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Bases rational and dietetic therapy

Nutritional requiremenets and dietary assessment
Nutrients are substances that are not synthesized in the body in sufficient amounts and therefore must be supplied by the diet. Nutrient requirements for groups of healthy persons have been thoroughly defined on the basis of experimental evidence. For good health we require energy-providing nutrients (protein, fat, and carbohydrate), vitamins, minerals, and water. Specific nutrient requirements include 9 essential amino acids, several fatty acids, 4 fat-soluble vitamins, 10 water-soluble vitamins, and choline. Several inorganic substances, including four minerals, seven trace minerals, three electrolytes, and the ultratrace elements, must also be supplied in the diet 

The required amounts of the essential nutrients differ by age and physiologic state. Conditionally essential nutrients are not required in the diet but must be supplied to individuals who do not synthesize them in adequate amounts, such as those with genetic defects, those having pathologic states with nutritional implications, and developmentally immature infants. Many organic phytochemicals and zoochemicals present in foods have various health effects. For example, dietary fiber has been shown to have beneficial effects on gastrointestinal function.

Essential nutrient requiremenets 
Energy
 For weight to remain stable, energy intake must match energy output. The major categories of energy output are resting energy expenditure (REE) and physical activity; minor sources include the energy cost of metabolizing food (thermic effect of food or specific dynamic action) and shivering thermogenesis (e.g., cold-induced thermogenesis). The average energy intake is about 2800 kcal/d for American men and about 1800 kcal/d for American women, though these estimates vary with body size and activity level. Formulas for estimating REE are useful for assessing the energy needs of an individual whose weight is stable. Thus, for males, REE = 900 + 10w, and for females, REE = 700 + 7w, where w is weight in kg. The calculated REE is then adjusted for physical activity level by multiplying by 1.2 for sedentary, 1.4 for moderately active, or 1.8 for very active individuals. The final figure provides an estimate of total caloric needs in a state of energy balance.

 Illness often alters energy needs. Unstressed hospitalized patients at bed rest usually require 1.2 times their REE, whereas those who are stressed, febrile, and catabolic require 1.5 to 2 times their REE . Intestinal malabsorption may decrease net utilizable energy to as little as 25% of ingested energy and may necessitate feeding by parenteral routes. Fever increases energy expenditure by 10 to 13% per degree Celsius above normal. Other diseases increase energy needs by varying amounts, such as burns (40 to 100%), trauma (40 to 100%), and hyperthyroidism (10 to 100%). Hypothyroidism and adrenal insufficiency decrease resting energy needs, but these alterations are corrected after adequate hormone replacement. In obese patients, weight reduction can be accomplished by reducing energy intakes by approximately 500 kcal/d to achieve a loss of 0.5 kg of fat per week, or 1000 kcal/d to lose 1 kg per week .

Protein
  Dietary protein consists of both essential and nonessential amino acids that are required for protein synthesis, whereas certain amino acids can also be used for energy and gluconeogenesis . The nine essential amino acids are histidine, isoleucine, leucine, lysine, methionine/cystine, phenylalanine/tyrosine, threonine, tryptophan, and valine. When energy intake is inadequate, protein intake must be increased, since ingested amino acids are diverted into pathways of glucose synthesis and oxidation. In extreme energy deprivation, protein-calorie malnutrition may ensue.

For adults, the recommended dietary allowance (RDA) for protein is about 0.6 g/kg desirable body weight per day, assuming that energy needs are met and that the protein is of relatively high biologic value. Current recommendations for a healthy diet call for at least 10 to 14% of calories from protein. Biologic value tends to be highest for animal proteins, followed by proteins from legumes (beans), cereals (rice, wheat, corn), and roots. Combinations of plant proteins that complement one another in biologic value or combinations of animal and plant proteins can increase biologic value and lower total protein requirements.

Protein needs increase during growth, pregnancy, lactation, and rehabilitation during treatment of malnutrition. The tolerance of dietary protein is decreased in renal insufficiency and liver failure. Normal protein intake can precipitate encephalopathy in patients with cirrhosis of the liver  or worsen uremia in those with renal failure.

Fat and carbohydrate
  Fats are a concentrated source of energy and constitute on average 34% of calories in U.S. diets. However, for optimal health, fat intake should total no more than 30% of calories. Saturated fat and trans-fat should be limited to <10% of calories, and polyunsaturated fats to <10% of calories, with monounsaturated fats comprising the remainder of fat intake. At least 55% of total calories should be derived from carbohydrates. The brain requires about 100 g/d of glucose for fuel; other tissues use about 50 g/d. Over time, adaptations in carbohydrate needs are possible in hypocaloric states. For example, reduced insulin levels lead to adipose tissue breakdown and cause the body to burn more fatty acids. However, some tissues (e.g., brain and red blood cells) rely on glucose supplied either exogenously or from muscle proteolysis.

Water 
For adults, 1 to 1.5 mL water per kcal of energy expenditure is sufficient under usual conditions to allow for normal variations in physical activity levels, sweating, and solute load of the diet. Water losses include 50 to 100 mL/d in the feces, 500 to 1000 mL/d by evaporation or exhalation, and, depending on the renal solute load, і1000 mL/d in the urine. If external losses increase, intakes must increase accordingly to avoid underhydration. Fever increases water losses by approximately 200 mL/d per °C; diarrheal losses vary but may be as great as 5 L/d in severe diarrhea. Heavy sweating and vomiting also increase water losses. When renal function is normal and solute intakes are adequate, the kidneys can adjust to increased water intake by excreting up to 18 L/d of excess water. However, obligatory urine outputs can compromise hydration status when there is inadequate intake or when losses increase in disease or kidney damage.

Infants have high requirements for water because of their large ratio of surface area to volume, the limited capacity of the immature kidney to handle high renal solute loads, and their inability to communicate their thirst. Increased water needs during pregnancy are low, perhaps an additional 30 mL/d; but during lactation, milk production increases water requirements so that approximately 1000 mL/d of additional water is needed, or 1 mL for each mL of milk produced. Special attention must be paid to the water needs of the elderly, who have reduced total body water and blunted thirst sensation and may be taking diuretics.

Other Nutrients
  The vitamins and minerals required for health and the clinical disorders caused by vitamin deficiency or excess are discussed in.

Dietary reference intakes, recommended allowances, and tolerances 
Fortunately, human life and well-being can be maintained within a fairly wide range for most nutrients. However, the capacity for adaptation is not infiniteәtoo much, as well as too little, intake of a nutrient may have adverse effects or alter the health benefits conferred by another nutrient. Therefore, benchmark recommendations on nutrient intakes have been developed to guide clinical practice. These quantitative estimates of nutrient intakes are collectively referred to as the dietary reference intakes (DRIs). The DRIs supplant the RDAs, the single reference values used in the United States since 1989. DRIs include the estimated average requirement (EAR) for nutrients, as well as three other reference values used for dietary planning for individuals: the RDAs, the adequate intake (AI), and the safe upper level (UL). The current RDAs and AIs are provided in Tables -1 and 2, respectively.

Estimated Average Requirement
  When florid dietary deficiency diseases such as rickets, scurvy, xerophthalmia, and protein-calorie malnutrition were common, nutrient adequacy was assumed by the absence of clinical signs of a dietary deficiency disease. Later, it was determined that biochemical and other changes were evident long before the clinical deficiency became apparent. Consequently, criteria of adequacy are chosen using such biologic markers when they are available. Current efforts focus on the amount of a nutrient that reduces the risk of chronic degenerative diseases. Priority is given to sensitive biochemical, physiologic, or behavioral tests that reflect early changes in regulatory processes or maintenance of body stores of nutrients.

The EAR is the amount of a nutrient estimated to be adequate for half of the healthy individuals of a specific age and sex. The types of evidence and criteria used to establish nutrient requirements vary by nutrient, age, and physiologic group. The EAR is not an effective estimate of nutrient adequacy in individuals because it is a median requirement for a group, and the variation around this number is considerable. As the EAR specifies, 50% of individuals in a group fall below the requirement and 50% fall above it. Thus, a person with a usual intake at the EAR has a 50% risk of an inadequate intake during the reporting period. For these reasons, other standards, described below, are more useful for clinical purposes.

Recommended Dietary Allowances 
 The RDA is the average daily dietary intake level that meets the nutrient requirements of nearly all healthy persons of a specific sex, age, life stage, or physiologic condition (such as pregnancy or lactation). The RDA is commonly used as a nutrient-intake goal for planning diets of individuals.

The RDA is defined statistically as 2 standard deviations (SD) above the EAR to ensure that the needs of any given individual are met. The RDAs are used to formulate food guides such as the U.S. Department of Agriculture (USDA) Food Guide Pyramid for individuals, food exchange lists for therapeutic diet planning, and as a standard for describing the nutritional content of processed foods and nutrient supplements. The nutrient content in a food is stated by weight or as a percent of the daily value (DV), a varient of the RDA which, for an adult, represents the highest RDA for an adult consuming 2000 kcal/d.
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	Category
	Age, Years,

or Condition
	kg
	lb
	cm
	in
	Protein,

g
	Vitamin A,

g REc
	Vitamin E,

mg -TEd
	Vitamin

K, g
	Vitamin

C, mg
	Iron,

mg
	
	Zinc,

mg
	Iodine,

g
	Selenium,

g

	Infants
	0.0-0.5
	6
	13
	60
	24
	13
	375
	3
	5
	30
	6
	
	5
	40
	10

	
	0.5-1.0
	9
	20
	71
	28
	14
	375
	4
	10
	35
	10
	
	5
	50
	15

	Children
	1-3
	13
	29
	90
	35
	16
	400
	6
	15
	40
	10
	
	10
	70
	20

	
	4-6
	20
	44
	112
	44
	24
	500
	7
	20
	45
	10
	
	10
	90
	20

	
	7-10
	28
	62
	132
	52
	28
	700
	7
	30
	45
	10
	
	10
	120
	30

	Males
	11-14
	45
	99
	157
	62
	45
	1000
	10
	45
	50
	12
	
	15
	150
	40

	
	15-18
	66
	145
	176
	69
	59
	1000
	10
	65
	60
	12
	
	15
	150
	50

	
	19-24
	72
	160
	177
	70
	58
	1000
	10
	70
	60
	10
	
	15
	150
	70

	
	25-50
	79
	174
	176
	70
	63
	1000
	10
	80
	60
	10
	
	15
	150
	70

	
	51+
	77
	170
	173
	68
	63
	1000
	10
	80
	60
	10
	
	15
	150
	70

	Females
	11-14
	46
	101
	157
	62
	46
	800
	8
	45
	50
	15
	
	12
	150
	45

	
	15-18
	55
	120
	163
	64
	44
	800
	8
	55
	60
	15
	
	12
	150
	50

	
	19-24
	58
	128
	164
	65
	46
	800
	8
	60
	60
	15
	
	12
	150
	55

	
	25-50
	63
	138
	163
	64
	50
	800
	8
	65
	60
	15
	
	12
	150
	55

	
	51+
	65
	143
	160
	63
	50
	800
	8
	65
	60
	10
	
	12
	150
	55

	Pregnant
	
	
	
	
	
	60
	800
	10
	65
	70
	30
	
	15
	175
	65

	Lactating
	1st 6 months
	
	
	
	
	65
	1300
	12
	65
	95
	15
	
	19
	200
	75

	
	2nd 6 months
	
	
	
	
	62
	1200
	11
	65
	90
	15
	
	16
	200
	75

	a This table does not include nutrients for which dietary reference intakes have recently been established. (See Dietary Reference Intakes for Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride and Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline. Washington DC, National Academy Press, 1997 and 1998, respectively.) The allowances, expressed as average daily intakes over time, are intended to provide for individual variations among most normal persons as they live in the United States under usual environmental stresses. Diets should be based on a variety of common foods in order to provide other nutrients for which human requirements have been less well defined. b Weights and heights of Reference Adults are actual medians for the U.S. population of the designated age. The use of these figures does not imply that the height-to-weight ratios are ideal. c Retinol equivalents. 1 retinol equivalent  1 g retinol or 6 g carotene. d Tocopherol equivalents. 1 mg d tocopherol  1 TE.

SOURCE: Food and Nutrition Board, National Academy of Sciences-National Research Council Recommended Dietary Allowances, Revised 1989 (Abridged), reprinted with permission. Courtesy of the National Academy Press, Washington, DC.


Table 1. Vitamins
Table 2. Mineral substancies
	Life-Stage

Group
	Calcium,

mg/d
	Phosphorus,

mg/d
	Magnesium,

mg/d
	
	Vitami

n D,

mg/db

c
	Fluoride,

mg/d
	Thiamine,

mg/d
	Riboflavin,

mg/d
	Niacin,

mg/dd
	Vitamin

B6, mg/d
	Folate,

mg/de
	Vitamin

B12, mg/d
	Pantothenic

Acid, mg/d
	Biotin,

mg/d
	Choline,

mg/df 

	Infants
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0-6 mo
	  210
	  100
	  30
	
	  5
	0.01
	0.2
	0.3
	  2
	0.1
	  65
	0.4
	1.7
	  5
	125

	7-12 mo
	  270
	  275
	  75
	
	  5
	0.5  
	0.3
	0.4
	  4
	0.3
	  80
	0.5
	1.8
	  6
	150

	Children
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1-3 yr
	  500
	  460
	  80
	
	  5
	0.7  
	0.5
	0.5
	  6
	0.5
	150
	0.9
	  2
	  8
	200

	4-8 yr
	  800
	  500
	130
	
	  5
	1    
	0.6
	0.6
	  8
	0.6
	200
	1.2
	  3
	12
	250

	Males
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9-13 yr
	1300
	1250
	240
	
	  5
	2    
	0.9
	0.9
	12
	1.0
	300
	1.8
	  4
	20
	375

	14-18 yr
	1300
	1250
	410
	
	  5
	3    
	1.2
	1.3
	16
	1.3
	400
	2.4
	  5
	25
	550

	19-30 yr
	1000
	  700
	400
	
	  5
	4    
	1.2
	1.3
	16
	1.3
	400
	2.4
	  5
	30
	550

	31-50 yr
	1000
	  700
	420
	
	  5
	4    
	1.2
	1.3
	16
	1.3
	400
	2.4
	  5
	30
	550

	51-70 yr
	1200
	  700
	420
	
	10
	4    
	1.2
	1.3
	16
	1.7
	400
	2.4g
	  5
	30
	550

	>70 yr
	1200
	  700
	420
	
	15
	4
	1.2
	1.3
	16
	1.7
	400
	2.4g
	  5
	30
	550

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Females
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9-13 yr
	1300
	1250
	240
	
	  5
	2    
	0.9
	0.9
	12
	1.0
	300
	1.8
	  4
	20
	375

	14-18 yr
	1300
	1250
	360
	
	  5
	3    
	1.0
	1.0
	14
	1.2
	400h
	2.4
	  5
	25
	400

	19-30 yr
	1000
	  700
	310
	
	  5
	3    
	1.1
	1.1
	14
	1.3
	400h
	2.4
	  5
	30
	425

	31-50 yr
	1000
	  700
	320
	
	  5
	3    
	1.1
	1.1
	14
	1.3
	400h
	2.4
	  5
	30
	425

	51-70 yr
	1200
	  700
	320
	
	10
	3    
	1.1
	1.1
	14
	1.5
	400
	2.4g
	  5
	30
	425

	>70 yr
	1200
	  700
	320
	
	15
	3    
	1.1
	1.1
	14
	1.5
	400
	2.4g
	  5
	30
	425

	Pregnancy
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	£18 yr
	1300
	1250
	400
	
	  5
	3    
	1.4
	1.4
	18
	1.6
	600i
	2.6
	  6
	30
	450

	19-30 yr
	1000
	  700
	350
	
	  5
	3    
	1.4
	1.4
	18
	1.9
	600i
	2.6
	  6
	30
	450

	31-50 yr
	1000
	  700
	360
	
	  5
	3    
	1.4
	1.4
	18
	1.9
	600i
	2.6
	  6
	30
	450

	Lactation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	£18 yr
	1300
	1250
	360
	
	  5
	3    
	1.5
	1.6
	17
	2.0
	500
	2.8
	  7
	35
	550

	19-30 yr
	1000
	  700
	310
	
	  5
	3    
	1.5
	1.6
	17
	2.0
	500
	2.8
	  7
	35
	550

	31-50 yr
	1000
	  700
	320
	
	  5
	3    
	1.5
	1.6
	17
	2.0
	500
	2.8
	  7
	35
	550

	fa This table presents recommended dietary allowances (RDAs) in bold type and adequate intakes (AIs) in ordinary type. RDAs and AIs may both be used as goals for individual intake. RDAs are set to meet the needs of almost all (97 to 98%) individuals in a group. For healthy breastfed infants, the AI is the mean intake. The AI for other life-stage and gender groups is believed to cover needs of all individuals in the group, but lack of data or uncertainty in the data prevent being able to specify with confidence the percentage of individuals covered by this intake.

b As cholecalciferol. 1 mg cholecalciferol = 40 IU vitamin D.

c In the absence of adequate exposure to sunlight.

d As niacin equivalents (NE). 1 mg of niacin = 60 mg of tryptophan; 0-6 months = preformed niacin (not NE).

e  As dietary folate equivalents (DFE). 1 DFE = 1 mg food folate = 0.6 mg of folic acid from fortified food or as a supplement consumed with food = 0.5 mg of a supplement taken on an empty stomach.

f Although AIs have been set for choline, there are few data to assess whether a dietary supply of choline is needed at all stages of the life cycle, and it may be that the choline requirement can be met by endogenous synthesis at some of these stages.

g Because 10 to 30% of older people may malabsorb food-bound B12, it is advisable for those > 50 years to meet their RDA mainly by consuming foods fortified with B12 or a supplement containing B12.

h In view of evidence linking inadequate folate intake with neural tube defects in the fetus, it is recommended that all women capable of becoming pregnant consume 400 mg from supplements or fortified foods in addition to intake of food folate from a varied diet.

i It is assumed that women will continue consuming 400 mg from supplements or fortified food until their pregnancy is confirmed and they enter prenatal care, which ordinarily occurs after the end of the periconceptional periodæthe critical time for formation of the neural tube.

SOURCE: Food and Nutrition Board, Institute of MedicineæNational Academy of Sciences Dietary Reference Intakes, 1999, reprinted with permission. Courtesy of the National Academy Press, Washington, DC.


The risk of dietary inadequacy increases as intakes fall further below the RDA. However, the RDA is an overly generous criterion for evaluating nutrient adequacy. For example, by definition the RDA exceeds the actual requirements of all but about 2 to 3% of the population. Therefore, many people whose intakes fall below the RDA may still be getting enough of the nutrient.

Adequate intake 
  It is not possible to set an RDA for some nutrients that do not have an established EAR. In this circumstance, the AI is based on observed, or experimentally determined, approximations of nutrient intakes in healthy people. In the DRIs established to date, AIs rather than RDAs are proposed for infants up to age 1, as well as for calcium, vitamin D, fluoride, pantothenic acid, biotin, and choline for persons of all ages.

Tolerable Upper Levels of Nutrient Intake
  Excessive nutrient intake can disturb body functions and cause acute, progressive, or permanent disabilities). Some diseases of nutritional excess include fluorosis, hypervitaminosis A, hypervitaminosis D, and obesity. The tolerable UL is the highest level of chronic nutrient intake (usually daily) that is unlikely to pose a risk of adverse health effects for most of the population. An uncertainty factor is applied to ensure that even very sensitive persons would not experience adverse effects at the UL dose chosen. For many nutrients, data on the adverse effects of large amounts of the nutrient are unavailable or too limited establish a UL. Therefore, the lack of a UL does not mean that the risk of adverse effects from high intakes is nonexistent; caution is warranted in those who consume large amounts of such nutrients. Healthy individuals derive no established benefit from consuming nutrient levels above the RDA or AI. Individual nutrients in foods that most people eat rarely reach levels that exceed the UL. However, nutritional supplements provide more concentrated amounts of nutrients per dose and, as a result, pose a potential risk of toxicity. Nutrient supplements are labeled with "supplement facts" that express the amount of nutrient in absolute units or as the percent of the DV provided per recommended serving size. Those who use supplements should be advised that total nutrient consumption, including both food and supplements, should not exceed RDA levels.

Factors altering nutrient needs
The DRIs are affected by age, sex, rate of growth, pregnancy, lactation, physical activity, composition of diet, concomitant diseases, and drugs. When only slight differences exist between the requirements for nutrient sufficiency and excess, dietary planning becomes more difficult. Renal insufficiency provides one example in which protein intakes must be sufficient to maintain protein nutritional status, while avoiding exacerbation of uremic symptoms because of protein excess.

Physiologic Factors 
 Growth, strenuous physical activity, pregnancy, and lactation increase needs for energy and several essential nutrients. Energy needs rise during pregnancy, due to the demands of fetal growth, and during lactation, because of the increased energy required for milk production. Energy needs decrease with loss of lean body mass, the major determinant of REE. Because both health and physical activity tend to decline with age, energy needs in older persons, especially those over 70, tend to be less than those of younger persons.

Dietary Composition 
 Dietary composition affects the biologic availability and utilization of nutrients. For example, the absorption of iron may be impaired by high amounts of calcium or lead; non-heme iron uptake may be impaired by the lack of ascorbic acid and amino acids in the meal. The absorption of calcium and magnesium is decreased by large amounts of phytates in the diet. Protein utilization by the body may be decreased when essential amino acids are not present in sufficient amounts. Animal foods, such as milk, eggs, and meat, have high biologic values with most of the needed amino acids present in adequate amounts. Plant proteins in corn (maize), soy, and wheat have lower biologic values and must be combined with other plant or animal proteins to achieve optimal utilization by the body.

Route of Administration 
 The RDAs apply only to oral intakes. When nutrients are administered parenterally, similar values can sometimes be used for amino acids, carbohydrates, fats, sodium, chloride, potassium, and most of the vitamins, since their intestinal absorption is nearly 100% . However, the oral bioavailability of most mineral elements may be only half that obtained by parenteral administration. For some nutrients that are not readily stored in the body, or cannot be stored in large amounts, timing of administration may also be important. For example, amino acids cannot be used for protein synthesis if they are not supplied together; instead they will be used for energy production.

Disease 
 Specific dietary deficiency diseases include protein-calorie malnutrition; iron, iodine, and vitamin A deficiency; megaloblastic anemia due to vitamin B12 or folic acid deficiency; vitamin D deficiency rickets; and scurvy, beriberi, and pellagra. Each deficiency disease is characterized by imbalances at the cellular level between the supply of nutrients or energy and the body's nutritional needs for growth, maintenance, and other functions. Imbalances in nutrient intakes are recognized as risk factors for certain chronic degenerative diseases, such as saturated fat and cholesterol in coronary artery disease; sodium in hypertension; obesity in hormone-dependent endometrial, breast, and prostate cancers; and ethanol in alcoholism. Since the etiology and pathogenesis of these disorders are multifactorial, diet is only one of many risk factors. Osteoporosis, for example, is associated with calcium deficiency, as well as risk factors related to environment (e.g., smoking, sedentary lifestyle), physiology (e.g., estrogen deficiency), genetic determinants (e.g., defects in collagen metabolism), and drug use (chronic steroids).

Dietary assessment
In clinical situations, nutritional assessment is an iterative process that involves: (1) screening for malnutrition, (2) assessing the diet and other data to establish either the absence or presence of malnutrition and its possible causes, and (3) planning for the most appropriate nutritional therapy. Some disease states affect the bioavailability, requirements, utilization, or excretion of specific nutrients. In these circumstances, specific measurements of various nutrients may be required to assure adequate replacement .

Most health care facilities have a nutrition screening process in place for identifying possible malnutrition after hospital admission. Nutritional screening is required by the Joint Commission on Accreditation of Healthcare Organizations (JCAHO), but there are no universally recognized or validated standards, so techniques vary. The factors that are usually assessed include: abnormal weight for height or body mass index (e.g., BMI <19 or >25); reported weight change (involuntary loss or gain of >5 kg in past 6 months); diagnoses with known nutritional implications (metabolic disease, any disease affecting the gastrointestinal tract, alcoholism, and others); present therapeutic dietary prescription; chronic poor appetite; presence of chewing and swallowing problems or major food intolerances; need for assistance with preparing or shopping for food, eating, or other aspects of self care; and social isolation. Reassessment of nutrition status should occur periodically in hospitalized patientsәat least once every week.

A more complete dietary assessment is indicated for patients who exhibit a high risk of malnutrition on nutrition screening. The type of assessment varies based on the clinical setting, severity of the patient's illness, and stability of his or her condition.

Acute Care Settings 
 In acute care settings, anorexia, various diseases, test procedures, and medications can compromise dietary intake. Under such circumstances, the goal is to identify and avoid inadequate intake and assure appropriate alimentation. Dietary assessment in acute care situations focuses on what patients are currently eating, whether they are able and willing to eat, and whether they experience any problems with eating. Dietary intake assessment is based on information from observed intakes; medical record; history; clinical examination; and anthropometric, biochemical, and functional status. The objective is to gather enough information to establish the likelihood of malnutrition due to poor dietary intake or other causes in order to determine whether nutritional therapy is indicated.

Simple observations may suffice to suggest inadequate oral intake. These include dietitians' and nurses' notes, the amount of food eaten on trays, frequent tests and procedures that are likely to cause meals to be skipped, nutritionally inadequate diet orders such as clear liquids or full liquids for more than a few days, fever, gastrointestinal distress, vomiting, diarrhea, or a comatose state. Patients with diseases or treatments that involve any part of the alimentary tract are at high nutritional risk. Acutely ill patients with diet-related diseases such as diabetes need assessment because an inappropriate diet may exacerbate these conditions and adversely affect other therapies. Abnormal biochemical values [serum albumin levels <35 g/L (<3.5 mg/dL); serum cholesterol levels <3.9 mmol/L (<150 mg/dL)] are nonspecific but may also indicate a need for further nutritional assessment.

Most therapeutic diets offered in hospitals are calculated to meet individual nutrient requirements and the RDA. Exceptions include clear liquids, some full liquid diets, and test diets, which are inadequate for several nutrients and should not be used, if possible, for more than 24 h. As much as half of the food served to hospitalized patients is not eaten, and so it cannot be assumed that the intakes of hospitalized patients are adequate. The dietary assessment should therefore compare how much and what food the patient has consumed with the diet that has been provided in the hospital. Major deviations in intakes of energy, protein, fluids, or other nutrients of special concern for the patient's illness should be noted and corrected.

Nutritional monitoring is especially important for patients who are very ill and who have extended lengths of stay. Patients who are fed by special enteral and parenteral routes also require special nutritional assessment and monitoring by physicians with training in nutrition support and/or dietitians with certification in nutrition support .

Ambulatory Settings 
 The aim of dietary assessment in the outpatient setting is to determine whether the patient's usual diet is a health risk in itself or if it contributes to existing chronic disease-related problems. It also provides the basis for planning a diet that fulfills therapeutic goals while ensuring patient compliance. The outpatient dietary assessment should review the adequacy of present and usual food intakes, including vitamin and mineral supplements, medications, and alcohol, as all of these may affect the patient's nutritional status. The dietary assessment should focus on the dietary constituents that are most likely to be involved or compromised by a specific diagnosis, as well as any comorbidities that are present. More than one day's intake should be reviewed to provide a better representation of the usual diet.

There are many ways to assess the adequacy of the patient's habitual diet. These include a food guide, a food exchange list, a diet history, or a food frequency questionnaire. A commonly used food guide for healthy persons is the USDA's food pyramid, which is useful as a basis for identifying inadequate intakes of essential nutrients, as well as likely excesses in fat, saturated fat, sodium, sugar, and alcohol (Table 3). The guide is calculated to provide approximately 1600 kcal for sedentary women and some older adults; 2200 kcal for most children, teenage girls, active women, and many sedentary men (women who are pregnant or breastfeeding may need somewhat more); and 2800 kcal for teenage boys, most active men, and some very active women. Results provide a rough guide to food groups that may be eaten either in excess of recommendations or in insufficient quantities. Respondents who follow ethnic or unusual dietary patterns may need extra instruction on how foods should be categorized, as well as the appropriate portion sizes that constitute a serving. The process of reviewing the guide with patients helps them transition to healthier dietary patterns. For those on therapeutic diets, assessment against food exchange lists may be useful. These include, for example, the American Diabetes Association food exchange lists for diabetes, or the American Dietetic Association food exchange lists for renal disease.

Table  3.
A commonly used food guide for healthy persons
	Servings and Examples of Standard Portion Sizes
	Lower:

1600 kcal
	Moderate: about

2200 kcal
	Higher: bout

2800 kcal 

	Bread group

1 slice bread; 1 oz. ready-to-eat cereal; 1/2 cup cooked cereal, rice, or pasta
	6
	9
	22

	Vegetable group

1 cup raw leafy vegetables; 1/2 cup other vegetables, cooked or chopped raw; 3/4 cup vegetable juice
	3
	4
	5

	Fruit group

1 medium banana, apple, or orange; 1/2 cup chopped, cooked, or canned fruit; 3/4 cup fruit juice
	2
	3
	4

	Milk group

1 cup milk or yogurt, 1.5 oz natural cheese, 1 oz processed cheese
	2-3a
	2-3a
	1-3a

	Meat group

2-3 oz cooked lean meat, poultry or fish; 1/2 cup cooked dry beans; 1 egg or 2 Tbsp. peanut butter count as 1 oz lean meat)
	5
	5
	7

	Total fat, g
	53
	73
	93

	Total added sugars, tsp
	6
	12
	18

	a Women who are pregnant or breastfeeding, teenagers, and young adults to age 24 need 3 servings.

SOURCE: US Department of Agriculture, Human Nutrition Information Service. The Food Guide Pyramid, Home and Garden Bulletin Number 252, US Department of Agriculture, Washington DC, August 1992.


Nutritional Status Assessment 
 Full nutritional status assessment is a complex, time-consuming, and expensive process that requires considerable expertise. Candidates include seriously ill patients and those at very high nutritional risk when the cause of malnutrition is still uncertain after initial clinical evaluation and dietary assessment. Full nutritional status assessment involves multiple dimensions, including documentation of dietary intake, anthropometric measurements, biochemical measurements of blood and urine, clinical examination, health history, and functional

Malnutrition and nutritional assessment
Malnutrition is a frequent and integral component of acute and chronic illness. When recognized by appropriate clinical assessment, malnutrition is found in >50% of all hospitalized adults. It contributes to increased in-hospital morbidity and mortality in both medical and surgical patients, and leads to more frequent hospital admissions among the elderly. Malnutrition results from various combinations of starvation, including inadequate intake or abnormal gastrointestinal assimilation of the diet, the stress response to acute injury or chronic inflammation, and abnormal nutrient metabolism. Nutritional assessment should be considered an integral part of the clinical evaluation and be used as a basis for nutritional support in the overall therapeutic plan.

Definitions of malnutrition
In the strict sense, the term malnutrition includes extremes of underweight and overweight. The current chapter, however, focuses on the evaluation of the undernourished patient who presents with diminished body protein and energy stores and micronutrient deficiencies.

To the practicing physician, both outpatients and inpatients should be considered at risk for malnutrition if they meet one or more of the following criteria: (1) unintentional loss of >10% of usual body weight in the preceding 3 months, (2) body weight <90% of ideal for height, or (3) body mass index (BMI; the weight in kilograms divided by the height in square meters) <18.5. With regard to varying levels of severity, body weight <90% of ideal for height represents risk of malnutrition, body weight <85% of ideal constitutes malnutrition, <70% of ideal represents severe malnutrition, and <60% of ideal is usually incompatible with survival.

Malnutrition may be endemic in regions of famine, and two forms of severe malnutrition are recognized under conditions of inadequate food supply or distribution: marasmus refers to generalized starvation with loss of body fat and protein, whereas kwashiorkor refers to selective protein malnutrition with edema and fatty liver. The latter form occurs following restriction of dietary protein among children in settings of recurrent diarrheal illness. These distinctions, however, seldom apply to malnourished patients in more developed societies. In this setting, features of combined protein-calorie malnutrition (PCM) are more commonly seen in the context of a wide variety of acute and chronic illnesses that lead to depletion of body fat, muscle wasting, multiple signs of micronutrient deficiencies, decubitus ulcers, and life-threatening infections. An overview of the evaluation of malnutrition in the sick adult is depicted in.

Pathophysiology and etiologies of malnutrition
In simple terms, patients lose weight when: (1) the intake or gastrointestinal assimilation of dietary calories is insufficient to meet normal energy expenditure; (2) the expenditure of body energy stores is greater than energy normally consumed and assimilated by the body; or (3) the metabolism of energy supplies, protein, and other nutrients is significantly impaired by the intrinsic disease process.

Body Composition 
As depicted in Fig. -2, the human body stores between 15 and 25% of its energy as fat (greater in women than men), which is available for the metabolism of endogenous fatty acids during starvation. The remaining fat-free mass (FFM) is composed of extracellular and intracellular water, the bony skeleton, glycogen, and skeletal and visceral protein. Aside from body fat, energy reserves are also provided by intracellular glycogen and protein, which, together with intracellular water, constitute the body cell mass (BCM). Thus, in addition to the enzymes that support the normal metabolic machinery of the body, the BCM provides reserve protein for energy production by gluconeogenesis during the stress response.
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FIG1.Conceptual framework for the nutritional assessment of sick patients. COPD, chronic obstructive pulmonary disease
Schematic of body composition of a healthy subject. Body cell mass (BCM) is shown by shading as a composite of intracellular water, glycogen, and protein. FFM, fat-free mass.

The Metabolic Response to Starvation and Stress
The expenditure of body stores of energy (as fat, glycogen, and protein) is different during starvation (due to decreased intake and/or assimilation of the diet) and stress (due to excessive expenditure of energy and body protein). Consequently, these events affect body compartments differently. Starvation decreases the size of all body compartments, whereas stress reduces BCM, increases extracellular water, and has variable effects on body fat.

A normal 70-kg man stores fuel at about 15 kg as fat, 6 kg as protein, and 0.4 kg as glycogen. During a 24-h fast, energy needs are met by the consumption of liver glycogen stores and the conversion of up to 75 g of body protein to glucose (by gluconeogenesis). During prolonged starvation, metabolism is supported by stores of body fat (about 150 g/d), which provides fatty acid-derived ketones, and muscle protein (about 20 g/d), which is used for gluconeogenesis. Under these conditions, total energy expenditure is decreased in order to conserve energy. While normal-weight individuals can sustain total fasting for about 2 months, obese individuals can fast for periods >12 months, depending on their fat stores.

The metabolic responses to the stress of acute critical illness (e.g., following accidental or surgical trauma or sepsis) significantly modify this sequence of events. In contrast to the hypometabolism, protein conservation, and reliance on body fat stores for energy needs during starvation, the acute stress response is characterized by hypermetabolism, in which the demands of accelerated energy expenditure are met by skeletal and visceral proteolysis to provide amino acid substrate for gluconeogenesis. Muscle proteolysis and gluconeogenesis are promoted by high levels of circulating catecholamines, glucagon, cortisol, and cytokines, including tumor necrosis factor (TNF) a and interleukins 1 and 6, in the setting of insulin resistance. When untreated, body protein catabolism is accelerated to 240 g/d, which is sufficient to deplete 50% of body protein stores within 3 weeks.

A more common clinical situation is the malnourished patient with chronic illness in whom acute trauma or sepsis superimposes cytokine-mediated proteolysis with increased metabolic demands. If unchecked by appropriate therapy, the process of progressive PCM in such patients is associated with decreased cardiac and renal function, fluid retention, intestinal mucosal atrophy, loss of intracellular minerals (zinc, magnesium, and phosphorus), diminished cell-mediated immune functions, increased risk of infection, and eventual death (Fig.-3).
Etiologies of Malnutrition  
The causes of decreased dietary intake are diverse and include social and economic conditions, psychiatric diseases, neurodegenerative dementias, cytokine-mediated appetite suppression in chronic infections such as AIDS or in disseminated cancer, and self-limited food intake in abdominal pain syndromes (Table 1). Given the central role of the gastrointestinal tract in the assimilation of nutrients, PCM is a predictable component of many chronic gastrointestinal diseases. These diseases promote starvation through decreased assimilation of the diet by: (1) blocking the transit of dietary constituents to the intestinal absorbing surface, (2) impairing normal processes of pancreatic or biliary digestion, or (3) preventing the intestinal mucosal transport of dietary constituents. Diseases that are characterized by increased catabolism of stored energy and protein include acute surgical or medical critical illness and acute or chronic inflammatory or infectious disorders affecting diverse organ systems. Other chronic diseases promote malnutrition through mixed mechanisms that contribute to abnormal nutrient metabolism. Both AIDS and disseminated malignancy, for example, cause progressive malnutrition through combinations of anorexia and futile cycles of fatty acid and glucose metabolism. Chronic obstructive pulmonary disease increases risk of malnutrition through the increased energy expenditure of labored respiration, chronic indolent bronchial infection, and the anorexic side effects of many bronchodilating drugs. Chronic liver disease is often associated with PCM caused by the cumulative effects of anorexia; decreased biliary circulation; and abnormal lipid, carbohydrate, and protein metabolism. The chronic intestinal inflammation of Crohn's disease or ulcerative colitis accelerates fecal losses of protein, electrolytes, and zinc.

I. Starvation (hypometabolism with reliance on body fat stores)

FIG 2.[image: image3.png]



Hypothetical history of progressive protein-calorie malnutrition in a patient with wasting illness.

A. Decreased diet intake

1. Social and economic: poverty, chronic alcoholism

2. Psychiatric: anorexia nervosa, severe depression

3. Neurodegenerative dementias of aging

4. Anorexia associated with AIDS, disseminated cancer, renal failure

5. Abdominal pain triggered by food intake: pancreatitis, intestinal ischemia

B. Decreased assimilation of the diet

1. Impaired transit of diet, e.g., benign or malignant esophageal, gastric, or intestinal obstruction

2. Impaired digestion of diet, e.g., pancreatic insufficiency, short bowel syndrome

3. Intestinal malabsorption of dietary constituents, e.g., celiac disease

II. Stress (hypermetabolism with reliance on protein stores for gluconeogenesis)

A. Acute trauma, e.g., accident, burns, major surgery

B. Acute sepsis

C. Acute or chronic inflammation: pancreatitis, collagen diseases, chronic infectious disease, e.g., tuberculosis, AIDS opportunistic infections

III. Mixed mechanisms

A. Futile metabolic cycles and anorexia, e.g., AIDS, disseminated cancer

B. Increased energy demands, e.g., chronic obstructive pulmonary disease

C. Abnormal metabolism and decreased biliary digestion, e.g., chronic liver disease

D. Protein-losing enteropathy and chronic inflammation, e.g., Crohn's disease, ulcerative colitis

Clinical evaluation of the valnjurished patient
The patient history
The clinical nutritional history should include diet and weight change, socioeconomic conditions, and symptoms unique to each clinical setting. Social and economic conditions that may lead to poverty include inadequate income, homelessness, and activities that restrict real income and promote involuntary diet restriction, such as drug abuse or chronic alcoholism. Anorexia, or loss of appetite, is a feature of psychiatric disorders, such as anorexia nervosa and neurodegenerative dementia in the elderly. Many self-selected, inadequate diets may promote malnutrition. During binge drinking, chronic alcoholics typically substitute more than half their daily food calories with excessive amounts of ethanol, the metabolism of which consumes energy and promotes unbalanced metabolism of fat and carbohydrates. Other inadequate diets include unbalanced and commercially promoted formulas for rapid weight loss and strict vegetarianism, which may lead to selective deficiencies of specific nutrients such as vitamin B12 and iron.

Table 4 .
Diseases

	Finding 
	Example/Interpretation

	Involuntary diet restriction
	Poverty due to inadequate income

	Anorexia
	Anorexia nervosa, severe depression, dementia, AIDS, cancer, chronic renal disease

	Inadequate diet selection
	Chronic alcoholism, fad diets, strict vegetarianism

	Critical illness
	Untreated stress response to trauma, burn, major surgery, sepsis

	Gastrointestinal symptoms
	

	Dysphagia
	Esophageal obstruction impairs diet transit

	Nausea, vomiting
	Gastric or intestinal obstruction impairs diet transit

	Chronic diarrhea
	Pancreatic, biliary, or intestinal mucosal disease impairs digestion and absorption

	
	Protein-losing enteropathy in inflammatory bowel disease

	Chronic abdominal pain
	Self-limited food intake reduces pain: e.g., pancreatitis, intestinal ischemia, inflammatory bowel disease

	Other chronic medical diseases
	Combinations of anorexia, increased energy demands, and abnormal nutrient metabolism: e.g., recurrent pancreatitis, AIDS, disseminated cancer, chronic liver disease, chronic obstructive pulmonary disease, chronic infectious illness


Digestive diseases are major causes of malnutrition, both in the inpatient and outpatient settings. The malnourished patient with digestive disease may present with symptoms of: (1) dysphagia or recurrent vomiting due to benign or malignant esophageal or gastrointestinal obstruction; (2) chronic diarrhea due to abnormal pancreatic or biliary digestion, intestinal mucosal malabsorption, or protein-losing enteropathy; or (3) recurrent abdominal pain exacerbated by eating, as occurs in patients with chronic pancreatitis, inflammatory bowel disease, or intestinal ischemia.

On the general medical service, PCM is prevalent in patients with multiple chronic illnesses that are associated with anorexia, recurrent stress, and abnormal nutrient metabolism. In addition, PCM is comorbid with chronic recurrent pancreatitis, renal failure, chronic liver disease, chronic obstructive pulmonary disease, disseminated cancer, and chronic infections such as AIDS and tuberculosis. Depending on the severity of injury or illness, critically ill surgical and medical patients predictably develop stress-related PCM if increased nutritional needs are not met after 5 to 10 days.

The physical examination
A careful physical examination can both characterize and define the extent of malnutrition. Measurements of unclothed weight and height are essential for establishing the severity of malnutrition in all patients but may be confounded by the effects of fluid overload as a result of edema and ascites. The normal values for weight (in kg) and height (in cm) in men and women are provided in Table 5. These values can be adjusted by ±10% to account for variability in body frame.

Table 5.
Normal values for weight (in kg) and height (in cm) in men and women
	Men
	Women

	Heighta
	Weighta
	Height
	Weight
	Height
	Weight
	Height
	Weight

	145
	51.9
	166
	64.0
	140
	44.9
	161
	56.9

	146
	52.4
	167
	64.6
	141
	45.4
	162
	57.6

	147
	52.9
	168
	65.2
	142
	45.9
	163
	58.3

	148
	53.5
	169
	65.9
	143
	46.4
	164
	58.9

	149
	54.0
	170
	66.6
	144
	47.0
	165
	59.5

	150
	54.5
	171
	67.3
	145
	47.5
	166
	60.1

	151
	55.0
	172
	68.0
	146
	48.0
	167
	60.7

	152
	55.6
	173
	68.7
	147
	48.6
	168
	61.4

	153
	56.1
	174
	69.4
	148
	49.2
	169
	62.1

	154
	56.6
	175
	70.1
	149
	49.8
	
	

	155
	57.2
	176
	70.8
	150
	50.4
	
	

	156
	57.9
	177
	71.6
	151
	51.0
	
	

	157
	58.6
	178
	72.4
	152
	51.5
	
	

	158
	59.3
	179
	73.3
	153
	52.0
	
	

	159
	59.9
	180
	74.2
	154
	52.5
	
	

	160
	60.5
	181
	75.0
	155
	53.1
	
	

	161
	61.1
	182
	75.8
	156
	53.7
	
	

	162
	61.7
	183
	76.5
	157
	54.3
	
	

	163
	62.3
	184
	77.3
	158
	54.9
	
	

	164
	62.9
	185
	78.1
	159
	55.5
	
	

	165
	63.5
	186
	78.9
	160
	56.2
	
	

	a Values are expressed in cm for height and kg for weight. To obtain height in inches, divide by 2.54. To obtain weight in pounds, multiply by 2.2.

SOURCE: Adapted from Blackburn et al.


Anthropometry  
Measurements of subcutaneous fat and skeletal muscle are important to determine the severity of PCM. Using specialized calipers and a tape measure, anthropometry estimates body fat from the thickness of the skin-fold of the posterior mid-upper arm. Anthropometric measurements in healthy and malnourished adults are shown in Table 6. Mid-arm muscle circumference is estimated from the equation:
Table 6.
Anthropometric measurements in healthy and malnourished adults
	% Standard
	Men
	Women
	Interpretation 

	TRICEPS SKIN-FOLD, MM

	100
	12.5
	16.5
	Adequate

	50
	6.0
	8.0
	Borderline

	20
	2.5
	3.0
	Severe depletion

	MID-ARM MUSCLE CIRCUMFERENCE, CM

	100

80
	25.5

20.0
	23.0

18.5
	Adequate

Borderline

	60
	15.0
	14.0
	Depletion

	40
	10.0
	9.0
	Severe depletion

	SOURCE: Adapted from Morgan and Weinsier.


The use of anthropometry is limited by the requirement for specialized calipers, the experience of the observer, and potential confounding effects of edema or dehydration.

Specific Physical Findings of Malnutrition 
 During the conventional physical examination, the observant and experienced clinician can identify multiple and specific findings of PCM and its associated micronutrient deficiencies. A variety of nutritional deficiencies can be identified by examination of the patient's general appearance, including skin, hair, nails, mucus membranes, and neurologic system (Table 7). 

Table 7.
Specific Physical Findings of Malnutrition
	Finding
	Deficiency/Interpretation 

	General appearance
	

	Weight loss
	Malnutrition <90% of ideal body weight

Severe <70% of ideal body weight

	Decreased temporal and proximal extremity muscle mass
	Decreased skeletal protein

	Decreased skin-fold thickness by "pinch test"
	Decreased body fat stores

	Skin, nails, and hair
	

	Easily plucked hair
	Protein

	Easy bruising, perifollicular hemorrhages
	Vitamin C

	"Flaky paint" rash of lower extremities
	Zinc

	Coarse skin, "goose bumps"
	Vitamin A

	Hyperpigmentation of sun-exposed areas
	Niacin, tryptophan

	Spooning of nails
	Iron

	Eyes
	

	Conjunctival pallor
	Anemia (nonspecific)

	Bitot spot
	Vitamin A

	Ophthalmoplegia
	Thiamine

	Mouth and mucus membranes
	

	Nasolabial seborrhea
	Essential fatty acids

	Glossitis (smooth, red tongue) and/or cheilosis
	Riboflavin, niacin, vitamin B12, pyridoxine, folate

	Diminished taste
	Zinc

	Neurologic system
	

	Disorientation
	Niacin, phosphorus

	Confabulation
	Thiamine

	Cerebellar gait, past pointing
	Thiamine

	Peripheral neuropathy
	Thiamine, pyridoxine, vitamin E

	Lost vibratory, position sense
	Vitamin B12


Initially, a pinch of the posterior upper arm may reveal loss of subcutaneous fat in the malnourished patient. Hollowing of the temporal muscles, wasting of upper arms and thigh muscles, easily plucked hair, and peripheral edema are all consistent with protein deficiency. Examination of the skin may reveal the papular keratitis ("goose bump rash") of vitamin A deficiency, perifollicular hemorrhages of vitamin C deficiency, ecchymoses of vitamin K deficiency, the "flaky paint" lower extremity rash of zinc deficiency, hyperpigmentation of skin-exposed areas from niacin deficiency, seborrhea of essential fatty acid deficiency, spooning of nails in iron deficiency, and transverse nail pigmentation in protein deficiency. The eye examination yields conjunctival pallor of anemia, pericorneal and corneal opacities of severe vitamin A deficiency ("Bitot spots"), and nystagmus and isolated ocular muscle paresis of thiamine deficiency. The oral examination may reveal angular stomatitis and cheilosis of either riboflavin or niacin deficiency; glossitis with smooth and red tongue of riboflavin, niacin, vitamin B12, or pyridoxine deficiency; and hypertrophied bleeding gums of vitamin C deficiency. Examination of the neurologic system, particularly in the setting of chronic alcohol abuse, may detect memory loss with confabulation, a wide-based gait, and past pointing, which, together with ophthalmoplegia and peripheral neuropathy, constitute the Wernicke-Korsakoff syndrome of thiamine deficiency. Other neurologic causes of dementia include pellagra due to niacin and/or tryptophan deficiency. Additional causes of peripheral neuropathy include deficiencies of pyridoxine or vitamin E; loss of distal vibratory and position sense is characteristic of the subacute combined degeneration of vitamin B12 deficiency.

Laboratory assessment
Selected use of laboratory tests, most of which are widely available, is essential for characterizing and quantifying malnutrition. Laboratory findings that are often attributed to chronic disease may, in actuality, reflect the response to PCM or selected micronutrient deficiencies in the setting of chronic illness.

Serum Visceral Proteins
Serum albumin, which has a 2- to 3-week half-life, is a highly sensitive but nonspecific measure of PCM. A normal serum albumin level in a well-hydrated patient is inconsistent with PCM. On the other hand, a low serum albumin level must be interpreted in its clinical context, since the concentration of albumin is decreased in the setting of increased plasma volume (as seen in acute trauma or sepsis and in chronic liver, renal, or cardiopulmonary failure). The acute stress of surgery, sepsis, or other acute inflammatory illness lowers the serum albumin level because of a combination of increased circulating extracellular volume and TNF-a-mediated inhibition of albumin synthesis. Hepatic albumin synthesis is inhibited in the setting of liver cirrhosis, AIDS, and disseminated cancer, whereas albumin loss from the body is accelerated in inflammatory bowel diseases, including ulcerative colitis, Crohn's disease, and radiation enteritis. Several shorter-lived visceral proteins can also be measured for estimation of the severity of PCM. These include transferrin (1-week half-life), prealbumin or retinol-binding protein complex (2-day half-life), and fibronectin (1-day half-life). However, like the serum albumin level, the circulating level of each of these proteins is affected by the changes in extracellular volume that occur in acute and chronic illnesses.

Vitamin and Mineral Assays
Specific micronutrient deficiencies can be measured by a variety of serum and red blood cell assays, often utilizing high-performance liquid chromatography or enzyme or microbiologic assays. Commonly available assays and their interpretations are listed in Table 8. PCM is typically associated with low serum levels of vitamin A, zinc, and magnesium. Abnormal digestion and absorption of dietary fat are associated with deficiencies of fat-soluble vitamins A, D, and E, whereas intestinal mucosal malabsorption (as in celiac disease) is commonly associated with additional deficiencies of iron and folic acid. Chronic alcoholism is frequently associated with thiamine, folate, vitamin A, and zinc deficiencies. Vitamin B12 deficiency due to achlorhydria occurs in up to 15% of elderly individuals as well as in those with pernicious anemia or with diseases involving the terminal ileum. As described in, both folate and vitamin B12 deficiencies are associated with elevations in plasma homocysteine; vitamin B12 deficiency
 can also elevate the plasma level of methylmalonic acid.
Table 8.
Vitamin and Mineral Assays

	Vitamin/Mineral
	Normal Range
	Interpretetion of Abnormal Result

	Vitamin A
	1.30-3.15 mmol/L (37-90 mg/dL)
	Low value consistent with PCM, abnormal fat digestion or malaborption, chronic liver disease. High value consistent with vitamin abuse; toxicity expressed as liver failure.

