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Introduction

Obesity is alive and well in the United States and in many developing countries. It 

 is now estimated that there are more overweight than underweight people inhabiting the planet (1). In the USA alone, up to 60% of all adults and 20% of all adolescents may be classified as overweight or obese (2). With such a pandemic of obesity and diabetics as well, researchers are now using very advanced genetic and neural imaging tools to tease out the causes of obesity, overeating and persistent weight gain. 

In the simplest sense, obesity is caused by excess caloric ingestion relative to energy expenditure. This simple equation, however, fails to illustrate the complex interactions or  the underlying factors that drive excessive energy intake in the first place. And while Consumers spend 90 billion per year to treat their obesity, there is no indication that any regimen or pharmaceutical intervention is making any appreciable headway or impact (1). This then begs the question: “What causes excessive eating and weight gain in the first place—and can it be controlled in any easy or sustained way?”

Causes of Obesity

In this review, we will survey the usual or classic cause(s) of the obese state while being mindful of the following simple fact--is obesity a disease, as many have claimed, or is it the logical result from a society filled with fast food and lack of exercise? Rolls, for example has argued that in this environment of fast (fatty) food and slow living, obesity is the natural result, and those who are slim are actually the abnormal ones!

In the literature there is no end to the explanations for obesity. In just the last five years, the explosion in advanced analytical and bioengineering techniques have opened up many new avenues to explain overeating and the resultant diseased states, i.e., syndrome X and its sequela of diabetes, hypertension and heart disease (4). For example, in the obesity literature, which had over 10,000 papers published in 2001 alone, we now see great emphasis on complex neurochemical interactions in the brain feeding center.  And neural imaging studies of the brain itself, using MRI and other scanning techniques, are now finding differences in the perception of food between obese versus normal weight individuals!

Most theories of obesity are concentrated in just a few major areas, although the list of individual causes can be very high in each. Major areas include the neurobiology of food intake, energy expenditure, and basal metabolic rates and the genetics of weight gain (5). In neurophysiology of appetite control, for example, over 150 peptides and cytokines are implicated in energy homeostasis. Some neuroregulators are familiar like leptin--secreted from the fat cell--to the more obscure like Amylin, APO IV, bombesin, melanocortin and the like. Every newly discovered peptide brings renewed enthusiasm; however one usually finds that one chemical can’t control it all.  

Although many overweight individuals have blamed (bad) genetics as the cause of their overeating, the actual genetic mechanism(s) controlling food intake are far more complex than anticipated. Current thinking revolves around the “Thrifty Gene” hypothesis wherein humans’ survival mechanism involved repeated feast or famine episodes.  Over time, the greatest survival value was to those humans who could store as much fat as possible during times of food abundance. However in the current climate of plenty, our ancient genes can’t cope with modern living. One researcher (5) has noted that humans have a built in predisposition towards obesity and even diabetes as a way to store excess food.

Every diet that purports to work manipulates either fats or carbohydrates or protein levels. In the 1960’s the low fat diet regimens were very popular(6). But in the 80’s the Atkin’s Diet Revolution started making inroads to where in 2002, three of Dr. Atkin’s books are in the top ten of the NY Times best-seller list. Researchers are still arguing whether fat makes you fat, or whether carbs are the main diet culprit (7). A major thesis of this paper however will argue that neither carbs or fats alone foster obesity—but the combination of the two. Fat in the absence of carbs does not store well on the body, and high carb diets in the absence of fat are fairly low in calories and not very tasty.  

So-called “Junk Foods” are not only high in calories but are high in both fats and carbohydrates.  Adipocytes fat storage can only occur when insulin levels are high; and only carbohydrates elevate insulin levels appreciably. Hence the combination of a Burger with fries is a highly efficient meal that not only promotes hyperphagia but adipocyte fat storage as well. According to Prepared Foods Magazine, consumers now eat more meals out of the home than in, further compounding the problems of high calorie food choice.

