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	NUTRITIONAL, METABOLIC & ENVIRONMENTALS


	There can be little doubt about the influence of nutritional factors on human health and disease. Obesity, with all its attendant consequences, is increasing both in the developed world and in urban centres in developing countries. In contrast, numerous adults and children die each year from the effects of famine and starvation. In developed countries, inappropriate dietary intakes have been linked with diseases such as coronary heart disease and cancer. In other parts of the world, deficiencies of simple vitamins lead to avoidable conditions such as blindness in children. The individual clinician may feel daunted by such global problems. However, a proper understanding of nutrition is essential in order to deal with the needs of individual patients and to inform the decisions of public policy-makers. 

	This chapter also covers two specific metabolic diseases-namely, porphyria and amyloidosis-and a range of common environmental disorders related to diving, altitude and exposure to high or low temperatures.


	NUTRITIONAL ASSESSMENT AND NUTRITIONAL NEEDS

	Nutrient goals have been devised by international committees, to assist governments in setting strategies to influence patterns of food consumption. Such goals have been based on systematic reviews and represent the appropriate average intake of individuals, to ensure the optimal health of a population (see Box 10.1). The upper and lower limits have been chosen to take account of the existing range seen in different healthy populations. 


	10.1 POPULATION NUTRIENT GOALS

	Nutrient goals have been devised by international committees, to assist governments in setting strategies to influence patterns of food consumption. Such goals have been based on systematic reviews and represent the appropriate average intake of individuals, to ensure the optimal health of a population (see Box 10.1). The upper and lower limits have been chosen to take account of the existing range seen in different healthy populations. 
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	NUTRITIONAL ASSESSMENT

	A systematic investigation of an individual's nutritional health normally consists of four components: dietary history, clinical examination, anthropometry and laboratory investigations.


	DIETARY HISTORY

	In medical use this is usually qualitative: for example, has the patient been eating too little food, or omitting any major foods, or has an unusual diet been taken? Quantitative nutrient intake is best assessed by a dietitian, who is skilled in the area of dietary assessment. Estimates of intake can be made using a number of methods. These include taking a dietary history or asking the patient to recall food intake over a 24-hour period. Patients may also be instructed to keep a food diary or to complete a food frequency questionnaire. By using food tables, usually in computer form, the daily intake of the major nutrients can be obtained. This can then be compared with tables of recommended nutrient intake.


	CLINICAL EXAMINATION 

	Thinness, oedema, pallor, weakness and other signs described in this chapter may be found in patients with nutritional deficiency but it is important not to wait for the classic features of a deficiency disease to develop before intervening with nutritional support. Coexisting illness may obscure or confuse signs of malnutrition.


	Body mass index

	Body mass index (BMI) is calculated by measuring a person's weight in kilograms and then dividing by that person's height in metres squared (kg/m2). For example, an adult weighing 70 kg with a height of 1.75 metres has a BMI of 70/1.752 = 22.9. The advantage of using this index, rather than weight alone, is that it is height-independent, such that tall and short people of similar proportions have a similar BMI. The internationally accepted range of BMIs in adults is shown in Box 10.2. 


	10.2 BODY MASS INDEX (WEIGHT/HEIGHT2)
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	ANTHROPOMETRY

	Changes of body weight reflect the water and/or energy (calorie) balance. If there is no unusual loss of water, each kilogram lost corresponds to 25-29.3 MJ (6000-7000 kcal) of energy (mostly adipose tissue). If there is increased protein catabolism, the energy value of the weight lost is less. Thus, regular weighing of patients is valuable in management. Wasting of both subcutaneous fat and muscle mass should also be monitored. If weighing is impractical, these observations are more critical. Clinical observation can be made more objective by measuring mid-arm circumference and triceps skinfold thickness. The relative contributions of fat and muscle can be calculated (mid-arm muscle circumference = arm circumference - triceps skinfold), but accurate measurement of skinfold thickness requires special callipers. 


	LABORATORY INVESTIGATIONS

	Investigations can provide information about protein deficiency and can also indicate specific micronutrient deficiencies. 

	While the plasma albumin concentration can be used to assess visceral protein depletion, this value reflects synthetic rate, distribution in body pools and tissue catabolism or loss of protein from the body; hence it is important not to equate hypoproteinaemia with protein malnutrition. Injury, inflammation and the presence of liver disease all reduce the plasma albumin concentration. The ratio of C-reactive protein (see p. 970) to albumin therefore provides a better estimate of protein depletion. Plasma transferrin and pre-albumin are sometimes used as more sensitive indices of visceral protein status but both can be influenced by other conditions. Urinary nitrogen (or urea nitrogen) reveals the degree of protein catabolism. 

	Specific biochemical tests for micronutrient deficiencies are available in most hospital laboratories. These include the measurement of serum vitamin B12, red cell folate levels and serum ferritin (see p. 1219).


	NUTRIENT AND ENERGY REQUIREMENTS

	All foods provide both nutrients and energy. If energy requirements are not being met, then it is highly unlikely that nutrient supply will be adequate, unless the diet has been carefully managed and computed, such as in a diet prescribed for weight loss. Hence meeting energy requirements is the fundamental goal of nutritional support.


	NUTRIENT REQUIREMENTS

	Various expert bodies have drawn up dietary reference values for the normal individual. These include the UK Department of Health, the European Union and the World Health Organisation. The recommendations apply to groups of healthy people and do not refer to situations where medical treatment of deficiency is required. The values suggested for different nutrients are found in the publications detailed on page 336


	ENERGY REQUIREMENTS

	The largest component of energy expenditure is attributed to the lean body mass and is known as the basal metabolic rate (BMR). The lean body mass (related to weight and height) declines with age and is lower in women than in men. Extra energy is required for growth, for pregnancy and lactation, for muscular activity and during a febrile illness. There is some variation in energy expended between individuals of the same size, age, sex and activity. Adaptation occurs to an inadequate energy intake and, to a lesser degree, to excess energy intake. The largest variable in determining energy requirements is the energy attributed to exercise and movement. Approximate daily energy requirements are listed in Box 10.3.


	10.3 DAILY ENERGY REQUIREMENTS
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	ENERGY-YIELDING NUTRIENTS

	Three nutrients can act as energy substrates: carbohydrates, fat and protein. Protein has a profoundly negative effect on appetite and its use as an energy substrate should not be contemplated for this and other biochemical reasons. Carbohydrates and fat are the most important energy substrates and have additional functional roles.


	Carbohydrates

	A classification of the different carbohydrates is shown in Box 10.4, based on the degree of polymerisation of monosaccharide units. The 'available' carbohydrates (starches and sugars) supply the major part of the energy in a normal diet. No individual carbohydrate is an essential nutrient as the body can make it for itself from protein. However, if the available carbohydrate intake is less than 100 g per day, ketosis is likely to occur. Sugars are found in fruits, milk (lactose) and some vegetables. Starches are mostly found in cereals, root vegetables and legumes.


	Sugars

	Sugars are classified as intrinsic (naturally incorporated in the cellular structure of fruits, milk etc.) or extrinsic (extracted, refined or concentrated, e.g. beet or cane sucrose). Intrinsic sugars and the foods that contain them are thought to be more acceptable nutritionally than extrinsic sugars because they are associated with other nutrients naturally present in the food. 