	Vitamin E
	12-35 mmol/L (0.5-1.5 mg/dL)
	Low value consistent with abnormal fat digestion, chronic liver disease; expressed as peripheral neuropathy, tunnel vision.

	Thiamine
	6-60 pmol/L (0.2-2.0 mg/dL)
	Low value seen in starvation, chronic alcoholism, malabsorption syndromes; expressed as Wernicke-Korsakoff syndrome, peripheral neuropathy, high-output cardiac failure.

	Folate
	12-53 nmol/L (5-21 ng/mL)
	Low levels in starvation, chronic alcoholism, intestinal malabsorption; expressed as macrocytic anemia, diarrhea, elevated homocysteine.

	Serum
	
	

	Red cell
	>400 nmol/L (>160 ng/mL)
	Same as above, but more stable and reflects tissue stores of folates.

	Vitamin B12
	>104 pmol/L (>140 pg/mL)
	Low level associated with gastric atrophy of aging, pernicious anemia; expressed as macrocytic anemia, neuropathy; elevated homocysteine and methylmalonic acid.

	Zinc
	10-21 mmol/L (65-140 mg/dL)
	Low level in chronic diarrhea, PCM, alcoholic liver disease, inflammatory bowel disease, intestinal malabsorption; expressed as rash, delayed wound healing, decreased taste sensation.

	Magnesium
	0.72-0.99 mmol/L (1.8-2.4 mg/dL)
	Low in chronic alcoholism, diabetes, intestinal malabsorption, PCM; expressed as hyperactive reflexes, hypocalcemia.

	Phosphorus
	0.81-1.43 mmol/L (2.5-4.4
mg/dL)
	Low in starvation, chronic alcoholism, chronic diarrhea; expressed as confusion, disorientation.


Assessment of Immune Function 

PCM is associated with atrophy of thymic-dependent lymphoid structures and reduced T cell-mediated immunity. Conversely, B cell-mediated production of immunoglobulins is usually unaffected. Total lymphocyte count (total white cell count  fraction as lymphocytes) is often <1000/uL in PCM and may be accompanied by anergy to common skin test antigens. While sensitive for PCM, these measures of cell-mediated immunity are nonspecific and can be affected by other disorders such as acute or chronic infections, uremia, or immunosuppressive therapy.

Specialized procedures for nutritional assessment
Several specialized procedures are used to assess energy and protein stores and energy expenditure in malnourished patients. These procedures may be employed during the initial nutritional assessment or may serve as an index of the efficacy of nutritional support during the treatment of malnourished patients.

Bioelectric Impedance Analysis
Bioelectric impedance analysis (BIA) is a simplified and portable method for measurement of body fat, FFM, and total-body water. BIA is based on differences in the electric conductivity of a weak current between electrodes placed on the dorsal surfaces of the hands and feet. The measurement reflects differences in the impedance to electric current, which is greatest through fat and least through water. Lean body mass can be calculated as the difference between fat mass and body weight or as total-body water divided by 0.73.

Overall, BIA is most useful in assessing body fat and FFM in stable patients and in those who suffer from conditions leading to relative starvation. However, BIA can also be used to assess critically ill patients with decreased intracellular water space and BCM and expanded extracellular compartment size. Reduced BCM correlates inversely with increased metabolic rate. BIA may be confounded in AIDS patients receiving protease-inhibitor therapy, if they exhibit lipodystrophy with associated redistribution of interscapular, abdominal, and breast fat.

Energy Expenditure 
 Body weight and energy balance are sustained in health by the consumption of dietary calories in an amount equal to the daily expenditure of energy. Therefore, caloric needs can be determined from the estimated daily total energy expenditure (TEE), which is composed of basal or resting energy expenditure (REE, about 75% of total), the thermic expenditures of digestion (about 10% of total), and modest physical activity (about 15% of total). The REE is directly proportional to both the FFM and BCM and can be estimated in healthy people using the Harris and Benedict formula on the basis of weight in kg (W), height in cm (H), and age in years (A):

A simplified bedside estimation for TEE in sick patients is 25 kcal/kg of body weight, to which is added 10% for digestion or metabolism of intravenous or enteral nutrition. In the acutely ill patient, one should include an additional 12.5% for each degree of fever over 37°C, as well as an additional multiplier commensurate with the severity of illness (e.g., 25% for general surgery, 50% for sepsis, and 100% for extensive third-degree burns).

While REE can be predicted by the Harris-Benedict equations in healthy persons, it is decreased in starvation because of hypometabolism. In contrast, REE is increased in the hypermetabolic stress that accompanies critical illness. REE and caloric requirements cannot be predicted in certain clinical conditions. These include the relatively starved, chronically ill patient admitted with a critical illness, the obese patient who develops a critical illness on the background of both increased body fat and FFM, or the patient with chronic liver disease accompanied by combinations of anorexia and ongoing hepatic inflammation. In these situations, REE can be measured accurately by the gas-exchange method of indirect calorimetry. In practice, indirect calorimetry is performed at the bedside using a mobile metabolic cart. This procedure is applicable to ventilator-independent and -dependent patients whose fractional intake of oxygen is less than 0.45. Because the goal is to reach an accurate approximation of the 24-h energy requirement, measurements must be taken at intervals during the day and must account for several variables, including food intake and activity. To calculate the energy cost of metabolism by indirect calorimetry, the volumes (V) of oxygen consumed and carbon dioxide produced are measured over a given period of time, according to the modified Weir equation where Indirect calorimetry also provides the respiratory quotient (RQ), which is the ratio of carbon dioxide produced to oxygen consumed during the process of gas collection. The RQ decreases when fat is the predominant substrate for metabolism (as in starvation) and increases when the contribution of carbohydrate increases (as during stress with gluconeogenesis). In healthy individuals, the RQ usually falls between 0.80 and 0.90. A RQ <0.7 is consistent with active ketogenesis from endogenous fatty acid metabolism with limited generation of carbon dioxide. An RQ >1.0 indicates net lipogenesis, or the conversion of substrate carbohydrate to fat, a situation that occurs with overfeeding. Values that fall outside the range of 0.65 to 1.25 suggest an error in measurement technique.

Creatinine Excretion in the 24-h Urine 
Creatinine, the metabolic product of skeletal muscle creatine, is produced at a constant rate and in an amount directly proportional to skeletal muscle mass. With steady-state day-to-day renal function, each gram of creatinine in the 24-h urine collection represents 18.5 g of fat-free skeletal muscle. Since skeletal muscle is the major component of FFM and BCM, measurement of creatinine in the 24-h urine collection can be used as a relative measure of these body compartments during the initial assessment and/or during the course of nutritional support. The creatinine coefficient represents the amount of creatinine excreted per kilogram of body weight; it is equal to 23 mg/kg of ideal body weight in men and 18 mg/kg of ideal body weight in women. The creatinine-height index represents the ratio of the measured 24-h urine creatinine excretion to the value predicted by the creatinine coefficient for the patient's ideal body weight. These values can be calculated from estimation of the patient's ideal body weight (Table 3) or from tables that relate creatinine excretion to height in men and women (Table 9). In practice, the accuracy of the 24-h urine creatinine depends primarily on completeness of the urine collection. Together with variations due to fever and fluctuations in dietary intake, inaccuracies of urine collections may result in as much as 10% error in the quantitative 24-h urine creatinine measurement. The constancy of creatinine excretion depends on steady-state renal function, and unpredictable creatinine excretion may occur through feces or skin in patients with serum creatinine levels >530 umol/L (>6 mg/dL). The presence of ascites, however, apparently does not compromise the accuracy of the 24-h urine creatinine as a reflection of FFM or BCM in patients with chronic liver disease.

Table 9.
Creatinine excretion to height in men and women
	Mena
	Womenb

	Height, cmc
	24-h Creatinine, mg
	Height, cm
	24-h Creatinine, mg 

	157.5
	1288
	147.3
	830

	160.0
	1325
	149.9
	851

	162.6
	1359
	152.4
	875

	165.1
	1386
	154.9
	900

	167.6
	1426
	157.5
	925

	170.2
	1467
	160.0
	949

	172.7
	1513
	162.6
	977

	175.3
	1555
	165.1
	1006

	177.8
	1596
	167.6
	1044

	180.3
	1642
	170.2
	1076

	182.9
	1691
	172.7
	1109

	185.4
	1739
	175.3
	1141

	188.0
	1785
	177.8
	1174

	190.5
	1831
	180.3
	1206

	193.0
	1891
	182.9
	


Urine Nitrogen Excretion and Nitrogen Balance 
Nitrogen balance provides an index of protein gain or loss: 1 g nitrogen is equivalent to 6.25 g protein. Nitrogen balance can be assessed by measuring the difference between nitrogen consumed through the mouth, enteral tube, or intravenous sources and nitrogen excreted in the urine, feces, and other intestinal sources. Protein requirements to achieve zero or positive balance are less in starvation states, where daily protein losses are minimized because of hypometabolism, than in clinical states of stress, where the catabolism of skeletal muscle is accelerated for gluconeogenesis. Accurate measurement of nitrogen balance requires complete measurement of nitrogen losses from all possible excretory routes. In most cases, total urine nitrogen can be calculated by dividing 24-h urinary urea nitrogen by 0.85 and assuming approximately 2 g/d for nitrogen losses in feces and sweat. On the other hand, when the clinical condition includes extensive diarrhea and/or protein losses from pancreatic or enterocutaneous fistulas, the accuracy of nitrogen balance requires measurement of total nitrogen by the modified Kjeldahl technique in both urine and enteric sources. Total nitrogen measurements are also advisable in patients with liver failure, where urinary ammonia becomes a major and alternative source of nitrogen.

Integrated bedside nutritional assessment
Several different approaches have been developed in order to simplify the process of nutritional assessment by using selective measurements that relate malnutrition to the specific medical condition and the severity of the underlying disease process.

Subjective Global Assessment
  This approach incorporates historic and physical findings as a basis for nutrition assessment by the trained physician. Major components in the history include evaluation of the extent of recent weight loss, changes in dietary intake, presence of significant gastrointestinal symptoms persisting more than 2 weeks, alterations in functional status, and the metabolic demand of the patient's underlying disease. Emphasis in the physical examination is placed on findings of depletion of subcutaneous body fat; skeletal muscle wasting; typical changes in skin, mucus membranes, and neurologic examination; as well as the presence of edema. Integration of the historic and physical data permits ranking of patients according to the following categories: adequate nutrition, moderate malnutrition, or severe malnutrition. Though the developers of the subjective global assessment have reported good sensitivity and specificity, the approach is still quite dependent on the training and experience of the clinician.

Prognostic Nutritional Assessment 
 Several paradigms have been developed to link different parameters of nutritional assessment with clinical prognosis. Each approach links specific features of malnutrition with certain measurements of cell-mediated immunity, since abnormal immune function is a common pathway for increased risk in the malnourished patient A surgical prognostic nutritional index predicts morbidity based on preoperative measurements of serum albumin, transferrin, triceps skin-fold thickness, and delayed hypersensitivity to skin-test antigens. Another PCM score was developed to link survival in alcoholic liver disease to both skin-fold and mid-arm muscle measurements; the creatinine-height index; values for serum albumin, transferrin, prealbumin, and retinol-binding protein; the total lymphocyte count; and the skin-test response to a series of antigens. The Maastricht index predicts survival in patients with serious gastrointestinal diseases on the basis of factors related to serum albumin, retinol-binding protein, lymphotyce count, and deviation from the patient's ideal body weight.

Vitamin and trance mineral deficiency and excess
Vitamins and trace minerals are required constituents of the human diet since they are either inadequately synthesized or not synthesized in the human body. Only small amounts of these substances are needed for carrying out essential biochemical reactions (e.g., acting as coenzymes or prosthetic groups). Overt vitamin or trace mineral deficiencies are rare in western countries due to a plentiful, varied, and inexpensive food supply; however, multiple nutrient deficiencies may appear together in persons who are ill or alcoholic. Moreover, subclinical vitamin and trace mineral deficiencies, as diagnosed by laboratory testing, are quite common in the normal population especially the geriatric population.

Body stores of vitamins and minerals vary tremendously. For example, vitamin B12 and vitamin A stores are large, and an adult may not become deficient for 1 or more years after being on a depleted diet. However, folate and thiamine may become depleted within weeks when eating a deficient diet. Therapeutic modalities can deplete essential nutrients from the body; for example, hemodialysis removes water-soluble vitamins, which must be replaced by supplementation.
There are several roles for vitamins and trace minerals in diseases: (1) deficiencies of vitamins and minerals may be caused by disease states such as malabsorption; (2) both deficiency and excess of vitamins and minerals can cause disease in and of themselves (e.g., vitamin A intoxication and liver disease); and (3) vitamins and minerals in high doses may be used as drugs (e.g., niacin for hypercholesterolemia). The hematologic-related vitamins and minerals are not considered in this chapter, nor are the bone-related vitamins and minerals (vitamin D, calcium, phosphorus, as they are covered elsewhere.

Vitamins
Thiamine (Vitamin B1)
Thiamine was the first B vitamin to be identified and is therefore also referred to as vitamin B1. Thiamine pyrophosphate, the coenzyme form of thiamine, is required for branched-chain amino acid metabolism and carbohydrate metabolism (Fig.3). Thiamine functions in the decarboxylation of α-ketoacids, such as pyruvate and α-ketoglutarate, and branched-chain amino acids and thus is a source of energy generation. In addition, thiamine pyrophosphate acts as a coenzyme for a transketolase reaction that mediates the conversion of hexose and pentose phosphates. It has also been postulated that thiamine plays a role in peripheral nerve conduction, although the exact chemical reactions underlying this function are unknown.
Absorption and Requirements 
 At high doses, thiamine is absorbed by a passive mechanism; at low doses, it is absorbed by a carrier-mediated, active transport system and becomes phosphorylated in the process. Once absorbed, thiamine circulates bound to plasma proteins (mainly albumin) and erythrocytes. Storage sites for thiamine include muscle, heart, liver, kidney, and brain, although muscle is the principal storage site. The total body store of thiamine, mainly in the form of thiamine pyrophosphate, is approximately 30 mg, and its biologic half-life ranges between 9 and 18 days.

Given the fact that thiamine is involved in carbohydrate metabolism and energy generation, the Recommended Dietary Allowance (RDA) for males has been adjusted upward to account for increased energy utilization. Experiments have shown that heavy athletic training also increases thiamine utilization slightly. The RDA for thiamine is 1.2 mg/d for males and 1.1 mg/d for females. The median intake of thiamine in the United States from food alone is 2 mg/d. There is a 10% increase in the need for thiamine in pregnancy, and a small further increase in lactating females.

Primary food sources for thiamine include yeast, pork, legumes, beef, whole grains, and nuts. Milled and polished rice contain little, if any, thiamine. Thiamine deficiency is therefore more common in cultures that rely heavily on a rice-based diet. The molecule is heat-sensitive and is destroyed at pH  8. Tea, coffee (caffeinated and decaffeinated), raw fish, and shellfish contain thiamineases, which can destroy the vitamin. Thus, drinking large amounts of tea or coffee can theoretically lower thiamine body stores.

Deficiency
  Most dietary deficiency of thiamine worldwide is the result of poor dietary intake. In western countries, the primary causes of thiamine deficiency are alcoholism and chronic illness, such as cancer. Alcohol is known to interfere directly with the absorption of thiamine and with the synthesis of thiamine pyrophosphate. Malnourished individuals with alcoholic liver disease are also at increased risk of thiamine deficiency because of diminished storage sites in liver and muscle. Thiamine should always be replenished when refeeding a patient with alcoholism, as carbohydrate repletion without adequate thiamine can precipitate acute thiamine deficiency.

Thiamine deficiency in its early stage induces anorexia, irritability, apathy, and generalized weakness. Prolonged thiamine deficiency causes beriberi, which is classically categorized as wet or dry, although there is considerable overlap. In either form of beriberi, patients may complain of pain and parathesia. Wet beriberi presents primarily with cardiovascular symptoms, due to impaired myocardial energy metabolism and dysautonomia, and can occur after 3 months of a thiamine-deficient diet. Patients present with an enlarged heart, tachycardia, high-output congestive heart failure, peripheral edema, and peripheral neuritis. Patients with dry beriberi present with a symmetric peripheral neuropathy of the motor and sensory systems with diminished reflexes. The neuropathy affects the legs most markedly, and patients have difficulty rising from a squatting position.

Alcoholic patients with chronic thiamine deficiency may also have central nervous system manifestations known as Wernicke's encephalopathy, consisting of horizontal nystagmus, ophthalmoplegia (due to weakness of one or more extraocular muscles), cerebellar ataxia, and mental impairment. When there is an additional loss of memory and a confabulatory psychosis, the syndrome is known as Wernicke-Korsakoff syndrome. Although this syndrome is generally described in alcoholic patients, there may be a genetic predisposition to Wernicke-Korsakoff that involves a variant transketolase isozyme.
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FIG 3.The structures and principal functions of some of the vitamins associated with human disorders.

In severely malnourished infants 2 to 3 months old, thiamine deficiency may occur precipitously with sudden cardiovascular failure and collapse, resulting in death within hours. In addition, infants with thiamine deficiency may present with features suggesting meningitis, including vomiting, nystagmus, and convulsions. An aphonic presentation has also been described in which there is extreme irritability and either a very hoarse cry or total inability to emit any noise whatsoever (a silent scream).

The laboratory diagnosis of thiamine deficiency is usually made by a functional enzymatic assay of transketolase activity measured before and after the addition of thiamine pyrophosphate. A 25% stimulation by the addition of thiamine pyrophosphate (an activity coefficient of 1.25) is taken as abnormal. Thiamine or the phosphorylated esters of thiamine in serum or blood can also be measured by high-performance liquid chromatography (HPLC) to detect deficiency. Moreover, a urinary level of thiamine 27 ug per gram of creatinine per day is abnormal. In measuring urinary excretion of thiamine, one should make sure the patient is not taking diuretics, which increase thiamine excretion.

Treatment
In acute thiamine deficiency with either cardiovascular or neurologic signs, 100 mg/d of thiamine should be given parenterally for 7 days, followed by 10 mg/d orally until there is complete recovery. Cardiovascular improvement occurs in 12 h, and ophthalmoplegic improvement occurs within 24 h. Other manifestations gradually clear, although psychosis in the Wernicke-Korsakoff syndrome may be permanent or persist for several months. Consistent with this, pathologic changes occur in the cortex, cerebellum, and mammillary bodies of the thalamus. Parenteral thiamine should be given prophylactically to all chronic alcoholic patients in the emergency room, or as soon as they are admitted, to prevent precipitation of thiamine deficiency after the provision of glucose-containing solutions.

Thiamine-responsive conditions requiring pharmacologic doses of thiamine include branched-chain ketoaciduria (maple sugar urine disease), subacute necrotizing encephalopathy due to thiamine triphosphate deficiency in the brain (Leigh syndrome), thiamine-responsive lactic acidosis, and thiamine-responsive megaloblastic anemia associated with diabetes mellitus and deafness. The gene for this recessive disorder, SLC19A2, encodes a thiamine transporter.

Toxicity 
 Although anaphylaxis has been reported after high doses of thiamine, no adverse effects have been recorded from either food or supplements at high doses. Thiamine supplements may be bought over the counter in doses of up to 50 mg/d.

Riboflavin (Vitamin B2)
Riboflavin is important for the metabolism of fat, carbohydrate, and protein, reflecting its role as a respiratory coenzyme and an electron donor. Riboflavin is esterified with phosphoric acid in the body to form two coenzymes, flavin-mononucleotide (FMN) and flavin adenine dinucleotide (FAD) which are involved in a variety of cellular oxidation-reduction processes. Enzymes that contain FAD or FMN as prosthetic groups are known as flavoenzymes (e.g., succinic acid dehydrogenase, monoamine oxidase, glutathione reductase). Riboflavin plays an important role in niacin metabolism, since flavoenzymes act as intermediaries in the oxidation of the reduced forms of nicotinamide adenine dinucleotide (NAD) and NAD phosphate (NADP).

Riboflavin is normally absorbed by active and carrier-mediated saturable mechanisms, whereas diffusion is the principal mechanism of absorption at high concentrations. Riboflavin phosphorylation takes place mainly in the wall of the small intestine. Both FMN and FAD are bound to immunoglobulins and albumin in the circulation, and both forms are stored to some degree in liver and muscle.

Although much is known about the chemical and enzymatic reactions of riboflavin, the clinical manifestations of riboflavin deficiency are nonspecific and similar to those of other B vitamin deficiencies. Further, riboflavin deficiency usually occurs in combination with other water-soluble vitamin deficiencies. Riboflavin deficiency is manifested principally by lesions of the mucocutaneous surfaces of the mouth (angular stomatitis, cheilosis, atrophic glossitis, magenta tongue, pharyngitis) and skin (seborrhea, genital dermatitis). In addition to the mucocutaneous lesions, corneal vascularization, anemia, and personality changes have been described with riboflavin deficiency.

Deficiency and Excess 
 Riboflavin deficiency is almost always due to dietary deficiency. The requirement for riboflavin is increased during pregnancy and lactation and possibly by heavy exercise. The use of phenothiazines and antibiotics also appears to increase the need for riboflavin. Milk, other dairy products, and enriched breads and cereals are the most important dietary sources of riboflavin in the United States, although lean meat, fish, eggs, broccoli, and legumes are also good sources. Riboflavin is extremely sensitive to light, and milk should be stored in containers that protect against photodegradation. In non-milk-drinking societies (e.g., Central America), the laboratory diagnosis of riboflavin deficiency is common. Laboratory diagnosis of riboflavin deficiency can be made by measurement of red blood cell or urinary riboflavin concentrations or by measurement of erythrocyte glutathione reductase activity, with and without added FAD. A stimulation (activity coefficient) of 1.4 is diagnostic of a deficient state. The RDA for riboflavin is 1.1 to 1.3 mg/d in adults, with slightly higher recommendations for lactating and pregnant women. Rare genetic defects of flavoprotein synthesis may require pharmacologic doses of riboflavin for treatment. Because the capacity of the gastrointestinal tract to absorb riboflavin is limited (~20 mg if given in one oral dose), riboflavin toxicity has not been described. Thus, the most recent revision of the RDAs did not set an upper limit for this nutrient.

Niacin(Vitamin B3)
The term niacin refers to nicotinic acid and nicotinamide and their biologically active derivatives. Nicotinic acid and nicotinamide serve as precursors of two coenzymes, NAD and NADP. These coenzymes are important in numerous oxidation and reduction reactions in the body. NAD and NADP serve as cofactors for dehydrogenases and are involved in the transfer of the hydride ion in many redox reactions. Thus, niacin is important in pentose, steroid, and fatty acid biosynthesis; glycolysis; protein metabolism; and the oxidation of fuels such as lactate, pyruvate, and alcohol. In addition, NAD and NADP are active in adenine diphosphate-ribose transfer reactions involved in DNA repair and calcium mobilization.

Absorption, Metabolism, and Requirements 
 Nicotinic acid and nicotinamide are absorbed well from the stomach and small intestine. Both forms of niacin are absorbed by a sodium-dependent, facilitated diffusion mechanism at low doses, whereas passive diffusion occurs at high doses. Some storage of NAD takes place in the liver. The amino acid tryptophan can be converted to niacin with an efficiency of 60:1 by weight. Thus, the RDA for niacin is expressed in niacin equivalents. Greater conversion of tryptophan to niacin occurs in niacin-deficient states, pregnancy, and in women using oral contraceptives. However, a lower conversion efficiency occurs if a patient is vitamin B6- or riboflavin-deficient. The drug isoniazid inhibits the conversion of tryptophan to niacin. The urinary excretion products of niacin include nicotinic acid and niacin oxide; however, the major urinary metabolites are 2-pyridone and 2-methyl nicotinamide, measurements of which are used in diagnosis of niacin deficiency.

The RDA for niacin is 16 niacin equivalents per day for men and 14 niacin equivalents for women. Median intakes of niacin in the United States considerably exceed these values. Diets that are corn-based can predispose to niacin deficiency due to the low tryptophan and niacin content. Niacin bioavailability is high from beans, milk, meat, and eggs; bioavailability from cereal grains is lower. Since flour is enriched with the "free" niacin (i.e., non-coenzyme form), bioavailability is excellent.

Deficiency 
 Niacin deficiency causes pellagra, which is mostly found among people eating corn-based diets in parts of China, Africa, and India. Pellagra in North America is found mainly among alcoholics; in patients with congenital defects of intestinal and kidney absorption of tryptophan (Hartnup's disease; and in patients with carcinoid syndrome, in which there is increased conversion of tryptophan to serotonin. The early symptoms of pellagra include loss of appetite, generalized weakness and irritability, abdominal pain, and vomiting. Epithelial cell changes then ensue with stomatitis and bright-red glossitis, followed by a characteristic skin rash that is pigmented and scaling, particularly in skin areas exposed to sunlight. This rash is known as "Casal's necklace," when it rings the neck, and is seen in advanced cases. Vaginitis and esophagitis may also occur. Diarrhea (in part due to proctitis and in part due to malabsorption), depression, seizures, and dementia are also part of the pellagra syndrome the four D's: dermatitis, diarrhea, and dementia leading to death.

The diagnosis of niacin deficiency is based on low levels of the urinary metabolites 2-methyl nicotinamide and 2-pyridone. Treatment of pellagra consists of oral supplementation of 100 to 200 mg of nicotinamide or nicotinic acid three times daily for 5 days. High doses of nicotinic acid (3 g nicotinic acid per day) are used for the treatment of elevated cholesterol levels and in the treatment of types 2, 4, and 5 hyperlipidemias.

Toxicity  
Prostaglandin-mediated flushing has been observed at daily doses as low as 50 mg of niacin when taken as a supplement or as therapy for hypertriglyceridemia. No toxicity has been seen from niacin derived from food sources. Flushing may be accompanied by skin dryness, itching, and headache. Premedication with aspirin may alleviate these symptoms. Nausea, vomiting, and abdominal pain also occur at similar doses of niacin. Hepatic toxicity is the most serious toxic reaction due to niacin and may present as jaundice with elevated AST and ALT levels. A few cases of fulminant hepatitis requiring liver transplantation have been reported at doses of 3 to 9 g/d. Other toxic reactions include glucose intolerance, macular edema, and macular cysts. It is not clear whether sustained-release forms of nicotinic acid are more toxic than regular forms. The upper limit for daily niacin intake has been set at 35 mg. However, this upper limit does not pertain to the therapeutic use of niacin.

Pyridoxine (Vitamin B6)
Vitamin B6 refers to a family of compounds including pyridoxine, pyridoxal, pyridoxamine, and their 5-phosphate derivatives. 5-Pyridoxal phosphate (PLP) is a cofactor for more than 100 enzymes involved in amino acid metabolism (e.g., 5-PLP is a cofactor for the transulfuration enzymes involved in the conversion of homocysteine to cystathionine. Vitamin B6 is also involved in heme and neurotransmitter synthesis and in the metabolism of glycogen, lipids, steroids, sphingoid bases, and several vitamins, including the conversion of tryptophan to niacin.

Absorption and Metabolism
  Approximately 75% of vitamin B6 is absorbed from a mixed diet by a nonsaturable, passive process. Much of dietary vitamin B6 is in the phosphorylated form, and the phosphate must be removed by intestinal alkaline phosphatase before absorption takes place. Once absorbed, the vitamin becomes rephosphorylated in the liver, where the various forms can be interconverted. In the liver, PLP binds avidly to cellular proteins and albumin. Since these binding proteins protect it from phosphatase activity, tissue levels of PLP can become quite high with continuous supplementation. Sixty mg of vitamin B6 is stored in the body, and much is in the form of PLP bound to phosphorylase A in muscle. The biologic half-life of vitamin B6 is 25 days.

Dietary Sources 
 Plants contain vitamin B6 in the form of pyridoxine, whereas animal tissues contain PLP and pyridoxamine phosphate. The vitamin B6 contained in plants is less bioavailable than that from animal tissues. All forms of vitamin B6 are labile in alkaline conditions. Rich food sources of vitamin B6 include legumes, nuts, wheat bran, and meat, although the vitamin is present in all food groups. The RDA for young adults (both males and females) has been set at 1.3 mg/d. For older adults, the RDA is slightly higher (1.5 mg/d for women, 1.7 mg/d for men).

Deficiency 
 Symptoms of vitamin B6 deficiency include seborrheic dermatitis, glossitis, stomatitis, and cheilosis, as frequently seen with other B vitamin deficiencies. In addition, severe vitamin B6 deficiency can lead to generalized weakness, irritability, peripheral neuropathy, abnormal electroencephalograms, and personality changes including depression and confusion. In infants, diarrhea, seizures, and anemia have been reported. Microcytic, hypochromic anemia is due to diminished hemoglobin synthesis, since the first enzyme involved in heme biosynthesis (amino-levulinate synthase) requires PLP as a cofactor. In some case reports, platelet dysfunction has also been reported. Since vitamin B6 is necessary for the conversion of homocysteine to cystathionine, it is possible that chronic low-grade vitamin B6 deficiency may result in hyperhomocystinemia and increased risk of cardiovascular disease.

Certain medications such as isoniazid, L-dopa, penicillamine, and cycloserine interact with PLP due to a reaction with carbonyl groups. Oral contraceptives have been reported to decrease vitamin B6 status indicators, although the mechanism for this is uncertain. Alcoholism also decreases vitamin B6 status due to poor diet, liver disease, and the fact that acetaldehyde can compete with PLP for protein binding, leading to increased degradation and excretion. The increased ratio of aspartate aminotransferase (AST or SGOT) to alanine aminotransferase (ALT or SGPT) seen in alcoholic liver disease reflects the relative vitamin B6 dependence of ALT. Vitamin B6 requirements are higher in preeclampsia, eclampsia, and hemodialysis. Vitamin B6 dependency syndromes that require pharmacologic doses of vitamin B6 are rare, but include cystathionine -synthase deficiency, pyridoxine-responsive (primarily sideroblastic) anemias, and gyrate atrophy with chorioretinal degeneration due to decreased activity of the mitochondrial enzyme ornithine aminotransferase. In these situations, 100 to 200 mg/d of oral vitamin B6 are required for treatment.

High doses of vitamin B6 have been used to treat carpal tunnel syndrome, premenstrual tension, schizophrenia, autism, and diabetic neuropathy but have not been found to be effective.

The laboratory diagnosis of vitamin B6 deficiency is generally made on the basis of low plasma PLP values (20 nmol/L). Other measures of vitamin B6 deficiency include low erythrocyte levels of PLP, low plasma pyridoxal, and low urinary levels of 4-pyridoxic acid. Treatment of vitamin B6 deficiency is 50 mg/d; higher doses of 100 to 200 mg/d are given if vitamin B6 deficiency is related to medication use. Vitamin B6 should not be given with L-dopa, since the vitamin interferes with the action of this drug.

Toxicity  
The safe upper limit for vitamin B6 has been set at 100 mg/d, although the lowest dose at which toxicity (sensory neuropathy) has been seen is 500 mg/d. No adverse effects have been associated with high intakes of vitamin B6 from food sources only. When toxicity occurs, it causes a severe sensory neuropathy, leaving patients unable to walk. Some cases of photosensitivity and dermatitis have also been reported.

Vitamin C
Both ascorbic acid and its oxidized product dehydroascorbic acid are biologically active. Vitamin C participates in oxidation-reduction reactions and hydrogen ion transfer reactions. As an antioxidant, vitamin C donates electrons to quench reactive free radical and oxygen species. It also acts to regenerate other antioxidants such as vitamin E, flavonoids, and glutathione. Other actions of vitamin C include promotion of nonheme iron absorption, carnitine biosynthesis, and the conversion of dopamine to norepinephrine. Vitamin C is also important for connective tissue metabolism and cross-linking and is a component of many drug-metabolizing enzyme systems, particularly the mixed-function oxidase systems. As such, the vitamin participates in the synthesis of corticosteroids, aldosterone, and the metabolism of cholesterol. Vitamin C also participates in enzymatic reactions requiring a reduced metal, although the exact molecular basis for this role has not been delineated.

Absorption and Physiology 
 Vitamin C is absorbed by an energy-dependent, saturable transport system, and a progressively smaller proportion of the vitamin is absorbed with increasing dose. Almost complete absorption of the vitamin occurs if 100 mg is administered in a single dose; however, only 50% or less is absorbed at doses 1 g. Enhanced degradation and fecal and urinary excretion of vitamin C occur at higher intake levels. High levels of the reduced form of vitamin C are contained in white blood cells, lens tissue, and brain. The maximum body pool in adult males is approximately 1500 mg, and 3% of this body pool is turned over each day, resulting in a half-life of approximately 18 days.

Dietary Sources and Requirements 
 Good dietary sources of vitamin C include citrus fruits, green vegetables (especially broccoli), tomatoes, and potatoes. Appreciable amounts of vitamin C may be consumed as an antioxidant food additive, and the consumption of five servings of fruits and vegetables a day provides vitamin C in excess of the RDA of 60 mg/d for males and females. Moreover, approximately 40% of the U.S. population takes vitamin C as a dietary supplement. Vitamin C requirements are increased slightly to 70 mg in pregnancy and are increased further to 90 to 95 mg/d during lactation. Smoking, hemodialysis, and stress (e.g., infection, trauma) appear to increase vitamin C requirements. "Natural forms" of vitamin C are no more bioavailable than synthetic forms.

Deficiency
Vitamin C deficiency causes scurvy; in the United States, this is seen primarily among poor and elderly people and alcoholics who consume 10 mg/d of vitamin C. Vitamin C deficiency has also been described among individuals consuming macrobiotic diets. Scurvy occurs when the body pool for vitamin C drops to 300 mg/d and plasma levels drop to 11 umol/L. Symptoms of scurvy primarily reflect impaired formation of mature connective tissue and include bleeding into skin (petechiae, ecchymoses, perifollicular hemorrhages); inflamed and bleeding gums; and manifestations of bleeding into joints, the peritoneal cavity, pericardium, and the adrenal glands. Other generalized symptoms include weakness, fatigue, and depression. In children, vitamin C deficiency may cause impaired bone growth. Laboratory diagnosis of vitamin C deficiency is made on the basis of low plasma or leukocyte levels.

Administration of vitamin C (200 mg/d) results in marked improvement in the symptoms of scurvy in a matter of several days. High-dose vitamin C supplementation (e.g., 1 to 2 g/d) has been shown to slightly decrease the symptoms and duration of upper respiratory tract infections and to improve glycemic control. Vitamin C supplementation has also been reported to be useful in Chediak-Higashi syndrome and osteogenesis imperfecta. It has been claimed that foods high in vitamin C may lower the incidence of certain cancers, particularly esophageal and gastric cancers. If proven, this effect may be due to the fact that vitamin C can prevent the conversion of nitrites and secondary amines to carcinogenic nitrosomines. However, one intervention study from China did not show vitamin C to be protective. Other chronic diseases for which diets high in vitamin C have been reported to be protective include cardiovascular disease, stroke, and cataracts. However, these studies are correlational, and no large-scale intervention studies have been reported.

Toxicity
  Taking 2 g of vitamin C in a single dose may result in abdominal pain, diarrhea, and nausea; doses 3 g have been reported to elevate blood levels of alanine aminotransferase, lactic acid dehydrogenase, and uric acid. Since vitamin C may be metabolized to oxalate, it has been feared that chronic, high-dose vitamin C supplementation could result in an increased prevalence of kidney stones. However, this has not been borne out in several trials, except in individual patients with preexisting renal disease. Thus, it is reasonable to advise patients with a past history of kidney stones not to take large doses of vitamin C. There is also an unproven, but possible risk that chronic high doses of vitamin C could promote iron overload in patients taking supplemental iron. High doses of vitamin C can induce hemolysis in patients with glucose-6-phosphate dehydrogenase deficiency, and doses 1 g/d can cause false-negative guaiac reactions as well as interfering with tests for urinary glucose.

Biotin
Biotin is a water-soluble vitamin with a bicyclic structure. The vitamin plays an important role in gluconeogenesis and fatty acid synthesis and serves as a CO2 carrier on the surface of both cytosolic and mitochondrial carboxylase enzymes. The vitamin also functions in the catabolism of specific amino acids (e.g., leucine).

Biotin in food sources is bound to protein from which it must be cleaved in order to be absorbed. The enzyme biotinidase dissociates the vitamin and facilitates its subsequent transport. Excellent food sources of biotin include liver, soy, beans, yeast, and egg yolks, although egg white contains the protein avidin that strongly binds the vitamin and reduces its bioavailability. Biotin is contained in moderate amounts in legumes, nuts, mushrooms, cauliflower, and certain cereals. Although biotin is synthesized by intestinal bacteria, the relative importance of this source in humans is uncertain. The recommended intake of biotin for adults is 30 ug/d and 35 ug/d in lactating women.

Biotin deficiency has been induced by experimental feeding of egg white diets and in patients with short bowels who received biotin-free parenteral nutrition. In the adult, biotin deficiency results in mental changes (depression, hallucinations), paresthesia, anorexia, and nausea. A scaling, seborrheic, and erythematous rash may occur around the eyes, nose, and mouth as well as on the extremities. In infants, biotin deficiency presents as hypotonia, lethargy, and apathy. In addition, the infant may develop alopecia and a characteristic rash that includes the ears. Two types of inherited infantile biotin deficiency states have been described. Multiple carboxylase deficiency syndrome is an autosomal recessive disorder that is expressed during the first week of life and is characterized by severe metabolic ketoacidosis and dermatitis. Treatment requires pharmacologic doses of biotin, using up to 10 mg/d. Late-onset infantile biotin deficiency due to absorptive and transport defects occurs between 3 and 6 months with dermatitis, seizures, ataxia, hypotonia, and variable metabolic acidosis. The laboratory diagnosis of biotin deficiency can be established based on a decreased urinary concentration.

Pantothenic acid
Pantothenic acid is a component of coenzyme A and phosphopantetheine, which are involved in fatty acid metabolism and the synthesis of cholesterol, steroid hormones, and all compounds formed from isoprenoid units. In addition, pantothenic acid is involved in the acetylation of proteins. Pantothenic acid is actively transported when given at low doses, but it is passively absorbed when given at high doses. The vitamin is excreted in the urine, and the laboratory diagnosis of deficiency is made on the basis of low urinary vitamin levels.

The vitamin is ubiquitous in the food supply. Liver, yeast, egg yolks, and vegetables are particularly good sources. The recommended adequate intake for adults is 5 mg/d. Human pantothenic acid deficiency has only been demonstrated in experimental feeding of diets low in pantothenic acid or by giving a specific pantothenic acid antagonist. The symptoms of pantothenic acid deficiency are nonspecific and include gastrointestinal disturbance, depression, muscle cramps, paresthesia, ataxia, and hypoglycemia. Pantothenic acid deficiency was thought to cause the burning feet syndrome seen in prisoners of war during World War II. No toxicity of this vitamin has been reported.

Choline
Choline is a precursor for acetylcholine, phospholipids, and betaine. Choline is necessary for the structural integrity of cell membranes, cholinergic neurotransmission, lipid and cholesterol metabolism, and transmembrane signaling. Recently, a recommended adequate intake was set at 550 mg/d for adult males and 425 mg/d for adult females. Choline is thought to be a "conditionally essential" nutrient, in that de novo synthesis occurs in the liver and is less than the vitamin's utilization only under certain stress conditions. Choline deficiency has occurred in patients receiving parenteral nutrition devoid of choline. Deficiency results in fatty liver and elevated transaminase levels. The diagnosis of choline deficiency is made on the basis of low plasma levels.

Toxicity from choline results in hypotension, cholinergic sweating, diarrhea, salivation, and a fishy body odor. The upper limit for choline has been set at 3.5 g/d. Therapeutically, choline has been suggested for patients with dementia and for patients at high risk of cardiovascular disease, due to its ability to lower cholesterol and homocysteine levels. However, such benefits have yet to be documented.

Vitamin A
Vitamin A, in the strictest sense, refers to retinol. However, the oxidized metabolites, retinaldehyde and retinoic acid, are also biologically active compounds. The term retinoids includes synthetic molecules that are chemically related to retinol. Retinaldehyde is the essential form of vitamin A that is required for normal vision, whereas retinoic acid is necessary for normal morphogenesis, growth, and cell differentiation. Retinoic acid does not function in vision and, in contrast to retinol, is not involved in reproduction. Vitamin A also plays a role in iron utilization, humoral immunity, T cell-mediated immunity, natural killer cell activity, and phagocytosis. Vitamin A is commercially available in esterified forms (e.g., acetate, palmitate) since it is more stable as an ester.

There are over 600 carotenoids in nature, and approximately 50 of these can be metabolized to vitamin A. Carotene is the most prevalent carotenoid in the food supply that has provitamin A activity. Although the breakdown of carotene should theoretically yield two molecules of vitamin A, the conversion of carotenoids to vitamin A, in fact, is much less efficient. It is estimated that 6 ug or greater of dietary carotene is equivalent to 1 ug of retinol, whereas 12 ug or greater of other dietary provitamin A carotenoids (e.g., cryptoxanthin, carotene) is equivalent to 1 ug of retinol.

Absorption and Metabolism 
 Approximately 80% of preformed vitamin A is absorbed from food, and absorption is via a carrier-mediated mechanism at low concentrations and passive diffusion at high concentrations. Approximately 15 to 30% of provitamin A carotenoids are absorbed passively from the diet, and the absorption becomes much less efficient at high dosage. The absorption of both vitamin A and carotenoids are partially dependent on an adequate bile concentration within the intestinal lumen for the formation of micelles. Once a provitamin A carotene is absorbed into the epithelial cell, a small proportion of it is split to form vitamin A. At higher doses of carotene, the conversion to vitamin A is less efficient, thereby preventing vitamin A toxicity. The absorption of both vitamin A and intact carotene is via the lymphatics after chylomicron formation.

Hepatic clearance of vitamin A in chylomicrons is efficient, and the liver contains approximately 90% of the vitamin A reserves. Approximately 10 to 40% of a vitamin A dose is oxidized or conjugated in the liver and excreted in urine or bile. Of a given dose of vitamin A, approximately 50% enters the liver storage pool. Storage of vitamin A takes place in the lipid storage (Ito) cell of the liver, which is also a collagen-producing cell. The liver secretes vitamin A in the form of retinol, which is bound to retinol-binding protein. Once this has occurred, the retinol-binding protein complex interacts with a second protein, transthryetin. This trimolecular complex functions to prevent vitamin A from being filtered by the kidney glomerulus, to protect the body against the toxicity of retinol and to allow retinol to be taken up by specific cell-surface receptors that recognize retinol-binding protein. A certain amount of vitamin A enters peripheral cells even if it is not bound to retinol-binding protein. After retinol is internalized by the cell, it becomes bound to a series of cellular retinol-binding proteins, which function as sequestering and transporting agents as well as coligands for enzymatic reactions. Certain cells also contain retinoic acid-binding proteins, which have the same sequestering functions as well as enabling retinoic acid metabolism.

11-cis-Retinaldehyde functions as a visual pigment chromophore to capture light. Rhodopsin is composed of the protein opsin and retinaldehyde and is contained in the rod cells, whereas iodopsin is contained in cones. When the dark-adapted retina is exposed to light, the 11-cis-retinaldehyde contained in rhodopsin isomerizes to an all-trans form. This conformational change causes dissociation from the opsin, resulting in a nerve impulse and a visual response. Once the retina returns to dim light conditions, rhodopsin is regenerated.

Retinoic acid is a ligand for certain nuclear receptors that act as transcription factors. Two families of receptors (RAR and RXR receptors) are active in retinoid-mediated gene transcription. Retinoid receptors regulate transcription by binding as dimeric complexes to specific DNA sites, the retinoic acid response elements, in target genes. The receptors can either stimulate or repress gene expression in response to their ligands. RAR binds all-trans retinoic acid and 9-cis retinoic acid, whereas RXR binds only 9-cis retinoic acid.

The retinoid receptors play an important role in controlling cell proliferation and differentiation. Retinoic acid is useful in the treatment of promyeolcytic leukemia. In this case, a gene rearrangement fuses the RAR to one of several other genes [e.g., t(15;17)], causing an apparent block in cell differentiation. Treatment with retinoic acid activates the RAR, dissociating repressor complexes and leading to cell differentiation and more normal cell turnover. Retinoic acid is also used in the treatment of cystic acne because it inhibits keratinization, decreases sebum secretion, and possibly alters the inflammatory reaction. RXRs dimerize with other nuclear receptors to function as coregulators of genes responsive to retinoids, thyroid hormone, and calcitriol. RXR agonists induce insulin sensitivity experimentally, perhaps because RXR is a cofactor for the peroxisome-proliferator-activated receptors (PPARs), which are targets for the thiazolidinedione drugs such as rosiglitazone and troglitazone.

Dietary Sources  
The retinol equivalent (RE) is used to express the vitamin A value of food. One RE is defined as 1 ug of retinol (0.003491 mmol). In the past, 1 RE was considered to be equal to 6 ug of carotene, but additional studies indicate that 1 RE may, in fact, be equal to 12 to 20 ug of carotene from a dietary source. In older literature, vitamin A was often expressed in international units (IU), with 1 RE being equal to 3.33 IU of retinol and 12 IU of carotene, but these units are no longer in current medical or scientific use. The RDA for vitamin A is set at 1000 RE for adult males and 800 RE for adult females.

Liver and fish are excellent food sources for preformed vitamin A; vegetable sources of provitamin A carotenoids include dark-green and -colored fruits and vegetables. Diets consisting mainly of rice, wheat, maize, and tubers can produce vitamin A deficiency, as few carotenoids are contained in these foods. In areas where these foods are staples, children are particularly susceptible to vitamin A deficiency because neither breast nor cow's milk supplies enough vitamin A to prevent deficiency. Areas of the world where vitamin A deficiency is particularly prevalent include parts of Africa, South America, and Southeast Asia. Vitamin A deficiency occurs in more than 250,000 children each year, resulting in blindness and a 50% mortality rate within the year. In western countries, vitamin A deficiency is seen primarily among patients with diseases associated with fat malabsorption (e.g., celiac sprue, short-bowel syndrome). Concurrent zinc deficiency can interfere with the mobilization of vitamin A from liver stores as well as the synthesis of rhodopsin in the eye; thus vitamin A deficiency is exacerbated by concurrent zinc deficiency. Alcohol also interferes with the conversion of retinol to retinaldehyde in the eye by competing for alcohol (retinol) dehydrogenase. Drugs that interfere with the absorption of vitamin A include mineral oil, neomycin, and cholestyramine.

Deficiency 
 Symptoms of vitamin A deficiency include hyperkeratotic skin lesions, night blindness (inability to see in dim light), dryness of the eyes, xerosis, and Bitot spots, which are white patches of keratinized epithelium appearing on the sclera. Aggressive xerophthalmia can result in corneal ulceration. If untreated, proteolytic destruction and rupture of the cornea ensues with permanent blindness, although vitamin A treatment of patients with corneal ulcers can also result in blindness due to permanent corneal scarring. Children with vitamin A deficiency have increased mortality, primarily from infectious diseases, measles, respiratory diseases, and diarrhea. Extremely low birth weight infants (1000 g) should be treated parenterally with 5000 IU (1500 ug or RE) of vitamin A three times a week for 4 weeks.

There are no specific deficiency signs or symptoms that result from carotenoid deficiency. However, dietary carotenoids have been suggested to protect against cataract formation, low-density lipoprotein (LDL) oxidation, and certain cancers. It was hoped that carotene would be an effective chemopreventive for cancer because numerous epidemiologic studies had shown that diets high in carotene were associated with lower incidences of cancers of the respiratory and digestive system. However, intervention studies using high doses of -carotene actually resulted in more lung cancers than in placebo-treated groups. Non-provitamin A carotenoids, such as lutein and zeaxanthin, have been suggested to protect against macular degeneration. The non-provitamin A carotenoid lycopene has been suggested to protect against prostate cancer. However, the effectiveness of these agents has not been proven by intervention studies, and the mechanisms underlying these purported biologic actions are unknown.

The diagnosis of vitamin A deficiency is made by measurement of serum retinol (normal range, 30 to 65 ug/dL), tests of dark adaptation, impression cytology of the conjunctiva (decreased numbers of mucous-secreting cells), or measurement of body storage pools, either directly by liver biopsy or by isotopic dilution after administering a stable isotope of vitamin A.

Vitamin A deficiency with ocular changes should be treated by administering 100,000 IU (30 mg) of vitamin A intramuscularly, or 200,000 IU (60 mg) orally. In areas of endemic vitamin A deficiency, this is followed by vitamin A capsules of 200,000 IU at 6-month intervals. Vitamin A deficiency in patients with malabsorptive diseases, who have abnormal dark adaptation or symptoms of night blindness without ocular changes, should be treated for 1 month with 50,000 IU/d (15 mg/d) orally of a water micelle preparation of vitamin A. This is followed by lower maintenance doses with the exact amount determined by monitoring serum retinol.

Toxicity  
Acute toxicity of vitamin A was first noted in Arctic explorers after eating polar bear liver and has been seen after administration of 150 mg in adults or 100 mg in children. Acute toxicity is manifest by increased intracranial pressure, vertigo, diplopia, bulging fontanels in children, seizures, and exfoliative dermatitis; it may result in death. Chronic vitamin A intoxication has been seen in normal adults who ingest 50,000 IU/d (15 mg/d) of vitamin A for a period of several months and in children who ingest 20,000 IU/d (6 mg/d). Manifestations include dry skin, cheilosis, glossitis, vomiting, alopecia, bone pain, hypercalcemia, lymph node enlargement, hyperlipidemia, amenorrhea, and features of pseudotumor cerebri with increased intracranial pressure and papilledema. Liver fibrosis with portal hypertension and bone demineralization may also result from chronic vitamin A intoxication. When vitamin A is provided in excess of pregnant women, congenital malformations have included spontaneous abortions, craniofacial abnormalities, and valvular heart disease. In pregnancy, the daily dose of vitamin A should not exceed 10,000 IU (3 mg). Elderly individuals appear to be more prone to vitamin A intoxication, as are alcoholics and patients with liver disease. In fact acute hepatitis may precipitate vitamin A intoxication in patients who have extremely high vitamin A stores in the liver. It should be noted that the commercially available retinoid derivatives are also toxic, including 13-cis-retinoic acid, which has been associated with birth defects. As a result, contraception should be continued for a least 1 year, and possibly longer, in women who have taken 13-cis retinoic acid.

