleus of the hypothalamus and transported 


    axonally to the paraventricular nucleus (highest conc.).


Neuropepetide Y also synthesized and released from the adrenal gland and sympathetic 


    nerves, but it does not cross the BBB.


Potent central appetite stimulant--expression of neuropeptide Y mRNA is increased by 


    insulin and glucocorticoids, decreased by leptin and estrogen.


In rodents, food deprivation is associated with an increase in hypothalamic production 


    of neuropeptide Y mRNA.


Injection of neuropeptide Y into paraventricular nucleus --stimulates food intake and 


    increases lipoprotein lipase activity in white adipose tissue while decreasing 


    sympathetic nervous system activity and thermogenesis in brown adipose tissue.


Cnetral neuropeptide Y produces coordinate effects on energy intake and output that 


    favor weight gain.





& GENETIC FACTORS


In most humans, body fatness--continuous, quantitative trait reflects interactions of 


    development and environment with genotype.


Studies in twins, 80% variance in BMI--genetic factors.


Heritability 30-40% for factors--adipose-tissue distribution (ratio of upper-body fat to 


    lower-body fat), physical activity, resting metabolic rate, changes in energy 


    expenditure in response to overeating, certain aspects of eating behavior, food 


    preferences, lipoprotein lipase activity, maximal insulin-stimulated glyceride 


    synthesis, and basal rates of lipolysis.


Energy are impotence to individual survival and reproductive capacity.


Human are presumably enriched with genes that favor energy intake and storage and 


    diminish energy expenditure.


Calorically dense foods and a sedentary lifestyle--made the metabolic consequences of 


    these genes maladaptive.


Increasing prevalence of obesity in USA (30%), inverse relation between obesity and 


    social class--potent environmental influences (changes in diet and physical activity) 


    on adiposity--fat content rise form 32% to 40% or more.


Television watching and lower socioeconomic status (increase fat food intake)--obesity  


Single gene disorders result in obesity--Prader-Willi, Bardet-Biedl, Alstrom, and Cohen 


    syndromes.--extreme BMI > 60 or isolated population group.


Others--interactions between genetic and environmental factors-net deposition of 


    calories as fat.


Segregation of major genes-influence BMI 20-35%. higher early-onset obesity than 


    adult-onset obesity.


The most strongly inherited--the amount of body fat per unit of lean body mass.


Search for candidate obesity gene--focused on b3-adrenergic receptor, glucocorticoid 


    receptor, and Na+/K+-ATPase. obesity genes in rodents (e.g., the genes for leptin 


    and leptin receptor)


Mutations cause obesity syndrome (Table 2)


Obesity and NIDDM-linked to a region chromosome 1p22-p31. that contain leptin 


    receptor.


Members of a single family have been reported to have a mutation in the leptin coding 


    sequence, with hypoleptinemia and obesity, as in ob/ob mice.


Another mouse mutation (fat)--defective carboxypeptidase E, hyperproinsulinemia, 


    infertility, hypoadrenalism, and moderater late-onset obesity.


Carboxypeptidase E--high levels in neuroendocrine secretory cells--removes exposed 


    basic C-terminal residues from number of prohormones (proinsulin) and 


    proneuropeptides (proneuropeptide Y, proopiomelanocortin, proglucagon-like 


    peptide 1, promelanicyte-concentrating hormone, and procholecystokinin--


    peptides that both stimulate and inhibit energy conservation and food intake)


fat mouse--mutation in prohormone convertase--further investigation in humans possible  


    allelic variations..


  





& TREATMENT:


Aim of weight reduction--decrease morbidity rather than cosmetic thinness.


Short term goal--lifestyle alterations--increased exercise or decreased caloric intake--


    continued indefinitely.


Maintain reduced weight through exercise and diet without medical supervision--more 


    likely to be successful in mild obesity.


Results of Tx remain unsatisfactory.


2/3 persons lose weight will regain it within 1 yr, and almost all persons who lose 


    weight will regain it within 5 yrs.


Methods of treatment: 


(1) � do-it-yourself� programs--diet books, articles and self-help approaches.


(2) � non-clinical � (commercial) programs--weight Watchers and Jenny Craig.


(3) �Clinical� programs--medical cares, very-low-caloric diets, medication, or surgery.





*Lifestyle Modification


(1) The role of Dietary composition:


Weight-reducing diets-consist of drastically altered proportions of nutrients may be 


    dangerous.


Diets low in saturated fat & at least minimal amounts of protein , essential fatty acids, 


    vitamins, and minerals combined with regular exercise--will diminish the severity 


    of cardiovascular risk factors (e.g. hyperlipidemia)


Very-low-calorie Diets: 400-800 kcal/d


    --for pts at least 30% overweight and who failed to lose weight by conservative 


      measures.


    --produce weight losses 20-25 kg at rate 1.5 kg/week in women and 2.0 kg/week 


      in men.


    --Provide 45-100 g/d of high-quality protein, safe when limited to 12-16 weeks.


    --candidate should be referred to programs that combine medical supervision with 


      comprehensive efforts at behavior change.