	10.4 DIETARY CARBOHYDRATES
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	Dietary goals. There is little doubt that the ingestion of free refined sugar is a major factor leading to dental caries. Excessive consumption of sugar also leads to hyperinsulinaemia. This has been associated with the development of hyperlipoproteinaemia, atherosclerosis and the formation and increased growth of certain tumours (e.g. breast and colonic carcinomas). It is for these reasons that the recommended intake of refined sugar has been set at between 0% and 15% of total energy intake.


	Starches

	Starches are found in cereal foods (wheat, rice), root foods (potatoes, cassava) and legumes. They are the nutrients which provide the largest proportion of calories in most diets around the world. Although all starches are polymers of glucose, linked by the same 1-4 glycosidic linkages, they do not all behave in the same way when they are eaten. 

	Some starches are digested promptly by salivary and then pancreatic amylase and produce a steep rise in blood glucose. Other starches are more slowly digested because they are protected in the structure of the food, because of the crystal structure or because the molecule is unbranched (amylose). After ingestion, the blood glucose rise is flatter and lower. The glycaemic index (see Box 10.5) quantifies the effect of different carbohydrates on the blood glucose after a test meal. A small percentage of dietary starch may completely escape digestion in the small intestine and pass unchanged into the large intestine, where it is fermented by the resident bacteria. This resistant starch thus behaves in much the same way as dietary fibre and is thought to confer a beneficial effect on the intestinal mucosa.


	Non-starch polysaccharides


	10.5 GLYCAEMIC INDEX
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	Non-starch polysaccharides (NSP), also known as dietary fibre, constitute the natural packing of plant foods. They can be defined as those parts of food which are not digested by human enzymes. The principal classes of NSP are cellulose, hemicelluloses, lignins, pectins and gums. These are all polysaccharides except lignin, which occurs with cellulose in the structure of plants. Pectins and gums are viscous not fibrous. 

	Some types of NSP, notably the hemicellulose of wheat, increase the water-holding capacity of colonic contents and the bulk of faeces. They relieve simple constipation, appear to prevent diverticulosis and may reduce the risk of cancer of the colon. Other viscous, indigestible polysaccharides like pectin and guar gum have greater effect in the upper gastrointestinal tract. They tend to slow gastric emptying, contribute to satiety, and may flatten the glucose tolerance curve and reduce plasma cholesterol concentration. 

	NSP or dietary fibre (and resistant starch) is partly fermented in the large intestine by resident bacterial flora, yielding a small quantity of volatile fatty acids, which are absorbed through the colonic mucosa. Flatus formation is common. 

	Dietary goals. These have been calculated largely from studies of the effect of fibre on bowel action. On a worldwide basis, 16-24 g/day of NSP is the recommended intake.


	Fats
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	Figure 10.1 Schematic representation of fatty acids. A standard nomenclature is used whereby the number of carbon atoms is specified and the number and position of the double bond relative to the methyl (-CH3, ω) end of the molecule indicated after a colon.


	With their high calorie value (38 KJ or 9 kcal/g), fats are useful to people with large energy requirements. However, their high energy density makes them an insidious cause of obesity for sedentary people. Fats are described as saturated if there are no double bonds between any of the carbon atoms. A monounsaturated fatty acid has one double bond and a polyunsaturated fatty acid has two or more (see Fig. 10.1 for nomenclature). Saturated fats, especially those containing myristic (14:0) and palmitic (16:0) acids, increase plasma low-density lipoproteins and total cholesterol. Polyunsaturated fatty acids can be divided into two main groups, depending on the distance of their first double bond (see Fig. 10.1) from the methyl (-CH3, ω) end of the molecule. The ω6 group of polyunsaturated fatty acids consists of linoleic acid (18:2 ω6), the principal polyunsaturated fatty acid in plant seed oils, γ-linolenic acid (18:3 ω6) and arachidonic acid (20:4 ω6). The ω3 series of polyunsaturated fatty acids (e.g. docosahexanoic, 22:6 ω3) occur in fish oils and in the lipids of the human brain and retina. They are inhibitors of thrombosis and appear to act as competitive antagonists of thromboxane A2 formation. Purified fish oils (e.g. ω3 marine triglycerides) may reduce the tendency to thrombosis in people with coronary heart disease. They also lower plasma triglyceride levels. 

	Linoleic acid (18:2 ω6) and α-linolenic acid (18:3 ω3) are termed essential fatty acids as they cannot be synthesised in the body and have to be obtained from the diet. Linoleic acid is a precursor of certain prostaglandins and leukotrienes. 

	Essential fatty acid deficiency is rare in humans but has been reported in patients fed solely by total parenteral nutrition (TPN) for long periods without fat emulsions. Free fatty acid mobilisation from adipose tissue is inhibited and tissues in the rest of the body become depleted. The main clinical manifestation is a scaly dermatitis. 

	Dietary goals. The dietary goals for fat consumption take account of the impact of fat intake on the development of coronary heart disease, the development of obesity and the increased risk of cancers. The figures for the recommended dietary intake are summarised in Box 10.1 (see p. 298).


	Proteins

	Proteins form the main structural component of body cells and an adequate intake is essential for health. Proteins are made up of some 20 different amino acids, of which nine are indispensable for normal synthesis of the different proteins in the body and for maintaining nitrogen balance in adults (also referred to as essential amino acids; see Box 10.6). These nine cannot be synthesised within the body and can only be obtained from dietary sources. Another group of amino acids are described as conditionally essential, which means that they can be synthesised from one or more of the essential amino acids, as long as there is an adequate dietary supply (see Box 10.7). The dispensable (or non-essential) amino acids can be synthesised in the body by transamination, provided there is a sufficient supply of amino groups. 


	10.6 INDISPENSABLE (OR ESSENTIAL) AMINO ACIDS* In approximate ascending order of dietary requirement.
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	10.7 PRECURSORS OF CONDITIONALLY ESSENTIAL AMINO ACIDS
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	· The nutritional value of different proteins depends on the relative proportions of indispensable amino acids they contain (sometimes referred to as the biological value). Proteins of animal origin, particularly from eggs, milk and meat, are generally of higher biological value than the proteins of vegetable origin, which are low in one or more of the indispensable amino acids. However, when two different vegetable proteins are eaten together (e.g. a cereal and a legume), their amino acid patterns can complement one another and produce a mix of indispensable amino acids with an adequate protein nutritive value. This is the principle of protein supply in a vegan or totally vegetarian diet. 

· Dietary goals. The usual recommendation for an adequate protein intake is 10% of the total calories, i.e. about 65 g per day for the average adult. The minimum requirement is around 40 g of protein with a high proportion of indispensable amino acids or a high biological value.


	VITAMINS

	· Vitamins are organic substances in food, which are required in very small amounts but are not synthesised in the body. They occur naturally in food and are essential for health. Vitamins are broadly categorised into those that are fat-soluble (vitamins A, D, E and K) and those that are water-soluble (vitamins of the B complex group and vitamin C). This is an important clinical distinction, since deficiency of fat-soluble vitamins is seen in conditions of fat malabsorption (e.g. biliary obstruction). Twelve vitamins have been demonstrated to have clinical effects in humans (see Box 10.22). 

· Deficiencies of vitamins still occur in developed countries, e.g. of folate, thiamin and vitamins D and C. Some of these deficiencies are induced by diseases or drugs. In developing countries vitamin deficiency diseases are more prevalent; for example, vitamin A deficiency is a major cause of blindness in children. Thiamin deficiency and scurvy are seen in situations such as refugee camps. Some vitamins also have pharmacological actions well above the intake levels that normally prevent deficiency disease, e.g. the use of vitamin A (with precautions) for acne. 