High doses of carotenoids do not result in toxic symptoms. However, carotenemia, which is characterized by a yellowing of the skin (creases of the palms and soles) but not the sclerae, may be seen after ingestion of 30 mg of -carotene on a daily basis. Hypothyroid patients are particularly susceptible to the development of carotenemia due to impaired breakdown of carotene to vitamin A. Reduction of carotenes from the diet results in the disappearance of skin yellowing and carotenemia over a period of 30 to 60 days.

Vitamin D
Vitamin D is a hormone rather than a classic vitamin, since with adequate exposure to sunlight, no dietary supplements are needed. Vitamin D exerts its physiologic effects on bone, intestine, kidney, and the parathyroid glands to modulate calcium and phosphorus metabolism. The active principle of vitamin D is synthesized under metabolic control via successive hydroxylations in the liver and kidney and is transported through the blood to its main target tissues (the small intestine and bone), where it regulates calcium homeostasis.

Photobiogenesis
Vitamin D3 is a derivative of 7-dehydrocholesterol (provitamin D3), the immediate precursor of cholesterol. When skin is exposed to sunlight or certain artificial light sources, the ultraviolet radiation enters the epidermis and causes transformation of 7-dehydrocholesterol to vitamin D3. Wavelengths between 290 and 315 nm are absorbed by the conjugated double bonds at C5 and C7 of 7-dehydrocholesterol to produce previtamin D3 (Fig4). Vitamin D3 is made in the skin from the previtamin for many hours after a single sun exposure (Fig. 4). Once vitamin D3 is synthesized, it is translocated from the epidermis into the circulation by the vitamin D-binding protein. Melanin in the skin competes with 7-dehydrocholesterol for ultraviolet photons and thus can limit the synthesis of previtamin D3. The photochemical isomerization of previtamin D3 and vitamin D3 to biologically inert products appears to be more important in preventing excessive production of previtamin D3 and vitamin D3 during prolonged exposure to the sun.
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FIG4. Photobiogenesis vitamin D
Aging decreases the capacity of the skin to produce vitamin D3; this capacity is reduced more than fourfold after age 70. Topical sunscreens can reduce or prevent cutaneous production of vitamin D3 by absorbing the solar radiation responsible for previtamin D3 synthesis in the skin. Other factors that affect the cutaneous synthesis of vitamin D3 include altitude, geographic location, time of day, and area exposed. Latitude has profound effects on the cutaneous synthesis of vitamin D3. As the zenith angle of the sun increases with approaching winter, more of the high-energy ultraviolet photons responsible for formation of the previtamin are absorbed by the ozone layer. In an area such as Boston (42°N), the absorption of these photons is so complete that essentially no vitamin D3 is made in the skin between the months of November through February.

When the entire body is exposed to sufficient sunlight to cause mild erythema, the increase in the blood vitamin D is approximately equivalent to consuming oral doses of 10,000 to 25,000 international units (1 IU = 0.025 ug) of vitamin D. Only when skin irradiation is insufficient to produce the required quantities of vitamin D3 is dietary supplementation needed to prevent skeletal mineralization defects. The fortification of milk and some cereals with either crystalline vitamin D2 (Fig. 4) or vitamin D3 should prevent rickets and osteomalacia. A survey of the vitamin D content in milk from the United States and western Canada revealed, however, that 71% did not contain 80 to 120% of the amount of vitamin D on the label and that ~15% of skim milk did not contain detectable vitamin D.

In 1997, the Food and Nutrition Board for the Institute of the Medicine recommended 200 IU/d as the adequate intake of vitamin D for neonates, children, and adults up to 50 years. For adults 51 to 70 and >71 years, the committee recommended 400 and 600 IU/d, respectively. In the absence of adequate sunlight exposure, all children and adults require at least 400 to 600 IU/d.
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FIG 5.A Metabolism vitamin D3
Metabolism
In the liver, vitamin D is metabolized to 25-hydroxyvitamin D [25(OH)D] by hepatic mitochondrial and/or microsomal enzyme(s) (Fig 4). 25(OH)D is one of the major circulating metabolites, and its half-life is about 21 days. The concentrations of 25(OH)D and some of its metabolites in the serum are measured using competitive binding assays. The normal serum 25(OH)D concentration varies among different laboratories from 20 to 200 nmol/L (8 to 80 ng/mL). Individuals exposed to excessive sunlight may have concentrations of 25(OH)D up to 250 nmol/L (100 ng/mL) without adverse effects on calcium metabolism. The serum 25(OH)D levels usually reflect both 25-hydroxyvitamin D2 [25(OH)D2] and 25-hydroxyvitamin D3 [25(OH)D3]. The ratio of these two 25-hydroxylated derivatives depends on the relative amounts of vitamins D2 or D3 present in the diet and the amount of previtamin D3 produced by exposure to sunlight.

The hepatic 25-hydroxylation of vitamin D is regulated by a product feedback mechanism. This regulation, however, is not tight; an increase in dietary intake or endogenous production of vitamin D3 increases 25(OH)D levels in the serum. The levels can rise to >1200 nmol/L (500 ng/mL) when the intake of vitamin D is excessive. Serum 25(OH)D levels are reduced in severe chronic liver disease. 25(OH)D is probably not biologically active at physiologic levels in vivo but is active in vitro at high concentrations.
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FIG 5.B Metabolism vitamin D3
After formation in the liver, 25(OH)D is bound by the vitamin D-binding protein and transported to the kidney for an additional stereospecific hydroxylation on either C1 or C24 (Fig. 4). The kidney plays a pivotal role in the metabolism of 25(OH)D to the biologically active metabolite. The renal mitochondrial 25(OH)D-1-hydroxylase activity is enhanced by hypocalcemia to increase the rate of conversion of 25(OH)D to 1,25(OH)2D. Hypocalcemia may not control this hydroxylation directly, however. Any decrease in the serum concentration of calcium below normal is a stimulus for increased secretion of PTH, which increases the synthesis of 1,25(OH)2D in the renal proximal convoluted tubule. The renal production of 1,25(OH)2D enhances the effects of PTH in lowering circulating concentrations (and presumably renal intracellular concentrations) of phosphate (Fig.5A and B). 1,25(OH)2D also influences the renal metabolism of 25(OH)D by diminishing 25(OH)D-1a-hydroxylase activity and enhancing the metabolism of 25(OH)D to 24R,25-dihydroxyvitamin D [24,25(OH)2D].
24,25(OH)2D is normally present in serum at a concentration of 1 to 10 nmol/L (0.5 to 5.0 ng/mL). 24,25(OH)2D is also a substrate for renal 25(OH)D-1a-hydroxylase and is converted to 1a,24R,25-trihydroxyvitamin D [1,24,25(OH)3D], which, in turn, is metabolized to the biologically inactive substance calcitroic acid (Fig.4). Cultured cells that possess nuclear receptors for 1,25(OH)2D, such as chondrocytes, skin keratinocytes and fibroblasts, and intestinal and melanoma cells, also metabolize 25(OH)D to 24,25(OH)2D. Studies of the vitamin D-24-hydroxylase null mice indicate that the major role of 24-hydroxylation is in the regulation of levels of 1,25(OH)2D.
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FIG 6. Physiologi vitamin D
Physiology
Table 10.
Diseases
	Disease States
	Serum 1,25(OH)2D 

	Vitamin D deficiency
	Øa

	Renal failure:
	

	GFR > 30 (mL/min)/1.7 m2
	Ø or N

	GFR < 30 (mL/min)/1.7 m2
	Ø

	Hypoparathyroidism
	Ø or N

	Pseudohypoparathyroidism
	Ø or N

	Vitamin D-dependent rickets:
	

	Type I
	Ø

	Type II
	≠

	X-linked vitamin D-resistant rickets
	Ø or N

	Tumor-induced osteomalacia
	Ø

	Oncogenic hypercalcemia
	Ø

	Some lymphomas
	≠

	Hyperparathyroidism
	≠

	Sarcoidosis, tuberculosis, silicosis
	≠

	Idiopathic hypercalciuria
	N or ≠

	Williams' syndrome
	≠

	Vitamin D intoxication
	N or ≠


a Serum 1,25(OH)2D concentrations are normal or elevated in occasional patients with biopsy-proven osteomalacia and undetectable or low circulating concentrations of 25(OH)D. These patients also have secondary hyperparathyroidism and may represent a partially treated state; if a small amount of vitamin D is obtained from the diet or generated in the skin in these patients, the vitamin is efficiently converted to 1,25(OH)2D. The net effect is low or undetectable circulating concentrations of 25(OH)D along with normal or elevated concentrations of 1,25(OH)2D. However, in extreme vitamin D deficiency, circulating concentrations of 1,25(OH)2D are low or undetectable. NOTE: Ø decreased; N, normal; ≠, increased; GFR, glomerular filtration rate.
1,25(OH)2D, produced by the kidney and the placenta, is the only known important metabolite of vitamin D; the potential roles of other metabolites have not been clarified. 1,25(OH)2D bound to a vitamin D-binding protein is delivered to various target organs, where the free form is taken up by cells and transported to a specific nuclear receptor protein. The vitamin D receptor (VDR) belongs to the nuclear receptor superfamily of steroid-retinoid-thyroid hormone-vitamin D transcription regulatory factors. The VDR interacts with the retinoic acid X receptor (RXR) to form a heterodimeric (RXR-VDR) complex that binds to specific DNA sequences, termed the vitamin D response elements (VDREs). After 1,25(OH)2D binds to the receptor, it induces conformational changes that result in the recruitment of a multitude of transcriptional coactivators that stimulate the transcription of target genes. In the intestine, the activated VDR stimulates calcium-binding protein synthesis; in bone, it stimulates production of osteocalcin, osteopontin, and alkaline phosphatase. 1,25(OH)2D also may have nonnuclear effects on its target tissues; 
1,25(OH)2D increases the transport of calcium from the extracellular to intracellular space, and it can mobilize calcium from intracellular calcium pools and enhance phosphatidylinositol metabolism. In the intestine, the net effect of 1,25(OH)2D is to stimulate calcium and phosphate transport from the lumen of the small intestine into the circulation (Fig. 5). The effect of 1,25(OH)2D on the enhancement of bone resorption is synergistic with that of PTH. Mature osteoclasts do not possess receptors for either PTH or 1,25(OH)2D. Both PTH and 1,25(OH)2D interact with their specific receptors on osteoblasts or stromal fibroblasts to induce the production of RANK ligand on the osteoblast's cell surface. As described above, the RANK ligand interacts with the RANK receptor on immature osteoclasts, stimulating immature osteoclastic precursors to differentiate into mature osteoclasts. The role of 1,25(OH)2D in the renal handling of calcium and phosphorus remains uncertain. Whatever the role of extraintestinal VDRs may be, the compelling evidence is that the phenotype of VDR null mice is corrected in the setting of normal mineral ion homeostasis. Thus the skeletal consequences of VDR ablation are the result of impaired intestinal calcium absorption and/or the accompanying secondary hyperparathyroidism and hypophosphatemia ( see Table 10)
Receptors for 1,25(OH)2D are also present in cells not classically considered target organs for this hormone, including skin, breast, pituitary, parathyroids, pancreatic beta cells, gonads, brain, skeletal muscle, circulating monocytes, and activated B and T lymphocytes. Although its physiologic role in these cells remains to be determined, 1,25(OH)2D inhibits proliferation of keratinocytes and fibroblasts, stimulates terminal differentiation of keratinocytes, induces monocytes to produce interleukin (IL)1 and to differentiate into macrophages and osteoclast-like cells, inhibits the production of PTH, and inhibits the production of IL-2 and immunoglobulin by activated T and B lymphocytes, respectively.

In addition, a variety of tumor cell lines, including lines derived from breast carcinomas, melanomas, and promyeloblasts, possess receptors for 1,25(OH)2D. Tumor cell lines that have 1,25(OH)2D receptors respond to the hormone by decreasing the rate of proliferation and enhancing differentiation. For example, when malignant receptor-positive human promyelocytic cells (HL-60) are exposed to 1,25(OH)2D, the cells mature into functioning macrophages within 1 week. Although calcitriol [1,25(OH)2D] is not useful for the treatment of leukemia, the antiproliferative effects of calcitriol and its analogue calcipotriene provide the rationale for their use in the treatment of psoriasis.

1,25(OH)2D regulates PTH synthesis by negative feedback (Fig.6). This effect is the rationale for giving 1,25(OH)2D3, and its less calcemic-inducing analogue 19-nor-1,25-dihydroxyvitamin D3, to lower circulating levels of PTH in patients with chronic renal failure.

The principal physiologic mechanism regulating the production of 1,25(OH)2D appears to involve changes in serum extracellular calcium concentrations that result in reciprocal changes in secretion of PTH, the latter controlling, possibly through actions on serum or tissue phosphorus levels, the rate of 1,25(OH)2D production. Other factors that enhance 1,25(OH)2D production include estrogen, prolactin, and growth hormone. Humans adapt to increased calcium requirements during growth, pregnancy, and lactation by increasing the efficiency of intestinal calcium absorption, possibly by enhancing 25(OH)D-1a-hydroxylase activity. During the first two trimesters of pregnancy, the levels of 1,25(OH)2D increase in proportion to the concentration of the vitamin D-binding protein; levels of free 1,25(OH)2D do not change. During the last trimester, the need for calcium for mineralization of the fetal skeleton is met by an increase in the concentrations of free 1,25(OH)2D and enhanced maternal intestinal calcium absorption.

Most measurements of circulating 1,25(OH)2D in various physiologic or pathologic states utilize a receptor/competitive binding assay. Serum levels of vitamin D and 25(OH)D vary with the season and with vitamin D intake, whereas levels of 1,25(OH)2D appear to be unaltered by seasonal variation, by increases in dietary vitamin D, or by exposure to sunlight as long as vitamin D supplies and circulating concentrations of 25(OH)D are sufficient, metabolic influences control the renal 25(OH)D-1a-hydroxylase to ensure a closely regulated circulating concentration of 1,25(OH)2D. The serum concentration of 1,25(OH)2D ranges from 40 to 160 pmol/L (16 to 65 pg/mL), and its serum half-life is from 3 to 6 h.

Pharmacology
Casual exposure to sunlight provides most people with adequate vitamin D. In elderly individuals, exposure of hands, face, and arms to a suberythemal dose of sunlight two to three times a week is usually adequate. A variety of over-the-counter vitamin preparations contain 400 IU of either vitamin D2 (ergocalciferol) or vitamin D3 (cholecalciferol). More potent preparations of vitamin D (calciferol) are available in capsule and tablet form (50,000 IU), as oil (500,000 IU/mL), and in oral solution (8000 IU/mL). A single oral dose of 50,000 IU of vitamin D2 increases the circulating concentration of vitamin D from <25 nmol/L (10 ng/mL) to 130 to 260 nmol/L (50 to 100 ng/mL) within 12 to 24 h; the plasma half-life is about 2 days. Serum concentrations of 25(OH)D and 1,25(OH)2D are not changed by these doses of vitamin D. For treatment of vitamin D deficiency, 50,000 IU of vitamin D once a week for 8 weeks raises the circulating concentration of 25(OH)D into the normal range; in the presence of secondary hyperparathyroidism, the circulating concentrations of 1,25(OH)2D can increase to supranormal levels [up to 600 pmol/L (250 pg/mL)]. 25(OH)D3 (calcifediol) available in capsules containing either 20 or 50 ug may be useful in treating vitamin D deficiency [low 25(OH)D concentrations] in patients with severe liver dysfunction. Pharmacologic doses are used to treat disorders of 25(OH)D metabolism; in pharmacologic doses, 25(OH)D3 is believed to act via interaction with the VDR. Calcitriol is available in capsules containing 0.25 or 0.5 ug and as a solution for intravenous use (1.0 and 2.0 ug/mL). Calcitriol is efficacious in a variety of disorders, but even low doses can cause hypercalcemia, leading to attempts to develop analogues with less calcemic activity. Two such calcitriol analogues have been approved in the United States for the treatment of renal osteodystrophy; 19-nor-1,25-dihydroxyvitamin D2, and 24-epi-1,25-dihydroxyvitamin D2 1a-Hydroxyvitamin D3 [1(OH)D3] is a potent 1,25(OH)2D3 agonist that is used in Europe and Japan. The structure of this analogue is identical to that of the natural renal hormone with the exception that it lacks a C25 OH. In humans, this analogue is rapidly metabolized by the liver to 1,25(OH)2D3. Topical preparations of calcitriol (3 ug/g) in Europe and calcipotriene (50 ug/g) in Europe and the United States are used for the treatment of psoriasis. When applied over a large surface area, both can potentially cause hypercalcemia and hypercalciuria. Oral calcitriol is also effective for psoriasis and psoriatic arthritis.

When vitamin D is chemically manipulated to rotate the A ring through 180°, the C3 b-OH assumes a geometric position that mimics the C1 a-OH. These compounds, called pseudo-1a-hydroxyvitamin D analogues, include the clinically useful dihydrotachysterol (DHT). This analogue is less effective in stimulating intestinal calcium transport on a weight basis than either vitamin D or 1,25(OH)2D. Because it does not require 1a-hydroxylation to be active on intestinal calcium transport, it is 3 to 10 times more potent than vitamin D in disease states that impair renal 25(OH)D-1a-hydroxylase, such as hypoparathyroidism and chronic renal failure. Dihydrotachysterol is efficiently metabolized in the liver to 25-hydroxy-DHT, which is the biologically active form.

Vitamin E
Vitamin E is a collective name for a group of tocopherols and tocotrionols, the latter having an unsaturated sidechain. There are eight naturally occurring plant compounds with vitamin E activity. RRR- tocopherol is the most active, while synthetic stereoisomers of vitamin E are less biologically active. Vitamin E acts as a chain-breaking antioxidant and is an efficient pyroxyl radical scavenger, which protects LDLs and polyunsaturated fats in membranes from oxidation. A network of other antioxidants (e.g., vitamin C, glutathione) and enzymes maintains vitamin E in a reduced state. Vitamin E also inhibits prostaglandin synthesis and the activities of protein kinase C and phospholipase A2.

Absorption and Metabolism  
Vitamin E is a fat-soluble vitamin and requires all the processes needed for micelle formation to be absorbed. About 15 to 40% is absorbed passively from a single physiologic dose, and there is less efficient absorption at high doses. Polyunsaturated fat may inhibit absorption. Vitamin E is taken up from chylomicrons by the liver, and an hepatic  tocopherol transport protein is involved in intracellular vitamin E transport and incorporation into very low density lipoprotein (VLDL). The transport protein has particular affinity for the RRR isomeric form of  tocopherol; thus this natural isomer has the most biologic activity. In the circulation, vitamin E is bound to all lipoprotein classes and becomes widely distributed in tissues, with fat and muscle being the most important storage depots. Vitamin E metabolites are mainly excreted in feces, although some are also excreted in urine.

Requirement 
 The RDA for vitamin E is currently 10 mg for adults. Additional vitamin E is recommended during pregnancy (12 mg/d) and lactation (14 mg/d). Vitamin E is widely distributed in the food supply. The RRR- isomers are particularly high in sunflower oil, safflower oil, and wheat germ oil;  tocotrionols are notably present in soybean and corn oils. Vitamin E is also found in meats, nuts, and cereal grains, and small amounts are present in fruits and vegetables. Vitamin E pills containing doses of 50 to 1000 mg are ingested by a large fraction of the U.S. population. In the older literature, 1 IU of vitamin E is equal to 1 mg all-racemic  tocopherol acetate. Diets high in polyunsaturated fats may necessitate a slightly higher requirement for vitamin E.

Dietary deficiency of vitamin E does not exist. Vitamin E deficiency is seen only in severe and prolonged malabsorptive diseases, such as celiac disease, or after small-intestinal resection, leading to short-bowel syndrome. Children with cystic fibrosis or prolonged cholestasis may develop vitamin E deficiency characterized by areflexia and hemolytic anemia. Children with abetalipoproteinemia cannot absorb or transport vitamin E and become deficient quite rapidly. A familial form of isolated vitamin E deficiency also exists, which is due to a defect in the  tocopherol transport protein. Vitamin E deficiency causes axonal degeneration of the large myelinated axons and results in posterior column and spinocerebellar symptoms. Peripheral neuropathy is initially characterized by areflexia, with progression to an ataxic gait, and by decreased vibration and position sensations. Ophthalmoplegia, skeletal myopathy, and pigmented retinopathy may also be features of vitamin E deficiency. The laboratory diagnosis of vitamin E deficiency is made on the basis of low blood levels of tocopherol (5 ug/mL, or 0.8 mg of  tocopherol per gram of total lipids).

Treatment
Symptomatic vitamin E deficiency should be treated with 800 to 1200 mg of  tocopherol per day. Patients with abetalipoproteinemia may need as much as 5000 to 7000 mg/d. Children with symptomatic vitamin E deficiency should be treated with 400 mg/d orally of water-soluble esters; alternatively, 2 mg/kg per day may be administered intramuscularly. Vitamin E in high doses may protect against oxygen-induced retrolental fibroplasia and bronchopulmonary dysplasia in prematurity, as well as intraventricular hemorrhage of prematurity. Vitamin E has been suggested to increase sexual performance, to treat intermittent claudication, and to slow the aging process, but evidence for these properties is lacking. High doses (60 to 800 mg/d) of vitamin E have been shown in controlled trials to improve parameters of immune function, and there are two intervention studies showing that vitamin E at 400 to 800 mg/d may be protective against cardiovascular disease, possibly by inhibiting LDL oxidation. Also, supplemental intake of vitamin E (100 to 200 mg/d) has been associated with a decreased risk of cataracts.

Toxicity
  High doses of vitamin E (800 mg/d) may reduce platelet aggregation and interfere with vitamin K metabolism and are therefore contraindicated in patients taking coumadin. Nausea, flatulence, and diarrhea have been reported at doses 1 g/d.

Vitamin K
There are two natural forms of vitamin K: vitamin K I, also known as phylloquinone, from vegetable and animal sources, and vitamin K II, or menaquinone, which is synthesized by bacterial flora and found in hepatic tissue. Menadione, or vitamin K III, is a chemically synthesized pro-vitamin that can be converted to menaquinone by the liver. Phylloquinone and menaquinones differ only in their lipophilic sidechains, and both are destroyed in an alkaline pH and by ultraviolet light.

Absorption and Physiology
  As with other fat-soluble vitamins, vitamin K absorption is dependent on normal pancreatic function and the presence of bile salts. Phylloquinones are absorbed by a saturable energy-dependent mechanism in the proximal small intestine, whereas menaquinones are absorbed by passive diffusion in the small intestine and colon. Approximately 100 ug of vitamin K is stored in the liver as well as in lung, bone marrow, kidneys, and adrenal glands. Most vitamin K circulates bound to VLDL, although it is also carried by LDL and high-density lipoprotein (HDL). The half-life of vitamin K is only 1 1/2 days, despite the presence of a vitamin K regeneration cycle.

Vitamin K is necessary for the posttranslational carboxylation of glutamic acid, which is necessary for calcium binding to carboxylated proteins such as prothrombin (factor II); factors VII, IX, and X; protein C; protein S; and proteins found in bone (bone gla, matrix gla protein, and osteocalcin). The importance of vitamin K for bone mineralization is not known. Warfarin-type drugs inhibit  carboxylation by preventing the conversion of vitamin K to its active hydroquinone form. Vitamin E, at high doses, may act as a vitamin K antagonist.

Dietary Sources 
 Vitamin K is found in green leafy vegetables such as kale and spinach, but appreciable amounts are also present in butter, margarine, liver, milk, ground beef, coffee, and pears. Vitamin K is present in vegetable oils and is particularly rich in olive oil and soybean oil. The recommended intake of vitamin K is 70 ug/d in adults. The average daily intake by Americans is estimated to be approximately 100 ug/d.

Deficiency 
 The symptoms of vitamin K deficiency are due to hemorrhage, and newborns are particularly susceptible because of low fat stores, low breast milk levels of vitamin K, sterility of the infantile intestinal tract, liver immaturity, and poor placental transport. Intracranial bleeding, as well as gastrointestinal and skin bleeding, can be seen in vitamin K-deficient infants 1 to 7 days after birth. Thus, vitamin K (1 mg intramuscularly) is given prophylactically at the time of delivery.

Vitamin K deficiency in adults may be seen in patients with chronic small-intestinal disease (e.g., celiac disease, Crohn's disease), obstructed biliary tracts, or after small-bowel resection. Broad-spectrum antibiotic treatment can precipitate vitamin K deficiency by reducing gut bacteria, which synthesize menaquinones, as well as by inhibiting the metabolism of vitamin K. The diagnosis of vitamin K deficiency is usually made on the basis of an elevated prothrombin time or reduced clotting factors. Vitamin K may also be measured directly by HPLC. In addition, undercarboxylated prothrombin and low gla levels in urine are indicative of vitamin K deficiency. Vitamin K deficiency is treated using a parenteral dose of 10 mg. For patients with chronic malabsorption, 1 to 2 mg/d of vitamin K may be given orally, or 1 to 2 mg/week can be taken parenterally. Patients with liver disease may have an elevated prothrombin time because of liver cell destruction as well as vitamin K deficiency. If an elevated prothrombin time does not improve on vitamin K therapy, it can be assumed that it is not the result of vitamin K deficiency.

Toxicity 
 Parenteral doses of the water-soluble vitamin K derivative (menadione) have been reported to cause hemolytic anemia and hypobilirubinemia in infants. Toxicity from dietary phylloquinones and menaquinones has not been described. High doses of vitamin K can impair the actions of oral anticoagulants.

Trance minerals
Zinc
Zinc is an integral component of many metalloenzymes in the body; it is involved in the synthesis and stabilization of proteins, DNA, and RNA and plays a structural role in ribosomes and membranes. Zinc is necessary for the binding of steroid hormone receptors and several other transcription factors to DNA and thereby plays an important role in the regulation of gene transcription. Zinc is absolutely required for normal spermatogenesis, fetal growth, and embryonic development.

Absorption and Physiology
  Zinc is absorbed in the small intestine by a carrier-mediated mechanism. The absorption of zinc from the diet is inhibited by dietary phytate, fiber, oxalate, iron, and copper, as well as by certain drugs including penicillamine, sodium valproate, and ethambutol. The RDA for zinc is 15 mg in males and 12 mg in females, with an additional 3 mg in pregnancy and 4 to 7 mg during lactation. Supplemental zinc is recommended for women taking 60 mg/d of iron during pregnancy.

Meat, shellfish, nuts, and legumes are good sources of bioavailable zinc, whereas zinc in grains is less available for absorption. Zinc is excreted mainly in the feces but also in urine and sweat. The body contains approximately 2 g of zinc, and high concentrations are found in liver, prostate, pancreas, bone, and brain (hippocampus and cerebral cortex), where the metal may function in neural transmission.

Deficiency  
Mild zinc deficiency has been described in many diseases including diabetes mellitus, AIDS, cirrhosis, alcoholism, inflammatory bowel disease, malabsorption syndromes, and sickle cell anemia. In these diseases, mild chronic zinc deficiency can cause stunted growth in children, decreased taste sensation (hypogusia), impaired immune function, and night blindness due to impaired conversion of retinol to retinaldehyde. Severe chronic zinc deficiency has been described as a cause of hypogonadism and dwarfism in several Middle Eastern countries. In these children, hypopigmented hair is also part of the syndrome. Acrodermatitis enteropathica is a rare autosomal recessive disorder characterized by abnormalities in zinc absorption. Clinical manifestations include diarrhea, alopecia, muscle wasting, depression, irritability, and a rash involving the extremities, face, and perineum. The rash is characterized by vesicular and pustular crusting with scaling and erythema. In addition, hypopigmentation and corneal edema have been described in these patients. Occasional patients with Wilson's disease have developed zinc deficiency as a consequence of penicillamine therapy. Patients on long-term parenteral nutrition have developed deficiency when zinc has been omitted from the total parenteral nutrition (TPN) solution.

The diagnosis of zinc deficiency is usually made by a serum zinc level of 12 umol/70 ug/dL). Pregnancy and birth control pills may cause a slight depression in serum zinc levels, and hypoalbuminemia from any cause can result in hypozincemia. In acute stress situations, zinc may be redistributed from serum into tissues. Zinc deficiency may be treated with 60 mg elemental zinc, given orally twice a day. Zinc gluconate lozenges (13 mg elemental Zn every 2 h while awake) have been reported to reduce the duration and symptoms of the common cold in adults, but these studies are conflicting.

Toxicity  
Acute zinc toxicity after oral ingestion causes nausea and vomiting, fever, and respiratory distress. Zinc fumes from welding may also be toxic and cause fever, chills, excessive salivation, sweating, and headache. Chronic large doses of zinc may depress immune function and cause hypochromic anemia as a result of copper deficiency.

Coppper
Copper is an integral part of numerous enzyme systems including amine oxidases, ferrooxidase (ceruloplasmin), cytochrome-c oxidase, superoxide dismutase, and dopamine hydroxylase. As such, copper plays a role in iron metabolism, melanin synthesis, and central nervous system function; the synthesis and cross-linking of elastin and collagen; and the scavenging of superoxide radicals.

Copper is absorbed in the proximal small intestine, and 90% of circulating copper is bound to ceruloplasmin. The body contains 50 to 120 mg of copper, and high concentrations are found in liver, brain, heart, spleen, kidney, and blood. The U.S. RDA is 1.5 to 3 mg of copper intake per day, although World Health Organization recommendations are somewhat lower. Dietary sources of copper include shellfish, liver, nuts, legumes, bran, and organ meats, whereas milk is a very poor source. Copper is primarily excreted in the feces, and small amounts are also excreted in urine.

Deficiency 
 Dietary copper deficiency is relatively rare, although it has been described in premature infants fed milk diets and in infants with malabsorption. Signs and symptoms of copper deficiency include a hypochromic-normocytic anemia, osteopenia, depigmentation, mental retardation, and psychomotor abnormalities. Copper deficiency anemia has been reported in patients with malabsorptive diseases and nephrotic syndrome and in patients treated for Wilson's disease with chronic high doses of oral zinc, which can interfere with copper absorption. Menkes kinky hair syndrome is an X-linked metabolic disturbance of copper metabolism characterized by mental retardation, hypocupremia, and decreased circulating ceruloplasmin. It is caused by mutations in a copper-transporting ATP7A gene. Children with this disease often die within 5 years due to dissecting aneurysms or cardiac rupture.

The diagnosis of copper deficiency is usually made on the basis of low serum levels of copper (65 ug/dL) and low ceruloplasmin levels (18 mg/dL). Serum levels of copper may be elevated in pregnancy or stress conditions since ceruloplasmin is an acute-phase reactant.

Toxicity
  Toxicity due to copper is usually accidental and may include nausea, vomiting, diarrhea, and hemolytic anemia. In severe cases, kidney failure, liver failure, and coma may ensue. In Wilson's disease, mutations in the copper-transporting ATP7B gene lead to accumulation of copper in the liver and brain, with low blood levels due to decreased ceruloplasmin. Indian childhood cirrhosis is another hereditary disease characterized by extremely high copper levels in the liver. The World Health Organization recommends that adult females should not ingest 10 mg/d and males should not take in 12 mg/d of copper.

Selenium
Selenium, in the form of selenocysteine, is a component of the enzyme glutathione peroxidase, which serves to protect proteins, cell membranes, lipids, and nucleic acids from oxidant molecules. Selenocysteine is also found in the deiodinase enzymes, which mediate the deiodination of thyroxine to the more active triiodothyronine. Rich sources of selenium include seafood, muscle meat, and cereals, although the selenium content of cereal is determined by the soil concentration. Countries with low soil concentrations include parts of Scandinavia, China, and New Zealand. Keshan disease is an endemic cardiomyopathy found in children and young women residing in regions of China where dietary intake of selenium is low (20 ug/d). Concomitant deficiencies of iodine and selenium may worsen the clinical manifestations of cretinism. The adult RDAs for selenium in the United States are 55 and 70 ug/d for females and males, respectively. Low blood levels of selenium in various populations have been correlated with an increase in coronary artery disease and certain cancers, although the data are not consistent. Selenosis occurs at intakes of 400 ug/d and can result in nausea, vomiting, loss of hair, nail changes, peripheral neuropathy, and fatigue.

Chromium
Chromium potentiates the action of insulin in patients with impaired glucose tolerance, presumably by increasing insulin receptor-mediated signaling. In addition, in some patients, improvement in blood lipid profiles has been reported. The usefulness of chromium supplements in muscle building are not substantiated. Rich food sources of chromium include yeast, meat, and grain products. Chromium deficiency has been reported to cause glucose intolerance, peripheral neuropathy, and confusion. The suggested intake of chromium for adults is 50 to 200 ug/d. Chromium in the trivalent state is found in supplements and is largely nontoxic; however, chromium-6 is a product of stainless steel welding and is a known pulmonary carcinogen, as well as causing liver, kidney, and central nervous system.

Magnesium metabolism
Magnesium is the most abundant intracellular divalent cation. It is an essential cofactor for a multitude of enzymatic reactions that are important for the generation of energy from ATP. Approximately 30% of magnesium in the serum is protein-bound, 55% is ionized, and the remaining 15% is complexed. Like calcium, magnesium is bound to albumin, and it is the ionized fraction that is important for physiologic processes including neuromuscular function and maintenance of cardiovascular tone.

The serum concentration of magnesium is tightly regulated within a narrow range of approximately 0.7 to 1.1 mmol/L (1.4 to 2.2 meq/L)(1.7 to 2.6 mg/dl) as a result of the efficient absorption of dietary magnesium by the small intestine and conservation of magnesium in the kidney. About 30% of dietary magnesium is absorbed in the small intestine, but this fraction increases markedly when intake is substantially reduced. Approximately 96% of filtered magnesium is reabsorbed along the nephron, and only 4% is excreted into the urine. Because there is no regulation of magnesium absorption in the distal tubule and because magnesium reabsorption is very efficient, an increase in distal delivery increases magnesium loss in the urine.

Hypomagnesemia
Although magnesium deficiency is a common clinical problem, serum magnesium levels are often overlooked or not measured in patients at risk for the disorder. Approximately 10% of patients admitted to city hospitals are hypomagnesemic, and up to 65% of patients in intensive care units may be magnesium-deficient. Hypomagnesemia is caused primarily by renal or gastrointestinal losses or decreased efficiency of intestinal magnesium absorption. Reduced renal reabsorption due to loop diuretics and alcohol use is a common cause of hypomagnesemia. Because magnesium excretion is tightly coupled to sodium and calcium excretion, intravenous fluid therapy and volume-expanded states, such as primary hyperaldosteronism, may result in hypomagnesemia. Hypercalcemia and hypercalciuria decrease tubular reabsorption of magnesium. Osmotic diuresis in diabetes mellitus is one of the more common causes of hypomagnesemia.
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Vomiting and nasogastric suctioning can cause severe magnesium depletion because intestinal tract fluids contain ~0.5 mmol/L (1.2 mg/dL)(1 meq/L). Fluid loss from diarrhea can contain as much as 7.4 mmol/L (18 mg/dL)(15 meq/L). Consequently, ulcerative colitis, Crohn's disease, and intestinal or biliary fistulas can result in magnesium depletion. Hypomagnesemia is prevalent in alcoholics. Ethanol causes a transient loss of magnesium in the urine. In most alcoholics, however, the magnesium deficit is modest. A more profound fall in serum magnesium levels may occur during alcohol withdrawal, where the decrease is associated with falls in levels of serum phosphate and potassium, probably due to shifts of these ions into intracellular compartments. The use of loop diuretics, as well as aminoglycosides, cisplatin, cyclosporine, and amphotericin B can increase renal loss of magnesium.

The clinical manifestations of hypomagnesemia are similar to those of severe hypocalcemia. The signs and symptoms of hypomagnesemia include muscle weakness, prolonged PR and QT intervals, and cardiac arrhythmias. Positive Chvostek's and Trousseau's signs indicative of hypocalcemia are often positive in hypomagnesemic patients as well; carpopedal spasm can also occur with hypomagnesemia. Magnesium is important for effective PTH secretion as well as the renal and skeletal responsiveness to PTH; thus, hypomagnesemia is often associated with hypocalcemia due to impaired PTH secretion and function

Low serum magnesium levels <0.7 mmol/L (1.8 mg/dL)(1.5 meq/L) are indicative of magnesium deficiency. For mild deficiency, oral magnesium replacement is effective. The major side effect is diarrhea. Symptoms often occur when the serum magnesium is <0.5 mmol/L (1.2 mg/dL)(1.0 meq/L). This level is indicative of significantly depleted total-body magnesium stores. Because most magnesium resides in the intracellular space, the total-body magnesium deficit is often ~200 mmol (4800 mg) by the time serum levels fall to <0.5 mmol/L (1.2 mg/dL)(1.0 meq/L). Parenteral magnesium administration is usually needed under these circumstances. Two grams of magnesium sulfate [8.0 mmol (192 mg)(16.2 meq) of magnesium] can be given intravenously, with a cumulative dose up to 24 mmol (576 mg)(48 meq) over 24 h. Alternatively, a 50% solution of 2 g of magnesium sulfate can be given every 8 h intramuscularly although these injections can be painful. Patients with severe hypomagnesemia and associated seizures or acute arrhythymias can be given 4 to 8 mmol (96 to 192 mg)(8 to 16 meq) of magnesium as an intravenous injection over 5 to 10 min, followed by 24 mmol/d (576 mg/d)(48 meq/d).

A normal serum magnesium concentration attained after acute magnesium repletion is not necessarily indicative of repletion of the total-body magnesium stores. Restoration of urinary magnesium excretion is a better indicator of magnesium repletion. Once urinary magnesium excretion increases, the body stores are usually replenished. Patients who have chronic magnesium loss from intestinal or renal sources may require continued oral magnesium supplementation on a daily basis of up to 12.5 mmol/d (300 mg/d) in divided doses. Patients with renal failure need to be monitored carefully to prevent hypermagnesemia.

Hypermagnesemia
Hypermagnesemia is rare but can be seen in renal failure when patients are taking magnesium-containing antacids, laxatives, enemas, or infusions. It can also be seen in acute rhabdomyolysis.
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The most readily detected clinical sign of hypermagnesemia is the disappearance of deep tendon reflexes. Neuromuscular symptoms include depressed respiration and apnea due to paralysis of the voluntary muscles, prolonged PR intervals, and increased QRS duration and QT interval; complete heart block and cardiac arrest can occur. Hypocalcemia may occur because hypermagnesemia depresses PTH secretion and induces an end-organ resistance to PTH similar to the effect seen in hypomagnesemia.

Treatment includes stopping the antacid or other preparations that contain large amounts of magnesium. The excess magnesium is quickly excreted by the kidney. Renal failure patients may require dialysis against a low magnesium bath. For severe hypermagnesemia with associated life-threatening complications, intravenous calcium in doses of 100 to 200 mg (elemental) over 5 to 10 min will antagonize the toxic effects of magnesium.

Fluoride, manganese, and ultratrace elements
An essential function for fluoride in humans has not been described, although it is useful for the maintenance of structure in teeth and bone. An adequate intake for fluoride (on the basis of protection against dental caries) has been set at 3.1 and 3.8 mg/d in adult females and males, respectively. Adult fluorosis can occur at an intake of 10 mg/d for prolonged periods and results in mottled and pitted defects in tooth enamel as well as brittle bone (skeletal fluorosis). Much lower doses of fluoride (0.7 to 2 mg) can cause dental fluorosis or mottled enamel in infants and children.

Manganese and molybdenum deficiencies have been reported in patients with rare genetic abnormalities as well as in a few patients receiving prolonged TPN. Several manganese-specific enzymes have been identified (e.g., manganese superoxide dismutase). The estimated adequate daily dietary manganese intake for adults is 2 to 3 mg/d. Deficiencies of manganese have been reported to result in bone demineralization, poor growth, ataxia, and convulsions.

Ultratrace elements are those for which the need is 1 mg/d. Essentiality has not been established for most ultratrace elements, although iodine is clearly essential. Molybenum is necessary for the activity of sulfite and xanthine oxidase, and molybdenum deficiency may result in skeletal and brain lesions. The minimum required daily molybdenum intake is estimated to be ~25 ug/d. There is circumstantial evidence to suggest that arsenic (impaired growth, infertility), boron (impaired energy metabolism, impaired brain function), nickel (impaired-growth and reproduction), silicon (impaired growth) and vanadium (impaired skeletal formation) might also be essential.
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Illustration 1.
Zinc deficiency. Well-demarcated, psoriasiform and eczematous-like plaques overlying the sacrum, intergluteal cleft, buttocks, and hip in a 60-year-old alcoholic female whose diet had consisted of pickles and cheap wine. She also had a similar eruption around the mouth, perleche, atrophic glossitis, and had glistening, shiny, oozing fingertips.
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Illustration 2. "Gauntlet" of pellagra. Indurated, lichenified, pigmented, and scaly skin on the dorsa of the hands in a patient with niacin deficiency.

Illustration 3.[image: image13.png]



Acrodermatitis enteropathica. A. Sharply demarcated, symmetric, partially erosive, scaly, and crusted plaques on the face of an infant after weaning. Similar lesions were also found in the perigenital and perianal regions and on the fingertips. The child was highly irritable, whining, and crying and had diarrhea. B. Within 24 h after zinc replacement, the irritability and diarrhea ceased and the infant's mood improved; and after 10 days the perianal and perigenital lesions had healed.

Dietetic therapy at diseases of a gullet, a stomach, duodenum, intestines
Until quite recently, scientific nutritional principles have not been applied suitably to the treatment of gastrointestinal (GI) disease. Inadequately tested diets in the management of peptic ulcer, colitis, and diverticulosis were widely used. In retrospect, many such diets suggest more the physician's treating himself than the patient. The results, furthermore, were not always harmless to the patient. At best, needless dietary hardship or monotony was imposed on patients and often on those who ate with them. At worst, severe and specific deficiencies or intoxications resulted. An extreme example is that reported by Hawkins of a woman 60 years of age who developed scurvy as a consequence of having been advised by a doctor 40 years earlier to eat no fruit or vegetables, as treatment for dyspepsia.23 The doctor had subsequently died without rescinding his advice, so that she had been subjected to a dull and dangerous diet for her whole adult life. Another extreme example is the milk—alkali syndrome, now fortunately rare, which was a consequence of overenthusiastic application of treatment for effective relief of the pain of peptic ulcer.

In general, people have familial and cultural preconceptions about food, both in health and in disease. They expect to have such beliefs confirmed by their medical advisors or, if contrary advice is given, they require explanations couched in terms that they can grasp and that they consider to be intellectually sound. If the doctor fails to consider dietary matters, the patient will seek advice elsewhere. Surveys have shown that in the United States the public puts physicians at the top of the list of those from whom they would seek dietary advice. Health-food stores were not far behind.

In establishing a therapeutic regimen each component should be carefully scrutinized for adequacy, acceptability, potential value, and undesirable side-effects; this applies as well to nutritional and dietary factors, which are sometimes disregarded.

The GI tract and liver play central roles in the digestion, absorption, and metabolism of aliments and their products. It is clear that alimentary or hepatic disease may profoundly disturb normal nutrition, and the affected patient may require nutritional support as an essential component of therapy.

Additionally, if the need for such support is not recognized early, nutritional abnormalities may occur which aggravate the original disease. Deficiency of vitamin B12 causes intestinal malabsorp-tion, deficiency of zinc can cause failure of response of celiac sprue to gliadin exclusion or possibly of Crohn's disease to current therapies. Chronic iron deficiency induces epithelial changes in the foregut, including the buccal cavity, that can be premalignant.

Some dietary constituents may cause disease of the gastrointestinal tract or liver in subjects in whom there may be predisposing factors. Evidence that ethanol produces acute and chronic liver disease is strong; the extent to which nutritional deficiencies play a synergistic role is still uncertain. Cirrhosis may occur despite apparently adequate diet.33 The fact that no more than approximately 20% of subjects who consume 150 ml/day ethanol or more develop cirrhosis clearly points to involvement of other factors, some of which may be nutritional deficiencies. This possibility is reinforced by increasing evidence that ingestion of ethanol impairs small bowel absorption. Wheat gliadin induces an enteropathy in susceptible subjects, and other food proteins such as (3-lactoglobulin and soy may be responsible for small bowel disease in some subjects.

Important causes of abnormal nutritional states associated with diseases of the gastrointestinal tract and liver include the following: (1) recurrent infective enteritis in infants and young children; (2) esophagitis, stricture, esophageal carcinoma, and achalasia; (3) chronic peptic ulcer disease (less common in the past 2-3 decades); (4) gastrointestinal surgery, in the immediate postoperative period and in the long term; (5) small bowel mal-absorption owing to pancreatic and biliary disease, abnormal bacterial flora, radiation enteritis, vascular insufficiency, inflammatory bowel disease, and surgical resection; (6) anorexia and other disturbances of function in the aged; and finally (7) acute and chronic liver diseases.

Gastroenteritis
Fortunately, acute enteritis no longer presents a major problem in modern communities with high standards of hygiene. Should diarrhea and vomiting lead to dehydration and loss of electrolytes, these can be restored intravenously while the acute infection is treated. The situation in societies in which undernutrition and poor hygiene go hand in hand is quite different. There is a significant correlation between attacks of enteric infection, reduced food consumption, and rates of growth in children of preschool age in such communities.
Esophageal diseases
Esophagitis occurs as a consequence of esophageal reflux of gastric contents caused by an impaired lower esophageal sphincter or, less commonly, as a result of opportunistic monilial infection occurring in immunologically comprised subjects or in those receiving large doses of corticosteroids. Dys-phagia is usually present. If passage of a soft diet is too painful, frequent high-calorie-protein liquid feeds at body temperature should be given. Certain foods, such as citrus juices, may cause pain for unknown reasons, and others, such as chocolate and coffee, may encourage gastroesophageal reflux, possibly because of the action of the xanthines that they contain in lowering pressure at the lower esophageal sphincter.42 These should be avoided. No pills or tablets should be given uncrushed. A supplement of water-soluble vitamins is given to ensure that temporary deficiencies owing to a restricted diet do not occur. Two-hourly doses of antacids of 60 mEq to 120 mEq neutralizing-capacity and an evening dose of cimetidine to suppress nocturnal gastric acid secretion, combined with elevation of the head of the bed by 6 to 8 inches will usually bring relief in 2 days to 3 days. In obese subjects it is believed that weight reduction may bring about improvement, but there is no formal study to support this.

Monilial esophagitis is usually, but not always, associated with evidence of thrush in the mouth and fauces. It is treated with oral nystatin. A soft or liquid diet of high protein and caloric content and supplemented with daily vitamin and mineral requirements may be necessary until a response is obtained.

In acute esophagitis caused by ingestion of corrosives, nothing should be given by mouth until endoscopy has been performed with extreme caution to determine the extent of injury. When only minor injury is present, the patient is allowed to eat a soft, bland diet for a few days. If ulceration or hemorrhage is seen, it is recommended that the patient be fed parenterally until the risk of perforation is over, a matter of 10 days to 20 days. Early mechanical dilatation should be done to prevent stricture formation.
Simple esophageal strictures may result from esophagitis or the action of corrosives. Treatment by dilatation by bougie is often successful, but surgery may be essential. If dysphagia has been severe, the patient may be seriously undernourished and require continuous hyperalimentation by fine nasogastric tube or parenteral feeding both before and after surgery. Malignant stricturing of the esophagus is often diagnosed late, and the patient may be severely undernourished. Prior to surgery, tube feeding is sometimes possible; otherwise, the parenteral route should be used. In this way the general state of patients can now be much improved, thereby decreasing surgical risks and permitting more radical procedures.

Achalasia, a neuromuscular disorder of the lower third of the esophagus, behaves similarly to a stricture, but the pain on swallowing food or associated with emotive events is not like heartburn, but rather of a more cramping or spastic nature. Dietary support is similar while mechanical dilatation or surgical myotomy are performed. The goal of treatment is elimination of dysphagia on a normal diet.

Peptic ulser disease
The nutritional status of the patient with ulcer disease has changed twice since the turn of the century. The haggard, underweight individual sometimes displaying specific nutrient deficiencies owing to intermittent blood loss, inadequate dietary intake, and gastric outlet obstruction was displaced by the obese, overnourished patient, prone to myocardial infarction but protected from the complications of pyloric obstruction by earlier surgical intervention. The introduction of effective antise-cretory drugs, the use of adequate doses of antacids, the recognition that milk stimulates gastric acid secretion, and modern surgical techniques that do not mutilate the stomach have all transformed the situation and seem likely to reduce morbidity and improve the quality of life.

Dietary management probably does not play any role in the treatment of peptic ulcers. A comparison of a bland with an unrestricted diet in patients with duodenal ulcer showed no difference in healing rates.10 Patients should be encouraged to eat anything that causes them no upset, to avoid those things that do, and to maintain a steady and desired weight. In spite of such encouragement, white and bland diets may be selected by some patients as a consequence of cultural conditioning. Supplementation with essential nutrients, especially ascorbic acid and other water-soluble vitamins and iron, is then indicated. Late evening snacks stimulating nocturnal acid secretion are discouraged, a definite change in regimen in recent years. Coffee and alcohol, both stimulants of gastric secretion, are often prohibited, although compliance with this is probably poor. For the tea-drinking, teetotal patient this prohibition presents no problem, but for many the total exclusion of either coffee or alcohol may cause real hardship. Reason (there are no experimental data) suggests that a glass of wine with a meal is less of an insult to the gastric mucosa than two martinis before a meal, and that the effect of the wine on acid secretion must be totally eclipsed by the effect of the meal itself. Similarly, a cup of coffee at the end of the meal is not to be equated with continuing coffee consumption between meals. There is no evidence for the long-held belief that citrus juices increase gastric acidity. Intolerance to orange juice (and other foods) certainly occurs, but it is usually associated with symptomatology suggesting peptic esophagitis. A recent study by Is-enberg and his colleagues represents the first attempt to quantify the relative stimulatory effects of various beverages on gastric acid secretion. They have shown that Tab, a soft drink, is as effective a gastric secretagogue as coffee, and that milk and beer have a greater stimulatory effect than coffee.
Any rigid exclusion of foodstuffs is poor medical practice in that it ignores individual needs and will probably be disregarded by many patients. The pain of an uncomplicated peptic ulcer is relieved by antacids and buffering foods, and its relief is a definable goal that the patient can understand. But we do not at present have the knowledge to achieve healing of an ulcer by dietary means, and attempting to impose irrational dietary restrictions, instead of encouraging the patient to use his own judgment and experience, is probably an expression of the frustration of ignorance.