The fast food industry is also adept at creating tasty foods. Millions are spent with taste panels and consumer surveys--and with over 100 billion spent each year on advertising, it hard for the consumer to control their intakes. Super-sizing foods are now a very popular option on menus, and it is cost effective. One actually does get more for less money. A supersized Big Mac meal now contains over 1000 calories and around 80 grams of fat—the entire days allotment. Fast Foods are also high in sodium and trans fats as well. It is little wonder that the 900 billion dollar fast food industry is still growing—and providing fat, salt and sugar that our ancient genes just can’t get enough of.

Food Scientists are adept at adding certain ingredients to foods that our bodies tend to “crave”.  Simple sodium chloride addition to a food is an easy and cost effective way to enhance taste. It has been shown that sodium chloride is a primary taste reinforcer in animal (and human) models of ingestion. Most animals will work very hard to find and ingest foods high in sodium. Many studies show that monosodium glutamate (MSG) has the great potential to improve taste and food palatability. Indeed, many now consider the taste of MSG to be the fifth basic taste. But the greatest taste modifier of them all is sugar. Direct brain scans of individuals ingesting sugar show that the part of the brain known as the pleasure center (medial forebrain bundle) lights up with activity during ingestion. Dopamine, a neurotransmitter associated with pleasure, increase in the nucleus accumbens—part of the brain pleasure circuit (8,9).

The stomach is an overlooked but important regulator of food ingestion. Mei has shown that the stomach has more taste receptors than the oral cavity (10). In addition to taste, the stomach can sense the presence of sugar and fats, temperature and touch. Stomach tissue also secretes various neuropeptides and hormones that signal the presence of calories. Recently the peptide ghrelin, secreted by the distal stomach, play a major role in the feeling of fullness.  Another peptide called CCK is also influenced by stomach receptors that send fullness signals to the small intestine. Both fiber and fat increase CCK levels and these signal are transmitted to the brain via vagal afferents.

Although obesity is considered by many to be a “disease”, there can be little doubt that as we gain weight physiological changes take place in many core body systems such as the fat cells, pancreas and the perception of food (11). For example, as we gain weight leptin levels rise and the body becomes resistant to its signal to shut down eating (12). Insulin levels also rise and insulin resistance is another common feature in obesity (13). In addition, increased insulin and leptin levels foster hyperphagia, which further compounds the problem or regulating weight. Studies on the obese published in the Journal Nature show that as we gain weight we slowly lose the satiety signal induced by glucose. To further compound the problem, neuro-imaging studies show that the obese have fewer dopamine receptors in the nucleus accumbens (14). This means that the obese must eat more food to get the same pleasure they did when thin. Combine this with the fact that gastric satiety is reduced in the obese state and so is the basal metabolic rate (BMR)—no wonder it is so hard to diet. The combination of food abundance and resistance to satiety hormones and body satiety systems certainly contributes to the 60% obesity rate in the US.

In the last few years researcher have discovered that the fat cell is no longer the passive collector of triglycerides (15). Adipocytes are quite metabolically active and targeting their receptors is now a top priority in the pharmaceutical industry. Fat cells secrete Leptin, TNF alpha, Adipo Q, Resistin and many others controlling peptides. Compounds that selectively block or modify key enzyme of fat storage are now available for research. And some natural compound can modify their activity. Herbal extracts containing MaHuang (Ephedrine), or Coleus (forskolin) can increase fatty acid hydrolysis. Another unusual compound called CLA (conjugated linoleic acid) interferes with fatty acid uptake in the adipocytes. We are now seeing designer oils in which the molecular configuration of the fat fools the body into thinking they are carbs. They are then digested and burned in the liver for energy and not stored in the fat cell. The oils are called DAG oils or diacylglyerol oils. The KAO Corporation in Japan sells this oil and it carries the proven health claim: “helps the body reduce fatty deposits.” MCT Oils (medium chain triglycerides) are also appearing in Japan with the same claim. The giant food firm (ADM) plans to roll out in a national launch their version of the DAG Oil (16).