· Taking vitamin tablets is fashionable in affluent countries and some individuals take very high doses of such supplements. Doctors therefore need to know the features of both deficiency and overdosage of the major vitamins. Side-effects or toxicity are most serious with high dosage of vitamins A, B6 and D. 


	10.22 VITAMIN SUMMARY
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	FAT-SOLUBLE VITAMINS


	Vitamin A (retinol)

	Retinol itself is found only in foods of animal origin; liver is the richest source. However, vitamin A is also produced in the intestine by the splitting of carotenes, which are present in green vegetables, carrots and some fruits. Two-thirds of vitamin A intake in the UK (and total intake in vegans) comes from carotenes (chiefly β-carotene). The functions of retinol include the following: 

	· In vision, 11-cis retinaldehyde is the initial part of the photoreceptor complex in rods of the retina. 

· Another form of the vitamin, retinoic acid, induces differentiation of epithelial cells by binding to specific nuclear receptors, which turn on responsive genes. In vitamin A deficiency, mucus-secreting cells are replaced by keratin-producing cells. 

· Vitamin A is necessary for normal growth, fetal development, fertility, haemopoiesis and immune function. Deficient children suffer more severe respiratory infections and gastroenteritis, and have increased morbidity and mortality rates.

	Deficiency

	On the world scale, the most important consequence of vitamin A deficiency is blindness. Each year, approximately 500 000 new cases of blindness occur in young children, mostly in Asia, and WHO is now giving high priority to the prevention of vitamin A deficiency. The ocular features of vitamin A deficiency pass through a number of stages. 

	Night blindness is the earliest sign of deficiency and results from an impairment of the dark adaptation process. The diagnosis is supported by a low plasma retinol concentration and is confirmed by marked improvement in dark adaptation following therapeutic doses of retinol. The next phase in the process involves the loss of the normal mucous cells from the cornea, which takes on a dull, hazy, lacklustre appearance due to keratinisation. This abnormality is described as xerophthalmia. Bitot's spots may also be seen. These are glistening white plaques of desquamated thickened conjunctival epithelium, usually triangular in shape and firmly adherent to the underlying conjunctiva (see Fig. 10.18A). The final consequence of deficiency is the development of keratomalacia (see Fig. 10.18B), leading to corneal ulceration, scarring and irreversible blindness.






	Figure 10.18 Eye signs of vitamin A deficiency. A Bitot's spots showing the white triangular plaques (arrows). B Keratomalacia secondary to vitamin A deficiency in a 14-month-old child. There is liquefactive necrosis affecting the greater part of the cornea. The relative sparing of the superior aspect of the cornea is typical.


	Immediately following the diagnosis of vitamin A deficiency a single large dose of 60 mg retinol as palmitate or acetate (200 000 IU) should be given orally or, if there is vomiting or severe diarrhoea, by intramuscular injection. The oral dose should be repeated the next day and again prior to discharge or at a follow-up visit. Prevention is also important; in countries where vitamin A deficiency is endemic, pregnant women should be advised to eat dark-green leafy vegetables and yellow fruits to build up stores of retinol in the fetal liver. Babies should also be given such vegetables or locally available carotene-rich fruits. In communities where xerophthalmia is endemic, single prophylactic oral doses of 60 mg retinol (200 000 IU) as palmitate given to pre-school children significantly reduce mortality from gastroenteritis and respiratory infections; a similar large dose is indicated in any child with measles. Oral administration of periodic high doses of vitamin A (60 mg retinol or 200 000 IU) is now used to reduce vitamin A deficiency in developing countries. Dosing at 4-6-month intervals is sufficient to prevent serious consequences of vitamin A deficiency.

	Toxicity

	Single large doses in children, as described above, are well tolerated. The most serious side-effects of repeated moderate or high doses of retinol are liver damage, hyperostosis and teratogenicity. Women in developed countries who are pregnant are therefore advised not to take vitamin A supplements. Acute overdose leads to nausea and headache, increased intracranial pressure and skin desquamation. Excessive intake of carotene can cause a benign condition in which pigmentation of the skin occurs (hypercarotenosis); this gradually fades when the excessive intake is stopped. 


	Vitamin D

	The natural form of vitamin D, cholecalciferol, is a modified steroid. It is formed in the skin by the action of ultraviolet (UV) light on 7-dehydrocholesterol, a minor companion of cholesterol (see Fig. 10.19). This is the major source of vitamin D. The natural dietary sources include egg yolk, oily fish, butter and milk, but these contribute very little to the body's requirements. The pharmaceutical form of pure vitamin D is (ergo)calciferol, made by the action of UV light on ergosterol (a sterol found in fungi). Ergocalciferol is added (in controlled amounts) to margarines and (in North America) to milk. 






Figure 10.19 Biochemical pathway of vitamin D synthesis.

	Cholecalciferol itself is not biologically active, and is converted in the liver to 25-hydroxycholecalciferol (25(OH)D3) which is further hydroxylated in the kidneys mainly to 1,25-dihydroxycholecalciferol (1,25(OH2)D3). This second product is the active form of vitamin D (see Fig. 16.13, p. 715). Vitamin D has important effects upon the uptake of calcium from the gut and in bone formation. Deficiency leads to poor bone mineralisation, causing rickets in children and osteomalacia in adults (see p. 1030). This could occur in a number of circumstances. Older people and dark-skinned people make less vitamin D in their skin. In chronic intestinal diseases there can be malabsorption of vitamin D, and in chronic kidney disease production of the active form is impaired. 

	Vitamin D is toxic in large dosage, where it causes hypercalcaemia.


	Vitamin E

	· There are actually eight related fat-soluble substances with vitamin E activity. The most important dietary form is alpha-tocopherol. Rich sources include vegetable oils, wholegrain cereals and nuts. Vitamin E is an important antioxidant, preventing oxidation of polyunsaturated fatty acids in cell membranes by free radicals. It has other roles, unrelated to antioxidant activity, including the maintenance of cell membrane structure and effects on DNA synthesis and cell signalling. It is also involved in the anti-inflammatory and immune systems. 

· In animal studies, vitamin E deficiency leads to myopathies, neuropathies and liver necrosis. This results from the effects of cell membrane damage with consequent cell leakage. Human deficiency states are rare and have only been described in premature infants and in malabsorption. The first feature of human deficiency is a mild haemolytic anaemia. In chronic fat malabsorption, ataxia and visual scotomas occur which respond to vitamin E. 

· As regards beneficial effects, vitamin E intake confers protection against coronary heart disease. A number of population studies have shown that the dietary intake of vitamin E is inversely related to the incidence of ischaemic heart disease (see Fig. 10.20). This effect is probably due to vitamin E protecting low-density lipoprotein from oxidation and hence reducing atherogenesis. It has not yet been established whether taking vitamin E supplements contributes towards primary or secondary prevention of ischaemic heart disease. 