The continuing use of antacids in the doses now recommended (80 mEq-160 mEq of neutralizing power every 2 hr) or of the H+ secretory inhibitor, cimetidine, may have an adverse effect on the absorption of inorganic iron from the diet. Antacids either enhance destruction of thiamin or inhibit its absorption, and aluminum antacids may reduce phosphate absorption. The importance of these and other similar undocumented changes is debatable but should be borne in mind when treating patients with peptic ulcer or peptic esophagitis.

Complication of peptic ulser disease 
The important complications are bleeding, perforation, and gastric outflow obstruction due to pyloric stenosis. Meulengracht was the first publicly to challenge the 20-year reign of Sippy and to give food by mouth, following a hematemesis, to patients as soon as they felt hungry, thereby converting a 4% to 20% mortality to about 1%. Yet, there is still some reluctance to follow this course, and many patients are fasted unnecessarily after upper GI bleeding.

In the management of perforated peptic ulcer, either by surgical intervention or conservative treatment, depending on the length of time following perforation and the condition of the patient, total parenteral nutrition (TPN) is mandatory. Details of the procedure may be found in Chapter 13. To maintain adequate nutrition in a markedly hy-percatabolic state with mere infusions of 5% glucose-saline, to which a vitamin supplement may or may not have been added, is impossible. TPN should be continued until the patient's condition is stable, return from nasogastric suction is minimal, and bowel sounds have returned.

The patient with pyloric obstruction is also supported best by TPN for 3 to 4 days while gastric contents are being aspirated continuously prior to surgery and following surgery, until bowel sounds are restored, and until small amounts of food and drink by mouth are unequivocally tolerated.

Nutritional Management after Gastrointestinal Surgery

As emphasized elsewhere in this text, all types of physical trauma induce a catabolic response in excess of that associated with starvation. Patients undergoing GI surgery are especially vulnerable to acute nutritional insufficiency for the following reasons:

1. Preoperative undernutrition associated with complications of esophageal disease, peptic ulcer, inflammatory bowel disease, cirrhosis, and the like, and resulting in varying degree from reduced intake of food, malabsorption, metabolic disturbance, and nutrient losses from the GI tract

2.What might well be termed diagnostic starvation imposed by preoperative, radiologic, and other procedures

3. Prolonged postoperative depression of gastrointestinal functions

Preoperative improvement in nutritional status can now be achieved by TPN. The value of this procedure in terms of reduction in mortality and morbidity, is hard to assess quantitatively. There are serious potential complications of TPN, which decrease in frequency with the development of on-site special TPN teams, the handling of materials for intravenous use by pharmacists or other specially designated personnel, and technical improvements.

Earlier efforts to restore, at least in part, lean body mass and nutritional parameters preopera-tively in patients with intractable peptic ulcer and other GI disease are now surpassed with a success seldom possible before. Subjects with severe inflammatory bowel disease, with or without fistula formation, have probably benefitted most from the introduction of effective parenteral feeding before surgery. It is extremely difficult to derive quantitative estimates of benefit, however, and currently we can use as a guide only clinical impression. Major indications are listed below.

Indications for Total Parenteral Nutrition In selected cases of the following:

1.Obstructive disease of the esophagus

2.Any postoperative state where oral feeding is contraindicated for longer than 4 days

3.Perforated peptic ulcer

4.Small bowel resection

Inflammatory bowel disease with or without

enterocutaneous fistulae Celiac sprue Sclerodermatous bowel disease

5.  Acute pancreatitis

6.  Hepatic coma Viral hepatitis Alcoholic hepatitis

Immediate postoperative nutritional care
After gastric or intestinal surgery in most hospitals, TPN is not used in the uncomplicated patient because feeding by mouth is usually restored in 3 days to 7 days postoperatively, as soon as bowel sounds return and the patient feels hungry. Even when trauma to the lower esophagus during trun-cal vagotomy results in edema (causing dysphagia with substernal pain, which may persist for 10—15 postoperative days), the patient can be encouraged to eat a soft diet, and this is usually successful.

Enthusiasts recommend that when restoration of oral feeding is delayed beyond 3 days to 4 days TPN should be commenced, and others favor full TPN for the first 5 to 6 postoperative days. Lacking convincing data, we have restricted TPN to patients who were clearly malnourished before surgery (especially in Crohn's disease of the small gut and gastroesophageal cancer) and to those in whom confident prediction of continuing absorptive failure and nutrient loss can be made, the best examples being small bowel resection and intestinal bypass procedures.

Wright and Tilson recommend that after resection of small bowel, fluid and nutrient requirements should be supplied entirely by TPN until the postoperative diarrhea has fallen below eight bowel movements or two liters daily fecal output.50 Feeding small quantities by oral route or by nasogastric tube is then commenced, using a slow continuous drip of an isotonic solution, the osmolarity of which is gradually increased. Carbohydrate is used first and when 50 g to 100 g is absorbed in 24 hr, protein hydrolysates are added, and finally small but increasing amounts of fat. If these cause significant steatorrhea, medium-chain triglycerides, which are more easily absorbed, are substituted.

Hofmann suggested that bile salts, unabsorbed when distal ileum has been resected, pass into the colon and inhibit water absorption, thus adding to the diarrhea. There is evidence now that bile salts stimulate the colomc mucosa to secrete water. Administration of cholestyramine, a bile salt che-lating agent, improved the diarrhea in many patients if less than 100 cm of small intestine had been resected.26 After more extensive resection, cholestyramine may be ineffective and diarrhea is probably due to increased fat content of the stool.

Continunig postoperative nutritional care 
One problem amenable to nutritional manipulation in the later stages following gastric surgery is prevention or correction of loss of lean body mass.

Weight loss invariably occurs after total gastrec-tomy in 5% to 42% of patients after a Billroth I procedure, and more often after Billroth II and similar operations, and it often persists.18 It is due to diminished food consumption because of early satiety and the various components of dumping,37 This syndrome is characterized by nausea, abdominal bloating, epigastric cramping pains, and diarrhea, together with vasomotor disturbances such as palpitations, sweating, weakness, drowsiness, and dyspnea, 5 min to 90 min after eating. A later phenomenon, sometimes termed late dumping, is reactive hypoglycemia, which is equally unpleasant to the patient, and is manifested by sweating, palpitations, lassitude, confusion, and rarely by stupor 90 min to 180 min after ingestion of carbohydrate. Dumping is due to the too-rapid passage of hy-perosmolar gastric contents into the upper part of the small intestine, whereas late dumping is due to the rapid absorption of glucose. The mechanisms involved are not clearly understood. Dumping is thought to be due to some combination of autonomic reflexes stimulated by intestinal disten tion, a contraction of blood volume, and release of intestinal vasoactive hormones. Late dumping is due to disturbance of coordination of insulin, glu-cagon, and possible enteroglucagon release.

Dumping occurs in up to 20% of subjects after partial gastrectomy and in a smaller percentage after truncal vagotomy and pyloroplasty. After highly selective or parietel cell vagotomy, which is becoming the surgical treatment of choice in intractable, uncomplicated duodenal ulcer disease, dumping occurs in only 5% of cases according to Amdrup and Jensen.2

The principles of treatment of underweight patients following gastric surgery are persistent encouragement to eat coupled with maneuvers to reduce dumping. Johnson and co-workers showed that the average caloric intake in such underweight subjects was 75% of the requirements for maintaining normal weight.28 Successful persuasion to eat more food resulted in satisfactory weight gain. Dietary counseling before leaving the hospital is not sufficient; it must be reinforced by subsequent consultations as the patient gradually returns to a fully active life and attempts a normal diet. Frequent small, dry meals that are low in simple carbohydrate reduce dumping and late dumping to a minimum. Fluids should be taken at least 30 min before meals, and milk consumption should be excluded or reduced if diarrhea occurs after its ingestion. This may be due to rapid gastric emptying and inability of intestinal lactase to achieve complete hydrolysis of the lactose load (see Table 11).
Table 11.
Special Diets in Gastrointestinal and Hepatic Disease

	Condition 
	Diet 

	Peptic ulcer 
	Avoidance of gastric 

	Peptic esophagitis 
	stimulants 

	Dumping 
	Small, frequent dry meals, low in simple carbohydrate Exclude milk if necessary 

	Gliadin-sensitive enteropathy (celiac sprue) 
	a-gliadm exclusion (see Table 21-2 for short-term treatment) 

	Steatorrhea > 15 g/day if associated with diarrhea (pancreatitis, radiation enteritis, short-bowel) 
	High carbohydrate and protein Limit long-chain triglycerides Medium-chain triglycerides Supplements of all vitamins Low oxalate 

	Intestinal stricture 
	Low fiber K+Ca2 + Mg2+ if necessary Extra NaCl in fibrocystic disease in hot weather 

	Diverticulosis

Portacaval encephalopathy
	High fiber 

Protein to tolerance Lactulose 

	Alimentary allergy 
	Exclusion of specific allergens 

	Alactasia (primary and secondary) 
	Exclusion of milk 

	Lactase, sucrase, isomaltase deficiency 
	Exclusion of specific sugars 

	Cirrhosis with ascites 
	High protein Low salt (< 1 g/day) 


It is known that gastric emptying is delayed in the recumbent position after gastric surgery and that lying down after meals often improves dumping.22 In some patients a small oral dose of pro-pantheline bromide 30 min before a meal reduces symptoms, and a high dietary pectin content has been shown to reduce or prevent postprandial hypoglycemia in postgastrectomy subjects.27 Techniques are being developed to study differential rates of gastric emptying of different components of the same diet simultaneously, and rapid development of knowledge in this area may lead to more effective management.49

There is frequently mild steatorrhea after gastric surgery, but the degree of steatorrhea and postoperative weight loss show no correlation.32 The causes are thought to be incoordination of pancreatic and biliary secretion, bacterial overgrowth causing bile salt deconjugation, sometimes pancreatic disease, and rarely the unmasking of glia-din-sensitive enteropathy. Fortunately the steatorrhea is seldom sufficiently severe to cause symptoms and to require dietary fat restriction. But it persistsfor years and is an important factor in the later development of calcium deficiency and osteoma-lacia, which occurs in up to 25% of subjects after gastrectomy and shows significant correlation with fecal fat excretion.17 Whether vitamin D deficiency plays a part in this calcium deficiency is not known. Insufficient concern is given to prophylaxis. If the patient can tolerate milk and milk products, calcium supplementation is probably unnecessary; otherwise, 325 mg calcium lactate four times daily should be taken. A strong case can be made as well forgiving 50,000 units (1250 (i,g) vitamin D3 daily, monitoring urinary calcium in the initial 2 months to 3 months.

Following gastric surgery, patients exhibit a gradual decrease in blood hemoglobin concentration, which is most commonly due to iron deficiency.3 Factors implicated include reduced dietary iron intake, reduction in total food consumption, choice of diet, reduced iron absorption, stomach gastritis, and recurrent ulcer disease with bleeding. Treatment usually consists of administration of oral inorganic iron, the effectiveness of which is enhanced by giving the iron with 500 mg ascorbic acid or by giving iron parenterally.

Serum vitamin B12 concentrations may fall progressively after gastric surgery, but surveys have not shown megaloblastic anemias in more than 4% to 6% of subjects 10 years after surgery. Folic acid deficiency is a relatively rare (1%—2%) cause of anemia. Red blood cell folate and serum vitamin B12 assay should be done, and if levels are found to be low, appropriate supplementation should be given, using the intramuscular route for vitamin B12 (100 (jig/month) and oral folic acid (5 mg-10 mg/day). The serum B12 activity of all postgastrec-tomy patients must be measured at 5 years after the operation.

Intenstinal malabsorption
A whole range of nutritional deficiencies occurs in diseases of the gastrointestinal tract and liver in which malabsorption of nutrients from the small intestine is a major factor. Malabsorption usually connotes reduced absorption, but some disease states may occur as a consequence of increased absorption of toxic substances. There are many causes of malabsorption, which can best be categorized according to the nature of the defect.

Decreased Absorption: Acute

1.Nonspecific gastroenteritis due to toxigenic E. coli or rotavirus infection

2. Acute pancreatitis

Chronic

1.Disturbed coordination of digestive and absorptive processes (e.g., vagotomy, partial gastrectomy)

2.Bacterial overgrowth in the upper small intestine (e.g., intestinal stricture, duodenal afferent loop syndrome, jejunal diverticulosis)

3.Impaired activity of digestive enzymes or other factors

Pancreatic (e.g., cystic fibrosis, chronic pancreatitis)

Brush border (e.g., celiac sprue, tropical sprue, radiation enteritis)

Biliary secretion (e.g., primary or secondary biliary cirrhosis)

4.  Reduction of absorptive surface (e.g , celiac sprue, tropical sprue, small intestinal resection, intestinal bypass, Crohn's disease)

5.  Infiltration  of intestinal wall   (e.g.,   intestinal lymphoma)

6.  Effect of drugs (e.g., alcohol, neomycin)

Increased Absorption: Hemochromatosis, Wilson's disease

The commonest manifestations of malabsorption are diarrhea, steatorrhea, loss of weight, and evidence of specific nutrient deficiency.

Acuate malabsorption
Gastroenteritis occurs more frequently in infants and children than in adults, except in special epidemic or pandemic situations, such as cholera. Treatment is directed to causative infecting organisms and fluid and electrolyte replacement, and control should be achieved before deficiency of other nutrients occurs. Therefore, in a previously healthy child or adult there is no indication for other support. In the nutritionally deprived subject, especially in children and when diarrhea persists, parenteral feeding may be lifesaving. In areas of endemic protein deficiency, gastroenteritis may precipitate kwashiorkor and only parenteral protein supplements are effective.

Acute pancreatitis attacks rarely last more than a week. The usual practice is to use a nasogastric tube and suction to remove gastric secretions, to give fluid and electrolytes by peripheral vein, to administer analgesics, and to give nothing by mouth until the pain has completely disappeared. Only in the mildest attack, without nausea or vomiting and with only minimal pain, is the patient given a fat-free diet after an initial 24-hr period of observation. However, patients with severe disease accompanied by complications such as pancreatic ascites, evidence of pseudocyst formation (best detected by computerized tomographic scans), or pancreatic abscess may run a longer course. These patients sometimes require surgery and are likely to be in a significantly catabolic state. In such patients intravenous infusions of amino acids and glucose are now widely used, although their value has not been demonstrated by any controlled trials. Some deplore this approach, on the basis that intravenous amino acids stimulate the pancreas. Lipids are excluded, since it is believed that high circulating lipid concentrations may, through some unknown mechanism induce, and therefore possibly aggravate, pancreatitis. In summary, the value of gastric suction and parenteral feeding has not been well established but would seem to be consistent with what is known of the physiology of pancreatic exocrine secretion and the observed hypercatabolic state that patients with severe acute pancreatitis display.

Chronic malabsorption
Malabsorption consequent to gastric surgery has been discussed. Bacterial overgrowth in the upper small intestine may also occur in association with stricture owing to adhesions, inflammatory lesions, scleroderma, diabetic neuropathy, jejunal diver-ticulosis, and ischemic lesions occurring spontaneously or as a late result of irradiation. Congenital or acquired defects of neuromuscular activity and massive duodenal diverticula are rare causes. Normally the upper small bowel in humans has a sparse bacterial population, which probably does not interfere with the absorption of nutrients. Although the absorptive capacity of the intestine is greater in gnotobiotic (germ-free) than in conventional animals, this is not necessarily applicable to humans, since the species studied have been coprophagous. The major consequences of bacterial overgrowth are malabsorption of fat and vitamin B12. Steator-rhea may be accompanied by failure to absorb fat-soluble vitamins and some mineral elements, such as calcium and magnesium. The steatorrhea is due to deconjugation of bile salts, and the deconjuga-tion in the proximal sm'all bowel can be demonstrated, using 14C-glycine-labeled bile salts and demonstrating abnormally high 14CO2 excretion in exhaled air. Conjugated bile salts (glycocholate and taurocholate) are essential for the formation of micelles, which is a prerequisite of long-chain fatty acid absorption. Vitamin B12 malabsorption is probably due to bacterial sequestration, with the BI2 bound to some microorganism and no longer available for absorption in the ileum, a situation similar to that occurring with fish tapeworm (Di-phyllobothnum latum) infestation.

Treatment of these conditions varies according to the cause. Surgical revisions or excisions may be appropriate and curative. This is not always feasible, since patients with these conditions tend to be advanced in years and frail. They may develop progressive malnutrition with hematologic and neurologic lesions that do not respond to massive doses of all known essential nutrients. Broad-spectrum oral antibiotics may be effective, but frequently the initial beneficial effect is not maintained. However, a long-term minor improvement of a degree consonant with maintenance of fair nutrition may be achieved. Medium-chain triglyc-erides may be used as a supplement when caloric utilization is seriously impaired and also as a replacement for long-chain dietary triglycerides, since their absorption does not require bile salts. Vitamin B12 is given intramuscularly, 100 jjig/month. If the above measures fail, complete parenteral feeding should be used in an attempt to reverse severe malnutrition.
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Pancreatic Disease

The important causes of pancreatic exocrine deficiency are cystic fibrosis (mucoviscidosis) and chronic pancreatitis.

Cystic fibrosis
Cystic fibrosis is a generalized disease of all the exocrine glands that is genetically transmitted as an autosomal recessive characteristic with a gene frequency of 1:20. Mucous secretions are abnormally viscous, and secretions of sweat have an abnormally high content of sodium, potassium, and chloride. The pancreas, which is involved in about 80% to 90% of cases, ultimately becomes a small, fibrosed organ as a consequence of atrophy of the exocrine structures following the obstruction of the duct system by plugs of eosinophilic debris. The volume, pH, lipase, amylase, trypsinogen, chymo-trypsinogen, and carboxypeptidase contents of pancreatic secretion are much reduced, and malabsorption of fat and protein, oligosaccharides, water-soluble and fat-soluble vitamins, and some minerals results. Until the last two decades, most children affected died of the pulmonary effects of the disease, bronchiolar plugging, and obstructive emphysema resulting in bronchopulmonary infections. Significant improvements in respiratory toilet have resulted in survival into adult life of many subjects with this disease. In addition to malabsorption, they may also develop focal biliary and parenchymal cirrhosis as a consequence of intra-hepatic cholangiolar plugging, pericholangitis, and unknown factors leading to portal hypertension with its complications.

Treatment of malabsorption, if present, consists of adequate oral supplements of pancreatic extracts, a high-carbohydrate, low-fat diet, all vitamins (if necessary, by injection), and extra sodium chloride, particularly in hot weather . Oral supplements of calcium and magnesium may also be required, as determined by estimating blood levels. If growth is not maintained in children with this disease, added calories may be provided by a palatable form of medium-chain triglycerides. These do not require bile salts for their absorption, and about 30% of a given dose is absorbed directly without the action of pancreatic lipase. Amino acid supplements are given with meals in the form of one or another short-chain poly-peptide preparation, thus bypassing the need for the enzyme proteolytic activity of normal pancreatic secretion.

Chronic pancreatitis
Chronic pancreatitis, in which inflammation and scarring of the exocrine glandular tissue of the pancreas occur, has many causes, of which alcohol is the most important in the United States, followed by biliary tract disease. The lesion is functionally similar to that in fibrocystic disease. However, since it is a disease of adults, the nutritional problems are usually less severe. It is apparent, too, that 85% to 90% of the exocrine pancreas must be destroyed before malabsorption occurs.15 Usually oral supplementation with pancreatic extract (Cotazym, 3-5 tabs with each meal) and vitamin supplementation are adequate. Large doses may be given if steatorrhea is not decreased. Antacids and H +-inhibitors to reduce gastric acidity may enhance pancreatic enzyme activity. In some patients the extracts are poorly tolerated or less effective and supplements of medium-chain triglycerides and short-chain polypeptide amino acid mixtures should be given, using the patient's weight as a guide.

Failure of absorption of vitamin B12 is an uncommon consequence of chronic pancreatitis. It has been suggested that it is caused by a failure of release of vitamin B12 from a non-intrinsic-factor vitamin B12 binder prior to its binding with intrinsic factor.1 Treatment is with intramuscular vitamin B12 100 (jig monthly.

Diseases of the Small Intestinal Wall

Celiac sprue is a disease of the small intestinal mucosa. The villi of the mucosa, particularly of the proximal jejunum, become atrophic and the lamina propria is infiltrated with inflammatory cells. The brush border is disrupted, and activity of brush border enzymes is impaired. The activity most affected is that of lactase, so that milk intolerance may be a feature of the untreated disease. There is impaired absorption of fat and protein, and the daily fecal fat excretion in the untreated adult may be 60 g or more. Hypoalbuminemia occurs in patients with severe disease and is due to malabsorption and excess loss of protein from the bowel wall (protein-losing enteropathy). It has become rare in recent years. Essential fatty acids, both fat-soluble and water-soluble vitamins, trace elements, and electrolytes, even water, are poorly absorbed. Important deficiencies are of vitamin K, vitamin D, and calcium leading to osteomalacia, and folic acid and possibly pyridoxine and zinc.5646 Deficiency of vitamin B12 occurs in less than half of all patients and is rarely the cause of hematologic or neurologic change. The site of its absorption in the distal part of the small intestine is infrequently affected in celiac sprue.

Since the classic observations of Dicke in the 1940s, it has been repeatedly confirmed that complete exclusion of wheat, rye, and barley gluten from the diet results in recovery of the intestinal mucosa.13 More recently it has been demonstrated that it is the a-gliadin component of gluten which is the noxious factor, but how it exerts its effect is still uncertain. The aim of management of celiac disease is to encourage the patient to adopt and adhere rigidly to a gluten-free diet. This has not been easy in the past because wheat flour is used widely as an extender in many processed foods. The American Celiac Society provides exhaustive information about gluten content of foods, which should be available to every celiac patient.* Each component of the diet should be carefully evaluated by the dietitian and the patient, who must be made aware that even traces of gluten may inhibit mucosal recovery or precipitate a relapse. The diet should be balanced and should achieve maximal variety. When one member of a family is found to be affected it is often more convenient for the whole family, when eating at home, to adopt a gluten-free regimen.

Before a response to gluten exclusion is achieved, vigorous nutritional support is very often necessary. Untreated patients may be deficient in electrolytes, especially potassium, calcium, and magnesium, in fat-soluble and water-soluble vitamins, in iron, and possibly in trace elements, of which zinc has received much attention. Most patients respond to oral supplementation  and protein supplements, and medium-chain triglycerides can be used. Patients may be intolerant of milk and lactose-containing products until mu-cosal recovery has occurred and brush-border enzyme activity is restored.

In some children diagnosed late, and in older adults, the degree of malnutrition may be severe; anorexia is a major symptom, and a rather malignant form of malnutrition supervenes. Total par-enteral feeding is lifesaving in such patients, in whom oral feeding can be gradually re-introduced. If diarrhea is a major factor, drugs such as loperamide or opium preparations are used until gluten exclusion brings it under control.

Tropical sprue
This is a malabsorptive disease of tropical or subtropical areas with definite but unexplained geographical distribution. It is endemic but may assume epidemic frequency. The current view is that tropical sprue, subclinical tropical enteropathy, and post-infective malabsorption in the tropics are probably all expressions of population of the upper small bowel with enteropathic coliform organisms. The chronicity of sprue as compared with postin-fective malabsorption may be due to a prolonged small bowel transit time in the former, favoring persistence of bacterial flora, which responds to antibiotics. Another theory is that dietary fat plays an important role, long-chain fatty acids having an inhibitory effect on coliforms in the jejunum. This may explain the geographical distribution of the disease as an expression of differences in fats consumed.

Treatment is with oral tetracycline and folic acid and intramuscular vitamin B12. Improvement occurs within 2 weeks to 3 weeks. Folic acid, 5 mg/ day, is given for at least 2 years to achieve full restoration of small intestinal structure and function. It is more effective when it is commenced in the early stages of the disease.31

Small-bovel resection
Providing the duodenum, distal ileum, and ileoce-cal valve are spared, up to 40% of the small intestine may be removed without long-term sequelae. More extensive resection (50% or more, or resection of the distal ileum and ileocecal valve) results in variable malabsorption, the severity of which depends on three factors: (1) the extent of resection, (2) the site of resection, and (3) the presence of retained diseased segments of bowel. Crohn's disease, ischemia due to thrombosis or embolism, trauma, and malignant infiltration are some of the conditions treated by resection. The immediate postoperative management has been described. TPN has clearly diminished morbidity and mortality. Subsequently, appetite returns, and diarrhea occurs only following ingestion of food.

Small meals, low in fat content, should be given every 2 hr to 3 hr. We do not use so-called elemental diets as routine; they are hyperosmolar, in-crease diarrhea, and are unpalatable, but occasionally they are well tolerated. Long-chain triglycerides are added by degrees but should be restricted to an intake that does not increase steatorrhea, usually in a range of 25 g/day to 75 g/day. Medium-chain triglycerides can be added as a source of energy. Usually 25 g/day to 40 g/day is tolerable; larger amounts cause diarrhea. The cutaneous application of sunflower seed oil has been advocated as a source of essential fatty acid, and if long-chain triglycerides are not well absorbed, this procedure, to which little attention has been given, is very important.

When the patient's bowel has achieved a stable function, some or all of the supplements listed will be given according to need as judged by laboratory data, since malabsorption of fat, fat-soluble vitamins, calcium, magnesium, iron, and water-soluble vitamins may persist. Intramuscular vitamin Bu must be given, 100 ixg every 3 weeks to 4 weeks, if the terminal ileum has been resected. Hyperoxaluria occurs in nearly 75% of subjects with ileal resection. It is believed to be due to calcium being unavailable to form insoluble calcium oxa-late in the lumen, since an increased amount forms calcium "soaps" with unabsorbed fat. Free oxalic acid is then absorbed in the colon. Treatment consists of avoidance of oxalate-containing foods, especially many green vegetables, beets, rhubarb, nuts, and chocolate, or in giving calcium lactate or carbonate orally, since the calcium binds oxalate in the lumen. However, calcium compounds theoretically may exert a stimulatory effect on gastric acid secretion, which is often high after small bowel resection, possibly due to reduction of a hormonal inhibitor. Avoidance of dietary oxalate may be preferable. Cholestyramine is useful to control persisting diarrhea by binding bile salts which stimulate water secretion by the colon. Diphenoxylate or loperamide serves to control diarrhea; occasionally opiates, which are most effective, must be used.

Hepatic encephalopathy
In a few patients with massive, fulminant hepatitis and in many patients with cirrhosis in whom a significant degree of portal-systemic shunting occurs, either spontaneously or as a consequence of surgery to relieve portal hypertension, ingestion of protein, or a similar endogenous protein load of blood due to bleeding into the lumen of the gut, may be associated with onset of a metabolic encephalopathy. The patient's consciousness deteriorates and confusion, stupor, or coma supervene. Electroencephalography reveals the slow waves of metabolic brain dysfunction. Asterixis, expressed as flapping tremor of the hands and arms and sometimes "tromboning" of the tongue, is often regarded as pathognomonic of the condition. Precipitating factors other than bleeding, such as analgesics, sedatives, hypokalemia, and azotemia induced by diuretic overdose, may also occur. The encephalopamy in itself is not life threatening, providing a good airway is maintained, but some of the precipitating factors, such as severe bleeding and liver or renal failure may well be.

The cause of the changes of brain activity are usually ascribed to elevated concentrations of ammonium ions in the blood and cerebrospinal fluid, derived from the GI tract and kidneys. If these are reduced, the changes in consciousness are completely reversible. Measures are therefore taken to reduce the production of ammonia or associated nitrogenous products and their absorption from the small bowel and to reduce ammonia production by the kidneys.

In the acute phase, when the patient is in stupor or coma, dietary management is superfluous. Fluid and electrolyte balance are restored parenterally, together with glucose. Urea-splitting organisms are removed from the colon by water enemas, and their growth is inhibited with neomycin retention enemas. Hypokalemia is often present as a consequence of diuretics, diarrhea, vomiting, and renal tubular acidosis. Restoration of normal potassium depresses renal ammonia synthesis.44 Currently, studies are being made of the value of giving intravenous branched-chain amino acids, concentrations of which are low in chronic liver disease.20

When consciousness is regained, feeding by mouth is restored, using a carbohydrate and low-fat diet. Lactulose, a nonabsorbable synthetic dis-accharide, is given.4 This is metabolized by bacteria in the distal ileum and colon to acids that lower the pH and trap ammonium ions, preventing their absorption. Proteins are excluded from the diet initially, but as soon as the patient can cooperate and there is no evidence of GI bleeding, dietary protein is added in 20-g increments every 3 days. The aim is to restore nitrogen balance without precipitating intoxication. Intakes above 40 g/day of protein of high biologic value probably provide adequate maintenance. The desirable range of the usual dietary proteins is 60 g/day to 80 g/day. Continuing use of lactulose has made this possible in all but a small number of cirrhotics, without need of neomycin or other broad-spectrum antibiotic. Amino acid content of various proteins may be important, since some amino acids elevate ammonia levels in the blood more than others; (e g , glutamine, glycine, and histidine). The pattern of release from the intestinal lumen and rates of absorption may also vary. Results of studies using vegetable rather than animal proteins are still indeterminate but are of great interest. Vitamin supplements are given, with the rationale that the patient is likely to be depleted on account of dietary inadequacy. Of these, vitamin K is probably the most important.

Cirrhotic ascites
Formation of ascites is usually a late stage in the natural history of cirrhosis. The two major causes are portal hypertension and reduced oncotic plasma pressure owing to hypoalbuminemia. The associated disturbances of homeostatis are complex and include redistribution of body water and sodium retention with hyperaldosteronism. Dietary management of the patient at bed rest comprises water and sodium restriction. These are modulated according to urinary output, but sodium intake should be less than 1 g/day. There need be no restriction of protein intake unless encephalopathy supervenes. The low salt requirement is a bar to certain proteins only if a sodium intake of less than 500 mg daily is indicated. Dialyzed milk should be used, the daily meat ration reduced to less than 100 g, with not more than one egg, and green vegetables must be restricted. Some patients tolerate a salt substitute.

Wilsons disease( hepatolenticular degeneration)
Wilson's disease is a rare disease that is an expression of an autosomal recessive trait. The prevalence of heterozygotes is about 0.5%. The homozygote lacks the capacity to excrete copper into the bile. The metal accumulates, especially in the liver, the basal ganglia, and the kidneys as well as in the cornea, producing Kaiser—Fleischer rings. Urinary copper concentrations are elevated, while serum copper and ceruloplasmin levels are usually depressed. The liver is enlarged, contains about five times the normal amount of copper, and may show changes ranging from periportal fibrosis to mac-ronodular cirrhosis. There may be splenomegaly and portal hypertension.

Diagnosis early in the course of the disease and treatment directed to the removal of copper result in significant improvement and even normal life expectancy. The major therapy is the use of D-penicillamine and oral potassium sulfide. Exclusion of copper-containing foods such as shellfish, liver, chocolate, nuts, mushrooms, and broccoli is advocated by many, although not universally. Iron, calcium, and zinc deficiency and even pyridoxine deficiency have been reported in association with long-term D-penicillamine treatment. It has been suggested that the drug be discontinued each week for two days and that copper-free mineral supplements be given.

Hemocyromatosis
A number of different factors may be responsible for increasing the amounts of iron stored in the liver, including the following: dietary iron overload, cirrhosis from many causes, multiple blood transfusions in dyshematopoietic anemias resistant to treatment with all known hematinics, thalas-semia, and, finally, so-called idiopathic hemochro-matosis, in which iron overload appears to precede the development of cirrhosis. The disease is familial, and first-degree relatives can be screened by serum iron estimations; the concentration is high in idiopathic hemochromatosis. Dietary control has little place in the disease, other than in the diabetes mellitus which occurs frequently. The basic lesion is faulty regulation of absorption of dietary iron from the intestine, so that avoidance of foods with a high content of iron is recommended. These foods include liver of all species and some wines. Recently, tea drinking has been shown to inhibit the absorption of nonheme iron and may be a useful means of preventing iron overload.16 The mainstay of treatment is repeated phlebotomy.

Chronic biliary obstruction
Both intrahepatic and extrahepatic biliary obstruction cause cholestasis. In chronic cholestasis steat-orrhea, malabsorption of calcium and fat-soluble vitamins occurs. These risks must not be forgotten if obstruction persists for more than 1 week to 2 weeks, and appropriate nutritional supplementation should be provided.

Vitamin K should be given parenterally in daily doses of 10 mg for 3 days if there is any indication of hypoprothrombinemia. In chronic cholestatic disease associated with primary biliary cirrhosis, bile duct carcinoma, or sclerosing cholangitis, daily intake of long-chain triglycerides should be limited to 40 g because they are poorly tolerated, poorly absorbed, and may be a factor in inhibiting calcium absorption. Medium-chain triglycerides are used as a supplement, usually 25 g/day to 40 g/day. They are well absorbed without bile salts and provide a source of energy.21'They do not provide essential fatty acid. If there is doubt, therefore, about absorption of long-chain fatty acid, sunflower oil inunctions should be used. Vitamin A, 100,000 IU, Vitamin D, 100,000 IU, and Vitamin K,, 10 mg, are given intramuscularly every 4 weeks. Calciumgluconate, 6 g/day, should be given by mouth as well as nonfat milk to tolerance. If bone pain occurs, calcium gluconate (15 mg calcium/kg body weight) is given intravenously daily for 1 week. Reversal of osteomalacia has been achieved in primary biliary cirrhosis by oral 25-hydroxyvitamin D.43 If cholestyramine must be given to control pruritus, the above nutritional regimen may have to be increased, especially the vitamin K. The dose of cholestyramine should be the lowest that provides relief of symptoms.

Copper retention occurs in primary biliary cirrhosis, but evidence that copper depletion is beneficial is still not established.

Actuate viral hepatitis
Comparatively early studies suggest that ad libitum consumption of a complete diet, high in fat as well as protein and carbohydrate, by patients suffering from viral hepatitis may shorten the course of the disease.12 It has not been shown that tube or par-enteral feeding in those subjects with viral hepatitis who also have anorexia has significant benefit. When nausea and vomiting occur, parenteral fluids and glucose are given, as in the rare instances of fulminant hepatitis with coma. Trials of TPN or TPN modified in amino acid content might yield useful information for improving current practice.

Alcoholic hepatitis
In addition to those diseases of the liver already discussed, one other may deserve mention, namely alcoholic hepatitis. In the past decade, it has been possible to provide nutritional support in the early stages of management for subjects with this disease, many of whom are significantly malnourished. To date, the most persuasive evidence for the value of parenteral nutrient supplementation is the work of Galambos, who has shown that intravenous administration for 28 days of 70-85 g/ day amino acids, in the form of Aminosyn or Travasol, to supplement a 3000 Cal diet, may reduce mortality and may be associated with earlier restoration of serum bilirubin concentration to normal.38

Diet and Gallstone Formation

From review of the current literature about prevention of formation of gallstones or their dissolution by dietary modifications, there emerges no convincing pattern. Fasting and overnight bile have been shown to be lithogenic, that is, it displays cholesterol supersaturation. One hopeful development is the observation that, in women, low frequency of meals or overnight fasting prolonged by eating no breakfast, is accompanied by a high incidence of gallstones.11 This makes good sense physiologically, but awaits confirmation.

Dietetic therapy at diseases Cardiovascular system
There are few issues of greater importance in the field of medicine than the "diet—heart question." Despite a significant drop in cardiovascular mortality in recent years in the United States, heart disease remains the foremost cause of death in the United States and in several other countries throughout the world. Indeed, outside the United States, deaths from heart disease seem to be on the rise. Since mortality from heart disease is greatest in affluent societies, many have suggested that disorders of the heart are related to life-style or environmental factors. The factor most often implicated is diet, but others—smoking, sedentary habits, and stress—also may be involved. A fundamental question is whether an alteration of eating habits will reduce the high incidence of heart disease in affluent societies. The major focus of this chapter, therefore, will be on the role of diet in prevention of heart disease. However, the diet in therapy of different categories of established cardiovascular disease also will be discussed.

Atherosclerotic Cardiovascular Disease

The most common forms of cardiovascular disease are those due to narrowing of the arterial supply to vital organs. This narrowing is usually the consequence of a particular form of arterial disease called atherosclerosis. Atherosclerotic involvement of the coronary arteries causes ischemic heart disease—either angina pectoris or myocardial infarction. Atherosclerosis of carotid or cerebral arteries is responsible for transient cerebral ischemia or stroke. Finally, the blood supply to the lower limbs, kidneys, or bowel can be compromised by atherosclerotic narrowing.

Ischemic heart disease secondary to atherosclerosis is responsible for approximately one third of all deaths in the United States. Beyond age 65, deaths due to cardiac ischemia are twice as common as those caused by cancer.3 To these statistics must be added a substantial mortality from atherosclerotic cerebrovascular disease. Thus, an understanding of the pathogenesis of atherosclerosis must be considered one of the foremost problems of medical research. The most abundant component of the atherosclerotic plaque is cholesterol, and the early finding that feeding of cholesterol to several species of experimental animals induced arterial accumulation of cholesterol gave rise to the hypothesis that dietary factors may contribute to atherosclerosis in humans. The importance of cholesterol in atherosclerosis is emphasized by the fact that the first stage in the development of an atherosclerotic plaque is the fatty streak; this lesion is characterized by accumulation of cholesterol-filled cells (foam cells) in the submtimal region of the artery.32 Foam cells are thought to arise from both smooth muscle cells and macrophages, and their lipid-filled droplets contain mainly cholesterol oleate.43

The second-stage lesion, the fibrous plaque, shows that factors other than cholesterol also participate in atherogenesis. In this lesion, a fibrous cap containing smooth muscle cells and collagen cover a central region of foam cells and extracellular lipids. The accumulation of extracellular lipids contains mainly cholesterol linoleate. As the fibrous plaque grows, it is transformed into a more complex lesion characterized by calcification, necrosis, ulceration, and thrombosis.32 Although a fibrous plaque may narrow a small artery, such as a coronary artery, sufficiently to produce distal ischemia, clinical disease frequently results from events occurring in a complex lesion—weakening of the wall with aneu-rysmal dilatation, rupture of a plaque with cholesterol embolization, or superimposition of a thrombosis causing obstruction of the arterial lumen.

The two most important pathologic processes in development of atherosclerosis are accumulation of cholesterol and proliferation of smooth muscle cells.3 The available data suggest that most arterial cholesterol is derived from plasma cholesterol. The causes of proliferation of smooth muscle cells and deposition of a connective tissue matrix are unknown; they might be a response to lipid accumulation or to some other stimuli such as a recently discovered, mitogenic growth factor released from platelets. The factors responsible for proliferation of connective tissue in arterial lesions represent an important area of research in molecular biology.

Development of clinical atherosclerotic disease appears to be related to certain factors referred to as risk factors. The concept of risk factors is important because their modification may prevent or delay the onset of atherosclerotic disease. Factors associated with premature atherosclerotic disease include abnormalities in lipid transport, hypertension, smoking, hyperglycemia (diabetes mellitus), and obesity.39 Appropriate modification of a risk factor obviously depends on the particular factor, but dietary change can alter several of these factors favorably. Therefore, in the discussion to follow, each of the risk factors will be examined, and the possible role of diet in its modification will be considered.

Abnormalites of lipid transport lipoproteines
Several abnormalities in transport of lipids have been implicated in the pathogenesis of atherosclerosis. Current evidence indicates that most cholesterol found in atherosclerotic plaques is derived from plasma cholesterol. Although deposition of some plasma cholesterol in arteries appears to be a universal phenomenon, accumulation is increased greatly with certain abnormalities in transport of plasma cholesterol. To outline these abnormalities and how they are influenced by dietary factors, it is first necessary to review the mechanisms for plasma lipid transport. Since plasma lipids are insoluble in aqueous solutions, they do not circulate freely in plasma but are complexed with specialized proteins called apoproteins (see Table 12). The resulting lipid-apoprotein complexes are designated lipoproteim. The lipoproteins are composed of a central core of neutral lipids (cholesterol esters and triglycerides) and a membranous coating of unesterified cholesterol, phospholipids, and apoproteins. The lipoproteins, or their precursors, are produced in both the liver and the gut. In the following discussion the metabolism of each of the major lipoproteins will be considered along with available evidence of their role in atherogenesis.

Chylomicrons. The intestine produces lipoproteins called chylomicrons. Most of the lipids in chylomicrons are derived from the digestion of dietary fats (triglycerides). Dietary triglycerides are hydrolyzed in the intestinal lumen to fatty acids and monoglycerides; these in turn are taken up by the intestinal mucosa and resynthesized into triglycerides. Mucosal triglycerides, along with any absorbed cholesterol, are incorporated into large lipoproteins, or chylomicrons. The major structural apoprotein of chylomicrons is apoprotein B-48 (apo B-48), but most soluble apoproteins also have been

Table 12.
Plazma Aloplipoproteins
	Apohpoprotem
	Lipoprotein
	Origin
	Function

	B-100
	VLDL, LDL
	Liver
	Binds LDL receptor

	B-48
	Chylomicron
	Intestine
	Binds hepatic chylomicron remnant receptor(?)  

	C-II*
	Chylomicrons VLDL
	Liver
	Activates lipoprotein lipase

	C-III*
	Chylomicrons VLDL
	Liver
	Inhibits lipoprotein hpase (?)  

	E
	Chylormcrons VLDL
	Liver
	Binds hepatic apo E receptor

	A-I
	Chylomicrons HDL
	Intestine and liver
	Activates LCAT

	A-II
	Chylomicrons HDL
	Intestine and liver
	


•Apoproteins C-II and C-III are transferred and "stored" m HDL during lipolysis of chylomicrons and VLDL, they are transferred back to newly secreted, tnglyceride-nch lipoproteins identified on the surface coat of these lipoproteins 

The metabolism of chylomicrons is outlined in Figure 7. These particles are secreted into the intestinal lymph, enter the blood stream through the thoracic duct, and pass through peripheral capillary beds, where they come into contact with an enzyme located on the surface of capillary endo-thelial cells. This enzyme, lipoprotein lipase, hy-drolyzes triglycerides to fatty acids and glycerol; in this process "soluble" apoprotems and surface components of chylomicrons are released into the circulation, where they are taken up by the other lipoproteins. When lipolysis is almost complete, a cholesterol-rich residual lipoprotein, called a chylomicron remnant, is released back into the circulation and is cleared rapidly by the liver. The recognition of the chylomicron remnant for hepatic uptake may be mediated by specific receptors on liver cells for apo B-48, or perhaps for apo E The atherogenic potential of chylomicrons is a matter of dispute, but mechanisms have been pos tulated.6 For example, as chylomicrons undergo lipolysis on the surface of vascular endothehal cells, some cholesterol could be released into the arterial intima.
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FIG. 7. Chylomicron metabolism Chylomicrons are secreted from the intestine following mgestion of dietary fat. They contain mainly triglycerides (TG) and small amounts of cholesterol ester (CE) In their surface coat are unestenfied cholesterol (Ch), phosphohpids (PL), and apoprotems A and B The apoprotem B of chylomicrons, designated B-48, ap-pers to be unique to this species of hpoprotem In plasma, chylomicrons acquire apoprotems E and C The apoprotems are shown enclosed in small circles As chylomicrons circulate in plasma, they come in contact with an enzyme, lipoprotein hpase (LPl), located on the surface of capillary endothehal cells The triglycerides are hydrolyzed, releasing fatty acids and glycerol, in this process, apoprotems C, E, and A are released and enter the surface coat of high-density lipoproteins (HDL) After lipolysis is almost complete, a chylomicron remnant returns to the circulation and is rapidly cleared by the liver (Kane A, Hardman DA, Paulus HE Heterogeneity of apohpoprotem B Isolation of a new species from human chylomicrons Proc Natl Acad Sci USA 77 2465, 1980)
Also, cholesterol-rich chylomicron remnants might be atherogenic in humans as they are in cholesterol-fed rabbits.6 On the other hand, however, patients who have isolated hyperchy-lomicronemia appear not to be at unusually high risk for coronary heart disease (CHD). Furthermore, if chylomicrons or their remnants are atherogenic, CHD should be greater in populations with a high intake of fat. It is true that CHD is uncommon in countries where total fat ingestion is low, but in some parts of the world where consumption of fat is relatively high, as in Crete, the incidence of CHD also is quite low.29 In these latter places, a lack of CHD seems related more to low total plasma cholesterol than to the level of fat intake.

Very Low Density Lipoproteins. Like the gut, the liver secretes tnglyceride-rich lipoproteins called very low density lipoproteins (VLDL). The metabolism of VLDL is outlined in Figure 8. VLDL resemble chylomicrons except that they are smaller. Most plasma triglycerides in the fasting state are carried in VLDL. As VLDL enter plasma they contain another structural apoprotein (apo B-100) Because this is the major form of apoprotein B in fasting plasma, it will be designated simply apo B Other apoproteins on circulating VLDL are of the C and E species, and they are soluble in aqueous solutions. As VLDL circulate in plasma, triglycerides are removed by lipolysis, and the soluble apoproteins are released into plasma; in contrast, apo B remains with the uncatabolized particle.

Partially catabolized VLDL are called VLDL remnants These particles, which contain lesser amounts of triglyceride and soluble apoproteins, can have two fates. Under certain circumstances VLDL remnants are removed by the liver similar to chylomicron remnants, but in the usual course of events most remnants are transformed to another category of lipoproteins—low-density lipoproteins (LDL).

Normal VLDL may not be atherogenic for two reasons. First, they are not rich in cholesterol, and second, they may be too large to penetrate the arterial intima easily. However, VLDL from hyper-triglyceridemic and diabetic patients behave abnormally in tissue culture in that they tend to deposit lipids in fibroblasts, endothelial cells, and macro-phages. Thus, even if normal VLDL are not atherogenic, those from hyperlipidemic or diabetic patients may be.

VLDL remnants are smaller than native VLDL and contain more cholesterol, either of which may enhance their atherogenic potential. Evidence for the atherogenicity of VLDL remnants comes from three sources. First, many patients with CHD seem to have an increase in this class of hpoproteins. Second, in the genetic disorder, familial dysbeta-lipoproteinemia, VLDL remnants accumulate in plasma, and premature atherosclerosis is common; and third, cholesterol-fed animals, which rapidly develop atherosclerosis, have an increase in hpoproteins resembling VLDL remnants.6
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FIG. 8 Metabolism of very-low-density hpoprotems (VLDL) VLDL are secreted by the liver They contain apo-protems B and E in their surface coat and triglycendes (TG) in their core The apoprotem B of hepatic VLDL has been designated B-100 by Kane and associates As VLDL circulate in plasma, they acquire apopro-tems C and E from high-density hpoprotems (HDL) along with cholesterol ester (CE) In this process, nascent VLDL are transformed into "native" VLDL, which in turn interact with lipoprotem lipase (LPL), this interaction leads to release of fatty acids and glycerol from TG and partial loss of apo-protems C and E to HDL A smaller VLDL remnant is the product Further catabohsm of VLDL remnants results in transformation to low-density lipoprotem (LDL) or, in some circumstances, into direct uptake of remnants by the liver

Low-density LJpoproteins. Pathways of formation and removal of LDL are presented in Figure 4. As indicated above, LDL are derived largely from catabolism of VLDL. They are the major cholesterol-carrying lipoprotems in humans. Their core contains mainly cholesterol ester and very little tri-glyceride, and their surface coat has only one apo-protein, apo B (B-100). Recent evidence suggests that some LDL may be secreted directly by the liver, but this pathway may involve newly secreted, very small VLDL as precursors of LDL.

The means of removal of LDL from plasma has been a subject of great interest, and the basic mechanisms, as worked out in tissue culture, are outlined in Figure 9* One pathway is a high-affinity, receptor-mediated uptake of LDL by cells. By this mechanism, the rate of uptake of LDL is a function of the number of binding sites; the lipo-protein first bound to the LDL receptor is internalized and digested by lysosomes; the cholesterol esters are hydrolyzed with release of cholesterol into the cytoplasm for use in cell membranes. When amounts of unesterified cholesterol exceed those needed for cell membranes, the excess will both inhibit the cell's own synthesis of cholesterol and be stored in the cell as inert cholesterol ester. Also, if a cell accumulates an excess of cholesterol because of large amounts of LDL in the media, synthesis of receptors is reduced, thereby reducing uptake of cholesterol.

Besides the uptake of LDL by means of the receptor mechanism, LDL can be degraded by other means as well. One example is bulk-phase phagocytosis of LDL. This pathway has been called the scavenger pathway because it may consist in part of phagocytic cells of the reticuloendothelial system.4 This mechanism for LDL degradation is particularly important when the specific receptor pathway is saturated by high concentrations of LDL. Several types of nonreceptor pathways actually may be involved in LDL catabolism, and some of these probably are not part of the reticuloendothelial system. Recent studies indicate that circulating LDL can be removed from the circulation by both peripheral tissues and the liver.
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FIG. 9 Formation and fate of low-density hpoprotems (LDL) Under normal circumstances most LDL are derived from catabolism of very-low-density hpoprotems (VLDL) (see Fig 17-2) LDL, which contain apoprotem B-100 m their surface coat and mainly cholesterol ester in their core, can have at least four fates They may be removed from the circulation by either the liver or extrahepatic tissues Also, for each, tissue uptake can be either receptor mediated or receptor independent The relative magnitudes of these different pathways have not been determined for humans
Peripheral catabolism of LDL is of interest because one site of uptake could be the arterial wall. There is increasing evidence that most lipid in atherosclerotic plaques, which consist mostly of cholesterol esters, is derived from LDL. Indeed, LDL appears to be the most atherogenic of all the plasma lipoproteins. The contribution of LDL to the arterial wall cholesterol might occur in at least four ways: (1) LDL-cholesterol could enter arterial smooth muscle cells through the receptor-mediated process; (2) LDL may be incorporated in arterial wall macrophages by the scavanger pathway; (3) LDL might become entrapped in extracellular spaces by interaction of LDL-apo B with mucopolysaccharide ground substance of the arterial intima; or (4) cholesterol may be released into extracellular spaces by death and rupture of foam cells.

