ICU3 Lecture 26: Obesity and regulation of body weight
1. Obesity is a growing problem throughout the developed world. It now affects many children and young people, as well as those suffering from “middle aged spread”.
2. Overweight and obese people have a reduced life expectancy and suffer from a wide range of serious diseases, including type 2 diabetes, dislipidaemia, hypertension and inflammatory cardiovascular disease. This “cluster” is collectively called the metabolic syndrome.
3. Adult body weights are remarkably constant. It usually takes several years to put on weight, and it is very difficult to lose weight by dieting. Powerful feedback loops regulate food intake and energy expenditure, and act to stabilise body weight.
4. Hunger falls with increasing body weight, but metabolism rises with increasing body weight.
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5. Our basic feeding reflexes are over 600 million years old. A variety of more recent neural and hormonal controls have been superimposed upon this ancestral system. The various signals have great redundancy – deletion of any single element has little effect on the overall result.
6. Digestion hugely increases the osmotic pressure of food, and this must be actively managed by the body. Absorbed nutrients are rapidly converted back into osmotically inactive fats and storage polysaccharides.
7. The enteric nervous system has considerable local autonomy, and takes decisions about secretion, blood flow and peristalsis. Local nerves and hormones could manage the digestion, absorption and movement of food through the gut without any external controls. In practice the CNS supervises these activities, but it is not essential.
8. More complex reflexes such as swallowing, vomiting and defecation are coordinated within the medulla. The nucleus of the solitary tract integrates neural signals to and from the gut and responds to supervisory messages from the hypothalamus. There is a two-way exchange of information between the medulla, hypothalamus and other areas of the brain.
9. Parts of the hypothalamus and specialised areas in the medulla (area postrema) are outside the blood-brain barrier and monitor blood glucose and many other hormonal signals, such as insulin, leptin, amylin and PYY. This information ultimately controls the size of meals, frequency of feeding, voluntary physical activity and basal metabolic rate to maintain a constant body weight.
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10. Normally the gut publicises its condition to the rest of the body via visceral sensory neurons, and by secreting peptide hormones such as CCK, GLP1, GIP, PPY and PYY. The gut receives instructions from the autonomic nervous system that can selectively accelerate or retard the digestion process, and it responds to circulating hormones such as adrenalin.

11. Taste buds and entero-endocrine cells share numerous signaling systems, and probably have a common evolutionary and embryonic origin.
12. “Your eyes are greedier than your stomach.” Much of the urge to eat is driven by sensors (eyes, nose and taste) towards the front of the gut, plus the hunger hormone ghrelin secreted by empty stomachs (and during high protein meals). Low blood glucose stimulates eating.
13. Physical distension of the stomach helps to terminate meals. Signals to stop eating come mainly from the duodenum (CCK) and small intestine (PYY), as they react to the loads imposed upon them. Satiation signals are very important for the control of food intake. High blood glucose has little effect on satiation.
14. Mixed balanced diets provide strong satiation signals, but “junk” foods frequently do not.

15. Well-filled adipocytes secrete the cytokine leptin to advertise their status. This is detected by the hypothalamus, which responds by activating metabolism and reproductive behaviour, and inhibiting food intake. Fat cells also make adiponectin and inflammatory cytokines which are detected by the brain.
16. The pancreas secretes insulin, which has similar effects to leptin on the hypothalamus, and amylin which helps to terminate meals. Cholecystokinin from the duodenum and PYY from the small intestine are powerful satiation signals produced by the gut.
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CCK is mainly concerned with satiation, and helps to terminate meals. Lower gut hormones such as PYY induce satiety and delay the start of the next meal.

18. NPY / AGRP neurons stimulate feeding and carry “orexigenic” signals within the brain, while POMC / CART neurons are “anorexigenic” and inhibit food intake. Neurons that signal via orexins (hypocretins) control wakefulness and feeding behaviour.
19. Multiple output signals from the hypothalamus control the pituitary gland, and regulate the following hormones:
a) Somatotropin (growth hormone) directs the body to lay down protein and to mobilise fat. Ghrelin (from stomach) also stimulates growth hormone release.
b) ACTH controls cortisol production by the adrenal glands, which regulates muscle proteolysis, gluconeogenesis and the immune system.

c) Thyroid stimulating hormone (TSH) increases thyroxin output, which ultimately raises body temperature, promotes activity and increases basal metabolic rate.

20. Fidgeting and voluntary physical activity can dissipate significant amounts of surplus energy, and make an important contribution to overall weight control.

21. Weight loss offers clear benefits for obese patients suffering from the metabolic syndrome (abdominal obesity, type 2 diabetes, dislipidaemia, low-grade inflammation, hypertension and cardiovascular disease). 
22. We assume that weight loss will also benefit asymptomatic patients who are overweight, but the direct evidence for this is weak. It is very difficult to rule out confounding factors.
23. Lifestyle changes (at least 30 minutes moderate to high intensity exercise per day combined with a low-energy, low-fat, physically bulky diet, rich in fresh fruit, green vegetables and unrefined carbohydrates) are preferred to drug treatment for controlling weight.

24. Low carbohydrate / high fat “Atkins” diets also produce effective weight loss without causing unbearable hunger, because fat induces rapid satiation. They out-perform conventional diets, but are not currently recommended by most nutritionists although the evidence against them is often speculative and anecdotal.
25. A 10% weight loss over several months is a reasonable target, but it is difficult to maintain.

26. Many appetite suppressants have ultimately proved to have serious side effects, but digestive enzyme inhibitors and analogues of natural gut satiation signals look promising.

27. Liposuction confers no health benefits and is not recommended, but gastric stapling and gastric pacing are effective surgical interventions. They may work by reducing ghrelin output.
Visit our website at http://www.bmb.leeds.ac.uk/teaching/icu3/lecture/26/index.htm