	Figure 10.20 The relation between vitamin E ingestion and the prevalence of coronary heart disease. (AI = Australia; Au = Austria; Be = Belgium; Ca = Canada; De = Denmark; Fr = France; Fi = Finland; Ge = Germany; Gr = Greece; Ic = Iceland; Ir = Ireland; Is = Israel; It = Italy; Ja = Japan; Ma = Malta; NL = Netherlands; No = Norway; NZ = New Zealand; Po = Portugal; Sp = Spain; Sw = Sweden; Sz = Switzerland; UK = United Kingdom; US = United States)


	Vitamin K


	· Vitamin K is required for the synthesis of clotting factors and hence deficiency leads to prolonged coagulation and bleeding. Vitamin K is a cofactor in the production of an unusual amino acid, γ-carboxyglutamic acid (gla). Gla residues are part of the protein molecule of four of the coagulation factors, II, VII, IX and X. The gla residues confer on these proteins the capacity to bind to phospholipid surfaces in the presence of calcium. 

· Adequate amounts are normally supplied in the average diet (leafy vegetables and liver) or synthesised by bacteria in the colon. Vitamin K has important roles in three situations:

· In the newborn, primary deficiency can occur because placental transfer of vitamin K is inefficient, the neonatal bowel has not yet acquired bacteria and breast milk contains little of the vitamin. Vitamin K is given routinely to newborn babies to prevent haemorrhagic disease of the newborn. On a world-wide basis the latter remains a significant cause of infant mortality and morbidity. 

· In obstructive jaundice, dietary vitamin K is not absorbed and it is very important to administer this vitamin in parenteral form before surgery. 

· Warfarin and related anticoagulants (see p. 955) act by antagonising vitamin K.


	WATER-SOLUBLE VITAMIN


	Thiamin (vitamin B1)


	· Thiamin pyrophosphate (TPP) is involved in carbohydrate metabolism. It is an essential coenzyme for the decarboxylation of pyruvate to acetylcoenzyme A. This is the bridge between anaerobic glycolysis and the tricarboxylic acid (Krebs) cycle. TPP is also the coenzyme for transketolase in the hexose monophosphate shunt pathway and for decarboxylation of α-ketoglutarate to succinate in the Krebs cycle. Consequently, when thiamin is deficient: 

· Cells cannot metabolise glucose aerobically; this is likely to affect the nervous system first, since this organ depends largely on glucose for its energy requirements. 

· There is accumulation of pyruvic and lactic acid, which produce vasodilatation and increased cardiac output. 

· Thiamin is widely distributed in foods of both vegetable and animal origin, although cereals are the main source. In the developed world, thiamin deficiency is mainly encountered in chronic alcoholics. Poor diet together with impaired absorption, storage and phosphorylation of thiamin in the liver and the increased requirements for thiamin due to the high energy in ethanol all contribute to the manifestation of deficiency. In the developing world, deficiency usually arises as a consequence of a diet consisting only of polished rice. The body has very limited stores of thiamin, so deficiency starts after about a month on a thiamin-free diet. 

· Thiamin deficiency leads to beri-beri, which may manifest in a number of clinical presentations: 

· infantile beri-beri seen in exclusively breastfed infants of deficient mothers, a condition which is invariably fatal 

· dry (or neurological) beri-beri which manifests in chronic peripheral neuropathy, with wrist and/or foot drop, and may manifest with Korsakoff's psychosis and Wernicke's encephalopathy (see p. 1173)

· wet (or cardiac) beri-beri with generalised oedema due to biventricular heart failure with pulmonary congestion.


	Management of thiamin deficiency

	In dry beri-beri the response to thiamin is not uniformly good. However, multivitamin therapy seems to produce some improvement, suggesting that other vitamin deficiencies may be involved. Wernicke's encephalopathy should be treated without delay with 50-100 mg thiamin hydrochloride by slow i.v. injection followed by 50-100 mg i.m. daily for a week. The response is both rapid (within 2-3 days) and dramatic and this confirms the diagnosis. The memory disorder (Korsakoff's psychosis) takes longer to improve and some degree of memory impairment often persists. Wet beri-beri is an acute medical emergency requiring treatment with i.v. thiamin.


	Riboflavin (vitamin B2)

	Riboflavin is a flavoprotein and is part of the oxidation chain in the mitochondria, acting as a coenzyme in oxidation-reduction reactions. Riboflavin is widely distributed in animal and vegetable foods. The richest source of riboflavin is milk and its non-fat products. Levels of the vitamin are low in staple cereals but germination increases its content. It is a yellow-green fluorescent compound soluble in water. It is decomposed under alkaline conditions by heat and is also destroyed by exposure to UV light. 

	Clinical deficiency is rare in developed countries. Deficiency mainly affects the tongue and lips and manifests as glossitis, angular stomatitis and cheilosis. The genitals may be affected as well as the facial skin areas rich in sebaceous glands, where deficiency causes nasolabial or facial dyssebacea. Rapid recovery usually follows administration of riboflavin 10 mg daily by mouth.


	Niacin (nicotinic acid and nicotinamide)


	Nicotinic acid and nicotinamide have equal biological activity and are considered together in foods under the generic term 'niacin'. Both are water-soluble and resistant to heat. Nicotinamide is an essential part of the two important pyridine nucleotides, nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP), which play a key role in intermediate metabolism. NAD is also the coenzyme for alcohol dehydrogenase. A special feature of this vitamin is that it is normally synthesised in the body in limited amounts from tryptophan. Eggs and cheese are examples of foods that contain little pre-formed niacin but provide niacin equivalents from tryptophan. 


	Pellagra

	· Pellagra is a nutritional disease resulting from deficiency of niacin and was formerly endemic among the poor whose diet subsisted chiefly of maize. The reason for this is that maize contains niacytin, a form of niacin that the body is unable to utilise. Pellagra can develop within 8 weeks in individuals eating diets that are deficient in niacin and tryptophan. It remains a problem in parts of Africa and is occasionally seen in developed countries in alcoholics and patients with chronic small intestinal disease. Pellagra can also occur in Hartnup's disease, a genetic disorder characterised by impaired absorption of several amino acids including tryptophan, and in carcinoid syndrome (see p. 801), where tryptophan is utilised for the production of 5-hydroxytryptamine (5-HT, serotonin), rather than being available for the synthesis of niacin. 

· Pellagra has been called 'the disease of the three Ds': 

· Dermatitis. Characteristically, there is erythema resembling severe sunburn, appearing symmetrically over the parts of the body exposed to sunlight, particularly the limbs and especially on the neck but not the face (Casal's necklace; see Fig. 10.21). The skin lesions may progress to vesiculation, cracking, exudation and crusting with ulceration, and secondary infection may develop. 

· Diarrhoea. This is often associated with anorexia, nausea, glossitis and dysphagia. It reflects the presence of a non-infective inflammation that extends throughout the gastrointestinal tract. 

· Dementia. In severe deficiency, delirium occurs acutely, with dementia developing in chronic cases. 

· Treatment is with nicotinamide, given in a dose of 100 mg 8-hourly by mouth or by the parenteral route. The response is usually rapid; within 24 hours skin erythema diminishes, diarrhoea ceases and a striking improvement occurs in the patient's behaviour and mental attitude.






	Figure 10.21 Dermatitis due to pellagra (niacin deficiency). The lesions appear in those parts of the body exposed to sunlight. The classic 'Casal's necklace' can be seen around the neck and upper chest. Note also the hyper-pigmentation in the arms and hands.


	Vitamin B6(pyridoxine)


	Pyridoxine, pyridoxal and pyridoxamine are three closely related compounds with similar physiological actions. The active form of the vitamin in humans is pyridoxal 5-phosphate, the coenzyme for a large number of different enzyme systems involved in the metabolism of amino acids. Vitamin B6 is available in most foods, but rich sources include meat, fish, potatoes and bananas. 