High-Density Lipoproteins (HDL). Cholesterol entering peripheral cells during catabolism of LDL cannot be degraded, and thus, mechanisms must be provided for its transport back to the liver where it can be excreted. Although the pathways of this "reverse cholesterol transport" have not been denned fully, an attractive concept is that another 
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FIG. 10 Metabolism of high-density lipoproteins (HDL) Both the liver and the gut secrete nascent HDL. These particles are disc shaped and contain apoprotems A-I, A-II, and E combined with phosphohpids (PL) As these particles enter the circulation, they first acquire unestenfied cholesterol (Ch) from the surface of cells. Thereafter, they interact with an enzyme, lecithin cholesterol acyltransferase (LCAT), and the result is estenfication of unesterified cholesterol. At the same time, the particles take on a spherical shape, and they obtain small amounts of apoprotems E and C from very-low-den-sity lipoproteins (VLDL). The net result is a particle called HDL, As HDL3 continues to circulate, they further enlarge by acquiring more cholesterol ester as well as triglycendes (from VLDL), and these larger HDL are called HDL2. The fate of HDL2 is not well understood.
lipoprotein, HDL, plays an important role. The basic pathways in the metabolism of HDL are presented in Figure 10. The formation of HDL is a multistep process that begins in the liver, and to a lesser extent in the intestine, and is completed in the plasma. Both the liver and gut seemingly secrete a particle called nascent HDL This particle is composed mainly of apoproteins (A-I, A-II, and E) and phospho-lipids; it is shaped like a disk rather than a sphere.21 Nascent HDL has an affinity for unesterified cholesterol that is obtained either from cell membranes or other lipoproteins. Following uptake of unesterified cholesterol into nascent HDL, this cholesterol undergoes esterification with a fatty acid. This reaction is catalyzed by an enzyme called lecithin-cholesterol acyltransferase (LCAT); it is so named because it transfers an acyl group (fatty acid) from lecithin to cholesterol. LCAT is activated by apo A-I. As cholesterol ester is formed, it enters the core of the lipoprotein, and the resulting particle takes on a spherical shape. The product of this sequence of steps appears to be a small lipoprotein designated HDL3.

Finally, HDL3 may undergo interaction with other lipoproteins of plasma. In the catabolism of tri-glyceride-rich lipoproteins (chylomicrons and VLDL), surface components (unesterified cholesterol, phospholipids, and C and E apoproteins) may be transferred to the surface coat of HDL. Also, HDL can exchange some of its cholesterol ester for triglycerides of VLDL.46 The net result of these changes is the transformation of HDL3 into a larger particle, HDL2. The fate of HDL is poorly understood; whether it is removed intact from the circulation has not been determined.

The role of HDL in atherogenesis has become a subject of great interest in recent years. HDL are thought to be protective against development of atherosclerosis. Epidemiological studies have shown that low concentrations of HDL are associated with greater rates of CHD than are high concentrations.15 Although the mechanisms by which HDL exert protective effects are not well understood, an attractive hypothesis is that these lipoproteins mobilize excess cholesterol from the arterial wall.

Plasma cholesterol, lipoproteins and aterosclerosis
Total Plasma Cholesterol and CHD. Evidence of several kinds has implicated abnormalities of lipid transport in the development of atherosclerosis and CHD. A relation between hypercholesterolemia and atherosclerosis in experimental animals is well established. Also, epidemiological studies in humans have shown a significant correlation between plasma cholesterol levels and the incidence of CHD.29 In cross-culture studies, populations with relatively low plasma cholesterol (e.g., southern Europeans, North American Indians, and Japanese) have a correspondingly low prevalance of CHD. In contrast, populations with higher cholesterol concentrations, such as northern Europeans and North American whites and blacks, have higher CHD rates. Of interest, comparisons of Japanese living in Japan, Hawaii, and San Francisco have shown that serum cholesterol levels are about 12% greater in Hawaii and 21% higher in San Francisco than in Japan. As compared to Japan, death rates from CHD were 1.7 times higher in Hawaii and 2.8 times greater in San Francisco.26 Thus, in a population with a high degree of genetic homogeneity, serum cholesterol correlated highly with CHD mortality. One important epidemiological study in the United States population was the Pooling Project, in which results from several similar epidemiological studies were combined.39 The CHD risk was compared to serum cholesterol through five steps of increasing cholesterol levels in men aged 40 to 64 years. The quintiles and relative CHD risk are shown in Table 13.
Table 13.
Results of the Pooling Project

	Qumtile
	Plasma Cholesterol (mg/dl)         
	Relative CHD Risk

	I
	<194
	1

	II
	194-218
	1

	III
	219-240
	1.50

	IV
	241-268
	1.64

	V
	>268
	1.99


Data from Pooling Project Research Group. Relationship of blood pressure, serum cholesterol, smoking habit relative weight and ECG abnormalities to incidence of major coronary events Final Report of the Pooling Project J Chronic Dis 31201-306,1956  
 No differences were noted between quintiles I and II, but CHD risk increased progressively with higher cholesterol levels.

The Desirable Range of Plasma Cholesterol.

Although a correlation between plasma cholesterol and coronary atherosclerosis undoubtedly exists, the result of the Pooling Project suggests that the relationship to CHD risk may not be linear over a broad range of cholesterol levels. Apparently, in the United States the risk for CHD increases significantly at cholesterol levels above 220 mg/dl and the desirable level clearly would be below 220 mg/ dl.39 Furthermore, if multicountry epidemiological studies are taken into consideration, a reduction of serum cholesterol below this value may further decrease risk, and therefore, it is reasonable to say that the desirable cholesterol is below 200 mg/dl.26 29 Recently, a group of epidemiologists, clinical investigators, and experimental pathologists were requested to develop a consensus on the ideal cho-
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FIG. 11. Population distribution curves for total plasma cholesterol in present U.S. adults and for the desirable distribution 

esterol level.45 Taking all the available evidence into consideration, this group proposed that the ideal level for adults would be in the range of 130 mg/dl to 190 mg/dl (mean 160 mg/dl). This proposed ideal range is well below the distribution of plasma cholesterol in United States adults today (see Figure 11); at least 50% to 60% of adult American men have concentrations greater than 200 mg/dl, and these levels would seem to be in the zone of accelerating risk for CHD.24

LDL-Cholesterol and CHD. In epidemiological studies, total cholesterol concentrations are a good reflection of LDL-cholesterol, and the high correlation between plasma cholesterol and CHD suggests that high concentrations of LDL are athero-genic. The relation between LDL and atherosclerotic diseases has been confirmed recently in several epidemiological studies in which both clinical manifestations of CHD and angiographic proof of atherosclerosis were compared to LDL levels.

LDL-apo B and CHD. The exclusive apoprotein of LDL is apo B, and it is this apoprotein that directs the uptake of LDL by cells. Rates of interaction between LDL-apo B and LDL receptors thus may be one factor controlling clearance of LDL from plasma and thereby regulating LDL concentrations. Another factor influencing LDL levels is the rate of synthesis of apo B by the liver. Finally, apo B of LDL may be responsible for the interaction and deposition of LDL in extracellular spaces of the arterial intima through its interaction with muco-polysaccharides. Thus, the metabolism of apo B seemingly plays a key role in regulation of LDL concentrations, and preliminary studies suggest that LDL-apo B may be a better predictor of CHD risk than LDL-cholesterol.44

HDL and CHD. Epidemiological studies in the United States and northern Europe have shown an  inverse correlation between CHD rates and HDL.15 The concept thus has developed that high concentrations of HDL may be protective against atherosclerosis, possibly by promoting removal of cholesterol from the arterial wall. While this hypothesis may be valid, low HDL may not increase risk for CHD in populations in which LDL concentrations also are low. Examples of a lack of increased CHD risk with low HDL are found in American Indians, Asians, and southern Europeans.

VLDL, Triglycerides and CHD. As indicated previously, elevations of triglyceride-rich lipo-proteins may not be atherogenic. On the other hand, many patients with CHD have raised triglycerides, and hypertriglyceridemia probably signifies increased risk for CHD in some patients. Although the mechanisms linking triglycerides to CHD have not been defined, several possibilities can be considered. First, raised triglycerides are associated with reduced HDL, and the latter is a known risk factor. Second, high triglycerides may be accompanied by an increase in VLDL remnants (or beta-VLDL), which also may be atherogenic. Finally, most cases of hypertriglyceridemia are due to overproduction of VLDL, and this excess synthesis can lead to elevations of either LDL-cholesterol or LDL-apo B. Thus, in many patients, high plasma triglycerides may be a marker for increased risk for CHD even though triglycerides per se are not atherogenic.25

Classification of abnormalities of lipid transport associated with CHD
Several lipoproteins can participate in atheroge-nesis, particularly when they are associated with clinical abnormalities in lipid transport. These lipo-protein syndromes can have different origins. Some have a genetic basis and are due to either mono-genic or polygenic defects. Others are caused mainly by dietary excess, or represent interaction between dietary and genetic factors. A brief description of lipoprotein disorders accompanied by increased risk for CHD is presented below. Most of these are associated with some degree of hypercholesterol-emia, and the major causes of elevated plasma cholesterol are outlined here:

1.Mild hypercholesterolemia (total cholesterol = 225 to 275 mg/dl; LDL-cholesterol =  150 to 200 mg/dl)

a.Dietary

b.Hereditary

c.Mixed (dietary + hereditary)

d.Hyperapobetalipoproteinemia

2.Moderate hypercholesterolemia  (total cholesterol = 275 to 350 mg/dl; LDL-cholesterol = 200 to 275 mg/dl)

a.Polygenic hypercholesterolemia

b.Familial combined hyperlipidemia

c.Monogenic hypercholesterolemia (predominant overproduction of LDL)

d.Familial dysbetalipoproteinemia

e.Secondary hypercholesterolemia  (hypothy-roidism, Cushing's syndrome, anorexia ner-vosa, acute intermittent porphyria, and ne-phrotic syndrome)

3. Severe hypercholesterolemia (total cholesterol >350 mg/dl; LDL-cholesterol >275 mg/dl) a. Familial hypercholesterolemia (predominant clearance defect for LDL)

Mild Hypercholesterolemia. Cholesterol levels over 200 mg/dl to 220 mg/dl are accompanied by accelerating risks for CHD, and for this reason levels above this range cannot be called "normal" even when they may fall in the normal distribution for the United States population.24 39 Because of the association with increased risk, total cholesterol in the range of 225 mg/dl to 275 mg/dl might reasonably be called mild hypercholesterolemia This assumes, of course, that LDL-cholesterol is increased proportionally (e.g., 150 mg/dl-200 mg/dl). In some cases, especially in women, a high HDL may be associated with a plasma LDL—cholesterol concentration below 150 mg/dl even when total cholesterol is over 225 mg/dl. The same is true in patients with hypertriglycericemia, but in these patients, VLDL—cholesterol can be treated as equivalent to LDL-cholesterol.

The causes of mild hypercholesterolemia have not been determined completely. Many workers postulate that most cases are of dietary origin, and it is true that diets rich in saturated fats and cholesterol may elevate LDL-cholesterol into the range of mild hypercholesterolemia.20 Still, many other people on such diets do not have LDL concentrations in the mildly elevated range, and thus genetic factors probably contribute as well. A question of some interest is whether mildly elevated LDL is due to increased production or decreased clearance of LDL. Recent studies from our laboratory indicate that most cases of mild hypercholesterolemia are associated with increased synthesis of LDL-apo B and not with decreased removal.27 The relative contributions of diet and heredity to overproduction of apo B remain unknown.

Hyperapobetalipoproteinemia with Normal Cholesterol. A recent observation of importance is that many patients with CHD have increased concentrations of LDL-apo B despite a normal LDL—cholesterol.44 This could reflect an elevation in the number of atherogenic LDL particles that are relatively poor in cholesterol. In other words, LDL-apo B levels may be a better estimate of the number of LDL, and hence the risk associated with this fraction, than LDL-cholesterol. The discovery of the existence of increased LDL-apo B (with normal LDL-cholesterol) may help to explain why many patients with premature CHD have normal cholesterol levels. Our preliminary studies suggest that hyperapobetalipoproteinemia is the result of overproduction of apo B.

Moderate Hypercholesterolemia. Moderate hy-percholesterolemia can be defined as a total cholesterol in the range of 275 mg/dl to 350 mg/dl (LDL-cholesterol = 200 mg/dl to 275 mg/dl). Most patients with this disorder have a genetic defect although dietary excess may contribute to the rise in LDL-cholesterol. The genetic defect may be either monogenic or polygenic.1314 Several examples have been denned. The most common cause of moderate hypercholesterolemia probably is polygenic hy-percholesterolemia Family studies of patients with this disorder reveal that less than 10% of first-degree relatives have hypercholesterolemia; thus, it is unlikely to be a monogenic disorder.1314 Our studies indicate that overproduction of LDL-apo B is probably the underlying defect in most patients, but the role of decreased clearance of LDL needs further evaluation.27

Several monogenic disorders also can cause moderate hypercholesterolemia.1314 One of these is familial combined hyperlipidemia. Families with this metabolic disease have multiple lipoprotein patterns: some family members have high LDL only, others have increased VLDL only, and still others have increases in VLDL and LDL. Xanthomas do not occur, but affected individuals, regardless of their lipoprotein pattern, have enhanced risk for CHD. It has been estimated that about 10% of all patients with CHD have familial combined hyperlipidemia. The primary defect in familial combined hyperlipidemia seemingly is a monogenic overproduction of apo B, but the expression of the disorder (i.e , increased VLDL, LDL, or both) may be modulated by other genetic or environmental factors affecting triglyceride metabolism.7 We have shown recently that most hypertriglyceridemic patients with this disease have an increased synthesis of VLDL—triglyceride; this seemingly occurs in addition to overproduction of apo B.17 Whether some families have only an overproduction of apo B (without abnormalities in triglyceride metabolism) has not been determined, but if so, they should have pure hypercholesterolemia.

A less common cause of moderate hypercholesterolemia is familial dysbetalipoproteinemia This is a disorder characterized by increased plasma beta-VLDL, a subspecies of VLDL remnants. The primary defect appears to be a deficiency of an iso-form of apo E called apo E3.5 This isoform may be involved in the normal transformation of VLDL remnants to LDL. Although the underlying abnormality in this disorder is accumulation of beta-VLDL due to defective remnant processing, the hyperlipidemia is accentuated greatly in patients who have a concomitant overproduction of VLDL—apo B. Patients with familial dysbetalipoproteinemia have orange discoloration of palmar and digital creases, tuberous or tuberoeruptive xanthomas, and premature atherosclerosis (particularly of peripheral vessels).

Finally, moderate hypercholesterolemia can occur with other diseases. The most common probably is hypothyroidism, in which clearance of LDL is reduced. Other causes of increased LDL are Cushing's syndrome, anorexia nervosa, acute intermittent porphyria, and nephrotic syndrome. Obesity and diabetes melhtus may be associated with increased secretion of VLDL—apo B, but alone they rarely raise LDL into the range of moderate hypercholesterolemia.

Severe Hypercholesterolemia. The usual cause of a plasma cholesterol over 350 mg/dl is familial hypercholesterolemia. It is an autosomal dominant disorder affecting about 1 person in 500. Almost all affected persons are heterozygotes for the disease. The primary abnormality is a lack of, or a defect in, the gene for the LDL receptor, and heterozygotes have only half the normal number of receptors.4 The consequence is a defective clearance of plasma LDL. Hypercholesterolemia is present at birth, and LDL concentrations remain elevated throughout life. High LDL levels lead to premature atherosclerosis, and myocardial infarctions are common in the third and fourth decades, particularly in men. Another characteristic clinical feature is tendon xanthomas, which are almost pathogno-monic of this disorder in a hypercholesterolemic patient.

Hypoalphalipoproteinemia 
A low level of HDL (alpha-lipoproteins) predisposes a person to premature CHD, particularly when the LDL is in the high-normal or elevated range.15 The normal concentration of HDL—cholesterol in United States men is 40 mg/dl to 50 mg/dl, and in women 55 mg/dl to 65 mg/dl. A low HDL apparently occurs in some families, suggesting a genetic defect (primary hy-poalphalipoproteinemia); it is not known whether the low HDL is the result of a monogenic or polygenic disorder. The consequences can be premature and severe CHD. A reduction in HDL also can be secondary to other factors, for instance, obesity, hypertriglyceridemia, lack of exercise, smoking, androgens, and possibly polyunsaturated fats. Whether secondary hypoalphalipoproteinemia is associated with accelerated atherosclerosis is not known.

Hypertriglyceridemia. An elevation of plasma triglyceride can be associated with a variety of disorders. Increased triglyceride-rich lipoproteins can be the result of overproduction or decreased clearance, or both.1 The risk for CHD associated with hypertriglyceridemia appears to be determined by the type of abnormality.

An overproduction of VLDL occurs in hypertri-glyceridemic patients with familial combined hyper-hpidemia; these patients have increased synthesis of both VLDL-triglycerides and VLDL-apo B, and they seem to be at greater than normal risk for CHD.1-5 Their increased risk probably is related to a high production of apo B; whether this overproduction is driven by excess synthesis of VLDL—triglycerides has not been determined.7 It is not yet certain whether enhanced synthesis of triglycerides can occur without increased apo B synthesis; however, dissociation of triglyceride and apo B synthesis has been claimed for some patients with familial hypertriglyceridemia, and these patients may not have increased CHD risk.5

Elevated plasma triglycerides also can be due to decreased clearance. Defective clearance of chy-lomicrons occurs when there are defects in the lipoprotein lipase system; these can be consequences of a familial deficiency of lipoprotein lipid itself or of apo C-II, which is required for the activation of this enzyme. The causes of reduced triglyceride clearance without overt deficiency of lipoprotein lipase or apo C-II have not been determined. Other lipolytic defects apparently exist, and when they are of genetic origin, patients can be said to have familial hypertriglyceridemia. The clearance capacity for VLDL-triglycerides in the general population varies widely. Some patients with high production rates of VLDL develop marked hypertriglyceridemia because of a relatively poor ability to clear triglycerides, whereas others with a high removal capacity to not develop elevated triglycerides despite overproduction of VLDL.1 Hypertriglyceridemia caused entirely by decreased clearance of triglycerides does not appear to be associated with an increased risk for CHD, possibly because of a lack of atherogenicity of most triglyceride-rich lipoproteins.

Secondary hypertriglyceridemia due to overproduction of VLDL-triglycerides can result from obesity, diabetes mellitus, excess intakes of alcohol or carbohydrates, oral contraceptives, emotional stress, and, rarely, from glycogen-storage disease and acromegaly. Marked hypertriglyceridemia occurs in patients with one of these disorders combined with a primary defect in clearance of VLDL-triglycerides. Secondary decreased removal of plasma triglyceride occurs in many patients with renal failure. Whether secondary hypertriglyceridemia causes atherosclerosis is not known.

Effects of dietary factors on plasma lipoproteines
Saturated Fats. Of all dietary nutrients, saturated fats have the greatest potential for raising plasma cholesterol. The increase occurs mainly in the LDL, but cholesterol in VLDL, and probably HDL, rises to a lesser extent. According to equations developed by Keys and associates, plasma cholesterol is raised by 2.7 mg/dl for every 1% of total calories derived from saturated fats.28 This increase is in relation to carbohydrates, which usually are considered to have no effect on plasma cholesterol. The actions of different types of saturated fatty acids may not be identical; for example, palmitic acid apparently raises plasma cholesterol more than does stearic acid.23

Saturated fatty acids are obtained from animal meats (beef and pork), dairy products (milk, butter, and cheese), eggs, bakery goods, and the hard fats of plants (coconut oil, cocoa butter, and hard margarines). All fatty acids from these products are not saturated, and a significant portion can be monounsaturated; however, these sources contribute most of the saturated fatty acids in the 
American diet
Polyunsaturated Fats. The polyunsaturated fatty acids have the opposite effect on plasma cholesterol. In contrast to saturated fats, their major action is to lower LDL—cholesterol, but smaller reductions can occur in VLDL and HDL as well. For every 1% of calories from polyunsaturated fatty acids, total plasma cholesterol should fall about 1.35 mg/dl.28 Again, this is relative to a baseline of carbohydrates. The mechanisms for LDL lowering by polyunsaturated fats have been a subject of intense investigation and controversy. Early workers suggested that these fats reduce plasma cholesterol by promoting excretion of cholesterol or its catabolic products, the bile acids. Although increased excretion of cholesterol or bile acids undoubtedly occurs in some patients, this effect is not universal and probably cannot adequately explain the reduction in LDL cholesterol.171S Another postulated mechanism is that polyunsaturates decrease the cholesterol-carrying capacity of LDL because of stenc exclusion of cholesterol by polyunsaturated fatty acids; however, our recent studies have shown that these fats do not alter the lipid or protein composition of LDL, and the reduction of LDL-cholesterol is associated with an equivalent decline in all the lipid and protein constitutents of this lipoprotein. Finally, polyunsaturates might lower LDL by changing the metabolism of apo B. A recent report claimed that polyunsaturated fatty acids increase the clearance of LDL-apo B in normal subjects, but reduced synthesis of apo B may contribute to LDL lowering in some patients with hyperlipidemia.

Although there was an early enthusiasm for increasing polyunsaturates in the American diet, a more cautious attitude has recently been assumed by most investigators. Since mechanisms for cholesterol lowering have not been defined fully, some workers are concerned that alterations in lipoprotein metabolism by these fats may not be beneficial. For example, decreased plasma cholesterol is not necessarily associated with reduced tissue cholesterol, especially arterial wall cholesterol. Furthermore, possible untoward effects of polyunsaturated fats have been suggested (e.g., an increased incidence of cholesterol gallstones, cocar-cinogenicity, and detrimental changes in lipid composition of cell membranes). Although none of these potentially dangerous effects has been proven in humans, neither has a large population consumed large amounts of polyunsaturated fats for long periods. Thus, the concept has evolved that polyunsaturated fatty acids probably should not exceed 10% of total calories.

Monounsaturated Fats. In contrast to polyunsaturates, little attention has been given to increasing monounsaturated fats in the American diet. The influence of these fats on plasma cholesterol seems to be the same as for carbohydrates. Thus for each 1 % of calories substituted by monounsaturates for saturates, the plasma cholesterol should fall about 2.7 mg/dl. Although this is significant reduction, it may be only two thirds that produced by polyunsaturates.

Most monounsaturated fatty acids in the American diet come from fats that also contain saturated fatty acids. A rich source of monounsaturates is olive oil, which is consumed in large amounts in the Mediterranean region without apparent adverse effects.29 Thus, there is no evidence that large amounts of monounsaturated fatty acids are harmful, and in fact, the human body synthesizes monounsaturates from saturated fatty acids. Still, the mechanisms by which monounsaturates lower LDL have not been determined, and more studies are needed.

Carbohydrates. Dietary carbohydrates, like monounsaturates, are assumed to have a neutral influence on plasma cholesterol causing neither an increase nor a decrease. In comparison with saturated fats, however, they reduce cholesterol levels. Alterations in lipoprotein metabolism responsible for the fall in LDL—cholesterol require further elucidation. As compared to fats, carbohydrates raise plasma triglycerides, an action due to stimulation of synthesis of VLDL-triglycerides but apparently not of VLDL-apo B.

Dietary carbohydrates can be either complex carbohydrates or simple sugars. Most authorities believe that complex carbohydrates are preferable to simple sugars because they are not associated with dental caries, they avoid surges of hypergly-cemia that can occur with simple sugars, and provide bulk to the diet. Although different types of carbohydrates (e.g., glucose, fructose, sucrose, and starch) have varying effects on plasma triglycerides in animals, corresponding differences have not been shown conclusively for humans.

Protein. In experimental animals the type of dietary protein can influence the plasma lipids. In some species, protein from vegetable sources (eg, soybean protein) can lower the plasma cholesterol compared to animal proteins. Also, exchange of soy protein for animal protein has been reported to lower plasma cholesterol in humans by about 5%. Our recent studies in man revealed that soy protein lowers VLDL when substituted for casein, but reductions in LDL-cholesterol usually were not seen.

Alcohol. For many Americans, alcohol constitutes a significant portion of total calories. Alcohol can alter the metabolism of two lipoproteins—VLDL and HDL. It stimulates synthesis of triglycerides in liver and thereby promotes secretion of VLDL-triglycerides. In patients with an inherent defect in VLDL clearance, alcohol can produce a marked hy-pertriglyceridemia. Alcohol also raises HDL-choles-terol in many people. The reasons for this increase have not been worked out, and its implications for CHD risk are not known. Alcohol apparently affects LDL concentrations little, if at all.

Total Caloric Intake
Effects of total caloric load on lipid metabolism depend on a person's metabolic state. In those with a high energy expenditure, large numbers of calories are needed to maintain the body weight, and apparently the metabolism of lipids is not altered adversely. With low energy expenditure, high caloric intake leads to weight gain and frequently to detrimental changes in lipoproteins. For instance, cholesterol synthesis is increased in obesity; this increase causes a greater flux of cholesterol, into plasma and bile. The former can promote hyperlipidemia, and the latter increases risk for cholesterol gallstones.2 Also, obese patients have overproduction of VLDL—triglycerides.

While metabolic adjustments can prevent hyper -triglyceridemia in many obese patients, those with defective clearance of VLDL will develop high tri-glyceride levels. Obesity raises LDL concentrations in some patients, probably because of increased synthesis of apo B. Finally, the obese state usually lowers HDL—cholesterol. Thus, excess calories in obese persons can adversely affect all lipoprotein fractions. These changes can be reversed by caloric restriction and weight loss.

Dietary Cholesterol
 The influence of dietary cholesterol on plasma cholesterol in humans has been a subject of great interest and dispute. In many animals species, including subhuman primates, ingestion of cholesterol can raise plasma cholesterol and produce atherosclerosis. Cholesterol feeding in humans, however, generally does not markedly enhance plasma cholesterol. Indeed, some have questioned whether dietary cholesterol contributes in any way to human atherogenesis. This question is based on claims that cholesterol in the diet has little or no effect on plasma cholesterol, but carefully controlled metabolic studies show otherwise. For example, Keys and co-workers reported that the cholesterol concentration is raised by 1.5 mg/dl times the square root of the number of milligrams of cholesterol per 1000 calories.28 A similar response was noted by Hegsted and co-workers, who reported an increase of 0.068 mg/dl per milligram of cholesterol in the diet.23 Accordingly, 250 mg of dietary cholesterol (roughly equivalent to 100 mg/1000 Cal) should increase cholesterol levels by 17 mg/dl. Mattson and associates found a similar response.31 In cholesterol-fed primates, some animals are responsive to dietary cholesterol and show a marked rise in plasma cholesterol, while others are nonresponders, that is, they are resistant and fail to increase cholesterol levels. A similar variability has been proposed for humans, but the studies of Mattson and associates suggest that for normal subjects, at least, the response to dietary cholesterol is fairly uniform for all.31 The same, however, may not be true for hy-perlipidemic subjects.

The rise in plasma cholesterol from dietary cholesterol occurs mainly in LDL, but lesser increases have been reported for VLDL- and HDL-cholesterol. In several types of primates, dietary cholesterol induces an abnormally large LDL, which is highly atherogenic; the same has not been observed in humans. Still, it must be asked whether dietary cholesterol might be atherogenic in ways not revealed by its effect on fasting levels of cholesterol. For example, large intakes of cholesterol could enhance cholesterol content of chylomicron remnants, which could be atherogenic; also dietary cholesterol may induce abnormal lipoprotems (e g , beta-VLDL) that could promote atherosclerosis in the postprandial state, but not during fasting.

Fiber. A great interest has been expressed in the possible role of dietary fiber in protection against a variety of diseases including CHD. The term fiber encompasses several types of different nondigest-ible polysaccharides which may have differing actions. For instance, bran fiber does not alter plasma cholesterol and excretion of cholesterol products. On the other hand, pectin polysaccharides may interfere with reabsorption of bile acids and thereby mildly reduce LDL levels. Even though most types of dietary fiber change lipid metabolism only slightly, this does not exclude the possibility that they could be useful in prevention of other diseases such as colon cancer or diverticulitis.

Relation of diet to coronary heart disease
Evidence for a relationship between diet and CHD comes from several sources. No single source provides unequivocal proof for this link, but when all data are considered, the case for an association is strong. This evidence can be reviewed briefly.

Experimental Atherosclerosis. Dietary cholesterol can induce atherosclerosis in several species of experimental animals. The degree of atherosclerosis generally depends on the rise in plasma cholesterol. With marked hypercholesterolemia, atherosclerosis can be severe; but in animals without significant rises in cholesterol, atherosclerosis usually is minimal. The role of dietary cholesterol in experimental atherogenesis, however, cannot necessarily be extrapolated to humans. In susceptible animals, the height of cholesterol levels far exceeds that induced by dietary cholesterol in humans. Also, in animals the increase occurs in highly atherogenic, cholesterol-rich lipoproteins (beta-VLDL or large LDL) that are not found in appreciable amounts in humans. Nevertheless, the finding that relatively small quantities of dietary cholesterol can significantly increase plasma cholesterol and induce atherosclerosis in nonhuman primates provides suggestive evidence that humans also may be susceptible to cholesterol in the diet.

Population Surveys
 Comparisons of different populations can be considered clinical trials of nature, and they can have distinct advantages over man-made trials. Especially, they can include large numbers of people who have consumed the same diet over many years. Both number and duration usually are insufficient in intervention trials. Still, epidemiological studies usually contain confounding variables that can lead to misinterpretation of results. Although many population surveys have been carried out, some stand out as showing a likely relation between diet and CHD. One extensive study examined severity of atherosclerosis at autopsy in 21,000 people in 15 countries.33 The results suggested a high correlation between estimated level of dietary fat intake in these countries and extent of atherosclerosis.

In the Seven-Countries Study, a high correlation likewise was noted between percent calories as saturated fats and CHD deaths in several different populations.29 The Ni-Hon-San Study compared CHD rates in Japanese living in Japan, Hawaii, and San Francisco.26 In this study, serum cholesterol concentrations were higher in proportion to greater intakes of saturated fats and cholesterol in Hawaii and San Francisco, and there were corresponding increases in rates of CHD; thus, in this population with genetic homogenity, the composition of the diet correlated significantly with both serum cholesterol and CHD mortality. Another study compared CHD mortality in Seven Day Adventists, who are mainly lacto-ovo-vegetarians, with an age-matched group of Californians.47 The vegetarians had both lower cholesterol levels and lesser rates of CHD.

Finally, the Western Electric Study compared diet, serum cholesterol, and CHD rates in 1900 middle-aged men over a period of 20 years; in this prospective study, a positive correlation between dietary factors (cholesterol and saturated fatty acids) and CHD rates was reported.40 Although other factors may have contributed to differences in CHD rates among the different comparisons in the above studies, the results taken as a whole strongly suggest that high intakes of saturated fats and cholesterol contribute significantly to atherosclerosis and CHD.

Dietary Intervention Trials
Although epide-miological studies support the concept that diet contributes to CHD risk, they do not reveal whether a change in diet can retard atherogenesis. Therefore, several intervention trials have been carried out to test the "lipid hypothesis." These trials generally have tested effects of diets rich in polyun-saturated fats. One trial was carried out in Helsinki, Finland, in which institutionalized men were compared on a diet low in saturated fats with one high in polyunsaturates.35 Over a six-year period, the cholesterol-lowering diet was associated with reduced CHD mortality rates. A similar trial was carried out in a Minnesota mental hospital; a preliminary report indicated that rates of coronary events were reduced in men under 40 years by the cholesterol-reducing diet, but rates were not different in control and diet-treatment groups for older men and women.11 Positive results with cholesterol-lowering diets also were reported from a study done at the Veterans Administration domiciliary facility in Los Angeles and from another in a free-living population in Oslo, Norway.8 30 Although the experimental design and execution of all these studies can be criticized, particularly because of an inadequate number of patients studied for too short a period, they nevertheless have been uniform in showing a favorable trend toward decreasing rates of CHD on cholesterol-lowering diets. Unfortunately, for many reasons it is unlikely that a major dietary trial of sufficient duration and patient number can be carried out to prove beyond doubt that dietary alteration at some point in life can reduce the chances of developing CHD.

Diet-Induced Hypercholesterolemia in Humans
Despite the failure of epidemiological surveys and dietary intervention trials to prove conclusively that dietary change can retard development of CHD in high risk populations, the fact remains that dietary saturated fats and cholesterol can raise the total cholesterol and LDL-cholesterol. Thus, the unequivocal relationship between these dietary factors and plasma LDL levels and between LDL levels and atherosclerosis provides an extremely strong case that diet can contribute to atherogenesis in humans. Unfortunately, precise knowledge as to how much cholesterol lowering is needed and for how long in order to significantly decrease rates of CHD in the United States population may never be known. For this reason, we are left with the general principle that diet contributes to the relatively high concentrations of plasma cholesterol in the United States population and that the increased risk associated with higher levels should be reduced by diet-induced lowering of plasma cholesterol. It is upon this principle that dietary therapy of hypercholesterolemia can be justified.

Dietary treatment of lipid transport dicorders
Mild Hypercholesterolemia 
The aim of dietary therapy for mild hypercholesterolemia is to reduce plasma cholesterol (and LDL—cholesterol) into the desirable range, that is, to below 200 mg/dl. In the majority of patients it should be possible to accomplish this goal by strict adherence to diet. The primary dietary change should be to decrease intake of saturated fats and cholesterol. If a patient is obese, total caloric intake also should be decreased, preferably by curtailing intakes of saturated fats. If obesity is not present, removal of saturated fats requires replacement with other nutrients. Three substitutes can be considered, namely, carbohydrates, polyunsaturated fats, and monounsatur-ates. Combinations also can be used. The major kinds of diet for treatment of mild hypercholester-olemia can be summarized briefly.

A low-fat, high-carbohydrate diet is recommended by the American Heart Association (AHA); basically, saturated fats are replaced mainly by carbohydrates. The current American diet contains about 40% of total calories as fat, of which approximately 17% is saturated, 17% monounsatur-ated, and 5% polyunsaturated. The average cholesterol intake is about 500 mg/day, or slightly lower. The AHA recommends the following: (1) a reduction of total fat to 30%, (2) an increase of carbohydrate to 55%, (3) a decrease of saturates and monosaturates to 10% each, (4) an increase of polyunsaturates to 10%, (5) a decrease in cholesterol intake to not more than 300 mg/day, and (6) reduction of body weight to the desirable range. The postulated effects of such changes on plasma cholesterol can be estimated from the equations of Keys and associates.28 A decrease of saturated fats from 17% to 10%, along with an increase in polyunsaturates from 5% to 10%, should decrease total plasma cholesterol by approximately 26 mg/dl. Also, a reduction in cholesterol intake from 500 mg/day to 300 mg/day should lower cholesterol by about 14 mg/dl. Finally, weight loss to the desirable range probably should reduce plasma cholesterol by about 10 mg/dl, and at the same time raise HDL. Thus, a change to the AHA-recommended diet should decrease cholesterol by 40 mg/dl to 50 mg/dl, and for most patients with mild hypercholesterolemia, this reduction would put the plasma cholesterol near or into the ideal range. Furthermore, this could be accomplished without a radical change in diet or creating danger of long-term side-effects from diet.

Since polyunsaturated fats have a greater potential for cholesterol lowering than do carbohydrates, some investigators believe that it would be better to keep the fat intake at 40% of calories but to replace saturated fats as much as possible with polyunsaturated fats. A somewhat greater decrease in total cholesterol should in fact occur on such a diet. For instance, if saturated fats were decreased to 10% and polyunsaturates were increased to 20% of total calories, the fall in plasma cholesterol from this change alone should be about 39 mg/dl instead of the 26 mg/dl achieved by changing diet composition to the AHA diet. At the same time, the increased fat intake might make the diet more palatable to many people. On the other hand, the long-term consequences of a very high intake of polyunsaturates are unknown, and many investigators question the prudence of such a recommendation for the United States population.

In the Mediterranean region the diet is rich in monounsaturated fatty acids owing to the high intake of olive oil. Monounsaturates commonly compose 20%, and in Crete up to 25%, of total calories. Plasma cholesterol concentrations in this region are relatively low as are CHD mortality rates. Since monounsaturates have about the same potential for cholesterol lowering as carbohydrates, the effects of a diet high in these fats should be about the same as for a high-carbohydrate diet. Although no rich source of monounsaturated fats is readily available in the United States, one potential source is the partial hydrogenation of plant oils. Unfortunately, hydrogenation produces significant amounts of unnatural trans-monoun-saturated fatty acids, and the metabolic effects of these acids have not been determined.

Dietary therapy of mild hypercholesterolemia can be justified on the grounds that affected patients are at increased risk for CHD. The question, however, can be asked whether dietary change should be recommended for the whole United States population. For example, many people apparently have cholesterol levels in the desirable range, and dietary change should be of little benefit. Furthermore, young people seem to be relatively protected against clinical atherosclerotic disease before puberty and thereafter into early adulthood, as do women before menopause. Thus, is it necessary to recommend dietary change for all these people? Those who support a generalized dietary change for the United States population list the following reasons. First, a massive effort would be required to screen patients for cholesterol concentrations, and facilities are not currently available to carry out such screening. Second, a single estimation of plasma lipids is not sufficient to separate individuals from high-risk and low-risk groups; multiple determinations over a considerable period of time are needed to clearly define a person's lipoprotein status. Third, in order to change the dietary habits of people at higher risk, it would be necessary to carry out a major change in the eating patterns of the nation. Fourth, there is evidence to suggest that the lower the cholesterol level, the lower the CHD risk; and therefore, many people with relatively low concentrations might still benefit from a further reduction in plasma cholesterol. And fifth, even for children and women, there is an increasing risk with aging. Development of favorable eating habits early in life may establish prudent eating patterns for later in life when risk increases. Thus, if specific patients can be identified who have mild hypercholesterolemia, the need for a change in diet can be emphasized, but even for those who appear to be at relatively low risk, a modified eating pattern can be considered prudent.

Moderate Hypercholesterolemia
In  patients with higher levels of plasma cholesterol, dietary changes alone may not be adequate to bring concentrations into the desirable range. This is because genetic factors also can raise cholesterol levels. Nevertheless, even in this category strict adherence to diet may lower concentrations to acceptable levels. One approach is to recommend marked dietary changes, such as decreasing total fat intake to 20% or less of total calories and cholesterol intakes to about 100 mg/day. The American Heart Association supports this approach to dietary therapy of moderate hypercholesterolemia. Although clinical trials testing the potency of very low fat diets are lacking, epidemiological surveys in other populations suggest that they usually are associated with low cholesterol concentrations.

Failure of dietary therapy to normalize cholesterol levels in patients with genetic hypercholesterolemia does not mean that strict dietary change is without value. Many patients obtain a substantial lowering through diet, and the use of drugs in combination with diet may bring plasma cholesterol to the desirable range. In patients with poly-genie hypercholesterolemia, the use of bile acid se-questrants (cholestyramine or colestipol), in addition to dietary change, can be recommended for LDL lowering. In those withfarmhal combined hyperhpid-emia, who have increases in both LDL and VLDL, bile acid sequestrants can be combined with either nicotinic acid or fibric acid derivatives (clofibrate or gemfibrozil). Commitment of a patient with moderate hypercholesterolemia to long-term drug therapy should not be taken lightly or as substitute for strict dietary treatment. Patients on hypocho-lesterolemic drugs must be followed frequently for therapeutic response and side-effects.

Severe Hypercholesterolemia. Most patients in this category have heterozygous familial hypercholesterolemia, and while dietary therapy may be helpful, most patients required drug treatment as well. Most respond best to combined drug therapy; this should include a bile acid sequestrant plus another drug such as nicotinic acid, neomycin, or, less desirable, a fibric acid. Some younger patients may be considered for an ileal exclusion operation for satisfactory lowering of cholesterol levels. Because of the great risk for CHD in patients with familial hypercholesterolemia, they should not be treated with dietary change alone.

Hypertension
A second major risk factor for CHD is hypertension. A hypertensive study group in 1971 indicated that the prevalence of hypertension in United States adults is 15% to 20%, and at least 50% of this population has hypertensive heart disease. Fortu- nately, more and more patients with hypertension are being treated, and control of hypertension may have contributed to the decline in cardiovascular mortality in the past decade.

Definition of hypertension
A precise definition of hypertension has been difficult to obtain because, as with plasma cholesterol, the relation between blood pressure and cardiovascular disease seems to extend over a broad range of blood pressures, including those which were previously thought to be in the normal range. The World Health Organization has defined definite hypertension in adults as a systolic pressure over 160 mm Hg or a diastolic pressure greater than 95 mm Hg and borderline hypertension as a pressure between 140/90 mm Hg and 160/95 mm Hg. The ideal range for blood pressure has not been defined adequately, but if the effects of blood pressure on atherogenesis are considered, it probably should be near 120/80 mm Hg or below.

Pathologic consequences of hypertension
A prolonged increase in blood pressure can cause damage to many organ systems. Perhaps the most serious complication of hypertension is acceleration of atherosclerosis. The mechanisms whereby hypertension enhances atherogenesis have not been elucidated, but several have been postulated. For example, increased blood pressure may cause damage to the endothelial lining of arteries, which in turn may promote proliferation of smooth muscle cells or infiltration of lipoproteins into suben-dothelial spaces. Also, increased pressure may directly force more LDL into the arterial intima. The requirement of a threshold level of blood pressure for atherogenesis is revealed by the fact that atherosclerosis does not develop in veins or in pulmonary arteries (except with pulmonary hypertension).

Hypertension has other adverse effects on the cardiovascular system besides accelerating atherosclerosis. It can induce hypertrophy of the left ventricle of the heart, and this complication, with or without concomitant coronary atherosclerosis, can cause heart failure. Elevated blood pressure is often present in patients with cystic medial necrosis of the aorta resulting in dissecting aneurysm. Hypertension also can damage the kidneys through its effect on the small vessels (arteriolar nephroscle-rosis). The cerebral consequences of hypertension are several: cerebral atherosclerosis and stroke, va-sospasm causing ischemia, and cerebral hemorrhage.

Etiologi of hypertension
Over 90% of cases of hypertension are of unknown cause, hence the term essential hypertension Less commonly, high blood pressure can be due to secondary disorders—renovascular disease, pre-eclampsia and eclampsia, primary aldosteronism, Cushing's syndrome, acromegaly, hypercalcemia, and coarctation of the aorta. A common cause of elevated blood pressure is use of estrogen-containing oral contraceptives; these agents may activate the remn-angiotensin-aldosterone system, possibly through estrogen stimulation of hepatic synthesis of renin substrate, which promotes production of antiotensin II and secondary aldosteronism.

The etiology of essential hypertension is an important but unresolved question in medicine. Both hereditary and environmental factors have been implicated. Hereditary factors almost certainly play a role in essential hypertension because many normal people, who are exposed to the same environmental influences as hypertensive patients, do not develop elevated blood pressure. Specific genetic defects contributing to essential hypertension have not been demonstrated but have been postulated to involve enhanced neurogenic outflow of sympathetic impulses, inability to excrete a salt load, or overactivity in the renin-angiotensm-aldoste-rone system. The importance of hereditary influences is reflected by the more common occurrence of hyptertension in blacks than in whites. Several environmental factors also have been implicated in the etiology of hypertension, including emotional stress, family size, and crowding. Two dietary factors, which are of interest in this chapter, are high intakes of salt and obesity. Each may be discussed separately.

Salt and Hypertension. The intake of sodium chloride in the United States population averages much more than is needed for normal body function. Intakes of sodium as low as 0.4 g/day (1 g/ day salt) are compatable with health in most adults. Exceptions are individuals engaged in strenuous exercise who can loose large amounts of sodium through perspiration. Sodium consumption in United States adults averages between 4 g/day and 6 g/day (10 g/day-15 g/day salt). About one third of this total is inherent in natural foods of our diet; another third comes from industrial processing of food, and the remainder is added by cooking at home or with the salt shaker.

The potential role of salt in causing hypertension comes from studies in experimental animals, epi-demiological studies, and a number of clinical investigations in humans. Chronic hypertension has been induced by high intakes of sodium in a variety of species of animals. In some strains of rats, salt-induced hypertension can persist indefinitely even after removal of excess sodium from the diet.

In several populations around the world, salt intakes are habitually very low (0.2 g/day-0.7 g/day sodium); hypertension rarely develops in these groups. In contrast, other populations exemplified by people in certain areas of Japan have very high intakes of sodium (e.g , 10 g/day); such high intakes may be responsible for an increased prevalence of hypertension and stroke.34 In the United States and Western Europe, salt consumption is intermediate as is the prevalence of high blood pressure. Finally, certain homogenous populations can have striking differences in sodium intakes because of geographical separation; in those eating low-sodium diets, hypertension rarely occurs, whereas those with high intakes of sodium have an increase of elevated blood pressure.10

Clinical investigations demonstrating that salt can directly raise the blood pressure in humans are limited, and more studies are needed to determine the incidence of salt-induced hypertension in the United States. Evidence that salt can cause hypertension is found in a few studies in which very large amounts of salt were administered to a few individuals.36 Also, the blood pressure in patients with renal failure and on hemodialysis can be controlled by the quantity of salt in the dialysate. A reduction in blood pressure of hypertensive patients by sodium restriction provides further evidence that salt contributes directly to high blood pressure.

From studies of the types outlined above, several prominent investigators have concluded that the United States population should reduce its average intake of salt. They have postulated that a decrease of sodium intake to about one third its present level, that is, to less than 2 g/day sodium, or 5 g/day salt, would dramatically decrease the prevalence of hypertension in the United States, perhaps to as low as 3%. Obviously, if such a reduction in the incidence of high blood pressure could be achieved, the potential for decrease in CHD mortality in the United States would be considerable.

However, other investigators maintain that any recommendations to the general public about changing salt intake are premature. Several reasons are cited. First, evidence that decreasing salt intake to about 5 g/day would result in a remarkable decrease in the prevalence of hypertension in the United States is inadequate; although the available data are suggestive, much more research is needed for proof. Second, a marked change in the eating habits of Americans would be required to achieve a sodium intake of less than 2 g/day, and many are skeptical that such a change is possible. Not only would removal of most salt from processed foods be needed, but almost complete elimination of salt at home would be required. Third, since the incidence of salt-sensitive hypertension is not extremely high, almost certainly less than 15 % of the population, the remaining 85% would have altered their diet for nothing. Those who voice the latter reservation usually suggest that a better approach to hypertension is to detect individuals with high blood pressure and treat them appropriately.

In spite of these arguments against the recommendation of universal reduction in sodium intake, the potential for decreasing CHD risk by sodium restriction could be considerable. For instance, if the mean blood pressure in the United States population could be reduced by an average of 10 mm Hg to 15 mm Hg, this should decrease overall risk for CHD significantly. The reason is that there appears to be a linear relationship between CHD risk and blood pressure even down into the normal ranges. Therefore, more research is needed to define the extent to which the average level of blood pressure can be reduced by restriction of salt.

Another indication for salt restriction is in treatment of established hypertension. The success of the Kempner rice diet for lowering blood pressure was due primarily to low sodium intakes. Although the major emphasis on treatment of essential hypertension during the past two decades has been on use of drugs, there is a renewed interest in dietary therapy and reduction in sodium intake. In milder cases of essential hypertension, normalization of blood pressure can sometimes be achieved by decreasing sodium intake to less than 2 g/day. In more severe cases, the action of diuretics can be enhanced by simultaneously decreasing intakes of sodium. However, in patients treated for hypertension with diuretics, care must be taken not to deplete the body of sodium reserves by salt restrictions; if this is done, a decreased availability of sodium may impair renal function.

Obesity and Hypertension
 Although more attention has been given to the role of salt than to that of obesity in the causation of hypertension, the latter actually may be more important.9 42 Several lines of evidence implicate obesity in elevation of blood pressure: (1) epidemiological studies show a positive correlation between body weight and blood pressure within relatively homogenous population groups, (2) the rise of blood pressure with age roughly parallels gain in body weight, and (3) weight reduction usually causes a decrease in blood pressure in patients with hypertension. The fall in blood pressure with weight loss is not necessarily related to reduced sodium intake, as shown by the fact that caloric restriction can decrease blood pressure in the presence of a high salt intake.

The mechanisms by which obesity raises blood pressure have not been determined.42 It may enhance cardiac output by increasing blood volume in the presence of a "normal-sized" arterial tree. This could be due in part to increased sodium intake associated with a higher food intake. Also, there could be alterations in neuroendocrine regulation of blood pressure in obesity. For instance, it is known that the obese state is associated with changes in the metabolism of insulin, catecholamines, and thyroid hormones, and some of these changes may affect blood pressure regulation.

If obesity indeed is an important factor in many cases of hypertension, then the potential for control of elevated blood pressure through weight loss is great. Several studies have now confirmed that caloric restriction can be used as an effective therapy for mild essential hypertension. Thus, weight reduction plus sodium restriction someday may prove to be effective dietary measures for control of hypertension; this in turn should decrease the risk for CHD.

Smoking
Smoking is closely linked to diet because it represents a form of oral gratification. It also can be used as a substitute for food because body weight often increases dramatically when a person gives up smoking. Smoking is a major risk factor for CHD.39 It clearly increases the severity of atherosclerosis although the mechanisms are not well understood. The primary atherogenic action of smoking probably is not mediated through the plasma lipo-proteins, although it does cause a small lowering of HDL levels. Other postulated mechanisms are adverse effects on platelet adhesiveness, damage to the arterial endothelium, reduction of arterial oxygen transport and utilization, and increase in the blood pressure. In patients with established heart disease smoking also may enhance susceptibility to ventricular dysrhythmias.

Avoidance of smoking almost certainly will reduce the risk for CHD. It has been reported that those who quit smoking have less than half the risk for CHD death as those who persist in the habit.16 Fortunately, adult men in the United States, who are the population at greatest risk, appear to be reducing the smoking habit. On the other hand, the prevalence of smoking in women and teenage girls has been increasing, a rise that eventually may increase atherosclerotic disease in women. When the powerful effect of smoking on CHD risk is taken into consideration, it is obvious that the impact of any dietary change will be lessened in any patient who persists in smoking. Therefore, one of the major goals of dietary therapy must be to eliminate smoking simultaneously with any alteration of the diet.

Diabetes mellitcis
Fasting hyperglycemia has been claimed to be a risk factor for CHD and stroke. Although atherosclerosis appears to be accelerated in diabetics, this disease also has other adverse effects on the cardiovascular system; two of these are microvascular injury and cardiomyopathy. These pathologic processes must be differentiated, and all should not be attributed to atherosclerosis. The mechanisms by which diabetes promotes atherogenesis are not known. Diabetes can affect the plasma lipoproteins in several ways; it stimulates synthesis of VLDL and can cause hypertriglyceridemia; it can raise LDL slightly or lower HDL. All of these changes could accelerate atherosclerosis. Diabetes also can damage the arterial microvasculature, which may allow increased filtration of lipoproteins into the arterial wall.16 Other changes—endothelial damage, glycosylation of arterial wall proteins, increased proliferation of collagen—may participate in atherogenesis as well.