Solutions to Obesity

Dietitian routinely advise patients to eat less and exercise more. This sage advice is reasonable but difficult to execute. Brain systems resist changes in body weight and may over compensate. The classic Yo-Yo diet is one such example—repeated dieting actually increases body fat. The low fat diet solution, if adhered to carefully, can work in the long term. Recidivism, however, is high since the body craves fats and fatty acids and the pleasure produced by high fats food is hard to duplicate with other ingredients. Dieters tend to just fall off these diets due to the lack of pleasure in eating. Low carb diets, such as Atkins’ have been shown to work quite well in head to head comparison to the lower fat diets. The basic mechanism behind the low carb involves the lowered insulin response (needed to store fat) and lowered appetite created by ketone body production (17). Low carb diets however suffer from food burnout and lack of variety of crispy and crunchy textures. In addition, some authors feel that women may actually produce less serotonin on the low carb diets and could put themselves at risk of depression.

Exercise is commonly prescribed for dieting but only 40% of all American actually do any amount of exercise any given week. The National Institute of Medicine has recommended one hour of vigorous exercise per day. But recent reports on family activity report that less then 10% of the population actually can reach this level of activity. In a major review on Exercise and Obesity, Blundell (18) has pointed out that few studies purport any efficacy whatsoever—despite the widespread recommendations by obesity experts. Although exercise alone probably has limited effect on body fatness, the increase in well-being, the up-regulation of enzymes for burning more fat and the increase in growth hormone certainly complement modest caloric restriction diets.

Several nutraceuticals ingredients have potential in aiding weight loss. Herbals such as green tea and yerba mate have been shown to increase BMR modestly—about 100 kcals a day (19). This slight increase however can translate into 10 pounds of fat per year if appetite is not increased. Garcinia cambogia received renewed interest this year as a few new studies show it has potent appetite suppressing effects via serotonin production (20). The previously negative studies on garcinia were due to the lack of absorption in the GI tract. Newer extracts solved this problem—they are quite water-soluble. Fat blockers such as chitosan can reduce fat intake by as much as 30 grams per day. However, the form of chitosan is critical and it must be taken before the meal. Blood sugar regulation and the resultant lowered insulin is a key element to dropping pounds. Several Chinese and Ayurvedic herbs have been shown clinically to reduce blood sugar levels (21). Gymnema is an Indian herb that is known in Ayurvedic medicine as the “sugar destroyer” (24). Several studies show lowered glucose levels due to the interference of sugar absorption and processing and enhanced insulin sensitivity induced by gymnemic acids.

Future of weight Loss

People eat for pleasure. The various macronutrients (carbohydrates, fats and protein) are all regulated by gut hormones and neural peptides and monoamines. Although drastic 

 changes in macronutrient content can lower body weight, most scientists feel that best results are with consuming high volume foods (such as a smoothie), with low energy density--but high in fiber. The diet must include some high-pleasure foods as well, such as small amounts of chocolate. The use of caffeine and other BMR enhancers (Green tea, Yerba mate) and serotonin agonists (5-HTP and Garcinia) will help accelerate fat loss. Citrus aurantium, a Chinese herb, promotes fat loss by adrenergic stimulation of the fat cell. Certain proteins seem to have fat-fighting activity as well. Several authors have suggested that a diet high in soy protein encourages fat loss, although the exact mechanism is unclear (23). Finally, a diet that is reduced in carbohydrate or increased in low glycemic carbohydrate (legumes, peas, lentils) should further complement the weight loss process.

Whatever the strategy used in weight control, it is now clear that we must address gut and brain mechanism of satiety and find ways to encourage the fat cell to increase lipolysis. Obesity is not a disease but a disease producing state. In our society with lessened activity and super-sized food--excessive intake is a reasonable outcome. However, the combinational approach of mild caloric restriction, lowered sugar intake, enhanced BMR and increased serotonin production—these actions will strongly encourage weight loss and dietary compliance for many Americans.
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