	Dietary deficiency seems to be rare. However, certain drugs, such as isoniazid and penicillamine, act as chemical antagonists to pyridoxine and cause deficiency. Isoniazid causes peripheral neuropathy, which responds to B6 administration. Some cases of sideroblastic anaemia also respond to treatment with pyridoxine. 

	Large doses of vitamin B6 have an antiemetic effect in radiotherapy-induced nausea. It has also become popular for patients to take vitamin B6 supplements for the treatment of nausea in pregnancy, carpal tunnel syndrome and premenstrual syndrome; however, there is no convincing evidence of benefit. Megavitamin doses of vitamin B6 taken for several months can cause a sensory polyneuropathy.


	Biotin

	Biotin functions as a coenzyme in carbohydrate, fatty acid and amino acid metabolism. Biotin deficiency rarely occurs on a natural diet but is occasionally seen in patients consuming large quantities of raw eggs. Avidin in raw eggs binds to biotin in the intestine and inactivates it. The clinical features of deficiency include scaly dermatitis, alopecia and paraesthesia. A form of seborrhoeic dermatitis in infants responds to biotin.


	Vitamin B12 and folate

	· These vitamins and the haematological disorders due to their deficiency are discussed on pages 918-920. Although the requirements for vitamin B12 are very small, it is only found in animal products and hence vegans are at particular risk of deficiency. The normal liver contains enough stores to cover requirements for several years. Infestation due to fish tapeworm (Diphyllobothrium latum) occurs in some communities that live around large lakes and may interfere with absorption of the vitamin.


	Vitamin B12 and the nervous system

	Severe prolonged vitamin B12 deficiency may cause megaloblastic anaemia and/or neurological degeneration. In some cases the neurological disease predominates; this may be because a good intake of folate maintains erythropoiesis. Vitamin B12, but not folate, is needed for the integrity of myelin. In severe deficiency there is insidious, diffuse and uneven demyelination. It may be clinically manifest as peripheral neuropathy or spinal cord degeneration affecting both posterior and lateral columns ('subacute combined degeneration of the spinal cord'), or there may be cerebral manifestations (resembling dementia) or optic atrophy. Treatment with hydroxocobalamin is usually beneficial but improvement may be slow.


	Folic acid in the prevention of neural tube defects 

	Three major birth defects (spina bifida, anencephaly and encephalocele) result from imperfect closure of the neural tube, which takes place 3-4 weeks after conception. Folic acid has been shown to be of benefit in preventing neural tube defects (see EBM panel). Folate is involved directly in DNA and RNA synthesis and it seems that a higher than normal level is required during embryonic development. The UK Department of Health (1991) advises that women who have experienced a pregnancy affected by a neural tube defect should take 5 mg of folic acid daily from before conception and throughout the first trimester of pregnancy. In addition, all women planning a pregnancy are advised to include good sources of folate in their diet. Liver is the richest source of folate but an alternative source is advised in early pregnancy because of its high vitamin A content. 

	EBM: PREVENTING NEURAL TUBE DEFECTS-effect of periconceptional folate supplementation

	· 'In a combined analysis of four RCTs, periconceptional folate supplementation at doses between 0.36 and 4 mg/day significantly reduced the incidence of neural tube defects (odds ratio 0.28, 95% confidence interval 0.15 to 0.53).' 

· MRC Vitamin Study Research Group. Prevention of neural tube defects: results of the Medical Research Council Vitamin Study. Lancet 1991; 338:131-137. 

· Lumley J, Watson L, Watson M, Bower C. Periconceptional supplementation with folate and/or multivitamins for preventing neural tube defects (Cochrane Review). Cochrane Library, issue 1, 2001. Oxford: Update Software. 

Further information: www.cochrane.co.uk


	Vitamin C (ascorbic acid)

	Ascorbic acid is the most active reducing agent in the aqueous phase of living tissues. It is involved in intracellular electron transfer, since it is readily oxidised and reversibly reduced. Vitamin C is necessary for the formation of collagen and in connective tissue takes part in the hydroxylation of protocollagen proline and lysine to collagen hydroxyproline and hydroxylysine. While ascorbic acid is present in significant amounts in fresh fruit and vegetables, it is easily destroyed by heat, increased pH and light, and is very soluble in water. Hence many traditional cooking methods reduce or eliminate it. 

	It has been suggested that high-dose vitamin C improves immune function (including resistance to the common cold) and cholesterol turnover but such effects remain unproven in controlled trials. Daily intakes of more than 1 g have been reported to cause diarrhoea and increase the formation of renal oxalate stones.


	Scurvy

	· Ascorbic acid deficiency results in defective formation of collagen and there is in consequence impaired healing of wounds, capillary haemorrhage and subnormal platelet adhesiveness (normal platelets are rich in ascorbate). Scurvy is the clinical manifestation of vitamin C deficiency. It is seen in people who have eaten no fruit or vegetables for 2-3 months. Infants fed on boiled milk are at risk of deficiency, as are adults with an inadequate diet. Trauma, surgery and burns, infections, smoking and certain drugs (e.g. adrenocortical steroids, aspirin, indometacin and tetracycline) all increase the requirement for vitamin C. Consequently, hospital patients often require more than the recommended intake. 

· The clinical features of scurvy are as follows: 

· The pathognomonic clinical sign is swollen and spongy gums, which bleed easily. 

· There may be perifollicular, petechial or spontaneous bruising. 

· Haemorrhage may occur into a joint or into the gastrointestinal tract. 

· The patient is usually anaemic. 

· Fresh wounds fail to heal. 

· For treatment, a dose of 250 mg vitamin C 8-hourly by mouth should saturate the tissues quickly. The general deficiencies of the patient's former diet also need to be corrected. If the patient is anaemic, iron and sometimes folic acid are indicated.


	INORGANIC NUTRIENTS

	Sixteen or more inorganic elements are essential for humans (see Box 10.23). Deficiency disease is seen where there is inadequate dietary intake or excessive loss from the body. Toxic effects have also been observed from self-medication and disordered absorption or excretion. Clinical manifestations of toxicity are readily seen with excess of iron (haemochromatosis or haemosiderosis), fluoride (fluorosis, seen in India), copper (Wilson's disease) and selenium (selenosis, seen in parts of China). 


	Calcium 


	10.23 ESSENTIAL INORGANIC NUTRIENTS
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	10.24 DIETARY SOURCES OF CALCIUM


 

[image: image17.jpg]‘® Milks, cheeses, yoghurt, eggs
® Fish eaten with bone, e.9. sardines, pilchards
® Some shellfish

Some nuts, e.g. almonds, peanuts

Some legqumes, .. chick peas, beans.

® Bread if fortified)

2 Elsevier 2004. Davidson's Medicine 19e - www.davidsonmedicine.com




	· Calcium is the most abundant cation in the body and powerful homeostatic mechanisms exist for maintaining circulating ionised calcium levels (see pp. 714-715 and 1030). The main dietary sources are listed in Box 10.24. If calcium intake is truly inadequate, bone mineralisation may be impaired in children and bone loss accelerated in adults. Calcium absorption may be impaired in the following circumstances: 

· vitamin D deficiency (see p. 320) 

· malabsorption secondary to small intestinal disease 

· where foods contain oxalate (e.g. spinach) or phytate (wholegrain cereals) that tends to form insoluble salts with calcium. In this way, the calcium is not available for absorption. 