An important question is whether dietary control of hyperglycemia or other alterations in diet in diabetics can reduce the risk for CHD. Without conclusive evidence, two dietary changes seem prudent. First, weight reduction in obese diabetics will decrease hyperglycemia, lower plasma triglycerides, and raise HDL levels. Second, removal of saturated fats and cholesterol from the diet will lower LDL concentrations. In most diabetic patients the diet proposed for treatment of mild hy-percholesterolemia and recommended by the American Heart Association for the general public should be satisfactory. A detailed description of dietary therapy in diabetes is provided . Besides dietary control of increased plasma glucose and lipids, the modification of other risk factors (e.g., hypertension and smoking) should be given special attention in diabetics.

Agina pectoris
Patients with angina pectoris can be considered to be at increased risk for myocardial infarction because of danger of progression of atherosclerotic lesions. Therefore, modification of existing risk factors—lipoprotein disorders, hypertension, smoking, and diabetes mellitus—can be recommended. The alteration of these risk factors may require therapy with both diets and drugs. Also, weight loss in obese patients may lessen the frequency and duration of chest pain associated with myocardial ischemia. Sometimes chest pain is brought on by eating, which increases the cardiac output; if eating is associated with anginal pain, large meals should be avoided.

It is not necessary to proscribe use of alcohol in moderation, especially if the patient clearly derives a benefit from it; on the other hand, alcohol can induce arrythmias in susceptible people and in large amounts may depress cardiac function. Smoking is another matter; patients with angina pectoris definitely should not smoke because smoking accelerates the development of atherosclerosis and also may cause arrhythmias.

Actuate myocardial infarction
For the first 24 to 48 hours after an acute myocardial infarction the patient should be given a liquid or soft diet. If complications develop it may be necessary to extend this period. Small meals should be given to prevent increases in cardiac output. The patient usually can feed himself. As soon as possible after the first two days bulk should be added to the diet to prevent constipation. Also, a stool softener such as dioctyl sodium sulfosuccinate, 200 mg daily, should be used, and if necessary, a bulk laxative or milk of magnesia can be given. However, since one may safely delay a bowel movement for several days after infarction, laxatives are not needed immediately and may not be needed at all. If congestive heart failure is present, a low-sodium diet should be ordered, and if diuretics are needed, dietary potassium should be increased.

The convalescence period after a myocardial infarction is perhaps the best time to induce a patient to change his dietary habits. If the patient is obese, he should be encouraged to restrict the total caloric intake. Any elevation in plasma lipids should be treated with appropriate dietary changes. However, in the postinfarction period, plasma lipids may be deceptively low, and only after the patient has returned to his usual nutritional state may the lip-ids be elevated. Thus, plasma lipids should be determined 3 to 4 months after the myocardial infarction to obtain a more reliable indication of the patient's usual lipoprotein profile. During the convalescence period, every effort should be made to correct any existing risk factor; in particular, if the patient is a smoker, he should be encouraged strongly to discontinue the habit.

Heart fairule
One of the hallmarks of chronic heart failure is retention of excessive sodium and water. Although the accumulation of fluid may precipitate clinical complications, for instance, congestive heart failure, it also contributes to maintaining adequate cardiac output. Fluid retention thus appears to be a compensatory response to a low cardiac output. On the other hand, excessive retention of fluid in patients with heart failure can be life threatening.

The two fundamental principles of treatment of chronic heart failure are to enhance the myocardial contractility with digitalis and to promote excretion of excess body fluid. The latter usually is achieved through use of diuretics bolstered by reduction of sodium intake. The thiazide diuretics are the first-line therapy of cardiac edema. When the effects of these are less than optimal, more potent diuretics, such as ethacrynic acid or furosemide, can be tried. In those who respond poorly to these drugs alone, their action can be potentiated through the addition of other diuretics—spironolactones, triampterene, or amiloride.

The diuretics also can be made more effective by reducing the sodium intake. Therefore, patients who fail to respond adequately to diuretics should be urged to decrease dietary sodium. This is particularly so for patients in severe heart failure, who may have to reduce sodium to as low as 500 mg/ day or less. In these patients, no salt can be added in cooking or at the table; canned or processed foods must be eliminated; and even certain natural foods, like milk, cheese, cereals, and salt-containing vegetables, must be avoided. It is usually not necessary to restrict water intake except in patients with severe heart failure, who may have dilutional hyponatremia. Finally, weight loss should be encouraged in any obese patient with chronic heart failure.

Dietetic therapy at diseases of renal and urinary exretion  systems
Nutrition therapy is an important aspect of treating patients with renal disease. For the era preceding chronic dialysis and renal transplantation, diet control was the major therapeutic approach to offset symptoms of uremia in patients with progressive renal insufficiency. Addis described the physiologic basis, the clinical application, and the physician-patient relations that underlie this therapy in its best form. His description is a useful guide even today because it is based on the experience of a very rigorous observer and warm physician who could express his observations with grace.1

In this chapter, we will describe the physiologic basis for nutrition therapy and strategies used to improve nutritional state and alleviate symptoms of patients with end stage renal disease (ESRD). While nutrition therapy in nephrology today is mainly focused on patients with renal failure, therapy also is useful in hypertension and some renal tubular disorders, such as renal tubular acidosis. Parenteral nutrition therapy is being used in patients with acute renal failure, although its benefit is not well documented. Defined-formula diets, especially those using amino acids or their keto-analogues, are being used with good effect in experimental settings. Continuous ambulatory peritoneal dialysis (CAPD) has added a new perspective to nutrition and metabolism in patients requiring dialysis.

Children with renal insufficiency pose some unique problems.10 Normal children have both a higher metabolic rate and a higher food requirement per kg body weight, with a correspondingly higher level of renal function than do adults. When renal function declines, the input of metabolic end products from food intake and cell metabolism, normally excreted, remains high, whereas excretory capacity is reduced. Consequently children with ESRD have different and more demanding nutrient and dialysis requirements from those of adults and are more at risk for malnutrition. Children with renal disease also tend to grow poorly, especially in the first few years of life. Retarded growth is related to poor calorie intake and to osteodystro-phy. Growth rate improves some with calorie supplementation and with vitamin D therapy but not enough to restore stature to normal. Defined-formula diets using amino acids are being used in experimental studies on children early in life to attempt to improve growth in those years.

Nutrition Therapy

Nutrition therapy in renal insufficiency is based on the concept that normal kidney function allows great latitude in the quantity and composition of the diet because excesses resulting from a varied intake are excreted in urine. Loss of kidney function reduces this latitude. This discretionary excretory function of the kidney is responsive to intake—it allows us to eat "what we want, when we want." In more primitive times, this latitude allowed the hunter—gatherer to gorge or to fast as circumstance dictated. Today it allows us a varied diet on a variable schedule. As function declines, so does tolerance for those variations. The magnitude of the tolerances for several nutrients that are dependent on renal function are illustrated in Table 14.
Table 14. 
Minimum and Maximum Daily Intakes of Calories and Six Nutrients, RDA or Average  

Intake of a Normal Adult Male, and Recommended Amounts for an Adult Male witUremia

	Substancies
	Minimum 
	Maximum 
	Average Intake 
	Recommended in Uremia 

	Calorie (Cal) 
	2000
	6000
	2300
	2300

	Protein (g) 
	30
	300
	110
	40 (70)^:

	Calcium (mg) 
	400
	2000
	1000
	2000

	Phosphorus (mg) 
	500
	4500
	1500
	800

	Sodium (chloride) (mEq) 
	10
	500
	200
	40

	Potassium (mEq) 
	20
	500
	100
	40

	Hydrogen ion (mEq) 
	-100
	300
	70
	40

	Iron (mg) 
	—
	—
	10-18f
	30-60§

	Folacm (^g) 
	—
	—
	400*
	1000

	Pyridoxine (mg) 
	—
	—
	2 2*
	5-(10)+


*RDA value. fRDA  10 mg for males, 18 mg for females who are menstruating ЈOn hemodialysis

§If signs of iron deficiency, ; e low ferratm values are present. 

16 Calories are different from the other nutrients because calorie or energy intake is regulated by appetite in response to energy need. Excesses are miniscule in comparison with other nutrients, and these, of course, are stored, not excreted. Variations between the minimum (—2300 Cal/day for an adult sedentary male) and maximum (=6000 Cal/day for a lumberjack) are related to differences in need. However, the level of intake of calories determines, in large degree, the intake of the other nutrients.

The level of intake of these nutrients depends on what is eaten to satisfy energy requirements. The original extraordinary range of tolerance for these nutrients narrows as renal function declines— roughly in proportion to the level of function.

Metabolic alterations that accompany specific impairment of renal function may profoundly affect the need for some nutrients. Renal tubular aci-dosis alters tolerance for hydrogen ion excretion drastically, and nutrient intake must provide extra alkali. However, with diffuse renal disease, clinical evidence for metabolic nutritional disturbances in adults seldom appears until function is reduced to 30%. In children growth rate may slow with a reduction in function to 50%. The term renal insufficiency is appropriate for those states where clinical evidence of impaired renal function appears, that is, where symptoms—including growth failure in children—result from renal disease. Uremia implies symptoms related to nitrogen retention. Uremia develops when clearances are between 5% to 15% of normal in adults and at somewhat higher clearances in children. ESRD is a bureaucratic label that defines patients who require dialysis or renal transplantation.

While excretory function of the kidney is the critical factor affecting nutritional needs, endocrine function of the kidney plays an important role as well. The kidney has at least three endocrine functions, including the synthesis of 1,25-dihydroxy-vitamin D3 (1,25-(OH)2D3), renin, and erythro-poietin. These affect, respectively, calcium and phosphorus metabolism, sodium chloride handling, and red blood cell synthesis. The renin-aldosterone system also affects potassium Production of 1,25-dihydroxyvitamin D3 and of erythropoietin is diminished in patients with declining renal mass, and this becomes clinically evident when clearance decreases below 30%. Renm production can remain high even with severe loss of function; other patients become hyporeninemic.

Normal kidney function is permissively important to other metabolic processes. Renal insufficiency alters metabolism in ways that affect nutritional requirements or status; for example, pyridoxine requirement is increased in patients with uremia, and trace mineral requirements often are altered.

The goal of nutrition therapy in renal insufficiency is to provide a diet that meets minimum requirements but does not exceed the limits of tolerance in the patient. In practice, nutrition therapy is limited by uncertainties regarding diet composition, or patient requirements for specific nutrients. Patients also will experience difficulty in adhering to dietary advice. The nutritionist or physician who is giving advice is challenged by the need to construct an appealing diet that limits intake of some nutrients but provides for the greater intake of others. When this challenge is met by the interplay of patients, nutritionists, and physicians, suitable and interesting diets are developed. When this interaction is lacking, the results of nutrition therapy are poor.

Nutrients comprise the macronutrients—protein, fat, and carbohydrate; electrolytes—sodium, potassium, chloride, hydrogen ion, calcium, and phosphorus; and the micronutrients—vitamin and trace minerals.

Recommended dietary allowances (RDA) for normal people at various ages and in different occupations are prepared by the Food and Nutrition Board of the National Academy of Sciences periodically. These RDAs may not apply equally well to patients with uremia. However, expressing intakes as a percent of normal RDAs is a useful guide to diet adequacy. Normal values for energy and protein are provided in Table 15.
Table 15.
RDA for Energy and Protein at Different Ages

	Contingent
	Age (yr)


	Energy (Cal/kg/day)
	Protein*(g/kg/day)

Male and Female

	
	
	Female
	
	Male
	

	INFANT
	0.5-1
	
	105
	
	2

	CHILDREN
	1-3
	
	100
	
	1.8

	
	4-10
	
	85
	
	1.4

	
	11-14
	50
	
	60
	1

	
	15-18
	40
	
	45
	.85

	ADULTS
	19-22
	
	40
	
	.80

	
	23-50
	
	35-40
	
	.80

	
	>50
	
	35
	
	.80


*GIycogcn is a store of substrate, or potential energy. It is a ready store of carbohydrate that is small and is quickly depleted when a person fasts. Estimating glycogen stores is difficult and not significantly related to assessing the nutritional state relative to energy balance. Taken from Appendix Table A-l. Patients with uremia should be taking at least 80% of RDA for energy.

'Children with uremia should receive between 80%-100% RDA based on present information; adults with uremia should receive 40 g of high-quality protein or 15 g of any protein plus 15 g—20 g essential amino acids or their ketoanalogues. Patients on hcmodialysis should receive between 100%-150% of RDA based on current information; those on CAPD should receive between 150%-200% of RDA. No data are available on children.

In succeeding sections, we will review metabolism and requirements of several nutrients that are affected in patients with renal disease. The special needs of children are considered.
Energy

Energy balance in health embraces two concepts: (1) body composition is normal and (2) energy (calorie) intake and energy expenditure are in a normal range and, over a period of time, are equal. Body composition in this instance refers to body stores of substrate or potential energy,* notably body fat and muscle protein. Strictly speaking there is no store of protein, but, with dietary energy deficiency, muscle contractile protein is consumed. The characteristic features of dietary energy deficiency in terms of change in body composition are a decrease in body fat—skin-fold thickness—and a decrease in muscle mass or work capacity. These features are commonly described as undernutrition or wasting. 

An adequate energy intake depends on free access to food, and an appetite sensitive to energy need or expenditure, so that intake and expenditure balance while body composition remains normal. Energy expenditure is normal when the individual is free to spend energy and the expenditure is balanced by an equal intake. The range of 2300 Gal/day to 6000 Cal/day in adults is dependent on job and living style. These prosaic definitions cover some subtle complexities. For example, the individual who is chronically undernourished may have an intake that equals output but work capacity is limited because intake is limited. Adipose tissue and muscle mass are reduced. By contrast, a longdistance runner characteristically has reduced adipose tissue. However, muscle mass, work capacity, and energy expenditure are supranormal and so is energy intake. A patient with muscle disease that limits activity may be in energy balance and have adequate fat stores but may have impaired muscle mass and work capacity for other reasons.

Energy balance in children involves all of these features and, in addition, is essential for normal growth. Small restrictions in energy intake impair growth. Normal growth is an index of energy balance.

Patients with uremia commonly have decreased adipose tissue mass, decreased muscle mass and work capacity, and poor food (calorie) intake. Children grow poorly. Taste perception is impaired in uremic patients. These findings have led to the conclusion that dietary energy deficiency is a common complication in uremia. Its prevalence is not well documented, but several authors using various criteria have found that between one third and two third of patients with ESRD, or those on dialysis, have dietary energy deficiency.18

Evaluating energy balance in clinical practice is not easy. Diet records can be used to calculate energy (and other nutrient) intake. Now that a data base for food composition and computer programs are available, this calculation can be done at a reasonable cost.28 Skin-fold thickness is a suitable method for estimating body fat when the measurement is made by a trained professional (see Chap. 10). Clinically suitable measures of muscle mass and work capacity in these patients are wanting, however. Growth rate in children is an index of adequate energy input.

A dietary intake that falls below 75% of RDA should signal the need for improving energy intake—especially if skin-fold thickness or other clinical signs of muscle wasting are present.18 Energy intake may be improved by diet counseling to change eating habits, to include high calorie foods, or to add calorie supplements to the diet. Success is more likely when the physician or nutritionist has time to learn the patient's food preferences, style of living, and pattern of eating. We have used two supplements: Polycose (Ross Laboratories, Columbus, Ohio), which is partially hydrolyzed starch that has 10 mEq/Na/100 Cal, and Contralyte (Doyle Chemical Company, Minneapolis, Minnesota), a carbohydrate—fat mix that is free of sodium. These can increase total energy intake by 10% to 30%. Selecting favorite foods, suggesting attractive ways of preparing foods, and eating meals in a pleasant social setting all help to improve intake. We have observed improved growth and normalizing of skin-fold thickness in children given supplements that increased energy intake on average from 75% to 90% of RDA for height. Nutrition therapy to increase intake usually is not needed in patients who have normal skin-fold thickness or whose intake is more than 80% of RDA.

Unfortunately, diets high in carbohydrate increase plasma lipids. Because patients with uremia have hyperlipidemia and a higher rate of early atherosclerosis, the benefits of supplements may incur a cost.4 One strategy that may prove beneficial is encouraging exercise. Exercise in dialysis patients improves work capacity, lowers plasma lipids, and improves nutritional status.
Uremia is characterized by an exaggerated ca-tabolic response to stress.17 Fasting in uremic patients is associated with greater losses of nitrogen and higher levels of catabolic hormones. Infection and injury may have greater catabolic responses in uremic patients. Uremic patients can protect themselves by planning more regular schedules for eating and by giving extra attention to nutrition when they have infections.

Obese uremic patients often are "snackers" and are prone to sedentary living; they may benefit from a more planned diet and a more active life.

Low energy intake in children is often associated with poor growth. Increasing energy intake to more than 80% RDA may lead to improved growth but seldom to accelerated growth. It is very important to recognize that children cannot be made to eat.

Skill and patience are necessary on the part of physician, staff, and family in their effort to increase food intake of children. Acceptance by staff of limited successes is important.

Protein

Nitrogen (N) balance in health, like energy balance, embraces the concepts of maintenance of a normal mass of body protein and an intake of ammo acid nitrogen sufficient to replace nitrogen lost. The daily requirement for N in the diet is to fill the need for essential and nonessential amino acids. In adult males roughly 7 g of a balanced essential amino acid mix and 15 g to 25 g of nonessential ammo acids are needed to replace amino acids catabolized and the nitrogen excreted. N is excreted as urea and nonurea nitrogen in the form of uric acid and creatinine. If intake exceeds the minimum requirements, as it usually does, the excess is metabolized almost entirely to urea nitrogen and excreted.

The range of tolerance for protein in normal adults is from 30 g/day to 300 g/day (0.5g/kg/day-5 g/kg/ day). The RDA for protein is 0.8 g/kg/day, and the average intake in Western nations is 1.7 g/kg/day, more than twice the RDA and more than 3 times the minimal requirements. The blood urea nitrogen (BUN) concentration of adults and children taking 1.7 g protein/kg/day is in the range of 15 mg/dl to 20 mg/dl, and at 0.5 g/kg/day is in range of 4 mg/dl to 6 mg/dl.

Adults with severe uremia, that is, renal function — 10% normal, who are on an average diet have a BUN of =200 mg/dl. When placed on 0.8 g protein/kg/day, they will decrease BUN to —100 mg/ dl, and when placed on the very low protein diet (.3 g/kg/day), they will decrease BUN to less than 50 mg/dl. These changes in diet and reduction in BUN are associated with relief of the uremic symptoms. The very low protein intake—0.3 g/kg/day— is below minimum requirements and may be associated with loss of body protein N. Many patients, already malnourished, may find a very low protein diet unpalatable. Patients with moderate uremia are in better N balance when they are given a diet of 35 Cal and 0.6 g protein/kg/day than one providing 0.3 g/kg/day. At least half of the protein should be high biologic value protein, that is, meat, milk, or egg proteins high in essential amino acids.
When patients are given a very low protein diet (less than 0.2 g/kg/day) and are given essential amino acids as supplements, they may improve, gain weight, and retain N. Substituting some keto-analogues for the amino acids and lowering N intake even more lead to further improvement in N balance.38 The benefits of essential amino acid supplements or of keto-analogue essential amino acid supplements are lost when dietary protein intake is increased to 0.6 g/kg/day.9

These observations are at the heart of the controversy over how long diet therapy should be pursued and when dialysis therapy should be initiated m patients with progressive renal insufficiency. Using the strictest diet therapy, patients can be maintained without dialysis when their function is 2% to 5% of normal. Using minimal diet therapy, dialysis is needed when function is 10% to 15% of normal. Proponents of prolonged strict diet therapy feel that patients forestall the restrictions dialysis impose, whereas proponents of early dialysis argue that patients placed on dialysis earlier remain in a better nutritional state.739 Very likely, some patients are better suited for the former and other patients are better suited for the latter. Very restrictive diet therapy using keto-analogues has worked in the hands of Walser.38 Because diet control is perceived less as therapy by most physicians, and because economic incentives are lacking, there has been less enthusiasm for the strict diet therapy approach of Walser. No controlled studies have been done to ascertain the relative merits of Walser's approach compared with those of early dialysis.

When patients are placed on hemodialysis, protein intake must be increased to 1.0 g/kg/day to 1.2 g/kg/day because there are amino acid losses in the dialysate. The quality of protein is important, and at least half should be high biologic value protein. Patients often elect higher protein intakes. While this may be harmful, careful studies have not been conducted to examine that question.

Patients on CAPD have, in addition to amino acid losses, losses of serum protein in dialysate. They should receive between 1.2 g/kg/day to 1.5 g/kg/day protein, including a generous percentage of high biologic quality protein.15

Children who have uremia and require dietary protein restriction presently are recommended to take protein in accordance with the RDA. There are no definitive data on optimal requirements in children. Growth rate has not been linked to protein intake but rather to energy intake. We recommend that children select diets that provide 12% of calories as protein. Energy intakes should exceed 80% RDA for height. Children on dialysis have slightly higher requirements for protein because amino acids are lost by dialysis. Diets providing 15% of total energy as protein appear more appropriate, although it should be noted that studies have not been done to define the requirement of children on dialysis. Children on CAPD who receive a carbohydrate supplement by dialysis and lose protein may need a more protein-rich diet. Preliminary observations of growth and weight gain in  children on CAPD do not show significant differences from those on hemodialysis.

Calcium, Phosphorus, and Vitamin D

Calcium (Ca) and phosphorus (P) are the principle elements in bone: more than 99% of body calcium and the major fraction of body phosphorus are in bone. Bone Ca and P are pools from which plasma and cell concentrations can be regulated when intake or excretion is altered. Ca in plasma and in cell membranes regulates many critical biologic functions. Its concentration is closely regulated by a network of controls. P is the currency by which energy is transferred; phosphorylation-dephos-phorylation processes are the common means for control of enzyme action. Hence bone Ca and P do more than give bone structure; they provide a pool from which cell Ca and P dynamics can be sustained.

Ca absorption from the gastrointestinal tract is controlled by vitamin D or one of its biologically active analogues, notably 1,25-(OH)2D3). Ca balance is regulated largely by gastrointestinal function. Renal excretion of Ca is small and relatively consistent; diet has little effect.

The normal dietary requirement for Ca is not well defined, partly because other nutrients affect its absorption (e.g., protein and phosphate, as well as vitamin D). The normal recommendation of the FAOAVHO Committee on Ca requirements for adults is 500 mg/day, whereas the RDA in the United States is 800 mg/day. This discrepancy is due in part to differences in dietary protein and P. The ideal Ca:P ratio is disputed. In growing infants who are forming bone the ideal ratio is 2:1, as is found in human milk. In diets of adults and older children in Western nations the ratio is between 1:1.2 and 1:2, averaging 1:1.6. The major reason for the concern over this variation is the unknown role that Ca intake or the Ca:P ratio plays in osteoporosis in older people. One reason for uncertainty is that changes in dietary Ca have a slow effect on Ca balance. In some cultures dietary intake of 200 mg/day to 400 mg/day appears to suffice.26

P is ubiquitous in foods, notably meat, eggs, and milk products, all of which are sources of high biologic quality protein. P is used extensively in food processing. Baked goods, modified proteins, and soft drinks generally contain much added P. Normally more than 50% of ingested P is absorbed and excreted. Renal P excretion is responsive to dietary intake. This control is mediated partly by plasma P concentration, vitamin D, and parathormone.11

When patients develop impaired renal function, Ca metabolism and P metabolism are altered, affeeling dietary requirements and tolerance of Ca, P, and vitamin D. Ca reabsorption from the gastrointestinal (GI) tract may be decreased with relatively modest reduction in renal function (50%-70%) although both serum levels of 1,25-(OH)2D3 and hypercalcemic responses to administered 1,25-(OH)2D3 are normal. Later, when function is less than 30% normal, resistance to the vitamin D effect on Ca absorption develops. As renal insufficiency gives way to ESRD the serum levels of 1,25-(OH)2D3 become undetectable and Ca absorption is impaired. Hypocalcemia often results, and this will lead to hyperparathyroidism.

By contrast, patients with declining renal function have no difficulty absorbing P but experience progressive loss of excretory capacity. Serum P will rise perceptibly in adults on average P intake (1 g/ day-2 g/day) only when renal function decreases below 30% normal.11 Slatapolsky and Brickerhave proposed that regulating P intake early in renal failure will prevent surreptitious elevations in serum P, complexing of serum Ca, and stimulating secretion of parathormone.35 They reason that this will prevent the hyperparathyroid-induced osteodys-trophy. This is one theoretical basis for avoiding excessive P intake in patients with renal insufficiency.1135

Patients who are hypocalcemic should receive Ca supplements of at least 1000 mg Ca daily. Plasma P should be controlled before Ca supplements are given. Indications for giving vitamin D are less clear. Persistent hypocalcemia and x-ray evidence of hy-perparathyroid osteodystrophy unresponsive to Ca supplements are clear indications. Treatment should not be initiated until plasma P is below 6 mg/dl. Good results are more likely in patients with pre-treatment serum Ca values <10.5 mg/dl and with evidence of hyperparathyroidism.

There is consensus that P intake should be controlled so that plasma phosphate levels remain below 6 mg/dl. There is a strong body of opinion that phosphorus intake should be reduced to levels proportional to the reduction in function in order to prevent hyperparathyroidism and renal injury.23 35 This opinion prevails even though plasma phosphate levels are seldom elevated in patients until function is less than 30% normal. If normal P intake is accepted as 1.6 g/day, then patients whose function is less than 50% normal would be limited to P intakes of 0.8 g/day—a level that is difficult to achieve unless they accept a low-protein diet. Phosphate-binding gels are effective in lowering plasma phosphate, but patients often find the gels unpalatable. It is common practice to avoid using them until plasma phosphate is elevated.

In children the same goals of therapy are accepted: (1) to maintain plasma phosphate below 6mg/dl, (2) to maintain plasma Ca between 10 mg/ dl and 11 mg/dl, and (3) to follow plasma parathormone and bone mineralization in the effort to prevent or to correct osteodystrophy. The problem is more compelling in children because bones are growing and mineralization should be increasing. It is also more difficult to ascertain what guidelines to use for dietary P control. P intake per kg in children is higher because food intake per kg is higher. Children are at least as prone as adults to find phosphate-binding gels unpalatable. Vitamin D therapy in children may be needed earlier m renal insufficiency because 1,25-(OH)2D3 levels m children with renal insufficiency are reduced. Vitamin D therapy does promote growth, but, like energy supplements, it does not lead to catch-up growth. Doses of 1,25-(OH)2D3 are between 0.25 H-g/day and 1.0 fig/day. Plasma Ca and P should be followed closely, particularly during the initial phases of treatment. Hypercalcemia and hyper-phosphatemia may develop. The intake of either of these, or of 1,25-(OH)2D3 should then be decreased.

Sodium

Sodium, predominantly as sodium chloride*, is the principal ion governing the volume of extracellular fluid. Sodium balance implies a normal volume and concentration of sodium in extracellular fluid. Intake may be very low or very high, but renal excretion will match it. Control of extracellular fluid volume is carefully regulated by renal function, that is, renal excretion of sodium and chloride.

Recommendations for sodium intake for the normal population present something of an enigma. The minimum intake consistent with sodium balance is 10 mEq/day (250 mg) sodium so long as there are no unusual extrarenal losses, such as GI or skin losses. Some primitive tribes survive on intakes that are this low. Cultures in which intake is less than 40 mEq/day (920 mg) sodium have no hypertension. Disadvantages of this low intake are not documented. The average sodium intake in Western culture is 200 mEq/day (4.6 g) sodium, or 20 times the lowest intake noted above. On this intake roughly 20% of adults develop hypertension. A "low" intake in our culture is 43 mEq/day (1 g) sodium. Tobian has recently summarized the *While sodium intake often is spoken of without mentioning an anion, the most important amon coupled to sodium is chloride Chloride has unique permeability properties and mechanisms for reabsorption that make sodium and chloride the dominant electrolytes of extracellular fluid Bicarbonate can fill the role of chlonde to a very limited degree, and sodium salts of organic ions lead to bicarbonate generation. Generally, however, sodium intake should be construed as, or preferably documented to be, sodium chloride or salt intake evidence linking salt intake to hypertension.37 The American Academy of Pediatrics, Committee on Nutrition has summarized the evidence on this relationship as it applies to children.2 A low salt intake approximating 3 g salt/day (50 mEq or 1.2 g sodium) is recommended by many as ideal. Adults with severe hypertension have maintained sodium balance on as little as 2.2 mEq/day (50 mg) sodium. In Japanese communities, people commonly ingest as much as 425 mEq/day (20 g) sodium; in these communities there is a very high prevalence of hypertension. There is considerable evidence that a high salt intake is related to a high prevalence of hypertension in genetically sensitive people.
Sodium depletion effects a decrease in extracellular fluid and circulating blood volume. Sodium excess is expressed as signs of extracellular volume expansion (edema) and circulatory overexpansion (hypervolemia). In nephrosis, edema results from the contracted circulatory volume while total body sodium is expanded.

Infants have an absolute requirement of between 4 mEq/day and 8 mEq/day (100 mg-200 mg) sodium, which is higher than the minimum required by adults. Approximately 2 mEq/day are used for growth. This requirement is met by human milk, with very little excess. Urine sodium in breast-fed infants is quite low.2-3

Sodium balance in patients with renal insufficiency is enigmatic. The tolerance for high and low intakes in uremic patients is reduced roughly in proportion to reduction in function. As functional mass decreases and nephrons drop out in patients with progressive renal insufficiency, single ne-phron filtration rate and fractional excretion of sodium increase.8 In one study when salt intake in patients with uremia was varied from 3.5 g to 7 g (60 mEq-120 mEq Na/day), the patients tolerated the change by varying the fractional sodium excretion rate so that output matched intake. The fractional excretion rate per nephron was much higher than that seen in normal subjects. However, acute changes outside these limits were not, in these studies, well tolerated.34 Acute reductions in salt intake lower renal function.27 While the diseased kidney shows adaptive capacity within the range cited, the normal kidney has a remarkable and rapid ability to respond to changes in sodium intake from as low as 2 mEq/day to as high as 1000 mEq/day and establish sodium balance.

Patients with renal insufficiency have lost the tolerance to marked changes in salt intake. Patients with uremia are sensitive to acute nonrenal losses of sodium and to reductions in salt intake. Some— particularly those with medullary cystic disease— may have unusual requirements of up to 300 mEq/ day. We have seen a few patients on normal sodium intakes who were normotensive and had signs of slight loss of skin turgor that responded to prescribed increases in salt intake. The most sensitive indications of a favorable response are a decrease in BUN, an increase in weight, and an improved sense of well-being. Children show improved growth. These patients may respond to successive increments in salt intake with successive reductions in BUN. They should, however, be observed carefully for signs of excess sodium—hypertension, edema, or vascular overload.

Most patients, however, must restrict sodium intake below their accustomed level. For many this means avoiding prepared foods, such as pizza, fried chicken, fried potatoes, and breads, and learning to use homemade substitutes. For patients with renal insufficiency and hypertension, common practice is to pay less attention to dietary sodium restriction and to use diuretic therapy instead. We believe that time spent helping patients to adjust to lower sodium intake is time well spent. Low-salt cooking can be tasty. Indeed, many people rediscover tastes long obscured by a high-salt diet. A second advantage is that patients with progressive renal disease who adapt to a low-salt diet before they require dialysis, start dialysis with fewer adjustments. A low-sodium diet, not diuretic therapy, is the effective way to avoid salt overload in patients on dialysis. It is preferable to ultrafiltration to remove retained fluid and sodium at the time of dialysis. Diets that provide 43 mEq/day to 87 mEq/ day (1 g—2 g sodium) are usually satisfactory in controlling blood pressure of anuric adults on dialysis. These require removal of between 0.5 liter to 1.0 liter (8 ml/kg—16 ml/kg) per hemodialysis session when the interval between dialysis is 2 days.

Children can be restricted to 1 mEq/kg/day to 2 mEq/kg/day (25 mg-50 mg) sodium. Normally children eating the same foods as adults ingest more sodium/kg/day than adults because energy intakes per kg are higher. Renal function per kg in normal children also is higher.10 Children with uremia on a comparable low-sodium diet receive a higher sodium intake per kg than adults on the same diet. Hence, quantitatively it is more difficult to lower sodium intake in children to levels that are achieved in adults. Children on hemodialysis who are anuric and take 1 mEq/kg/day to 2 mEq/kg/day of sodium will require removal of 15 ml to 30 ml fluid per kg per hemodialysis session.

Potassium

Potassium balance implies a normal concentration of potassium in cells and extracellular fluid in the face of an intake within the range usually tolerated. Any normal person meeting usual dietary en- ergy needs from conventional foods will generously exceed the minimum requirement of 20 mEq/ day for potassium. Potassium tolerance, like that for sodium, is great. Intakes over 300 mEq/day are common in some cultures, and intakes up to 1000 mEq/day are tolerated. Body potassium can be depleted by diuretic therapy, by frequent laxative use, and by bizarre diets that omit potassium and provide excess sodium. Patients with hyperreninemic hypertension and some with renal tubular acidosis are prone to be potassium deficient because of renal losses of potassium.13 33 Generally, patients on diuretic therapy do not need potassium supplements; dietary potassium is sufficient. However, patients on diuretic therapy who have hyperreninemic hypertension or are on a high-sodium and low-potassium diet should be followed closely. Patients with renal tubular acidosis and potassium deficiency may need to have part of their alkali therapy given as a potassium salt.
Most patients with progressive renal insufficiency develop a tolerance for potassium intake. As long as function is above 15%, usual dietary potassium intakes are well tolerated. An exception is in patients with aldosterone deficiency and renal insufficiency.30 These patients, many of whom are diabetic, have moderate renal insufficiency, hyper-kalemia, and sometimes renal tubular acidosis. They are not tolerant to usual dietary potassium intakes unless aldosterone replacement therapy is given. Alkali therapy in the form of a sodium salt may be needed when acidosis persists. These patients should have dietary potassium restricted to between 40 mEq/day to 60 mEq/day, or that amount that is compatible with a normal serum potassium.

Patients with uremia, including those on dialysis, also need to limit dietary potassium. Those with uremia must limit intake to excretory capacity. This will be enhanced if acid-base status is kept normal. Those on dialysis accumulate potassium in the interdialytic period, some of which is in extracellular fluid. Since the capacity in such patients to increase the potassium pool without incurring dangerous hyperkalemia is limited, it is important to keep dietary potassium within that limit. During infections, or following stress or severe exercise, hyperkalemia may result from patients becoming catabolic or acidotic. For those patients glucose and alkali therapy may suffice. Some will need a potassium-binding resin (Kayexalate) as well. One gram of Kayexalate removes 1 mEq; the usual dose is 20 g to 30 g in adults and 1 g/kg to 2 g/kg in children.

Acid-Base Balance

Acid-base balance is a term used to imply that body fluid pH and buffer capacity remain in a normal range in the face of a considerable range in intake of hydrogen ion or acid. Net acid intake is the sum of hydrogen ion input from diet and metabolism. It may range from a minus value (alkaline input) of 100 mEq/day to one of more than 300 mEq/day. The average for adults is 70 mEq/day. The source of hydrogen ion input is the difference in dietary fixed cation and anion, the metabolic production of fixed acid (phosphate and sulfate), and, when it occurs, the incomplete oxidation of organic an-ions (e.g., lactate or ketone acids). Bone mineralization releases hydrogen ion; bone demineraliza-tion titrates or absorbs it. Relative absorption of cation and anions, particularly Ca and P by the GI tract, also affects net acid intake. For acid-base balance to prevail, net acid loss from body fluids must equal input. Renal acid excretion is largely responsible for effecting this balance. The mechanism of renal acid excretion is complex. It begins with hydrogen ion secretion to reclaim bicarbonate; it continues with hydrogen ion secretion to establish a urine:plasma hydrogen ion gradient of up to 1000:1. In this process phosphate and organic acids are titrated. The secretion of ammonia, a hydrogen ion acceptor, increases the renal capacity to secrete hydrogen ion and reclaim fixed cation. When net intake is alkaline (a negative acid load), bicarbonate reabsorption is depressed until alkali excreted as bicarbonate matches input.

Acidosis is common in patients with renal disease. Two general types exist: renal tubular acidosis (RTA) and the acidosis of uremia. RTA covers a number of diseases that have in common a limitation in renal net acid excretion.
Proximal RTA is characterized by a defect in reclamation of bicarbonate from the proximal tubule. A reduction in plasma bicarbonate results; chloride reabsorption and its concentration in plasma increase. When a steady state is established, urine may be acid. Proximal RTA may occur as an isolated disease, but more often it is an expression of diffuse renal injury in which proximal tubule injury is disproportionate. Fanconi's syndrome, particularly that associated with cystinosis, is the most prominent permanent form. In children, poor growth and rickets are common. In the early stages of cystinosis, before glomerular filtration rate (GFR) is reduced, large quantities of alkali—10 mg/kilo/ day to 30 mg/kilo/day— as both sodium and potassium salt, are needed to correct the acidosis. These quantities are difficult for patients to take and often interfere with food intake. Thiazide and potassium-sparing diuretics may reduce the alkali needed to restore acid—base balance. In children with cystinosis complete correction is not often achieved. As function declines, it may be possible to restore acid-base balance with lower doses.
Distal RTA is characterized by a defect in ability to secrete hydrogen ion in the distal tubule. The disease commonly appears in association with renal injury in adults from many causes. In children it is usually an isolated defect. Its clinical findings are similar to those of proximal RTA, but urine pH, even with severe acidosis, remains above 6.0. Ne-phrocalcinosis develops. In children poor growth and rickets occur as with proximal RTA. Somewhat smaller doses of alkali are needed to restore acid-base balance in distal as opposed to proximal RTA. Between 1 mEq/kg/day to 3 mEq/kg/day of a mixture of sodium and potassium alkaline salts are recommended for adults; between 3 mEq/kg/day to 15 mEq/kg/day are recommended for children.12 When acid—base balance is restored in children, rickets will heal, "catch-up" growth may occur, and nephrocalcinosis may abate.24

Patients with RTA and hyperkalemia either have hypoaldosteronism or a mineralocorticoid-resist-ant state.29 30 These patients may require aldoster-one replacement therapy and should restrict dietary potassium. In addition, they may require alkali to correct acidosis, and the alkali should be given as a sodium salt.

Patients with acidosis secondary to renal insufficiency may have renal bicarbonate wasting or other features of RTA. They generally have a hyper-chloremic acidosis when function is between 20% to 30% of normal.40 A limitation in the ability to excrete ammonia is the most important factor that impairs net acid excretion and induces acidosis. The ability to excrete ammonia increases in a compensatory way as renal mass declines. This compensatory increase fails to match net acid intake when function declines below 20%.32

The acidosis of renal insufficiency can be treated either with dietary alterations to lower net acid intake or with alkali to counter the gap between net acid intake and the capacity for net acid excretion. A low-protein, low-phosphorus diet will lower net acid intake. Giving 30 mEq to 70 mEq (0.5 rriEq/kg-1.0 mEq/kg) per day of alkali, usually as a sodium salt, will alleviate the acidosis so long as there is no underlying RTA.

Vitamins

The RDAs for vitamins generally are set well in excess of minimum requirement for the normal population to ensure an adequate intake under most circumstances. These recommended amounts are met with most conventional diets, particularly now that vitamin B enrichment of bread products and vitamin A and D supplementation of milk are common.

However, patients with uremia often are restricted, as noted, in foods that are naturally rich in B vitamins or in foods that are so enriched. For these reasons, probably it is wise to recommend to patients with renal insufficiency who have dietary limitations, especially those with uremia, to take a standard vitamin supplement that provides most of these vitamins in amounts equal to, or slightly greater than, the RDA.20 Vitamin D has been discussed above; three other vitamins require special comment.

Ascorbic acid
The RDA for ascorbic acid has been increased to 60 mg/day based on recent studies of body-pool size and turnover rate. This higher intake ensures reserves for stress and for periods of low intake.26 Patients with uremia have dietary restrictions that are likely to lower intake below the RDA, and they sustain losses from dialysis. These patients seem particularly subject to stress of infection or short starvation. For these reasons it is prudent to ensure intakes of at least 60 mg/day, and it may be beneficial to increase this intake to 100 mg/day.

Folacin
Folacin losses in normal subjects are estimated to be 40 |xg/day. Normal plasma levels are maintained in subjects taking 100 |xg/day. The RDA for folacin has been set at 400 (jug/day because only half of the naturally occuring folacin is absorbed, and some allowance is made for biologic variation. This amount is provided by conventional diets.

Folacin deficiency is likely to develop in patients with uremia because folacin-rich foods often are restricted because of the potassium content. Prolonged cooking of foods to remove potassium destroys folacin, and folacin is further lost during dialysis. Plasma levels and clinical signs of folate deficiency are reported in patients with uremia.31 Hyperphosphatemia can inhibit folacin uptake into cells. For these reasons, it is recommended that patients with uremia receive 1 mg of folacin/day in their diet. Those who do not, especially patients on dialysis, should take a supplement of folacin to ensure this intake.
Pyridoxine
Pyridoxine is essential as a coenzyme in the pathway of amino acid metabolism leading to protein synthesis. Its deficiency gives rise to changes in plasma amino acid levels, altered immune responses, and hyperlipidemia. Cheilosis, rash, and, in children, convulsions are clinical signs of pyri-doxine deficiency . The RDA forpyr-idoxine is 2.2 mg/day.

Pyridoxine metabolism is altered in uremic patients, and signs of pyridoxine deficiency are likely to develop. Biochemical findings suggestive of deficiency are common in patients on dialysis. The abnormal amino acid patterns, altered immune responses, and altered plasma lipid patterns that are seen in patients with uremia may be due to pyri-doxine deficiency.36 In one study, patients on he-modialysis given 300 mg/day pyridoxine showed a return of plasma amino acids toward normal, improvement in response to immune challenge, and an increase in plasma highdensity lipoprotein (HDL).19 These findings are provocative. The doses of pyridoxine used to effect these changes were very high so that the significance of the effect is not clear. Presently, the recommendation is that patients with uremia receive 5 mg/day pyridoxine and those on dialysis receive 10 mg/day.15

Trace Elements—Iron and Zinc

Trace elements include iron, zinc, and seven other minerals that are needed in small quantities. Iron and zinc are the most important among these in patients with uremia. Iron requirements for the normal population are greater during rapid growth when iron stores should increase, in women during menstruation when iron is lost, and during pregnancy when iron is stored in the fetus. Iron sources in food include both heme iron that is well absorbed and nonheme iron that is poorly absorbed. These sources provide sufficient iron, except to infants and to women during pregnancy. Infants should receive iron supplements in the second 6 months of life either with iron-enriched formula or infant cereal; women need 30-mg to 60-mg iron supplements daily when they are pregnant . Zinc is found in meat and other animal food sources. Zinc deficiency is uncommon in the United States population. About 15 mg of zinc is needed daily.

Anemia is common in patients with uremia, and erythropoietin deficiency may contribute. For most patients the anemia is not due to iron deficiency, and iron supplementation has no value. However, some patients with uremia lose small amounts of blood daily from the GI tract and may become iron deficient. Patients on hemodialysis lose blood during dialysis and may become iron deficient. As with other nutrients, foods that provide iron, particularly heme iron, often are excluded from the diet of patients with uremia. It is important either to monitor patients for laboratory evidence of iron deficiency or to ensure an adequate intake of iron (15 mg/day—30 mg/day) in a suitable bioavailable form. The most dependable assay for iron deficiency in uremia patients is serum ferritin. Values below 80 mg/ml are good evidence of iron defi- ciency.5 Iron can be effectively given as an oral supplement.

Zinc intake probably is low in patients with uremia. Zinc deficiency interferes with taste in normal subjects and is a factor causing poor appetite and poor growth in zinc-deficient children . Present evidence is not sufficient to recommend routine zinc supplementation in patients with uremia.22 However, it is quite reasonable in selected patients to provide a supplement in the amount of 10 mg/day to 15 mg/day of elemental zinc given as zinc sulfate and to observe improved taste perception, food intake, or sense of well-being.

Summary

Nutrition therapy in nephrology today has an ill-defined place. There are items that all acknowledge need attention, but our ability to translate that need into effective therapy is hampered. Our understanding of how to help people change ingrained diet practices is inadequate. There are areas in which we see a need for improvement in nutritional status, but we are unsure that a nutritional approach to correction will be effective. This is notably the case in energy balance and calcium—vitamin D metabolism. When there are signs of undernutrition, how do we improve energy intake? If we do, will it work? When there is osteomalacia or hypocal-cemia, how do we correct the calcium depletion it represents? How do we prevent it? There are conditions for which we suspect that diet requirements differ significantly from normal, but we lack the knowledge of what the RDA is for uremic patients, and we lack tried and true indices of what path to follow. Pyridoxine and zinc are two such examples. Do we give more to ensure plenty? Is there a risk? What indexes do we monitor?

Further, there is the problem of diet and atherosclerosis. This is an intense problem in patients with renal insufficiency who are progressing to ESRD.4 Should we seek to limit dietary cholesterol and carbohydrate when energy intake is low? Should we seek to change levels of physical activity to lower plasma lipids?

Given these problems, and the incentives to focus on other aspects of treating uremia, it is not surprising that the place of nutrition in nephrology is unsettled. But being unsettled, it does not follow that either the physician or nutritionist or patient needs to feel paralyzed.

There is general agreement on how to monitor the nutritional—metabolic status of patients with renal insufficiency as they progress to ESRD.6 We can measure nutrient intake through the use of diet records that can be translated into daily nutrient intake values A food composition data base developed by Pennmgton and a computer program are useful *2S

Table 16 summarizes what indexes and laboratory values to follow in relation to several of the nutrients discussed and what changes in their intake may be recommended

Table 16.
 Some Clinical Indexes of Dietary Excesses or Deficiency

	Substancies
	Excess
	Deficiency 

	ENERGY


	obesity;  increased skin-fold thickness 


	sedentary state;  decreased skin-fold thickness  dietary intake of energy <75% RDA

	PROTEIN

	high BUN  creatmme ratio (>15) in plasma history of dietary intake of protein >15% of total calories improvement in symptoms with a lowering of dietary protein 


	low plasma albumin low BUN creatmme ratio poor hair growth

	CALCIUM


	hypercalcemia
	hypocalcemia high plasma PTH levels low plasma levels of vitamin D(where available)  osteodystrophy

	PHOSPHORUS
	hyperphosphatemia histoiy of intake in excess of 1 2 g/day high plasma PTH levels  low tubular reabsorption of phosphate 


	hypophosphatemia low phosphorus intake, excessive use of phosphate binding gels

	VITAMIN D

	hypercalcemia or hyperphosphatemia in response to vitamin D use 


	hypocalcemia and osteodystrophy with an adequate calcium intake

	SODIUM

	hypertension; edema; pulmonary 

congestion or heart failure;  excessive weight gain between dialyses 


	fatigue  high BUN  creatmme ratio in plasma  hyponatremia decrease in BUN in response to adding sodium chloride to the diet

	POTASSIUM

	hyperkalemia 


	hypokalemia

	HYDROGENION

	low plasma pH low plasma buffer (bicarbonate) 


	high plasma bicarbonate (may be evidence of K deficiency from diuretic therapy)


*0ur computer program may be obtained at cost by wntmg to Children s Renal Center U C S F CA 94143

Having given guidance to what needs to be changed, we can make only a few statements about how to do it It may be well to drop the term compliance It is authoritarian in tone and counter to the role of a physician who is an adviser Individuality, culture, economics, convenience, and social pressures are not small forces We have felt that time spent with patients to help them recognize and contend with these other forces, while we seek to implement changes in diet, is time well spent A patient or family who can make a change in diet by knowing how to cope with conflicts about individuality, culture, and social pressure is much better served Trade-offs that can be arnved at openly by adviser and patient provide a much better alternative for effective treatment than strategies to enforce compliance Some diet changes are more effective when a whole family participates, and the whole family may benefit—or become angry Lowering dietary salt intake is one example

Whether dialysis fluid can be used as a conduit for some nutrients rather than a route for loss is being investigated The use of highly refined diets to forestall dialysis, as proposed by Walser, is a method waiting evaluation 39 With better delivery systems for these diets, such as indwelling silastic tubes and small portable pumps, the problem of having to eat unpalatable "medical foods" can be bypassed A new emphasis upon control of dietary input may be in order to improve the support of patients with uremia, including those on dialysis.

Dietetic therapy at illnesses of a metabolism
Diabetes Mellitus

Characteristics and Prevalence

The cardinal manifestation of diabetes is hypergly-cemia. Most, if not all, of the pathologic expressions of diabetes are probably attributable to insulin deficiency, either absolute or relative. There are many causes of diabetes, the most important of which are obesity and certain genetic diatheses. Separately or together these genetic and environmental factors lead to decompensation of the pancreatic p cells. Several different genetic attributes may increase susceptibility to diabetes. The genetic factors that increase susceptibility to typical childhood-onset, insulin-dependent (ID) diabetes seem for the most part different from those that enhance susceptibility to the more common and less severe type of adult-onset, noninsulin-dependent (NID) diabetes. For example, certain histocompatibihty antigens are associated with severe ID diabetes but not with the more common type that does not require treatment with insulin. Obesity causes insen-sitivity to insulin in muscle, fat, and liver This produces compensatory hypennsulinism. One to four decades of hyperinsulmism often results in decompensation of (3-cell function. Maturity-onset diabetes in obese subjects is typically characterized by mild to moderate hyperglycemia and little pro- *While on a trip to China, Kelly West was stricken and removed to Hong Kong He died there on July 29, 1980 Before he left for the Orient, he had sent to the editors his revision of the chapter on diabetes mellitus that he had contributed to the first edition We are greatly indebted to Edwin L Bierman M D , for his advice in readying for publication what must be among the last written words of our friend Kelly M West, M D pensity to ketonemia. Particularly in the early stages of the disease, serum insulin levels of obese diabetics are often in the normal range, but they are seldom as high as in obese nondiabetics. As decompensation progresses, insulin levels frequently become subnormal. Complete (3-cell failure is not common m this type of diabetes, but such cases frequently require treatment with insulin after one to two decades of diabetes.