    --Pt regain about 1/3 weight they lost in the year & most of rest in next 2 yrs.


    --shortcomings: intensity of the required medical supervision


Low fat diets--may enhance short-term weight loss, and if continued, help maintain the 


    reduced body weight.


(2) The role of exercise:


Increased physical activity--not only increases caloric expenditure, but also promotes 


    dietary compliance.


Exercise may increase the desire for foods high in carbohydrates and reduce the desire 


    for fat.


Tx programs for obesity include physical activity may be more successful .


Intermittent exercise (high intensity followed by low intensity)--greater reduction in 


    wieght and fat than continues exercise of low-to-medium intensity.


(3) The role of Behavior Modification:


Behavior modification based on analysis the circumstances in which a person tends to 


    eat and the particular meaning of eating for that person--helpful for weight 


    reduction.


Person receive advice or counseling in a stable group setting for a long period and that 


    close contact with the therapist and members of the group be maintained after 


    weight has been lost.


Modify eating habits and physical activity.


Behavioral weight-control programs: 5-12 persons, weekly, hour-long sessions, focus 


        on facilitating adherence to dietary & exercise regimens, continue for 10-20 


        weeks.


More helpful for mildly to moderate obese pts.


Produced weight losses average 8 kg in 15 to 20 weeks or about 0.5 kg (1 lb) per week, longer therapy produces larger weight losses, but rarely exceed 15 kg.


During 1st yr--pt regain 1/3 the weight they lost.





*Drug therapy


#Amphyetamine-like actions of sympathomimetic drugs


--phentermine, phenmetrazine, phendimetrazine, diethylpropion, mazindol, and 


  phenylpropanolamine--increase brain conc. of catecholamines or act directly on 


  catecholamine receptors to increase the activity of b-adrenergic systems (resulting in 


  decreased appetite or increased energy expenditure)--unsuitable for obese persons 


  with evidence of cardiovascular disease.


#Serotonin-reuptake inhibitors (SRI)


--appetite suppressants--fenfluramine--newest approved by FDA in 1996.


--not raise BP or increase metabolic rate and usually tolerated.


--dl-fenfluramine alone produce weight losses 14.5 kg; combined with behavior 


  therapy, 15.3 kg; behavior therapy alone, 10.9 kg.


Combination of phentermine + fenfluramine--4 yr study 121 subjects--average weight  


    loss 11 kg (24lb) at 2 yrs, 9.4 kg (21lb) at 3 yrs.


    Whenever the drugs were stopped-weight promptly regained.


#Fluoxetine and other selective serotonin reuptake inhibitors used for Tx of depression-


    -promote some weight loss or at least 5-6 months.


SRI--may increase the likelihood of pulmonary hypertension--but the benefit of weight 


    reduction outweighs the risk.


Connolly--valvular heart disease may be associated with the use of fenfluramine and 


    phentermine.


*Sibutramine--both catecholamineegic and serotonergic agonist effects--last stage of 


    evaluation for approval by the FDA.


*Other drugs under development


--b3-adrenergic-receptor agonists 


--chemicals that act to increase caloric expenditure-BRL 26380A, ephedrine.


--prevents the digestion and absorption of ingested fats--lipase inhibitor (tetra


  hydrolipstatin).


--leptin--cause weight loss in some leptin-deficient rodents, most obese persons do not 


  have a deficiency of this protein.


  Since plasma leptin conc. fall during hypocaloric intake, administration of leptin 


  might prove useful in promoting adherence to dietary regimens and maintenance of 


  reduced body weight.


--Neuropeptide Y antagonists--modulating of eating behavior--may lower body weight.


--other potential Tx (Table & Table 3)





















































*Surgical therapy


Only for persons with severe obesity (BMI > 40), or those with less severe obesity 


    ( BMI 35-40) who have coexisting conditions.


--Jejunoileal shunts : lead to substantial weight reduction, 80 % remain at least 10% 


                 below their preoperative BW 10 yrs after OP.


                 frequent result symptoms related to blind loop.


--Gastric reduction (gastroplasty) with or without intestinal bypass--more common 


  performed procedure--gastroplasty with bypass--initially with substantial weight loss, 


  80% at least 10% below for 10 yrs after surgery (maximum at about 2yrs)--efficacy 


  due to increased sense of fullness with reduced gastric volume and symptoms of 


  �dumping syndrome�.


Excess consumption of liquid or semiliquid foods--negate the benefit of surgery.


Pt who undergo gastroplasty must be followed carefully for possible intestinal 


  obstruction and electrolyte disturbances.


Perioperative mortality does not exceed 1% and morbidity less than 10%.





& CONCLUSIONS


1.Clinical research and studies in animal produce substantial evidence that body weight 


  is regulated in human and identified substances mediate this regulation.


2.Insight gain from these investigations have profound effects in perception of causes of 


  obesity.


3.Very complex interactions between genetic susceptibilities and environmental and 


  developmental factors.


4.Alteration indiet and physical activity always be central components of prevention and 


  treatment. 