· The potential benefits of a high calcium intake in osteoporosis are discussed on page 1026.


	Phosphorus

	· Dietary deficiency of phosphorus is rare since it is present in nearly all foods and phosphates are added to a number of processed foods. Phosphate deficiency occurs: 

· in premature infants fed on human milk 

· in patients with renal tubular phosphate loss due to prolonged high dosage of aluminium hydroxide sometimes when alcoholic patients are fed with high-carbohydrate foods in patients on TPN if not enough phosphate is provided. 

· The features of deficiency are hypophosphataemia and muscle weakness secondary to adenosine triphosphate (ATP) deficiency.


	Iron

	· Iron is needed by the body for the formation of haemoglobin. It is also involved in the transport of electrons within cells and in a number of enzyme reactions. The major consequence of iron deficiency is anaemia (see pp. 916-918). This is one of the most important nutritional causes of ill health world-wide, in both developed and developing countries. 

· There is no physiological mechanism for the excretion of iron, so homeostasis depends on the regulation of iron absorption. The normal daily loss of iron is 1 mg, arising from desquamated surface cells and intestinal losses. Since absorption is relatively inefficient, a daily intake of 8 mg is needed to match this amount. A regular loss of only 2 ml of blood per day doubles the iron requirement. On average 30 mg of iron is lost during menstruation and hence pre-menopausal women require about twice as much iron as men, i.e. 15 mg/day. 

	10.25 DIETARY SOURCES OF IRON
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	Absorption of haem iron in foods of animal origin is usually high, whereas the non-haem iron in cereals and vegetables is poorly absorbed. The addition of a small quantity of meat to a large helping of cereal-based food results in much greater absorption of iron from the diet. Fruits and vegetables with a high vitamin C content will enhance iron absorption, while the tannins present in tea will reduce it. Foods rich in iron are listed in Box 10.25. The dietary requirement for iron is about 10 times the body's physiological requirements. 

	Dietary iron overload is occasionally observed and results in iron accumulation in the liver and, rarely, cirrhosis. Haemochromatosis results from an inherited increase in iron absorption and is described on page 870.


	Iodine

	Iodine is present in sea fish, seaweed and most plant foods grown near the sea. The amount of iodine in soil and water influences the iodine content of most foods. Iodine is, however, lacking in the high mountain areas of the world, e.g. the Alps and the Himalayas, and in the soil of flood plains (e.g. in Bangladesh). About a billion people in the world are estimated to have an inadequate iodine intake and hence are at risk of iodine deficiency disorder (IDD). Goitre is the most common form of IDD (see p. 702), affecting 200 million people world-wide, while 20 million have preventable brain damage due to iodine deficiency. 

	In those areas where most women have endemic goitre, 1% or more of the babies are born with congenital hypothyroidism (characterised by mental and physical retardation). There is a higher prevalence than usual of deafness, slowed reflexes and poor learning in the remaining population. The best way of preventing neonatal congenital hypothyroidism is by ensuring adequate levels of iodine during pregnancy. Intramuscular injections with 1-2 ml of iodised poppy seed oil (475-950 mg iodine) to women of childbearing age every 3-5 years may be one strategy. Administration of iodised oil orally at 6-monthly or yearly intervals may also be a useful approach for both adults and children. A more sustainable method to ensure adequate intakes of iodine and to reduce IDD is to make iodised salt widely available.


	Zinc

	Zinc is present in most foods of vegetable and animal origin. It is an essential component of many enzymes including carbonic anhydrase, alcohol dehydrogenase and alkaline phosphatase. Acute zinc deficiency has been reported in patients receiving prolonged zinc-free parenteral alimentation, and causes diarrhoea, mental apathy, a moist eczematoid dermatitis, especially round the mouth, and loss of hair. Zinc deficiency is responsible for the clinical features seen in the very rare congenital disorder known as acrodermatitis enteropathica (growth retardation, hair loss and chronic diarrhoea). In the Middle East chronic deficiency has been described in association with dwarfism and hypogonadism. Zinc deficiency has also been observed secondary to PEM, malabsorption syndromes, alcoholism and alcoholic liver disease. In PEM, associated zinc deficiency causes thymic atrophy, and zinc supplements may accelerate the healing of skin lesions, promote general well-being, improve appetite and reduce the morbidity associated with the malnourished state. 


	Selenium

	Selenium is part of the enzyme glutathione peroxidase, which helps prevent free radical damage to cells. Some of the functions of selenium and vitamin E overlap. Selenium is also part of the enzyme responsible for the conversion of thyroxine to triiodothyronine in liver microsomes. This function is responsible for the infrequent occurrence of hypothyroidism seen in selenium-deficient areas. Selenium deficiency has been reported to cause cardiomyopathy in children and a more generalised myopathy in adults. A cardiomyopathy termed Keshan's disease is seen in some parts of China where soil selenium and the selenium content of food are depleted.


	Other minerals

	· Copper metabolism is abnormal in Wilson's disease (see p. 871). Deficiency occasionally occurs in young children; the main features are a microcytic hypochromic anaemia, neutropenia, retarded growth, skeletal rarefaction and dermatosis. 

· Chromium facilitates the action of insulin. Deficiency presents as hyperglycaemia and has been reported in some children with PEM and as a rare complication of prolonged parenteral nutrition.


	Fluoride

	ISSUES IN OLDER PEOPLE

	· Body composition changes with advancing age. There is a loss of muscle mass, and fat constitutes a greater percentage of total body weight than in youth. 

· These changes affect nutritional needs. Energy requirements fall due to the decrease in energy expenditure that results from decreasing lean body mass. 

· Calculation of BMI becomes difficult in old age as original height diminishes due to loss of vertebral bone, reduced disc spaces and increased laxity of the vertebral support ligaments. It is also difficult to measure height in those with postural abnormalities such as kyphosis. Alternatives include arm demispan and knee height, for which formulae exist to convert to actual height. 

· Appetite declines with age and satiety occurs more rapidly, perhaps because of reduced rates of gastric emptying. Reduced smell and taste may also adversely affect appetite. 

· Although energy requirements fall, the requirements for other nutrients remain unchanged, so with decreasing dietary intake micronutrient deficiencies become more likely and the diet of older people needs to be nutrient-rich to compensate for this. 

· Reduced levels of vitamin D are found in frail older people, due to reduced dietary intake, decreased sun exposure and less efficient skin conversion. This can lead to bone loss and fractures. Supplements should be given to those at particular risk. 

· There is a decline in immune function with advancing age. An adequate intake of antioxidant vitamins and minerals is important to preserve this function. 

· Subclinical or overt vitamin deficiency may account for declining cognitive function in old age. Vitamin B12 is especially important for central nervous system function and should be replaced intramuscularly in all those with deficiency. 

	· Fluoride has an important influence on the prevention of dental caries. If the water supply of a locality contains more than 1 part per million (ppm) of fluoride, the incidence of dental caries is low. Soft waters usually contain no fluoride, whilst very hard waters may contain over 10 ppm. The benefit of fluoride is greatest when it is taken before the permanent teeth erupt, while their enamel is being laid down; this increases the resistance of the enamel to acid attack. The deliberate addition of traces of fluoride (at 1 ppm) to public water supplies is now a standard public health practice in many countries.