In most affluent Western societies about 70% to 80% of diabetics are of the fat, NID type, while about 5% to 10% are lean ID cases, with little or no endogenous insulin and severe diabetes. About 10% to 20% have other types of diabetes.1837 Patients with severe diabetes require insulin therapy for survival because no dietary treatment can adequately control the severe metabolic abnormalities that attend total failure of p-cell function. The most characteristic and immediate expressions of this complete deficit of insulin are severe hyperglycemia and ketonemia, but many other metabolic abnormalities attend total insulin deficiency, which if unchecked lead to diabetic ketoacidosis, coma, and death. Patients with mild hyperglycemia often have no symptoms. Characteristic symptoms in persons with moderate hyperglycemia include excessive urine (polyuria) and excessive thirst (poly-dipsia). With severe diabetes, weakness, weight loss, and excessive hunger (polyphagia) occur.

Serum lipid abnormalities are common in both of the main types of diabetes, and rates of atherosclerosis are excessive in all types of diabetes. In North America and Europe a substantial majority of NID cases are obese, but NID diabetes also occurs in lean adults and may be either mild, moderate, or severe. In ID cases, (3-cell decompensation is occasionally incomplete in the early stages, resulting in mild diabetes for months or a few years, but severe diabetes usually follows.

Diabetes is among the most common afflictions of modern society. In the United States, rates of known diabetes are about 4% in middle-aged subjects and about 8% in the elderly. The rate in school-age children is roughly 0.1 %. In preschool children the disease is even more rare. Roughly 1 % of adults under 40 years of age are known to have diabetes. In North American adults the rate of undiscovered diabetes is at least as great as the rate of known diabetes. Diabetes has been diagnosed in about 2% of Americans (all ages).

About one fourth of known diabetics in the United States are being treated with insulin, about half are receiving oral agents, and about one fourth are not receiving any antidiabetic medication. With optimum long-term diet therapy only about 25% would require any kind of medication. The high frequency with which medications are used is largely a reflection of the infrequency with which long-term diet therapy is successfully implemented in obese diabetics.

The major cause of death in American diabetics is coronary disease, which is roughly two to three times more common in diabetics than in nondi-abetics. Renal failure secondary to diabetic glomer-ulosclerosis is the most common cause of death in youth-onset cases. Fatal coronary disease is also common in youth-onset diabetics and now closely rivals glomerulosclerosis as the leading cause of death in this group. In certain age groups diabetes is the leading cause of new cases of blindness. This is mainly the result of diabetic retinopathy, but cataract is also especially common in diabetics. A major cause of morbidity in diabetics is gangrene secondary to occlusive vascular disease. Impaired sensation attributable to diabetic neuropathy is also a frequent contributing factor in the genesis of gangrene. Other frequent manifestations of neuropathy include pain in the extremities, muscle weakness, bladder weakness, or paresis, and, in males, sexual impotence. Diabetic coma is no longer a leading cause of death in diabetics, but death from ketoacidosis is by no means rare.

Many diabetics now live as long with diabetes as they would be expected to live without it. Yet, on the average, life expectancy at onset is still only about half of normal in ID cases and approximately 70% of normal in NID diabetics. There is still considerable uncertainty and controversy about the extent to which various types of therapy affect risk and degree of each of the several major manifestations of diabetes, but most agree that risk of death and morbidity are considerably reduced with well-conceived therapy. It is clear, however, that in preventing long-term complications, clinical modalities currently at hand are not completely effective.

Dietary Factors as Causes of Diabetes

The genetic mechanisms that cause diabetes are still poorly understood, but it has long been evident that hereditary factors are often etiologically important. Until recently the categorization of diabetes as a genetic disorder tended to lower the priority assigned to the study of the importance and character of environmental factors as etiologic agents. Although it seemed that rates of diabetes were different among certain societies, it was commonly thought that these differences were mainly attributable to racial factors. Moreover, it seemed quite possible that some of these differences were more apparent than real because of marked differences among societies in the frequency with which screening and diagnostic tests were performed. It is now clear, however, that environmental factors sometimes exert a profound influence on rates of diabetes. Prior to World War II, for example, it was widely believed that diabetes was common in Jews and rare in American Indians, but more recent studies have shown that in each of these races rates of diabetes vary as much as tenfold depending on environmental circumstances. These marked m-traracial variations in rates of diabetes have also been confirmed in whites and blacks.37 In general, recent epidemiologic evidence suggests that economic, cultural, and other environmental circumstances are more important than race in determining risk of adult-onset diabetes.
Several considerations suggest that diet may play a very important role in determining susceptibility to diabetes. In adults, rates of diabetes are closely related to adiposity, both among and within populations.37 Among populations there is an imperfect but general association between rates of diabetes and levels of consumption of fat.37 It is not yet certain, however, to what degree this latter association is causal. Our studies in 12 populations show a decidedly negative correlation between starch consumption and prevalence of diabetes in adults.37 This evidence does not necessarily mean that eating starch prevents diabetes but does suggest strongly that eating starch does not in itself incite diabetes, and it is possible that insofar as risk of diabetes is concerned, starch may be one of the most innocuous of the major foodstuffs. Generally speaking, societies with high protein intakes have high rates of diabetes, but certain exceptions suggest that this correlation may be coincidental. For example, in rural Uruguay, where protein consumption is high, diabetes is infrequent, and diabetes is also quite rare among primitive Eskimos, whose diets are very high in protein.
In several populations, rising levels of sugar consumption have been attended by rising rates of diabetes. This has led some scientists to suspect sugar consumption as a cause of diabetes.13 However, most epidemiologic evidence is negative in this respect.9 23 37 In several populations no relationship has been found between sugar consumption and risk of diabetes.37 The Pima Indians have extremely high rates of diabetes despite levels of dietary sugar that were considerably lower than those of the general United States population.

Diabetes rates have been low in many populations where fiber intake is high, but exceptions to this negative relationship have been observed. Diabetes and obesity are rife in Pima Indians despite a high-fiber diet, and diabetes is rare in primitive Eskimo tribes on diets with very little fiber.

Adiposity is the most important of the many factors that contribute to the genesis of diabetes in adults. In several populations the greater rates of diabetes in females were explained entirely by their greater adiposity.37 After adjusting for fatness, interracial differences were slight. In two of these populations the association of parity and diabetes was probably also attributable to the greater fatness of the multiparous women. Although dietary factors undoubtedly have considerable importance in determining risk of obesity, it also seems likely that physical indolence plays a major role in the genesis of both obesity and diabetes.37 Epidemiologic studies in diabetes are often rather difficult to interpret in some respects because certain variables tend to change simultaneously. In most societies where rates of diabetes have increased dramatically, sugar consumption has risen sharply, but usually there also has been a rise in fat consumption together with a decline in exercise and a rise in adiposity. This is true, for example, among certain East Indians, American Indians, Eskimos, and Polynesians, in each of which groups rates of diabetes have risen sharply.

Although fatness and family history of diabetes are in most societies the principal risk factors in NID diabetes, there are several other important etiologic agents. Keen and associates studied a group of fat African females in whom diabetes was uncommon.23 Several possible explanations for this include genetic factors, relatively high levels of exercise (unusual but possible in obesity), and a relatively short duration of obesity (duration of obesity was not known in this latter group). In every lean society in which data are available, diabetes has been uncommon. In several societies excessive consumption of iron leading to hemochromatosis is a major cause of diabetes (e g., in parts of Ghana and in certain Bantu communities). In most of the affluent societies in which diabetes rates are high, pancreatitis is a significant, but not a major, factor in producting the high rates. However, in a few lean societies where alcohol consumption is very high (eg , certain communities in Africa), pancreatitis is a leading cause of diabetes. In some dis-advantaged communities of India and Africa a substantial portion of diabetes is the result of pancreatic disease associated with pancreatic fibrosis and calcification in persons who are not alcoholic. The etiology of this pancreatic disease is uncertain, but it may have its roots in nutritional deprivations of childhood and toxicity from high levels of consumption of cassava (tapioca) or other foods containing cyanide. In this type of diabetes, symptoms of diabetes typically began in adolescence or early adult life, but clinical diabetes is often antedated by other signs of exocrine pancreatic disease. Under some circumstances deprivation of certain trace metals (e.g , chromiun and zinc) may have unfavorable effects on glucose tolerance. It is not yet certain, however, whether such deficiencies play a significant role in determining risk of clinical diabetes.

The extent to which nutritional factors influence risk of typical ID diabetes is not clear. Because this disorder is relatively uncommon, it has been difficult to gather and interpret epidemiologic data. It does seem that ID diabetes is substantially more common in North American than in Japan (the difference may be as much as fivefold). ID diabetes is also rare in rural Africa and India. Nutritional factors may or may not contribute to these geographic differences. Racial factors are an important determinant of susceptibility to this type of diabetes.

Nutritional Factors and the Manifestations of Diabetes

There is now considerable evidence that nutritional factors also play an important role in determining risk of certain complications of diabetes. In most affluent societies the major cause of death of diabetics is coronary disease. In both primitive and affluent societies, diabetics have more coronary disease than nondiabetics. Even so, clinical coronary disease is uncommon among diabetics in many underprivileged societies. The relative importance of various factors in enhancing rates of coronary disease among diabetics is not yet established. Among the possibilities is the unfavorable effect of diabetes on serum lipids.37 Although both cholesterol and triglyceride levels in the serum are often within the normal range in individual diabetics, cholesterol levels tend to be somewhat higher in diabetics, and serum triglycerides are decidedly higer. There is a very impressive association in groups of diabetics between coronary disease and consumption of saturated fat.37 In the multinational study of the World Health Organization it was found that coronary disease was several times more common in the diabetics of North American and European populations than in the diabetics of certain Asian populations.
Under certain conditions the feeding of carbohydrate leads to elevations of fasting serum triglyceride levels. Also, in some studies the risk of coronary disease seems to be affected by serum triglyceride values. On the other hand, elevations in triglyceridf levels produced by increasing dietary carbohydrates tend to decline with time unless calories are excessive. More aver, prevalence of coronary disease in diabetics is generally lowest in societies where starch consumption is high.37 For example, in Nigeria and Japan, both diabetics and nondiabetics derive a substantial majority of calories from starch, and coronary disease in diabetics is much less common than in diabetics of North America or Western Europe. Triglyceride levels are low in Japan and in certain Micronesian societies despite high starch diets.30-35 Simpson and associates fed high-starch diets to diabetics with no unfavorable effects on serum triglyceride levels.

This and other evidence suggest that (1) serum triglyceride levels are in the long run much more responsive to calories than to starch itself; and (2) the very high rates of coronary disease in the diabetics of affluent Western societies are not the inevitable result of genetic diabetes, or even of hy-perglycemia.29 Rather, risk of coronary disease in diabetes is markedly affected by dietary factors. This does not exclude the possibility that risk of coronary disease may relate to intensity of hyperglycemia under certain conditions. However, in some circumstances coronary artery disease is uncommon even when hyperglycemia is considerable. In the World Health Organization study, rates of coronary disease were low in Asian diabetics, even among those with fasting plasma glucose values that were considerably elevated. Oklahoma Indians with mild hyperglycemia had much higher rates of coronary disease than Tokyo diabetics with moderate or severe hyperglycemia.40 Saturated fat consumption was almost three times as great in Oklahoma as in Tokyo.

Diabetics also have more cerebral atherosclerosis than nondiabetics. Rates of cerebral thrombosis are about twice as common in diabetics as in nondiabetics. Vascular disease of the lower extremity is very greatly enhanced in diabetics. It is quite likely that some of the same factors discussed above account for increased amounts of atherosclerosis in large- and medium-sized arteries of the head and legs in diabetics. For example, gangrene is relatively uncommon in diabetics of Japan.37-40 Studies of rates of clinical atherosclerosis in diabetics of various American Indian communities also suggest strongly the possibility that nutritional factors contribute significantly to the genesis of these lesions. Risk of cerebrovascular disease in diabetes in some circumstances may relate more to dietary sodium than to cholesterol or animal fat consumption. Stroke is less common in diabetics of North America than in diabetics of certain Japanese communities where sodium intake is very high.

Evidence is less impressive that risk and extent of diabetic microvascular disease are influenced by qualitative features of diet (e.g., proportion of calories as carbohydrate). To the extent that diet is capable of mitigating hyperglycemia, it may reduce rates at which these lesions develop. In certain animals, for example, it has been shown that control of hyperglycemia produces favorable effects on the degree of nephropathy and retinopathy.31 However, when groups of diabetics from populations observing diets that differ qualitatively are compared, differences in rates of microvascular disease are generally less than differences in atherosclerosis. In diabetics of Japan, for example, the rates and extent of microvascular disease seem to be similar to those observed in Western societies. As will be indicated below, dietary strategies other than carbohydrate restriction are important in controlling hyperglycemia. Under certain conditions, restriction of dietary fat may significantly improve retinal exudates, but immediate improvement of other manifestations of retinopathy is uncommon with diet therapy.

Ketosis seems to be peculiarly uncommon in the lean diabetics of certain societies. The reasons for this are incompletely understood. Probably dietary factors play a role, (e.g., low levels of dietary saturated fat, paucity of body fat, and peculiarities of fat-cell function secondary to extreme nutritional deprivations of infancy). Little is known about the effect of diet on diabetic neuropathy, although some recent evidence suggests that the degree of hyperglycemia enhances at least some aspects of these pathologic changes in nerve tissue. Neuropathy seems to be quite common, however, in groups of diabetics observing diets that differ qualitatively widely (e.g., Nigeria, Asia, and North America). Clements has observed improvement of neuropathy after increasing dietary myoinositol.
It is of great importance that several groups of genetically susceptible individuals have largely escaped both diabetes and its vascular lesions. The microvascular lesions of diabetes are rife in certain communities of Jews, other whites, blacks, Indians, and American Indians. However, when these races are protected by environmental and social conditions from developing hyperglycemia, they also escape the microvascular lesions. This epidemio-logic evidence lends no support to the hypothesis that these microvascular lesions are independent of hyperglycemia, but rather suggests that prevention and control of hyperglycemia have potential for prevention and mitigation of these microvascular lesions. Thus, diet modification has great potential for preventing and ameliorating not only diabetes but also certain of its complications.

Diet Therapy 

Principles, objectives and strategies 
The history of concepts and practice of diet therapy has been reviewed in an interesting essay by Wood and Bierman.42 Principles of modern therapy have been promulgated recently by the Nutrition Committee of the American Diabetes Association.3 Good reviews of this subject include those of Reaven and co-workers and Ensinck and Bierman.1727

Four therapeutic goals may be listed. The applicability and priority of each of these four objectives in individual patients vary considerably, as will be explained below. Dietary objectives may include (1) reversal of the diabetic state toward or to normal with improvement in glucose tolerance and (3-cell reserve, and amelioration of resistance to insulin; (2) mitigation and regulation of hyperglycemia, including the control of symptoms of diabetes, and prevention and therapy of hypoglycemia; (3) prevention or reduction in progression of certain complications of diabetes (eg , vascular disease, neuropathy, cataract, and ketosis), control of which both hyperglycemia and hyperlipidemia play a role; and (4) management of certain complications of diabetes (e g., pregnancy, renal failure, and hypertension). In typical obese patients the strategy with greatest potential for achieving the first three objectives is reduction of the excessive fat tissue. Table 17 contrasts objectives and strategies in the two most common types of diabetes.

Table 17.
Dietary Strategies for the Two Main Types of Diabetes*
	Dietary Strategy 
	Obese Patients Who donot Require Insulin 
	Insulin-dependent Nonobese Patients 

	Decrease calories 
	Yes 
	No 

	Protect or improve p-cell function 
	Very urgent priority 
	Seldom important (p-cells usually extinct) 

	Increase frequency and number of feedings 
	Usually nof 
	Yes 

	Day-to-day consistency in intake of calories, carbohydrate, protein, and fat 
	Not crucial if average caloric intake remains in low range 
	Very important 

	Day-to-day consistency in ratios of carbohydrate, protein, and fat for each feeding:): 
	Not crucial 
	Desirable 

	Consistency in timing meals 
	Not crucial 
	Very important 

	Extra food for unusual exercise 
	Not usually appropriate 
	Usually appropriate 

	Use of food to treat, abort, or prevent hypoglycemia 
	Not necessary 
	Important 

	During complicating illness provide small, frequent feedings or IV CHO to prevent starvation ketosis 
	Often not necessary because of resistance to ketosis 
	Important 


•Adapted from West KM  Ann Intern Med 79 425-434   1973

fThere are some theoretic advantages in dividing the diet into four or five feedings even in mild diabetes if this can be done without increasing caloric consumption However, because limitation of calories has highest priority in obese diabetics, there are potential disadvantages in providing extra feedings Giving fat people an opportunity to eat at bedtime is particularly risky if weight reduction is the primary goal ЈThc total daily insulin requirement is apparently not much affected when dietary constituents are changed under isocalonc conditions, but insulin requirement immediately after a high-carbohydrate meal is higher than immediately after a low-carbohydrate meal, even if the meal is isocalonc

Effectiveness and  feasibility of diet tyerapy
For centuries there has been controversy about dietary strategies and the extent to which any diet therapy is effective. There have been disagreements among authorities for at least several decades concerning what priority should be assigned to the limitation of starch and sugar. It has long been evident that the diabetic liver can readily make sugar out of noncarbohydrate foodstuffs and that overproduction of glucose plays a major role in maintaining hyperglycemia. This and other evidence led many to doubt the usefulness of limiting carbohydrates when they are entirely replaced with other calories.
Soon after the discovery of insulin a freely chosen diet was advocated by a few in lean patients with ID diabetes. In the 1940s, several groups advocated free diet, unrestricted diet, and liberal diet, basing their recommendations on several considerations and opinions. Some doubted that traditional diet therapy was effective in preventing the long-term complicatons of diabetes. Most who advocated free diet also argued that the vascular lesions of diabetes were probably unrelated to the degree of glycemia. They also pointed out that most patients didn't follow their prescribed diets. Some thought that conventional diets were often onerous and that under certain conditions ID diabetics observing traditional restrictive diets might be more susceptible to insulin reactions than those on less formal regimens. Studies by Knowles also cast doubt on whether certain traditional diets for ID diabetes were any more effective than less complex regimens similar to the normal diet.

Some well-qualified scholars still believe it appropriate to assume that moderate hyperglycemia is innocent until proven guilty. Most, however, believe that the possibility of guilt is sufficiently great to warrant attempts to mitigate hyperglycemia even in asymptomatic patients.41 All agree that modest hyperglycemia is preferable to severe hypoglyce-mia, and most do not believe that the theoretic risks of minimal asymptomatic hyperglycemia warrant making life a perpetual and rigid metabolic clinic. There also is disagreement about the degree of danger attending hypoglycemic episodes that may be produced by aggressive therapy in lean insulin-treated patients.

Yet an increasing body of evidence suggests that hyperglycemia and its attendant metabolic aberrations may be noxious to small vessels, nerves, and perhaps to large arteries. Rates at which cataracts develop seem to be affected by degree of glycemia, but it is not clear at what level this untoward effect begins. Under certain conditions mitigation of hyperglycemia may improve glucose tolerance and protect overstrained p-cells from exhaustion. Diabetes may sometimes, in fact, be entirely reversed, with return of glucose tolerance to normal. Thus, to the extent that diet modification can ameliorate hyperglycemia, this is a useful objective, although by no means the only purpose of diet therapy. Among the arguments for dietary mitigation of hyperglycemia are the favorable effects on serum lipids induced by control of the blood glucose. The degree and character of these effects depend on many factors, but control of hyperglycemia often lowers cholesterol levels (to varying degrees) while regularly and substantially lowering serum triglycerides.
Not surprisingly, physicians who know little about dietary strategies and techniques are more likely to doubt the feasibility and effectiveness of dietary measures in controlling hyperglycemia or reducing morbidity. It is well established that diet therapy of diabetes is ineffective when carried out clumsily and without enthusiasm, and there is considerable evidence that most diabetics do not follow their diet prescriptions very well. This raises the question as to whether effective diet therapy is really feasible. Under certain conditions, however, patients do follow their prescriptions, and measurable clinical benefits have been observed.3'25-30

Although certain areas of controversy remain, better understanding of the nature of diabetes and its complications has tended to mitigate the previous disagreements. Most of the previous controversy was based on poor definition and understanding of the issues. There is now, for example, better understanding of the very substantial differences between the dietary principles in the two main types of diabetes (see Table 17). No disagreement remains about the potentially great effectiveness of limiting calories in obese NID diabetics. Although some authorities still believe that carbohydrate restriction may have a favorable effect unrelated to its effect on caloric intake, most now give little priority to starch restriction in obese diabetics except as it may relate incidentally to caloric restriction. Thus, there is now a wide consensus that in this type of diabetes the prime objective is caloric restriction, irrespective of sources of calories. The importance of distinguishing between the diet prescription and the actual diet is now more widely appreciated. The failure of diet therapy to affect outcome is mainly attributable to the infrequency with which patients follow their prescriptions.34

Some of the previous arguments are due in part to semantic problems and misunderstandings concerning definitions. Most patients on so-called free diets, for example, were actually observing dietary modifications of varying degree. These often included proscribing or limiting intake of refined sugars and, in the case of ID patients, dividing feedings into more than three meals, or eating regularly at scheduled times. High rates of atherosclerosis in patients on conventional strict diets are probably attributable in part to the fact that these strict diets have not usually been strict in their allowance of cholesterol and animal fat. Rather, by limiting carbohydrate they have tended to increase consumption of fat and cholesterol. ID diabetics who have been told to follow unimaginative and impractical strict regimens often have a greater fluctuation from day to day in their actual eating patterns than certain patients who "follow no diet." ID diabetics who like their assigned diets are more likely to follow them regularly; and those on rigid diets often follow them carefully—part of the time. Sugar consumption is usually reduced in these strict or rigid prescriptions, but a major objective (achieving consistency of intake) is often frustrated. It is not evident that, in controlling blood-glucose levels of ID patients, regulation and predictability of diet are more important than proscription of any specific food items. Another problem is that there has been no unanimity about definitions of popular terms and expressions, such as "careful diet," "watch your diet," "strict diet," or "diabetic diet," but for the most part these expressions have been strongly associated with proscription and deprivation of carbohydrates. In ID patients, the need to trade food items imaginatively and to adjust continuously to the vagaries of exercise, illness, or work schedules suggests that the term dietary regulation fits the appropriate regimen better than terms such as rigid diet or strict diet. In formulating the diet prescription, the physician should keep in mind that the coronary arteries of Asian and African diabetics who were never seen by a physician or a dietitian usually look much better than those of patients in the United States who have had the "advantage" of traditional "diabetic diets" of the past.

In obese NID diabetics, diet has potential not only for controlling diabetes, but also for actually reversing the disease. Reduction in adiposity improves sensitivity to insulin and usually improves glucose tolerance and (3-cell function. Diet only rarely returns glucose tolerance to normal, but the infrequency of this accomplishment is mainly the result of the rarity with which substantial and sustained weight reduction is achieved in these obese patients. It seems likely that complete reversal of diabetes would be commonplace if a substantial percentage of obese patients were able to lose all or most of their excess adiposity. Early in the course of obesity-related diabetes, abnormalities of insulin secretion and glucose tolerance are regularly corrected entirely by reversal of obesity.25-28 Although successful treatment of obesity is uncommon, it is clear that under certain circumstances very significant rates of success have been achieved.15-19 Amelioration of obesity also tends to normalize serum lipids of diabetics. In view of the profoundly beneficial effects of weight reduction in obese diabetics, a rather substantial effort is often justified. 
Formulating the prescription
Tables 17 and 18 and the following list suggest many of the considerations that apply in developing, implementing, and adjusting the dietary prescription. Among the determinations to be made are the total number of calories; the characteristics and amounts of the specific foods to be allowed, encouraged, limited, or avoided; the number, characteristics, and relative sizes of the various feedings; and the timing of these feedings. The following check list may aid dietitians and physicians in formulating and implementing a diet prescription for a specific patient:34

1.In order of priority, what are the main general purposes (not strategies or methods) of this patient's prescription?

2.How much should the patient weigh? How much do the doctor, the dietitian, and the patient think he should weigh? How much would the patient like to weigh?

3.What is the appropriate level of caloric consumption for this patient?

4.Does the patient require insulin? If so, is the blood glucose relatively stable, moderately labile, or severely labile? What kind of insulin is to be given, at what time, in what amounts?

5.What and when and how much would the patient like to eat if he did not have diabetes? Are there any special considerations relating to economic factors or to family or cultural dietary propensities?

6.Is the level of carbohydrate to be fixed? To what level or range? To what extent and under what conditions, if any, are concentrated carbohydrates to be used?

7.Are there special requirements concerning levels of protein?

8.Are there any specific or general requirements with respect to levels of dietary fat, either saturated or unsaturated? Dietary fiber?

9.How much alcohol is to be permitted? Under what   conditions?   Should   alcohol   be   exchanged for another food? If so, what kind and in what amounts?

10.If time distribution of food is of any importance, are there specific requirements concerning (1) the relative size and timing of each of the three main meals and (2) the timing, size and characteristics of any extra feedings?

11.To what degree is day-to-day consistency required in (1) total calories and (2) size and characteristics  of specific feedings,  such  as lunch?

12.Are dietary adjustments to be made for exercise or marked glycosuria? Of what nature?

Table 18.
Distribution of Major Nutrients in Normal and Diabetic Diets  

(as percentages of total calories)

	Diet
	Starch and Other Polysaccharides(%) 
	Sugarsfand Dextrins (%) 
	Fat 

(%)
	Protein 

(%)
	Alcohol  (%)  

	Typical American diet 
	25-35 
	20-30 
	35-45 

p:s ratio 1:3# 
	12-19 
	0-10 

	Traditional diabetic diets 
	25-30 
	10-15^ 
	40-45 
	16-21 
	0 

	Newer diabetic diets 
	3 5-45 § 
	5-15+ 
	25-35§ 

p:s ratio 1:1# 
	12-23 
	0-6 


•Almost all of these calories are starch, but complex carbohydrates also include cellulose, hemicellulose, pentosans, and pectin fMonosaccharides and disaccharides, mainly sucrose, but also includes fructose, glucose, lactose, and maltose 4:Almost exclusively natural sugars, mainly in fruit and milk (lactose) §The ideal diet is probably even higher in starch and lower in saturated fat, but in typical affluent Western Societies it is usually not feasible to achieve higher ratios of starch to fat than that shown on the bottom line of this table.

#Polyunsaturated:saturated (fatty acids)

13. Are there any special conditions unrelated to diabetes requiring diet modification (e.g., gout, hyperlipidemia, and renal or cardiac failure)?

14. Can all elements of the prescription be reconciled, and how should this be done? (E.g., it is usually not feasible to construct a palatable diet for a lean diabetic if the prescription calls for a diet that restricts both carbohydrate and fat.)

15.What kinds and what degree of changes are to be made subsequently by the dietitian without consulting the physician?

16.What should this patient do if he finds it necessary to postpone or modify a meal (e.g., at a dinner meeting or social affair)? How should he adjust diet if his appetite fails (e.g., during illness)?

17.The following tactical questions should be considered: (1) How much precision is required in the various elements of this prescription? (2) What foods can be freely allowed? (3) What foods, if any, are to be weighed or measured? (4) Are any modifications of the standard exchange system appropriate, such as simplification? (5) In general, is food to be unmeasured, estimated, measured, or weighed? (6) Is it necessary or desirable to teach this patient the carbohydrate, protein, and fat content of the common foods? (7) Under what circumstances are artificial or nutritive sweeteners and diet drinks to be used?

18.Has this patient's understanding of dietary principles  and methods been systematically evaluated?

Calories
Caloric requirements of the prescription vary considerably depending on factors such as the weight, desirable weight, and activity of the patient. It is not urgent that a precise determination be made initially of level of calories to be prescribed. An estimate can be made, with subsequent appropriate adjustments on the basis of experience. Elsewhere in this book more detailed information may be found, relative to the assessment of caloric requirement. A few simple generalizations may be helpful. A typical young man weighing 70 kg (154 Ib) who is moderately active requires about 2800 Cal/day (40 Cal/kg). While relatively inactive (e.g., ambulatory, but hospitalized), he may require as few as 2100 Cal/day (30 Cal/kg). Men of this size who habitually engage in heavy exercise may require as much as 3500 Cal/day (50 Cal/kg). A typical young woman weighing 58 kg (128 Ib) who is moderately active requires about 2000 Cal/day. Older patients usually require somewhat less in relation to body size. Children under 12 years of age require an average of 1000 Cal/day plus 100 Cal/ day/year of age. Thus, a 7-year-old child would require roughly 1700 Cal/day. Because sizes and activity levels vary considerably in children of the same age, the formula above should be used only as a crude guideline.

A strategy commonly employed is to prescribe a number of calories somewhat less than the number intended for consumption under the assumption that there is a natural tendency to eat a bit more than the amount prescribed. In ID patients this is undesirable because it often leads to irregularity of intake. Underprescription of calories is also common when estimates are based mainly on the new diabetic's description of his normal diet. There is a general tendency toward underestimation, even by nonobese patients. The main reason for this is that many tend to underestimate the calories taken outside their typical meals (e.g., alcohol, soft drinks, sugar and cream in coffee, candy, large meals on special occasions). New, lean diabetics often feel at first that the prescribed diet is generous or even excessive because foods high in calories (sugar and fat) are replaced by many foods that are less concentrated in calories, and because consumption of calories is now confined to prescribed feedings. In lean patients an initial prescription that is generous helps to make the point that the main objective is regulation rather than deprivation. In lean patients, satiety, appetite, and hunger are usually reliable guides to the caloric requirements; body weight is, of course, the definitive long-term guide. Obese patients may, according to circumstances, be given prescriptions ranging from total starvation to as much as 2000 Cal/day, but long-term reduction diets typically provide 1000 Cal/day to 1400 Cal/day. These allotments should be raised when and if weight approaches an optimum level. Caloric requirements of obese patients are well related to weight, but these patients are usually less active than lean persons. In most, weight maintenance requires roughly 30 Cal/kg to 35 Cal/kg. If they are understood and followed, prescriptions of about 15 Cal/kg to 20 Cal/kg provide the desired weight reduction. Increasing exercise will, of course, be helpful.

Size, distribution and timinig of feedings
Typical diet prescriptions provide about 25% to 35% of total calories as lunch, 25% to 35% as supper, 10% to 30% as breakfast, and 0% to 25% as be-tween-meal snacks. In most patients, allowances of some degree can be made for the preferences and life-style of the patient before fixing the distribution scheme. In ID patients consistency of timing and distribution have considerable priority, but there is usually some flexibility of alternatives in determining the distribution pattern to be regularly followed. For example, a farmer who prefers or requires an early breakfast of generous size may be given a greater portion of his daily allotment as breakfast (e g , as much as 30%). Such adjustments are often made possible by the substantial number of available alternatives in tactics of insulin therapy. The ID diabetic who prefers a small breakfast may receive a smaller dose of plain quick-acting insulin before breakfast or no rapidly-acting insulin at that time. Some persons who prefer or need a larger breakfast may be given a larger dose of the quick-acting insulin before breakfast, or the insulin may be given 30 min to 40 min before breakfast instead of 10 min to 30 min before eating. Patients who eat breakfast late and take no quick-acting insulin may do well with a small breakfast.

Most ID patients are more effectively treated when they have two to three snacks and smaller main meals. In ID patients, regular ingestion of a mid-afternoon snack often facilitates a better fit with the time—action characteristics of the intermediate-acting insulins, such as NPH or Lente. Occasionally, however, the midafternoon feeding may not be necessary (e.g., when lunch is large or when the time interval between lunch and supper is relatively short). It is crucial that the character of these snacks fit the circumstances under which the patient is supposed to consume them. One may ask the patient, for example, if a coffee break is traditional in the afternoon at his place of employment, and what kinds of foods or drinks are most appealing and readily available on these occasions. When other options are cumbersome, it may be appropriate occasionally in an ID patient to prescribe modest amounts of concentrated carbohydrate on these occasions (e.g , a doughnut, soft drink, or even sugar in coffee or tea). Of prime importance in ID patients is that these feedings be predictable in their size, timing, and general characteristics. If the patient consumed 8 ounces of a soft drink containing 27 g sugar at 3 p.m. on a regular and predictable basis, it would be much better than if he consumed irregularly a more conventional but less convenient snack. When the snacks are well suited to the patient's tastes and schedules, they are likely to become a pleasant habit and, therefore, a dependable element of the therapeutic program. This again introduces the point, often unappreciated, that the dietary objectives in lean, ID diabetics are regulation and consistency of distribution, not proscription and deprivation. Many of these patients and some physicians have erroneously concluded that the main point of the diet is to eat as little carbohydrate as possible. Table 17 outlines considerations concerning the temporal distribution of feedings in typical obese, NID diabetics. Usually snacks are unnecessary.

Carbohydrates, fats, and proteins
Table 18-2 shows the distribution of the major nutrients in traditional diets for diabetes, and compares this to the typical American diet and the "modernized" diet for diabetes. Until recently, carbohydrate restriction usually received priority in the dietary management of diabetes. As a matter of fact, the most widely used standard diets in America and Europe still recognize this priority. In 1950 the American Diabetes Association was joined by the American Dietetic Association and the United States Public Health Service in promulgating standard diets, all of which were low in carbohydrates and high in fats. Although a change in these standards has been endorsed recently by these agencies, the old diets are still in wide use. The Nutrition Committee of the American Diabetes Association, however, issued informational statements in 1971 and 1979 calling attention to the disadvantages of standard diabetic diets that are high in fat.3 The 1979 publication also points out that when calories are controlled at appropriate levels, diets high in carbohydrate are well tolerated by diabetics. Several recent reports provide evidence indicating that insulin requirement is more closely related to caloric intake than to carbohydrate intake.3'11-3033 One of the reasons for this is the excellent capability of the diabetic liver for manufacturing glucose from a variety of noncar-bohydrate sources. In some circumstances blood glucose levels have been lower on high-carbohydrate diets than on isocaloric traditional diets.

Indeed, under certain conditions, even high-sugar diets are well tolerated by diabetics.10-11 However, several considerations have led most authorities to recommend that simple sugars (mono- or disac-charides) be proscribed or sharply limited in diabetic diets. When ingested in large amounts (e.g., greater than 20 g), sugars tend to produce sharp elevations of the blood glucose, although these elevations tend to be evanescent when calories are appropriately limited.

On the other hand, high-starch diets are very well tolerated when calorie intake is appropriately controlled.30 In obese patients who refuse to limit calories, fasting serum triglycerides tend to be higher when starch or sugar is substituted for much of the fat in equicaloric amounts. These elevations may abate with time, but they may persist to varying degrees, particularly if caloric intake remains excessive. However, postprandial triglyceride levels are usually higher when fat is substituted for carbohydrate.29 Epidemiologic evidence has been cited earlier suggesting the favorable effects of high-starch, low-fat diabetic diets on both serum triglyceride levels and vascular disease. When calories are appropriately controlled, serum triglyceride levels of diabetics are no higher on high-starch diets than on traditional diets low in starch and carbohydrate.
These considerations have led to the development of a "modernized" dietary regimen for diabetics of Western societies (see Table 18). About half of the calories of such diets are derived from carbohydrates, mainly starch. A small amount of sugar remains, principally as fruit, fruit juice, or milk lactose. These diets provide as much or more starch (e.g., bread, cereals, vegetables) than the traditional American diets of nondiabetics. About 30% of calories are derived from fat. It is usually feasible to limit saturated fat (e.g., meat, milk, eggs) to about one third of total fat (10% of total calories). The remaining two thirds of this fat can be derived from polyunsaturates (e.g., vegetable oils, special margarines) and from monosaturates (e.g., nuts, poultry fat, olive oil) in approximately equal amounts. This contrasts with the typical American diet (about 40% fat, of which about half is saturated). Limitation of saturated fat also tends to limit, incidentally, cholesterol consumption. Eggs are a particularly rich source of cholesterol. In some persons, limiting or eliminating the habitual consumption of eggs in itself substantially reduces total cholesterol consumption. Special egglike products free of cholesterol are now widely available. Most patients find it possible to reduce animal fat intake by 50% or more without making sacrifices they consider particularly onerous, provided they are allowed to participate in the consideration of alternatives. Appendix shows amounts of cholesterol and amounts and types of fatty acids in specific foods. In many patients, saturated fat intake can be reduced considerably by simply proscribing or limiting fried foods, or just by trimming most of the visible fat from meat. Another alternative attractive to some is frying in polyunsatu-rated oil. Several studies have demonstrated the feasibility and effectiveness of dietary measures in reducing serum lipid levels of diabetics, including in juveniles.7-30 Proteins usually provide about 17% to 20% of calories in these newer diabetic diets, but lower and higher amounts may be appropriate. In most adults a much smaller intake of protein, as low as 0.9 g/kg/day, would suffice, but the necessity to control fat intake and limit sugar tends to raise the level of protein in the diet. Patients who trim all gross fat from meat and those who eat leaner meat (e.g., fowl and fish) often find it feasible and desirable to consume more protein to replace the calories in the fat contained in ordinary cuts of meat from which fat has not been trimmed. The old standard meat exchange of 1 ounce (see below) contains an average of 7 g protein and 5 g fat, while an ounce of very lean meat may contain as much as 9 g protein and as little as 2 g fat. In some patients, who find meat protein and certain polyunsaturates too expensive, starch can usually be substituted to replace much of the energy previously derived from sugar and fat. The mistaken notion that diabetic diets are necessarily expensive is based largely on the outmoded concept that starch is bad for diabetics and must be replaced with more expensive foods, such as meat and dairy products. Moreover, the protein requirement of adult diabetics is usually far below the amounts in the old standard diets. Protein consumption should, however, exceed 1.5 g/kg daily in children and in pregnant and lactating women.

Fiber
High-fiber diets have recently been advocated for several reasons: (1) because of potentially favorable effects in preventing or treating conditions other than diabetes (e.g., diverticulosis, hyperlipopro-teinemia, colon cancer), (2) because of the possibility that such diets might reduce caloric intake, (3) because certain fibers may mitigate postprandial surges of hyperglycemia, and (4) because some believe that high-fiber diets may reduce insulin requirements.6

The purported benefits of high-fiber diet in diabetes have, in some circumstances, been attributable to changes in other dietary characteristics that have attended such diets (e.g., higher levels of carbohydrate and lower levels of fat). Marked differences exist in the effects of different kinds of fiber. It is quite true, however, that certain fibers can reduce the rate of absorption of dietary carbohydrates. Pima Indians are very obese despite a high-fiber diet. The feasibility, acceptability, and utility of using fiber to improve control of diabetes and obesity remain to be established, but diets high in fiber are now commonly recommended.

Since the metabolism of alcohol does not require insulin, it would appear to offer some theoretic advantages in the diet therapy of diabetes. There are, however, several disadvantages. Alcohol is high in calories (7.1 Cal/g) and devoid of nutritional value, except as a source of calories. It frequently tends to promote hypertriglyceridemia. In some patients who take a sulfonylurea (particularly chlorpropamide), alcohol produces distressing symptoms, which include palpitation and flushing. The mechanism of these reactions is incompletely understood, but the symptoms are similar in some respects to those produced by the combination of alcohol and disulfiram (Antabuse). In fasting ID patients, alcohol in large amounts may precipitate hypoglycemia by abetting insulin in reducing liver glucose output, and this hypoglycemia may be unrecognized because symptoms are attributed to intoxication. Many alcoholic drinks (e.g., beer and wine) also contain appreciable amounts of carbohydrate in amounts that may or may not be known and taken into account by the patient. The direct and indirect effects of alcohol on glucose tolerance under various circumstances are still incompletely understood, as are its indirect effects on insulin requirement. In some patients, alcohol is more difficult to ration and to regulate predictably than other foods. Not infrequently, alcohol consumption is attended by irregularities in the timing of the regular feedings and of their amounts and characteristics. Even so, in most patients an occasional drink can be permitted. A convenient method is to trade fat calories for alcohol calories. One advantage of this is to demonstrate how high in calories alcoholic drinks are (one drink equals 15 g-20 g fat or three to four fat exchanges). The use of alcohol in therapeutic diets has been the subject of a recent review.38

Vitamins and minerals
Special vitamin and mineral supplements are not ordinarily required. Diets of the type described above usually supply all nutritional requirements. There are a few exceptions. Very fat persons who consume diets containing less than 1000 Cal over a long period may need supplemental nutrients on a temporary basis. Poor patients on high-starch, low-fat, low-protein diets may at times require supplements, such as iron or additional calcium. Profound hyperglycemia over long periods can lead to nutritional deficits, including negative nitrogen balance and muscle wasting. Vitamin supplements, including thiamin and vitamin B,2, have frequently been given in the hope they might ameliorate diabetic neuropathy, but there is no evidence suggesting that they are effective. However, diabetics with diarrhea secondary to pancreatitis or diabetic neuropathy may require vitamin and mineral (e.g., calcium) supplements. Feeding myo-inositol may help neuropathy.16 It has been suggested that metabolic aberrations of diabetes might lead to an increased need for ascorbic acid, a relative deficiency of which might contribute to the development of the microvascular lesions. However, this has been offered only as a hypothesis and not as a recommendation for therapy. There is no direct evidence at present that supplemental vitamin C is helpful in this respect. Profound deficiencies of potassium, chromium, and zinc have been associated with impairment of glucose tolerance, but replacement of these elements is seldom necessary as a regular part of the diabetic diet.

Adjustments for cin icual exercise, postponed meals6 or illness
All ID patients should have specific instructions on the need for extra food to balance episodes of unusual exercise. Usually no extra feedings are required for exercise of short duration or of modest intensity (e.g., walking one half mile at a moderate pace), but more extensive exercise that is not habitually performed usually requires 10 g to 50 g of extra carbohydrate. A typical prescription might include 10 g/hr to 15 g/hr for moderate exercise (e.g., hunting or playing golf) and 20 g/hr to 30 g/ hr for vigorous exercise (e.g., playing basketball or digging). Although the matter is in some dispute, it appears that the hypoglycemic effect of exercise in some circumstances may be somewhat greater when the exercise involves the anatomic part into which the subcutaneous insulin has been administered. Also, ID patients should have specific instructions on dietary measures to ensure that hypoglycemia does not occur while driving. Some who are relatively insensitive to the potential dangers to themselves or others are more responsive to the possibility of losing their driver's license. Patients with labile diabetes should be given specific instructions on what to do when meals are unavoidably delayed. Usually the ingestion of 15 g to 30 g carbohydrate (e.g., a few crackers, a large glass of fruit juice, one soft drink) protects from hypoglycemia for 1 to 2 hr on these occasions.

When illness curbs appetite in ID patients, special measures are required. These should be prescribed to fit the circumstances, but some generalizations may be made. Consumption of carbohydrate in any form at the rate of about 50 g to 75 g/6 to 8 hr usually suffices to prevent the ketosis of starvation. Often the lessening of insulin requirement that attends diminished caloric intake is at least balanced by an increase in requirement induced by the illness. Nevertheless, small, frequent carbohydrate feedings are desirable as a means for protecting against hypoglycemia and ketosis.

In hospitalized ID patients whose food intake is unpredictable (e.g., postsurgical state, gastrointestinal problems), it is desirable that there be some kind of standard operating procedure with respect to the replacement of prescribed food that is not consumed or retained at meal time. This standard operating procedure can, of course, be modified according to the prevailing circumstances, but there should be an understanding among physicians, dietetic staff, and nursing staff concerning what is to be done routinely if specific orders are not promulgated. A typical plan is to try to provide, in the 3-h period following the meal, enough food to bring intake of carbohydrate and calories to at least half that prescribed in the feeding. If this cannot be accomplished, the physician is informed, and he or she then determines whether additional measures, such as IV glucose or changes in insulin dosage or diet, are warranted. It is frequently desirable during such occasions to revise diet prescriptions temporarily to lighter and more digestible regimens that may contain a higher portion of simple sugars and lesser amounts of complex carbohydrates, proteins, and fats (e.g., fewer vegetables, less meat, more fruit juices). During some illnesses it may also be desirable to reduce calories in the prescription on a temporary basis. When sickness impairs appetite and digestion it is sometimes appropriate to permit or encourage simple sugars that are not ordinarily in the diet prescriptions, such as ginger ale or other soft drinks. In these situations priority should be given to avoidance of starvation and vomiting and to predictability of intake and retention; carbohydrate restriction itself has little or no priority. In hospitalized patients who are acutely ill or in a postsurgical state, one way to make this point with the dietetic and nursing staffs is to order that the diabetic diet be temporarily discontinued and replaced with a regimen along the lines described above. This temporary revision of priorities and strategies should also be explained to the patient.

Special types of diabetes anl the hyperlipidemias
Not all diabetics have features conforming to those of the two main classic types (fat, maturity-onset, NID and lean, youth-onset ID). A very small percentage of ID patients are also fat, and severe ID diabetes occasionally begins in later life. NID diabetes of mild to moderate degree is not infrequently observed in lean adults. Not much direct evidence is available to suggest the optimal diet for the latter group of patients. Most diabetologists advise these patients to give up refined carbohydrates, but there is less unanimity concerning the types of foods that should replace these sugar calories (in nondiabetics typically 10%—25% of the total). Based on considerations described above, a diet moderate in calories and low in sugars and animal fats with moderate to high levels of protein and vegetable fats and liberal amounts of starches can be recommended.

Patients with hyperlipoproteinemias may present special problems. Although special measures are sometimes warranted, in a substantial majority of cases good control of diabetes and the diets recommended above will substantially ameliorate or completely control these hyperlipidemias. In diabetics the most common type is an excess of very low-density lipoproteins with high serum triglyc-eride levels and with serum cholesterol levels that are in or somewhat above the normal range (type IV or mixed types). Diabetics with type IV hyperlipidemia are usually obese. Only rarely does mitigation of obesity and hyperglycemia fail to ameliorate substantially the serum lipid abnormalities in such patients. This type of hyperlipo-proteinemia has been referred to as a carbohydrate-sensitive condition based on the assumption that restriction of carbohydrate is helpful. It now appears, however, that most of this benefit is incidental to the decrease in caloric consumption that so often attends carbohydrate restriction. Thus, the most critical factor in the control of hypertriglyc-eridemia of obese diabetics is control of hypergly-cemia and calories. Control of obesity and hyper-glycemia also regularly mitigates the high cholesterol levels seen in patients with type II, type Ha, or type V lipid patterns. On the other hand, diabetics with high cholesterol levels not infrequently require additional measures, such as further reduction of dietary cholesterol and saturated fat, further increasing the ratio between unsaturated and saturated fat, and sometimes antilipemic medication.

Pregnancy
Additional dietary requirements are few in diabetics who become pregnant. To ensure a daily protein level of at least 1.5 g/kg it may be necessary to raise levels of protein in the prescription. Patients who have been under poor control may require, temporarily, even higher levels of protein intake to repair deficits resulting from the negative nitrogen balance that attends marked hyperglycemia. In the last half of pregnancy, a modest increase in calories (300 Cal/day-800 Cal/ day) is indicated in lean patients, but total weight gain should not exceed 30 Ib. Because of the higher frequency of toxemia and polyhydramnios in diabetics, dietary salt conventially is limited routinely in the last trimester to levels below 4 g daily. This can usually be accomplished simply by discontinuing use of table salt and avoiding or limiting a few foods that are grossly salty, such as bacon 

Dietary implications of complicating conditions
Provided one has a thorough understanding of the principles and priorities of diet therapy in diabetes, it is seldom difficult to adjust the diet prescription to meet the needs of other conditions requiring diet manipulation. Among the common coincidental conditions are renal failure, congestive heart failure, peptic ulcer, and other gastrointestinal disorders. The dietary requirements in these conditions are described in other sections of this book and . Many of the previous difficulties and concerns about reconciling dietary objectives have been mitigated by the knowledge that dietary carbohydrate is well tolerated by diabetics so long as calories are controlled. It is now evident, for example, that in patients with severe renal failure the control of diabetes is not adversely affected by diets high in starch and low in protein, if calories are not excessive.

Summary of strategise for developing and modifying the diet prescription
First, a determination of dietary objectives and priorities is made based on such factors as the degree of deficit of endogenous insulin secretion, obesity, age, type of drug therapy required, and the presence of any special requirements (e.g., complicating illness, pregnancy, hyperlipoprotein-emia). Then an analysis is made of the patient's attitudes, propensities, dietary preferences, preferred feeding patterns, and capacity for self-discipline. Having gained insights into both dietary requirements and dietary preferences, it is usually possible to construct a prescription that is suitable, attractive, and feasible. The best way of constructing the prescription is to begin with the diet that the patient would follow if he did not have diabetes, modifying this only to the degree necessary to meet the truly essential requirements imposed by the metabolic disorder. Unfortunately, few physicians know enough about dietetics to construct these personalized prescriptions, and few dietitians have a sufficient clinical acumen to evaluate all of the considerations that may determine dietary priorities and degree of precision required in a given patient. For example, the prescription for supper might appropriately provide exactly 4 ounces lean meat, 3 to 5 ounces, or an unlimited amount, depending on several factors, such as the severity of diabetes, age, and adiposity of the patient. For these reasons, it is usually best that the prescription be developed as a joint enterprise involving the physician, the dietitian, and the patient. Tables 17 and 18 suggest the considerations that apply. The physician may, for example, tell the dietitian that the initial prescription should contain about 2400 Cal/day, of which roughly 10% should be derived from animal fat. He may add, however, that if problems of feasibility arise, these figures can be adjusted within certain limits, permitting 2200 Cal to 2600 Cal and 10% to 15% animal fat.

In a substantial majority of diabetics who are not insulin dependent, diet prescriptions and technical instructions can be quite simple. A typical prescription might provide only for limiting calories initially to a level in the range of 900 Cal/day to 1400 Cal/ day, proscribing or sharply limiting simple sugars, and reducing saturated fat and cholesterol intake to roughly half of previous amounts. Because implementation of such a prescription does not require great precision, this patient might not be required to learn the details of the standard exchange system (see below). Time saved in simplifying the technical aspects of teaching these obese diabetics should be reinvested in the counseling required to change their entrenched attitudes and behavior, and in creating and strengthening incentives to develop new habits of diet and exercise. A highly simplified diet low in sugars and fat has been described, including specific instructions for patient and family. Of great importance are continuing review and adjustment of the initial prescription. One reason for this need is that the feasibility, appropriateness, and effectiveness of the initial prescription can only be estimated. Subsequent experience is very helpful in determining how best to compromise the therapeutic objectives with the patient's preferences and changing patterns of living. The substantial discrepancies between the diet consumed and the diet prescribed are in no small measure attributable to the failure to make appropriate adjustments to fit changing conditions.

Mechanics of Implementing the Prescription.