· Chronic fluoride poisoning is occasionally seen in localities where the water supply contains more than 10 ppm fluoride. It can also occur in workers handling cryocite (sodium ammonium fluoride), used in smelting aluminium. Excessive fluoride ingestion increases bone density and causes calcification of ligaments and the tendinous insertions of muscles. Excess fluoride can also affect the dental enamel and can cause mottling, pitting and pigmentation.


	Sodium, potassium and magnesium

	The roles of sodium, potassium and magnesium are discussed in Chapter 9.


	HOW EXERCISE AFFECTS THE BODY


	MUSCULAR ACTIVITY

	REST

· Aerobic metabolism- 95% ATP for resting cell.

· Fatty Acids catabolised ( ATP

· Glucose ( Glycogen

	MODERATE ACTIVITY

· O2 not a limiting factor

· ( Aerobic Metabolism

· Pyruvic Acid ( Aerobic ATP

	PEAK ACTIVITY

· O2 is a limiting factor

· ( Anaerobic Metabolism

· Pyruvic Acid ( Anerobic ATP + LACTIC ACID

· Lactic Acid ( Lactate- + H+
· => ( intracellular pH

· Intracellular buffers of limited use – eventually pH alters enzyme function and muscle fibre cannot continue to contract ( Fatigue

	MUSCLE FATIGUE 

· …when a muscle fibre can no longer contract despite neural stimulation.

· Normal Muscle function requires

· Substancial intracellular E reserves

· Normal circulatory supply

· Normal blood O2 conc

	RECOVERY PERIOD

· Time taken for muscle fibres to return to pre exertion conditions


	CARDIO VASCULAR SYSTEM

	In anticipation of exercise…( Impulses from Vagus nerve

· ( HR – main contributor to ( CO (stroke vol only ( slightly)

· CO of 5.5 L / min Untrained man at rest

· CO of 23 L / min Untrained man at max exercise

· CO of 30 L / min Marathoner at max exercise

· ( Contractility

· ( Arterial pressure (not only by contractility but elastic recoil of arteries offering resistance)

· Heart chambers of marathoners enlarge by up to 40% over time (not in sprinters)

· CO is similar to that of untrained person

· Stoke volume ( (50%)

· Heart Rate (
· ( Vascular resistance

	During Exercise

· ( Vascular resistance in

· Skin

· Kidneys

· Splanchic region

· Inactive muscles

· ( Vascular resistance in

· ACTIVE MUSCLE

· Increase of blood flow of up to 25x (3.6/100g muscle / min ( 90)

· Partly due to ( resistance and also ( arterial pressure.

· Therefore

· ( TPR

· ( O2 consumption ( ( blood O2 extraction

· ( Body temp ( skin blood vessels dilate

· BUT at max exercise:

· Skin blood vessels constrict ( ( blood volume

· BUT still ( body temp ( exhaustion feeling


	LONG TERM EFFECTS

	· ( CO (hypertrophy of heart)

· ( Hb

· ( Capilliary networks in skeletal muscle


	RESPIRATORY SYSTEM

	· O2 Consumption

· N = 250 ml /min in men

· May be ( in the following classes to:

· 3600 Untrained

· 4000 Athletically trained

· 5100 Marathon runner

· Pulmonary Ventilation

· Increases proportionally with O2 Consumption and may be 20x N. (100-110 L/min)

· VO2 Max

· Does not ( by much more than 10% unless for months of training or genetically greater in some people, e.g. Marathon runners.

· O2 Diffusing Capacity

· Measure of rate at which O2 can diffuse from alveoli ( blood

· 23 ml/min Non athlete at rest

· 48 ml/min Non athlete at max exercise 

· 80 ml/min Oarsman at max exercise

· Pulmonary perfusion is at max

· Providing ( surface area for O2 to diffuse

· Blood Gases During Exercise

· Remain relatively normal (not ( O2 and ( CO2)

· Due to relative pulmonary ventilation

· Nervous signals see NERVOUS SYSTEMS


	MUSCULO SKELETAL SYSTEM

	MUSCLES

· Inspiration

· Elevation of rib cage

· Relaxation of Internal intercostals

· Contraction of External intercostals

· Contraction of Sternocleidomastoid

· Contraction of Scalenes

· Diaphragmatic contraction

· Expiration

· Abdominal contraction

· Over Time: Hypertrophy

· Addition of new sarcomeres and ( diameter of fibers.

· Formation of new myofibrils within cells

· Max oxidation rate and efficiency of oxidative metabolic system ( by up to 45%.

· Differentiation depending on exercise type

· Atrophies if not used

· Initiated > 2 days bed rest

· If > 2 months, Cell no & no of myofibrils (

	Type of Training
	Example
	

	Learning and coordination
	Typing
	Rate and accuracy of motor skills

Allowing prolonged stretch and contraction over many minutes.

	Endurance
	Marathon
	Oxidative capacity

Limited cell hypertrophy

	Strength
	Weight Lifting
	Cell hypertrophy

( glycolytic capacity Delivering ( power for a few seconds to minutes

	SKELETAL

· Maintenance of bone mass

· Adjustment of structure to load

· Prevents osteoporosis and fractures

· The greater the peak bone mineral density at the end of growth the longer it will take to reach the fracture threshold in later life
· Tendon and connective tissue functions enhanced by exercise

· Strength

· Supportive function

· Joint stability - Reduces risk of injury especially with age and muscle disease

· Joint functions enhanced

·  Lubrication

· Avoids limitation of movement

· Range of movement

· Limits effects of degenerative arthritis

· Maintenance of flexibility


	NERVOUS SYSTEM

	· Brain sends collateral impulses to muscles to exercise as well as to:

· Respiratory Centre

· Medullary Rhythmicity Area

· Dorsal Respiratory Neurons (Inpiratory)

· Signals to Inspiration muscles.

· Ventral Respiratory Neurons (Expiratory)

· Signals to abdominal muscles in expiration

· Limb movements during exercise

· Joint proprioceptors

· Send impulses to Respiratory Centre


	
	
	Baroreceptors in Heart


	
	

	
	
	(
	
	

	Vagus inhibition of:
	(
	Vasomotor region in brain
	(
	Sympathetic:



	Heart

Liver

GI Tract


	
	
	
	Heart

Liver

GI Tract

Muscle Kidneys

Adrenals

Skin


	PSYCHOLOGICAL

	· Mood

· Reduces mild anxiety and depression

· serotonin, dopamine, norepinephrine, endorphins
· Self esteem

· Influences mood favourably

· Psychomotor development

· Contributes to the quality of care for those with learning difficulties

· Memory

· Can improve memory in elderly people

· Calmness

· Can ameliorate stress related condition.

· Improved self-esteem and greater sense of self-reliance and self-confidence

· Increased perceptions of acceptance by others 

· Decreased overall feelings of stress and tension

· Reduced frustration with daily problems, and a more constructive response to disappointments and failures

· Improved mental alertness, perception and information processing 


	BODY HEAT

	· Generated in exercise especially

· Max efficiency even in best of conditions is 25-30%

· Temp may rise from 37oC to 40oC (or if excess clothing or very hot condition to 42.5oC)

· Temperature destructive to tissue cells esp in brain

· Weakness

· Exhaustion

· Headache

· Dizziness

· Nausea

· Sweating

· Confusion

· Gait- staggering

· Collapse

· Unconsciousness

· ( HEAT STROKE

· does not return to normal after exercise since heat, doubles rate of cell reactions ( more heat


	BODY FLUIDS

	· In hot conditions, may be a ( of 5-10 pounds in body weight over 1 hour.

· Sweat

· Muscle cramps

· Nausea

· Others

· ( Essential to replace fluids and sometimes Salts


	HOW EXERCISE AFFECTS THE BODY


	BENEFITS OF EXERCISE

	· ( BP
· ( Anxiety
· ( Depression
· Weight Control
· ( Body’s ability to control blood clots (( fibrinolytic activity)


	PHYSIOLOGY OF…

	· Stiffness

· Cramps
· Involuntary and forcibly contracted muscle that does not relax
· Mainly in legs- calf, thigh
· Young people
· Poorly ventilated exercise
· Extracellular sodium depletion
· Following electrolyte loss: Sweating with replacement of fluid but no salt
· Symptoms relieved by salt administration
· Out of breath
· Delayed Onset Muscle Soreness- DOMS
· 3 Mechanisms

· 1 Tears- muscle

· Small tears in muscle tissue ( muscle fibres with damaged membranes ( loss of enzymes via sarcolemma ( stimulation of pain receptors

· 2 Spasms

· Occur after intense activity

· Stretching may alleviate pain

· 3 Tears- connective tissue

· Similar to 1.


	FITNESS


	AEROBIC FITNESS

	Aerobic Fitness is endurance fitness, the ability to perform prolonged periods of aerobic work. In aerobic work, the oxygen obtained from the air is used for the combustion of fat and carbohydrates creating the energy necessary to perform the work. 


	MAXIMAL OXYGEN UPTAKE (Vo2 max)

	Vo2 max is maximal oxygen uptake which indicates aerobic fitness - the ability to sustain work for prolonged periods. This is usually experienced in the abilities to walk, run, and climb uphill, swim, and other activities performed continuously for more than 15 minutes. Aerobic fitness is related to health. Fit people are usually healthier than unfit ones. Vo2 max is the best way to measure the aerobic fitness of an individual. The test consists of walking/running on a treadmill, or cycling on a bicycle ergometer at increased loads, for 12 to 15 minutes. The oxygen used during the maximal effort is the maximal oxygen uptake (Vo2 max). The higher the Vo2 max the fitter is the individual. The UFT predicts Vo2 max using a 30 seconds step test. 

	Absolute and Relative Vo2 Max

Aerobic fitness is expressed in two ways:

· Absolute Vo2 max

· Simply the amount of oxygen that the body uses during the performance of maximal effort; it is expressed in liters of oxygen per minute (liters/min).

· Important in activities in which body weight is not lifted such as in swimming, cycling, and the lifting of weights and other objects. Vo2 max is mainly a function of work capability of the large muscle groups of the legs. Many good swimmers do not show high Vo2 max because of the specialized upper body work involved in this activity.

· Relative Vo2 max

· The absolute Vo2 max divided by body weight in kilograms and it is expressed in milliliters of oxygen per body weight per minute (ml/kg/min).

· Important in such activities as walking, running, climbing uphill in which body weight is lifted

	WEIGHT VS FAT
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1. Athletic or muscular body types (bodybuilders) who have normal or low body fat even though they are overweight according to standard charts. 
2. Lean, thin or linear body body types with low amounts of fat-free mass (endurance athletes) who can be underweight according to the weight charts and extremely low in body fat yet physically very healthy.
3. People of average weight and average body fat mass.
4. Big, heavy and soft body types who are overweight and obese from large amounts of fat mass and body weight.

5. People (often the elderly) who have too much fat mass and are obese but not overweight due to inactive and sedentary lifestyles.


	NUTRIENT AND ENERGY REQUIREMENTS


	Nutritional Requirements

	Dietary reference values

Page 336


	Energy Requirements

	· Largest component of expenditure is attributed to

· Basal Metabolic Rate 

· Aka Lean Body Mass

· Related to weight and height

· Declines with age

· Lower in men < women

· Largest variable in determining energy requirements is attributed to: Exercise and movement

· Approximate daily energy requirements

	
	Requirements

	Circumstances
	Females
	Males

	Rest
	6.7 MJ (1600 kcal)
	8.4 MJ (2000 kcal)

	Light work
	8.4 MJ (2000 kcal)
	11.3 MJ (2700 kcal)

	Heavy work
	9.4 MJ (2250 kcal)
	14.3 MJ (3500 kcal)


	Energy Yielding Nutrients

	· Energy substrates:

· Carbohydrates

· Fats: Most important energy substrates

· Proteins: -ve effect on appetite


	CARBOHYDRATES

	· If < 100g / day ( ketoacidosis

· Dietary Carbohydrates

· Class (Based on degree of polymerisation of monosac units)

	FREE SUGARS

· Components

· Monosaccharides

· Disaccharides

· Examples

· Glucose, fructose

· Sucrose, lactose, maltose

· Supply major part of E in N diet

· Found in fruits, milk, some veg

· Classes

· Intrinsic (Better for you)

· Naturally incorporated in the cellular structure of fruits, milk etc

· Extrinsic

· Extracted, refined or concentrated

	DIETARY GOALS

· Excessive consumption of suger

· Dental caries

· Hyperinsulinaemia

· hyperlipoproteinaemia

· artherosclerosis

· Formation of increased growth of certain tumours: Breast, Colonic carcinomas.

· Therefore consumption should be 0-15% Total E intake

	SHORT CHAIN CARBOHYDRATES

· Oligosacharides

· Maltodextrins, fructo-oligosaccharides

	STARCH

· Components 

· Rapidly digestible starch

· Slowly digestible starch

· Resistant starch

	FOUND IN

· Cereals eg. Wheat and rice

· Root veg eg potatoes

· Legumes

· Digestion is different

· Even though end product is glucose

· Some take longer to break down

· Slower rise after ingestion in glucose

	NON- STARCH POLYSACHARIDES AKA FIBRE

· Components

· Plant cell wall NSP

· Other NSP

· Examples: Cellulose (polysac), Lignins, Pectin (polysac), Gums (polysac)

· Food not digested by human enzymes

· Help digestion

· Slow gastric emptying

· Contribute to satiety

· Prevent diverticulitis

· Reduce risk of cancer of colon


	FATS

	· High calorie intake

· Useful for high E requirements

· Insidious cause for obesity in sedentary people

	DOUBLE BONDS

· =0- saturated

· Increase LDLs --> increase cholesterol

· =1- monounsaturated

· >1- polyunsaturated

· w6

· linoleic acid: Precursor to certain prostaglandins and leukotrines

· arachidonic acid

· w3

· docosahexanoic acid in fish oils.

· Inhibitors for thrombosis: Competitive antagonists of thromboxane A2.

· Lover plasma triglyceride levels


	PROTEINS

	· Form the main structural component of body cells

· Adequate intake essential for health

· Made up from 20 amino acids

· 9 are indispensable for synthesis of various proteins

· can only be obtained from diet

· Proteins of animal origin are generally of higher biological value than vegetable origin

· When two of vegetable origin are eaten together, their amino acid patterns can complement one another

· Dietary goals

· 10% of total calories i.e.65g per day

· Minimum is 40g with a high proportion of indispensable amino acids.


	CONTROL OF BODY HEAT AND INFECTION
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( Exogenous pyrogens from infecting organisms





Aspirin- blocks prostaglandin synthesis
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( Shivering and metabolic heat production





( Endogenous Pyrogens from leukocytes (ILs and TNF)
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