With few exceptions, it is best to give the patients written instructions summarizing the purposes and advantages of the diet as well as its characteristics and mechanics. In children, for example, it should be stressed that regularity and predictability of intake are more important than proscription. Written instructions usually include a list of foods that may be taken in any amount and a list of those that should be avoided entirely. Standard lists of this kind are widely available from the American Diabetes Association, and these can be modified if necessary to fit the specific needs of the patient at hand.1 The size and characteristics of each meal are usually described, including the limits of variation permissible. These limits may be narrow or wide depending on the clinical circumstances. An elderly thin patient may be told, for example, that he may eat as he wishes, except that he should omit or limit a short list of foods that contain sugars. A middle-aged, obese patient with mild diabetes might be told only to omit a list of specified sweets and to reduce animal fat to about half of the previous amount.

A variety of methods have been employed to achieve precision and reliability while avoiding monotony. In ID patients who may require a high degree of constancy and predictability of dietary intake, the best method is to teach them the concentrations of carbohydrate, protein, and fat in common foods (diet calculation). This provides a wider range of attractive options than the simpler but less flexible standard exchange system described below. Patients or parents of juvenile diabetics, of average intelligence can usually learn how to formulate or select meals containing the appropriate amounts of fat, carbohydrate, protein, and calories. Often it is desirable in these patients to begin at first with the standard exchange method before proceeding later to the more complex system of diet calculation. Weighing food portions is seldom necessary on a long-term basis, but patients, or mothers of juvenile diabetics, who have weighed and measured portions for a few weeks gain considerable precision in estimating portion weights and amounts.

Standart exchange systems and standart diets
The standard exchange systems are designed to allow the patient a considerable degree of day-today flexibility of diet while achieving a moderate degree of constancy with respect to amounts and distributions of the major food elements (carbohydrate, protein, fat, and calories). The most widely used exchange system is that developed and promulgated by the American Diabetes Association, the American Dietetic Association, and the United States Public Health Service. This general method, with or without minor modifications, is used in most hospitals in the United States. Similar approaches have been employed in other countries, although details differ slightly. The details of these well-known "A.D.A." exchange lists are not presented here because they are already widely available in hospitals, diet manuals, and books on nutrition and diabetes. This system was revised in 1976 by the American Diabetes Association.1 The newer revision is recommended. Guidelines also have been promulgated for uses of the exchange system by the American Diabetes Association.2

This standard American system involves the categorization of the foods allowed into six groups based on general characteristics. Foods consisting mainly of protein appear, for example, on a meat exchange list, and foods containing mainly fat appear on a fat exchange list. The lists indicate how much of each of these foods is equivalent to the standard exchange unit and how much carbohydrate, protein, and fat is in the unit. For example, the bread exchange list shows that one serving of potato, and of certain specified portions of the many other foods on this list, are each equivalent to one standard slice of bread, and that each contains about 15 g carbohydrate, 2 g protein, and negligible amounts of fat. For each feeding prescribed, the patient is told how many exchange units he may have from each of these lists. For example, breakfast might consist of two meat exchanges, three bread exchanges, two fat exchanges, two fruit exchanges, and one half milk exchange.

This system may be easily modified to fit the needs of specific patients. For instance, a certain patient may be told that he can have unlimited amounts of vegetables, except for those on the bread exchange list that are higher in calories. It may be appropriate to permit certain patients to make exchanges between the fruit list and the bread list under the assumption that one bread exchange is roughly equivalent to one and a half fruit exchanges. Amounts of fat in various meats differ greatly. Trimming gross fat from meat servings and selecting especially lean meats, such as chicken and certain fish, reduce fat from an average of 5 g per ounce to about 3 g per ounce, thereby reducing cholesterol consumption and calories as well. Some foods on the old meat exchange lists (e.g., eggs and certain cheeses) contain as much as 6 g to 7 g fat per exchange. A new lean meat exchange list includes meats containing about 3 g of fat per ounce (30 g).1 Saturated fat calories trimmed from the diet can be replaced, if necessary, with starch, vegetable fat, or protein.

A 1976 publication entitled Meal Planning and Exchange Lists is widely available and may be obtained from the American Diabetes Association or the American Dietetic Association. In addition to the exchange lists, this booklet contains standard lists of foods to be omitted and those that may be freely consumed. Several recipes and some general instructions are also included. Recipes are available in several cookbooks for diabetics from the American Diabetes Association.8 These recipes yield food portions with defined amounts of carbohydrate, protein, and fat. Typically these constituents correspond to units or combinations of units of the standard exchange system.

The American Diabetes Association and the American Dietetic Association also promulgated nine standard diets ranging from 1200 Cal/day to 3500 Cal/day. These diets were conceived in the 1940s and reflect the priority given at that time to restriction of carbohydrate. Most authorities now believe that these standard diets contain too much fat. Endorsement of these traditional diets by these organizations was discontinued in 1976. These standard diets are, however, still very widely used. There are many hospital diet manuals from which they have not been removed. Another reason for the continuing popularity of standard diets is that most physicians have very limited capacity for developing individualized prescriptions, and their use often saves time initially. Moreover, they may serve as a framework for a more individualized prescription produced by modifying the standard regimen. But the two disadvantages of these old standard diets should be kept in mind, since their indiscriminate use may increase intake of saturated fat and militate against the development of a prescription based on the patient's individual preferences and metabolic needs. If used judiciously and modified appropriately, standard diets will continue to have utility, particularly after they are modernized along lines suggested in Tables 17 and 18.

Spetial foods and food subtitues
No special low-carbohydrate foods are required in the diabetic diet. The use of special foods marketed as "dietetic" often leads to difficulties. Although most of these contain less carbohydrate and fewer calories than the food they are designed to imitate, many contain appreciable carbohydrate and calories, the amounts of which may not be specified or understood by the patient. However, when the constituents of these special foods are clearly stated and understood, they may have value in making the diet more attractive. Canned fruit without sugar may, for example, be useful and economical. The uses of low-cholesterol foods and of polyunsatu-rated fat products have been mentioned above.

With respect to the use of artificial sweeteners, two different approaches are possible. The patient may be encouraged to become accustomed to doing without sweets. One can point out, for example, that in cultures where sugar has been unknown people find their diets palatable and attractive because they are accustomed to these foods. Not infrequently, diabetic children, after a period of time, lose their craving for sweets. On the other hand, in many circumstances the use of artificial sweeteners is warranted. Many obese diabetics, for example, like artificially sweetened drinks about as well as the standard products. Some of these "dietetic" drinks can be allowed freely, but some contain appreciable amounts of sugar. Even so, if their composition is known, they may sometimes be included in the diet by exchanging other foods in the prescription for them. Older patients are often firmly attached to the sweetening of tea or coffee. Frequently they find saccharin or other substitutes quite acceptable as replacements for sugar. Some scientists are concerned that saccharin may be carcinogenic, even when ingested in ordinary amounts, but evidence to this effect is weak. The status of saccharin has been reviewed by Kalkhoff and Levin.
Fructose has been suggested as a substitute for sucrose for two reasons: (1) under some, but not all, conditions, fructose is considerably sweeter than sucrose, by as much as 70%, so that a relatively small amount is required for sweetening; and (2) fructose does not require insulin for certain steps in its metabolism. Much of this advantage is, however, lost because of the capacity of the diabetic liver to convert substantial proportions of fructose and its metabolic products to glucose. Fructose has been used effectively under some conditions as part of the diabetic diet. Its role deserves further exploration, but the potential practical advantages that attend use of fructose products do not seem substantial.

Sorbitol has been widely used as a sugar substitute in dietetic foods because it is slowly absorbed and does not require insulin in the initial steps of its metabolism. Sorbitol contains approximately as many calories as the sugar it replaces, and it is only 60% as sweet as sucrose. It may produce diarrhea if consumed in large amounts. Sorbitol is metabolized to fructose, which in turn is partly converted to glucose. It is seldom recommended by diabetol-ogists. The use of nutritive sweeteners including xylitol has been well reviewed by Talbot and Fisher and by Olefsky and Crapo.26'32

Educating the patient
Emphasis has been placed on the importance of conveying to the patient an understanding of both the objectives and the mechanics of diet therapy. There is also need for a systematic program to identify any deficiencies of knowledge or misunderstandings. The checklist described previously was designed to help the physician and the dietitian in this respect. Group instruction may be helpful and economical, but the principles of diet therapy are quite different in the two main types of diabetes, and any group teaching must take this into account. A good argument can be made for separating entirely the dietary instruction of these two main subgroups. Instruction of hospital patients who are not acutely ill should be initiated on entry rather than at time of discharge. At the time of admission, the physician should, whenever possible, construct in consultation with the dietitian a prescription for both the hospital diet and the approximate diet anticipated on discharge. The education program should include the patient's spouse.

Under proper supervision and after adequate training, other professionals, as well as nurses, physician's assistants, social workers, lay groups (e.g., Weight Watchers, TOPS), and diabetics themselves, can play effective roles in the dietary instruction of diabetics. The general dietary strategies pursued by the Weight Watchers organizations usually fit well the dietary requirements of obese diabetics.

The American Diabetes Association (1 West 48th Street, New York, NY 10020) publishes informative materials on diet therapy. Special teaching centers for diabetics have been developed by Davidson and Delcher.14

One of the few inconveniences in the diabetic diet is the need to abstain from certain mixed dishes served outside the home, the constituents of which are highly uncertain. I advise the obese diabetic simply to decline these whenever feasible. When no alternatives are easily available, I advise the lean ID diabetic to accept the dish after crudely estimating its constituents and taking them into account, erring on the side of anticipated overcon-sumption. Subsequent urine testing readily identifies any need for compensatory adjustments in therapy. Gross and persistent aberrations of glycemia are never the result of miscalculation of the constituents of a single dish. Even dietary indiscretions of gross degree, if they are temporary (e.g., a single feast), seldom lead to any serious immediate problems, such as ketosis. ID patients on completely free diets who eat regularly usually feel quite well if they get enough insulin to avoid gross polyuria and acidosis. Patients are often given exaggerated notions about the immediately deleterious effects of dietary indiscretions. Patients should understand, therefore, the important distinction between the relatively innocuous short-term effects of overconsumption and the more deleterious effects that follow persistent dietary indiscretion.

Obese patients seldom understand the degree to which their diabetes can be reversed with mitigation of adiposity. A major educational goal in such patients is to show them clearly the dangers of continued obesity and the profoundly beneficial effects of its reversal.

Ultimately, the patient treats himself. The role of the physician, the dietitian, and those who help them, is to teach the patient what he should do. This teaching, however, must extend well beyond technical details, such as the number of bread exchanges in lunch. The patient must understand the advantages to be gained by modifying the diet and the reasons for, and relative importance of, the various strategies employed.

A frequently overlooked point is that the more the patient knows about principles and details, the greater are his tactical options and the easier and more pleasant his regimen.

Unfortunately, only a minority of physicians have the time, inclination, and expertise to conceive and implement optimal diet therapy, and the dietitian who knows all about diet exchanges may have little understanding of certain important metabolic or clinical considerations. Even physicians who have considerable clinical sophistication are often quite ignorant about certain aspects of dietetics. When physicians and dietitians work closely together in designing and implementing the prescription and in teaching the patient, many of these difficulties are overcome. Insulin-dependent patients in particular require special expertise that is not possessed by most dietitians and most physicians. It is not difficult for the physician to learn these rudiments—they are not complex—but the physician who does not know the major nutritional constituents of common foods and how to calculate modify, and individualize diets probably shouldn't attempt to treat patients with labile diabetes And dietitians who are responsible for teaching ID diabetics also require special training in order to understand the principles and strategies, as well as the tactics, of diet therapy The major role of the physician is to see that the patient learns these principles and how to implement them Much of this responsibility can be delegated to dietitians or others with special knowledge in the field but the physician must assume responsibility for developing these mechanisms and applying them to the specific needs of individual patients

Other sources of information
Many sources of information have been mentioned above and in the references The H J Heinz Company and the Campbell Soup Company publish lists showing the composition of their soups The publication of Church and Church gives details on the composition of foods as does Handbook Number 8 of the Department of Agriculture 12 The American Diabetes Association and the American Dietetic Association have published a cook book and a guide for eating in fast-food restaurants 4 5 An derson and Sieling have published a description of their high fiber, high-carbohydrate diet and a publication on the composition of foods commonly used in diets of diabetics 7 s Forecast magazine a publication of the American Diabetes Association, frequently contains useful information for diabetics and their families concerning nutrition and dietetics.

Diet therapy 

Dietitians in the Diabetes Care and Education Group have a growing role in clinical care that extends to both an inpatient and an outpatient setting. Teaching a newly diagnosed diabetic how to control his or her blood sugar has been left to the dietitian. With the increasing importance of diet control, the dietitian has become more pivotal in the care of the diabetic. Knowledge of insulin action and oral hypoglycemic agent functions must be integrated with knowledge of metabolism in order for the dietitian to provide the most appropriate diet plan for the medical care plan. Flexibility and creativity are necessary for the dietitian in diabetes care and education because juvenile, insulin-dependent, diabetics require a different approach than do adult, non-insulin-dependent, diabetics 

The dietitian reviews diet orders to see that caloric requirements are appropriate to attain or maintain normal body weight. The dietitian's job is to begin patient education in the hospital and to follow the patient after discharge .When patients resume a more normal activity pattern, caloric requirements, insulin requirements, medications, and meal times may change. Group teaching has not proved very successful for some diabetics, and more individualized instruction and care plans are necessary, especially when the patient has diabetes secondary to another disease process or when the diabetic develops complications.

The dietitian in diabetes care and education also serves as an educator for other health professionals. There are many new devices being tested and advances being made in this clinical specialty. The dietitian can participate in research as well as in clinical care.
The Dietetic Practice Group for Renal Dietitians is comprised of dietitians who work with patients suffering from varying degrees and types of renal disease. For dietitians who work in dialysis or kidney transplantation units, the status of their specialty derives from specific funding legislation. In 1976, regulations supporting the law for Medicare reimbursement of patients with end-stage renal disease required that a "qualified dietitian" must be part of the professional team that develops long-term and short-term patient care plans for renal patients. The dietitian, along with a nephrologist, has the responsibility for nutritional assessment, therapeutic diet recommendations and counseling, and monitoring dietary adherence and response 
The renal dietitian must be able to understand and interpret laboratory data that reflect changes in renal function status, stage of disease, or form of treatment.

As with the dietitian who works in diabetes care and education, the renal dietitian is often faced with the problems of other ongoing disease processes and must have the ability to design individualized nutritional care plans for each patient. In many instances, the dietitian has patients with various stages and types of renal disease and may care for patients who are being treated with medical-management predialysis; patients on chronic hemodialysis, peritoneal dialysis, or continuous ambulatory peritoneal dialysis; or patients undergoing transplantation. All of these modalities affect nutritional needs differently. A thorough understanding of renal physiology, treatment courses, and medication interactions is required for the renal dietitian to perform effectively.
A more recently formed Dietetic Practice Group is Dietitians in Pediatric Practice. The dietitian's role in pediatrics is also a multifaceted one, similar to those already discussed, yet unique. The pediatric dietitian is responsible for the assessment of the nutritional requirements related to the growth and development of pediatric patients. Caring for healthy children may be straightforward, but caring for sick children requires knowledge of the metabolic requirements of the disease process as well as the normal nutritional needs for growth and development. The dietitian working in pediatrics may specialize in more specific areas: neonatology, infancy, childhood, or adolescence. The dietitian is responsible for modifying the diet when necessary to accommodate food preferences, altered requirements, or feeding problems that may be mechanical or physiological. A nutritional care plan must be developed that can be adapted as the child grows and changes. Nutritional requirements change with the age of the child, with improving or deteriorating disease states, or with developmental changes, and the dietitian has to anticipate and be prepared for future modifications.

The dietitian in pediatric practice has an unusual role as an educator. The dietitian may teach the patient in certain circumstances and the parent or caretaker in others. For the mother who is trying to manage unusual dietary requirements for her child (i.e., inborn errors of metabolism, diabetes, renal disease, cystic fibrosis) and feed the rest of the family too, the dietitian must be an accessible resource. The pediatric dietitian has access to resource material on many dietary products made especially for formula feeding or diet modifications that are frequently difficult for a parent to locate.

The dietitian becomes part of a support system for the parents of a sick child. Whether the child has cancer, phenylketonuria, or allergies, the dietitian must act as a stimulus for the parents to be creative and comfortable with the restrictions imposed upon the child. As with other dietitian specialists, the pediatric dietitian can help direct the patient or parent to appropriate and quality resource material and, sometimes, to support groups where the knowledge of an experienced patient can ease adjustments for the newly diagnosed patient.17

Until recently, the clinical dietitian specialist has functioned in a clearly defined specialty. Research dietitians have had their activities confined to the metabolic research centers, renal dietitians to dialysis centers and transplantation units, and pediatric dietitians to isolated areas of the hospital or hospitals where the sole medical practice is pediatrics. Diabetes specialists seem to be primarily located in outpatient clinics and work more closely with the ambulatory patient who is followed on a chronic basis at home. Dietitians in critical care are becoming more visible because their area of practice extends beyond the critical care units to touch on many other patients in the hospital. The reason is that many of these dietitians serve as members of nutritional support teams. Dietitians specializing in the care of the critically ill patient may be involved with burn, trauma, or cancer patients as well as with surgical or medical patients who are deemed to be at risk nutritionally because of admission nutritional status or plans for treatment.

Dietitians who work and specialize in the area of critical care must have a thorough knowledge of the metabolic changes that occur with critical illness. They must understand the altered requirements of patients who have been severely injured and adjust nutritional care plans accordingly. The dietitian in critical care must also have a working knowledge of the nutritional support modalities frequently used to nourish critically ill patients: enteral feeding by tube (nasoenteric, gastrostomy, je-junostomy, needle catheter jejunostomy, and so forth), by peripheral vein, or by central vein. The dietitian must be familiar with the myriad products and hardware used for these feedings, be able to make suggestions for nutritional modification when the patient's condition changes, and be involved in the transitional process of changing feeding modalities and monitoring laboratory values during this time. The dietitian in critical care must also have knowledge of drug-nutrient interactions related to many pharmaceutical products and be aware of side-effects that may affect nutritional status (i.e., drugs that may cause diarrhea, chemotherapeutic agents, and the like). The dietitian working with critically ill patients must be able to change approaches to nutritional support as rapidly as the patient's condition changes and often does not have time to establish relationships with patients because of the short-term contact with many of them.

Nutrition

Nutrition-support-team dietitians have helped to make the other members of the health-care team aware of the contribution that the dietitian can make to the overall care of the patient.

The dietitian's role in the clinical setting has been to translate the physician's order for dietary modification into the practical terms of food or nutritional products. With the rapid advances in the development of supplemental and tube-feeding products, the dietitian should serve as the resource person for the team. The dietitian should also be familiar with the tube-feeding access routes and the appropriate use and composition of commercially available products. The monitoring of tube-feeding administration may be shared with a nurse, but the dietitian should be aware of the intake and tolerance for these products by the patients for whom the nutrition-support team is responsible.5

In addition to the nutritional assessment responsibilities previously described, the dietitian serves as the nutritional resource person for both the nutrition-support team and the extended medical-care team. Dietitians are specific members of the healthcare team who have been formally trained in nutrition. Too few medical schools offer courses in nutrition for physician instruction in a systematic curriculum.

The dietitian's role as an educator in the clinical setting is a multilevel one. The relationship between attending staff and dietitians is usually dependent on the individual physician's interest in the nutritional care of his or her patients. The members of the house staff are generally interested in and receptive to learning abut the nutritional problems of the patients under their care. An interesting technique that may be used to familiarize young physicians with the realities of a therapeutic diet is to provide free, modified-diet meals to the house staff. It is quite instructive for a medical student, intern, or resident to eat a low-sodium or low-fat diet. This also holds true for formula feedings. A managing physician, for example, may order two liters of an oral defined-formula diet and expect a sick patient to drink it. The physician may not know what it tastes like or whether his expectation of what the patient will ingest is reasonable. The dietitian can take an educational role with the other members of the health-care team as well. An effective method is to participate in daily rounds and to focus on problems that patients may be having. For example, a patient starting on antibiotic therapy may have problems with diarrhea, or a patient receiving chemotherapy may have nausea and vomiting and should be supported nutritionally by an alternate route. The dietitian has a prime role as an educator of the patient. Teaching a modified diet should begin while the patient is still in the hospital. Teaching discharge diets an hour before a patient is to leave the hospital is ineffective because at that time patients are overwhelmed with details of health insurance and bill paying, medication instructions, follow-up appointment arrangements, and simply getting home. Effective teaching should be gradual and planned. It is of highest priority that the patient understand dietary restrictions and the rationale for the restrictions. It is also helpful if the physician has explained that there will be a dietary modification, so the patient is not taken by surprise when the dietitian starts the diet instruction.

The dietitian should have access to information relating to discharge; whether the patient is going home, to an extended-care facility, or to a nursing home will be important to the discharge planning Knowledge of meal-preparation facilities and the person responsible for the meal preparation is also crucial in order for the dietitian to successfully teach a diet. If someone else in the family does the meal preparation, that person should be present during the instruction. The dietitian should be available to the patient and family to answer questions that may not arise until the patient is settled at home and has to start planning meals and purchasing food. The dietitian should provide for some follow-up after discharge, be it a phone number or an appointment with the clinic or outpatient dietitian If the patient is being transferred to an extended-care facility or nursing home, the diet instruction should go with him. Sometimes it is helpful for the clinical dietitian to call ahead and speak with the dietitian who will be responsible for the patient's care at the transfer facility. Any unusual orders can be explained, and problems or requests unique to the patient can be discussed in more detail than a written note may allow.

Studies indicate that there is a discrepancy between the way dietitians see their role and the way physicians see it.21 Dietitians frequently have not had the opportunity to make a contribution to decision making. Physicians must concur if the dietitian is to assume responsibility. Many physicians think that dietitians are only concerned with food, and they tend to overlook dietitians' backgrounds in biochemistry, physiology, and diet therapy.18 However, the physician and the dietitian need to work together to provide the best nutritional care for the patient.

To best effect quality patient care, the physician and the dietitian must communicate openly and frequently. The physician has a responsibility to keep the dietitian apprised of changing plans concerning the patient's care; this can be accomplished easily if the dietitian attends daily rounds with the other members of the primary-care team. The dietitian has a responsibility to keep the physician apprised of the patient's compliance with dietary restrictions, his intake of certain nutrients where appropriate, and the progress he makes with necessary modifications. A fair portion of the communication between physician and dietitian is done in writing, so written orders must be clear and comply with the hospital diet manual. Members of the house staff often rotate among various institutions, and the diets and the names given to diets may differ. It takes only a few moments for the physician to locate the diet manual and check the diets available. Every nurses' station has a hospital diet manual accessible for reference. Some institutions provide pocket manuals with available modified diets listed. If a diet is ordered that is not reasonable, the dietitian has an obligation to make the physician aware of the discrepancy between what was ordered and its ability to be translated into food. Diet manuals are revised at periodic intervals, some continuously, and staff should be alerted as a matter of course.

Changes may even be initiated in diet manuals by the physician. There is generally a representative of the dietary or nutritional services department on the formulary committee. Many hospitals have diet-manual committees, sometimes chaired by a physician. When diet manuals are being revised, physicians are often asked to review changes related to their specialities. There is a sharing of responsibility in keeping diet manuals as up to date as possible. The opportunity to work together should be a positive experience for both professionals.

When planning for patient discharge, the resources available to the patient in the community should be explored. As previously mentioned, communication with the nursing home dietitian can be invaluable for continuing nutritional care for the patient. Most dietary prescriptions can be met within the nursing home and its resources. In some cases, adjustments can be made prior to discharge, such as allowing the patient time to control his medications while still in the hospital or changing a commercial tube-feeding product and providing adequate time for adaptation before transferring the patient to another facility. A preparatory phone call is always a good idea, but is not always possible; written orders should be as explicit as possible. The hospital dietitian should have knowledge of, and attempt contact with, the resources in the community. The contact between the hospital dietitian and the patient is often the patient's first contact with a nutrition professional.

The dietitian will be viewed as a source of basic information and will often receive calls from members of the lay public who are seeking reasonable answers to nutrition questions. Having a reference list of community health professionals and resources will often be useful. A new resource is the dietitian in private practice. Because of the lack of accessible resources in some communities, the private practice dietitian can provide a valuable service both to physicians in private practice who have patients who require dietary counseling but cannot take time from work to attend hospital outpatient clinics, and to the patient who requires more time and individualized attention.

Hospital dietitians can also serve to follow-up patient care in out-patient clinics. An effort must be made to pass information from the clinical dietitian to the outpatient dietitian if the patient is to be followed in the clinic. More progressive institutions have clinical dietitian specialists who provide inpatient service, then follow their patients in clinics after discharge. This procedure offers a tremendous advantage in continuity of care.

Future Directions

Dietitians have been challenged to exercise their expertise and make a visible contribution to their profession.24 They have had a need to show individual creativity, initiative, and adaptability.7 More dietitians are acquiring higher academic degrees and feel competent to accept additional responsibilities and to take a more active role as members of the health-care team. They have a need to continue to upgrade their scientific and medical knowledge and to extend their study of behavioral sciences. Continuing education becomes a lifelong responsibility.16 Dietitians are beginning to take leadership roles in many areas of clinical nutrition and to make an impact in research, clinical care, administrative positions, and legislative activities. Minimal competencies defined by the peer-review process are raising the quality of the entry-level professional. Inclusion of dietetics in patient-care audits has had an impact on the quality of care by increasing awareness of patient needs.9

More challenging positions are opening to dietitians who have proven clinical competency and expertise. In the hospital setting, the increasing support of physicians and the burgeoning interest in nutrition of other health professionals have stimulated the clinical dietitian to rise to the challenge. The changes yet to come will provide stimulation for both the dietitian and health-care colleagues for the future. In the process, the nutritional care for the hospitalized patient will continue to improve.

Obesity
Whether obesity is an independent risk factor for cardiovascular disease is a matter of dispute. A common clinical impression is that obesity is frequently associated with heart disease, but this apparent relationship has not always been confirmed by epidemiological studies. Without doubt, many obese people never develop heart disease, but many others do. The problem in establishing a link seems to be that obesity directly contributes to other risk. factors, as discussed above, and when these contributions are factored out, little independent action of obesity on CHD risk remains.

Indeed, it is difficult to visualize a mechanism whereby an excess of adipose tissue might directly affect events occurring in the arterial wall; any action probably would be indirect and through other factors. Furthermore, the influence of obesity cannot be separated from the general nutritional status. To maintain the obese state, an excess of calories must be ingested. While the level of caloric intake does not necessarily exceed, and may even be less than, that of nonobese people with greater energy expenditures, it nevertheless is greater than the number of calories needed to maintain the obese person's desirable weight. Thus, the nutrient composition of this excess caloric intake could have a direct effect on the major risk factors.

If the diet of obese persons contains an excess of saturated fats and cholesterol, this will cause a rise in the plasma level of LDL—cholesterol, which may accelerate atherosclerosis. Recent studies from our laboratory indicate that the relatively high concentrations of LDL seen frequently in obese patients are related more to the nutrient composition than to total caloric intake.48 A more direct action of obesity is a reduction of HDL-cholesterol, another known risk factor; our studies suggest that HDL levels are related more to the degree of obesity than to the composition of the diet.48

The total caloric intake also affects plasma levels of VLDL. Excess calories raise triglycerides by increasing VLDL synthesis.19 This action raises the question of whether increased plasma flux of lipoproteins might affect atherogenesis independently of their concentrations. A recent study from our laboratory showed that patients with coronary heart disease frequently have increased plasma flux of LDL-apo B even when their concentrations of LDL—cholesterol were in the normal range. In other words, overproduction of lipoproteins could overload their degradation systems, which might promote accumulation of arterial cholesterol even with only minimal increases in plasma lipids.

As discussed above, obesity also can accentuate hyperglycemia and hypertension. In either case, weight reduction modifies these risk factors in a favorable direction. Thus, caloric restriction in obesity and maintaining weight in the desirable range must be an important aim in the controlling of established risk factors. The treatment of obesity is discussed elsewhere in this volume . However, two points might be made as they pertain to obesity and CHD risk. First, even relatively mild degrees of obesity can aggravate risk factors in those who are genetically susceptible to dietary excesses. Particularly for people with mild to moderate obesity it is by no means futile to attempt to achieve weight loss to the desirable range. Second, when treating obese patients, the composition of the diet should be altered in addition to reducing intake of total calories. In particular, ingestion of saturated fats, cholesterol, and salt should be restricted. A change in diet composition will help to alter risk factors independently of caloric restriction and thus provide benefit even when weight loss is slow.

Dietary Therapy of Active Heart Disease

Angina pectoris
Patients with angina pectoris can be considered to be at increased risk for myocardial infarction because of danger of progression of atherosclerotic lesions. Therefore, modification of existing risk factors—lipoprotein disorders, hypertension, smoking, and diabetes mellitus—can be recommended. The alteration of these risk factors may require therapy with both diets and drugs. Also, weight loss in obese patients may lessen the frequency and duration of chest pain associated with myocardial ischemia. Sometimes chest pain is brought on by eating, which increases the cardiac output; if eating is associated with anginal pain, large meals should be avoided.

It is not necessary to proscribe use of alcohol in moderation, especially if the patient clearly derives a benefit from it; on the other hand, alcohol can induce arrythmias in susceptible people and in large amounts may depress cardiac function. Smoking is another matter; patients with angina pectoris definitely should not smoke because smoking accelerates the development of atherosclerosis and also may cause arrhythmias.

Acute myocardial infarction
For the first 24 to 48 hours after an acute myocardial infarction the patient should be given a liquid or soft diet. If complications develop it may be necessary to extend this period. Small meals should be given to prevent increases in cardiac output. The patient usually can feed himself. As soon as possible after the first two days bulk should be added to the diet to prevent constipation. Also, a stool softener such as dioctyl sodium sulfosuccinate, 200 mg daily, should be used, and if necessary, a bulk laxative or milk of magnesia can be given. However, since one may safely delay a bowel movement for several days after infarction, laxatives are not needed immediately and may not be needed at all. If congestive heart failure is present, a low-sodium diet should be ordered, and if diuretics are needed, dietary potassium should be increased.

The convalescence period after a myocardial infarction is perhaps the best time to induce a patient to change his dietary habits. If the patient is obese, he should be encouraged to restrict the total caloric intake. Any elevation in plasma lipids should be treated with appropriate dietary changes. However, in the postinfarction period, plasma lipids may be deceptively low, and only after the patient has returned to his usual nutritional state may the lip-ids be elevated. Thus, plasma lipids should be determined 3 to 4 months after the myocardial infarction to obtain a more reliable indication of the patient's usual lipoprotein profile. During the convalescence period, every effort should be made to correct any existing risk factor; in particular, if the patient is a smoker, he should be encouraged strongly to discontinue the habit.

Heart fairule
One of the hallmarks of chronic heart failure is retention of excessive sodium and water. Although the accumulation of fluid may precipitate clinical complications, for instance, congestive heart failure, it also contributes to maintaining adequate cardiac output. Fluid retention thus appears to be a compensatory response to a low cardiac output. On the other hand, excessive retention of fluid in patients with heart failure can be life threatening.

The two fundamental principles of treatment of chronic heart failure are to enhance the myocardial contractility with digitalis and to promote excretion of excess body fluid. The latter usually is achieved through use of diuretics bolstered by reduction of sodium intake. The thiazide diuretics are the first-line therapy of cardiac edema. When the effects of these are less than optimal, more potent diuretics, such as ethacrynic acid or furosemide, can be tried. In those who respond poorly to these drugs alone, their action can be potentiated through the addition of other diuretics—spironolactones, triampterene, or amiloride.

The diuretics also can be made more effective by reducing the sodium intake. Therefore, patients who fail to respond adequately to diuretics should be urged to decrease dietary sodium. This is particularly so for patients in severe heart failure, who may have to reduce sodium to as low as 500 mg/ day or less. In these patients, no salt can be added in cooking or at the table; canned or processed foods must be eliminated; and even certain natural foods, like milk, cheese, cereals, and salt-containing vegetables, must be avoided. It is usually not necessary to restrict water intake except in patients with severe heart failure, who may have dilutional hyponatremia. Finally, weight loss should be encouraged in any obese patient with chronic heart failure.

Obesity is a common problem in all affluent societies. The estimated number of overweight people in the United States varies from 10 to 50 million. Using 20% above desirable weight as an index of obesity, recent prevalence data for this country show that 24% of women and 14% of men from 18 years to 74 years of age are overweight.

Thus, at least 16.3 million American women and 8.5 million American men are significantly overweight. The importance of these data lies in the associated medical and social risks and the current social setting which says that "thin is in."

How Obesity Is Measured

Before discussing obesity in detail, the subject must be denned. Overweight is an increase of body weight above some arbitrary standard usually defined in relation to height. To be obese, on the other hand, means to have an abnormally high proportion of body fat. In order to determine whether a person is obese or simply overweight owing to increased lean body mass (i.e , athletes), one needs techniques and standards for quantitating body fatness.

Measurement of body composition by analysis of individual cadavers has been performed several times in this century.4 Water was the major component; fat and protein each accounted for about 15% of the body weight. Since direct analysis cannot be performed under normal circumstances, investigators have turned their attention to indirect methods for measuring body fat.

Superficial analysis of fatness is done by self-examination or through examination by another person. Increased bulging of skinfolds or excessive roundness in most instances suggests increased fatness. Although such observations provide a good individual guide, they are not quantitative. One solution to this problem is the assignment of body types using photographs taken in the nude. With this technique, called somatotyping, the degree of endomorphy (roundness), mesomorphy (muscularity), and ectomorphy (leanness) can be given numerical values.4

Anthropomorphic measurements are among the most widely used techniques and involve determination of height and weight; determination of various body circumferences or diameters (waist, chest, or hip circumferences; distances between the iliac crests; greater trochanters or acromioclavicu-lar joints); and measurements of skinfold thickness. However, the most widely used indices for determining the degree of overweight are based on body weight in relation to height. The tables of desirable weight provided by the Metropolitan Life Insurance Company have received the widest use. In these tables, desirable weight is defined as that weight at which the lowest mortality rate occurred among individuals taking out life insurance policies. The table of desirable body weights is divided into three subgroups based on frame size Unfortunately, there is no suitable criteria to determine frame size. This gives a single median weight for each height and a range of acceptable body weights that encompasses the three frame sizes of the Metropolitan table.

The degree of overweight can be expressed in several ways. Relative weight uses the ratio or percentage of actual weight to desirable weight. A man who is 5 feet, 10 inches tall and weighs 180 pounds would have a relative weight of 1.17 ({fi = 1.17) or 17% above desirable weight. Weight and height can also be related by various ratios such as W/H; W/H2 (body mass index); and HA/W (ponderal index). None measures body fat very well, since the correlation of these indexes with body fat measured from body density (see below) is between 0.7 and O.8.4 The body mass index (W/H2) has the best correlation with body fat and is thus preferredOther body measurements have been added to improve the assessment of body fat. Steinkamp and co-workers and Behnke and Wilmore have both provided equations which estimate body fatness with a fair degree of accu racy.139 However, they require a number of different measurements that must be taken by skilled observers.

From a practical point of view, the most widely used criterion for obesity is based on the thickness of skinfolds. Skinfold thickness from four separate sites (usually biceps, triceps, subscapular, and su-prailiac area) has been shown to provide a reliable estimate of obesity.16 One difficulty with this method is that body fat increases with age even when the sum of the skinfolds remains constant. This implies that the accumulation of fat with age occurs in large part at sites other than the four included in this study.

The thickness of the triceps skinfold was used to estimate obesity in the Ten State Nutrition Survey conducted by the United States Public Health Service. Obesity in adults was denned as "a fatfold measurement greater than the 85th percentile of measurements for young white adults" (18.6 mm for males and 25.1 mm for females). The subscap-ular skinfold appears to provide a much better index of fatness than the triceps skinfold and is thus to be preferred. Waist circumference, particularly in males, may be better than either of the two skin-folds. Use of ultrasound to measure the thickness of subcutaneous fat has also been used and may find wide application in the future.

In summary, body fat can be estimated in many ways, but the most accurate methods are densi-tometry or isotopic dilution techniques, which, however, have technical requirements not usually available. From the practical point of view, methods involving measurement of height and weight, preferably expressed as the body mass index (W/ H2), or the use of the subscapular skinfold, or the circumference, at the waist would appear to be the best approaches to determining who is overweight and of those, who is obese.

Definig the obese
A number of factors influence body fat, including age, sex, and physical activity. At birth the human body contains about 12% fat, a content which is higher than in most other animals.4 In the newborn period, body fat rises rapidly to reach a peak of about 25% by 6 months and then declines over the next 10 years to 18%. At puberty there is a significant increase in the percentage of fat in females. In males, on the other hand, there is a small, but significant, drop in body fat with puberty. By the age of 18 years, men have approximately 15% to 18% body fat and women, 20% to 25%. Fat increases in both sexes after puberty, and during adult life rises to between 30% and 40% of body weight.18
The composition of the body is also influenced by the level of physical activity. During physical training, body fat decreases and lean tissue increases. After training ends, however, this process is reversed. These shifts between body fat and lean tissue can occur without any change in body weight. If regular activity is maintained throughout adult life, the increase in body fat, which usually occurs even when body weight is stable, can be prevented.

The prevalence of overweight or obesity depends upon the criteria that are used to define obesity. The massively obese are readily recognized, and it is clear that body weight is skewed toward the heavy side. That is, the median or most frequent weight is less than the mean or average weight. Using 20% above desirable weight as the criterion, 14% of American men aged 20 years to 74 years are overweight; the comparable figure for women is 24%. A breakdown by age and a comparison of figures obtained in 1960 to 1962 and again in 1971 to 1974 are shown in Table 19.
Table 19. 
Prevalence of Overweight

	Percent of Population Deviating by 20% or More from DesirableWeight*

	Age
	Men
	Women

	
	1960-62
	1971-74
	1960-62
	1971-74

	20-74
	14.5%
	14%
	25.1%
	23.8%

	20-24
	9.6
	7.4
	9.1
	9.6

	25-34
	13.3
	13.6
	14.8
	17.1

	35-44
	14.9
	17
	23.2
	24.3

	45-54
	16.7
	15.8
	28.9
	27.8

	55-64
	15.8
	15.1
	38.6
	34.7

	65-74
	14.6
	13.4
	38.8
	31.5


Estimated from regression equation of weight on height for men and women ages 20—29 years, obtained from HANES I. National Center for Health Statistics. Abraham S, Johnson CL: Overweight Adults 20-74 Years of Age: United States, 1971-74. Vital and Health Statistics. Advance Data No. 51. Hyattsville, Public Health Service, DHEW. In preparation.

 The Health and Nutrition Examination Survey (HANES), using skinfold measurements, obtained similar, although not identical, data.8 More women than men are obese and the frequency of overweight increases in older age groups of both sexes. After 55 years to 65 years there is a decline in the percentage of the population that is overweight. Rural populations may be more overweight than urban populations.

Racial differences in body weight may exist, but it is often difficult to separate racial from environmental factors. Socioeconomic conditions, however, clearly play an important role in the development of obesity. Excess body weight is 7 to 12 times more frequent in women from lower social classes than in women from the upper social classes.2

Among men, social class has a significant, but much smaller, relationship to overweight. Cultural background also seems to affect the development of obesity. Individuals from Eastern Europe living in the United States have a higher frequency of obesity than those who originated in Western Europe. Recent immigrants to the United States have a higher frequency of obesity than do fourth generation Americans from the same heritage.

Charcteristics of obesity
Obesity can influence many aspects of life, and its effects will be examined here in detail.

Healt cjnsequeces of obecity
Life insurance statistics published in 1979, as well as those assembled earlier, showed that excess weight was associated with a higher mortality rate. Deviations in body weight above and below this are associated with an increase in mortality. The effect on life expectancy of small deviations in weight, however, is small. Based on the 1979 data, a deviation of 10% above average weight is accompanied by an 11 % decrease in life expectancy in men and a 7% decrease in women; if 20% above average weight, the risk of excess mortality rises to 20% for men and 10% for women.8

Hypertension, gallbladder disease, and diabetes mellitus are the most prevalent in overweight individuals and are the leading causes of excess mortality. An increased risk of kidney stones and certain types of cancer (e.g., endometrial cancer) may also exist.

The insurance companies have also provided retrospective data that suggest that weight reduction may prolong life.4 In both men and women who successfully lose and maintain a lower weight, mortality was reduced to within the normal limits based on sex and age. The increases in body fat increases cholesterol turnover and the concentration of cholesterol in bile, thus predisposing to gallstones.4 Increased stores of fat also require more blood to be circulated for supply of substrates, and this may increase cardiac output and blood pressure. Finally, it is known that obesity increases insulin secretion, and in susceptible people this may lead to diabetes mellitus.

These findings by the insurance industry have served as a major stimulus for further study of the influence of body weight on life expectancy.

In addition to its possible effects on mortality, obesity has a number of effects on the function of various organ systems. Obesity increases the work of the heart, and the heart enlarges with a rise in body weight. The cardiac output, stroke volume, and blood volume also increase. These effects on cardiovascular function are reversible with weight loss. The relation of hypertension to obesity has been widely recognized.633 Blood pressure measured with a standard blood pressure cuff may be higher or lower than values obtained by direct intra-arterial measurement. The major source of error occurs when the bladder of the blood pressure cuff does not encircle 75% or more of the arm. A wider cuff will not improve the reading unless it is also longer. Unless the arm is very large, however, the error in measurement of blood pressure is probably small and not consistently skewed in one direction or the other. The relationship between obesity and blood pressure is thus usually not an artifact of measurement. After weight loss, blood pressure is significantly reduced in over 50% of the patients, and thus may be an important mode of treatment of some forms of hypertension.4 33

Pulmonary function is impaired by obesity.4 With moderate degrees of obesity, a number of changes in pulmonary function can be detected. With gross obesity, however, some individuals develop a syndrome of severe alveolar hypoventilation, called the pickwickian syndrome, after Joe, the fat boy in Dickens' novel The Pickwick Papers. This syndrome is characterized by obesity, hypoventilation, somnolence, and cyanosis. The alveolar hypoventilation may be associated with pulmonary hypertension. This syndrome often represents a medical emergency, and such patients may require vigorous respiratory therapy to preserve life.34

Endocrine function is also modified by obesity. Glucose tolerance is frequently impaired in obesity. Plasma insulin in the fasting state, and after glucose, is increased in obesity whether or not glucose tolerance is impaired. The rise in fasting insulin occurs in normal subjects who gain weight under observation.38 The mechanism by which an increase in body fat increases the demand for insulin is unknown. The rise in serum insulin is associated with resistance to insulin. The insulin resistance appears to result from both a reduction in insulin receptors on the cell membrane and decreased intracellular effects of insulin.

Like the cardiac and pulmonary changes in obesity, the hyperinsulinemia and glucose intolerance can be reversed by weight loss. These data, and information from studies of experimental animals, suggest that by a mechanism as yet unknown obesity can alter pancreatic function. In susceptible individuals this may in turn lead to the development of clinical diabetes mellitus. Support for this concept has come from epidemiologic data, which show a high correlation between relative body weight and the frequency of diabetes in numerous populations.6 Where obesity is uncommon, the incidence of diabetes mellitus is low. The precipitation of diabetes by obesity occurs if the secretory capacity of the pancreas is impaired by genetic or environmental factors. The detrimental effect of obesity in adult-onset diabetes mellitus can be reversed by weight loss.

Abnormalities in the reproductive system in obesity include low levels of sex hormone binding globulin in men and abnormal menstrual cycles in women.20-24 A return of menstrual regularity is usually observed with weight loss.4 Whether obesity changes fertility, however, is unknown. Pregnancy augments weight gain. Twenty-four months from the onset of pregnancy, a woman will be, on the average, 5 Ib to 7 Ib (2.3 kg-3.2 kg) heavier than if she had not been pregnant.
Obesity also impairs the release of growth hormone from the pituitary. Insulin-induced hypogly-cemia, the infusion of arginine, administration of L-dopa, and sleep will all normally produce a rise in growth hormone. In the obese adult none of these stimuli produces a normal rise in growth hormone. The impaired response of growth hormone returns to normal with weight loss.4 Moreover, when subjects of normal weight overeat to gain weight, the responsiveness of growth hormone is reduced.38 Thus, the blunted output of growth hormone in obesity appears to be the result of over-nutrition.

Obesity increases the secretion of adrenal steroids from the adrenal cortex and the excretion of 17-hydroxycorticosteroids in the urine rises.4 Circulating levels of cortisol, however, do not change. The concentration of triiodothyronine shows a small, but significant, positive correlation with overweight, but other parameters of thyroid function do not appear to be influenced by obesity. Both total calorie intake and the fraction taken as carbohydrate can influence the metabolism of thyrox-ine; with starvation the concentration of 3, 5, 3'-triiodothyronine (T3) falls and 3, 3', 5' triiodothyronine increases. With overfeeding calories or carbohydrates, this metabolic process is reversed.

How Obesity Develops

An increase in body fat reflects an increase in total stored calories. Excess fat occurs because there is an imbalance between ingested calories and the calories that are utilized for energy. The constancy of body weight in adult humans and animals suggests that the body regulates its storage of calories within narrow limits. Given free access to food, this implies that some components of total stored calories are recognized by the body. Support for this hypothesis has come from several studies. Forced feeding by stomach tube in animals and by conscious overeating in humans causes body weight to rise.38 After the tube feeding stops, or when human volunteers cease stuffing themselves, body weight falls and approximates its initial level. Conversely, starvation produces weight loss. When food is again available, eating resumes, and body weight in both humans and animals rises to the prestarvation level. Second, hypothalamic hyperphagia (the increased food intake that follows bilateral injury of the ventromedial region of the hypothalamus) in one rat in a parabiotic pair leads to loss of body fat in its parabiotic mate.14 However, as pointed out by Garrow, body weight of many individuals shows considerable variation during life, suggesting that the control mechanisms are relatively complex and not highly sensitive to stored energy.
Several prospective studies have examined the relation between obesity and various diseases.27 2S The Framingham Study, conducted on more than 5,000 residents of this New England town, showed that an increased relative weight was associated with a significant increase in sudden death and angina pectoris but was not associated with an increase in the frequency of myocardial infarction.27 Since most sudden deaths are probably of cardiovascular origin, one might interpret the Framingham data as supporting the association of obesity with fatal cardiac events. However, if other risk factors, such as hypertension and high cholesterol, were considered, obesity, or more properly overweight, in and of itself seemed to be less significant. In another prospective study of risk factors and cardiovascular disease, excess relative weight was associated with a small, but significant, increase in mortality, particularly in men under 40 years of age . A third study measured relative weight and skinfold thickness. Over 11,000 subjects from six countries were included.28 Increased skinfold thickness and overweight were both associated with increased deaths. Careful analysis of the data showed that the association of overweight or obesity with increased mortality was due to the high correlation of body weight with increased blood pressure. In subgroups where the blood pressure was similar, there was no independent effect of obesity on the mortality from cardiovascular disease. These data indicate that obesity and overweight may be important clues to those at risk for cardiovascular disease, but that obesity may not be a major independent risk factor in cardiovascular disease.

Integrating mechanisms for the regulation of calories in the body include both central and peripheral components. The central components involve the hypothalamus, as well as the amygdala, cortex, and thalamus. The long-term regulation appears to be centered in the ventromedial hypothalamus. After bilateral destruction of the ventromedial hypothalamus, there is a constellation of changes which include hyperphagia, abnormal estrus cycles, and rage.14 The increased food intake is followed by a rise in body weight, and obesity develops. The way in which the ventromedial hypothalamus modulates caloric balance is unknown, but appears to involve fiber tracts traversing the ventromedial hypothalamus.
Short-term regulation of meal-eating and food-seeking behavior appears to be integrated in the lateral hypothalamus. Destructive lesions in this region of the brain decrease food intake, and total aphagia may result.14 Conversely, electrical stimulation of the lateral hypothalamus increases food intake.14 Inhibition of food intake by the hungry animal occurs when isoproterenol, a beta-adrener-gic drug, is injected into the lateral hypothalamus Application of norepinephrine to the ventromedial hypothalamus will stimulate food intake in the satiated rat, an effect which is blocked by phentol-amine, an alpha-adrenergic blocking drug. These data suggested that adrenergic receptors in the medial and lateral hypothalamus may play a role in the modulation of food-seeking activity.
Both neural and humoral factors may participate in the termination of a meal. Since stored calories are derived from fat, carbohydrate, and protein, it is likely that circulating levels of amino acids, glucose, fatty acids, and glycerol may play a role in signaling the quantity of stored calories. Glucose has received the most attention because it is carefully regulated in the body. The administration of glucose intraperitoneally reduces food intake, but its intravenous administration does not. Blockade of intracellular glucose utilization after injecting 2-deoxyglucose enhances food intake. In all likelihood, however, glucose utilization represents only one component of the metabolic mix that is recognized by the body as an index of stored calories.9 Amino acids, when deficient or when in excess, can also decrease food intake.4 The available evidence suggests that the depression of food intake resulting from distortion of the amino-acid composition of the diet is sensed in areas of the nervous system other than the hypothalamus. Fatty acids and glycerol may also play a role in the control of food intake. Glycerol is a particularly interesting molecule in this regard. It is released from adipose tissue during the hydrolysis of triglyceride but is not reused by this tissue. This glycerol enters the circulation and is metabolized by liver and, to a small extent, by muscle. Its rate of release from adipose tissue could thus signal the rate of hydrolysis of lipid and, indirectly, the total quantity of lipid stored. Recent experiments show that parenteral administration of glycerol will reduce food intake and body weight.
Hormones may also serve in the short-term control of food intake. Injections of insulin will increase hunger and food intake and, if continued, obesity will develop.4 A possible mechanism for the long-term regulation of body weight involving insulin has recently been proposed by Woods and Porte.47 They proposed that the hypothalamus may respond to insulin concentration in the cerebro-spinal fluid. Glucagon has an effect opposite that of insulin and decreases food intake. Injections of small doses of cholecystokinin will also suppress food intake in rats and in humans.

In addition to these internal signals that regulate food-seeking behavior, most animals, including humans, receive cues about food from sight, smell, and taste. Environmental cues may play a major role in controlling human food intake, particularly in the obese. The data of Schachter and his colleagues have suggested that environmental cues may be more important in controlling food intake in the obese than are internal cues.36 External factors, such as the time of day, the availability of food, the intensity of lighting, and the tastiness of the food have all been shown to modulate eating.

Over 90% of the body energy is stored as tri-glyceride in adipose tissue. Protein and glycogen provide important but smaller quantities of energy.4 Adipose tissue has two principal functions: (1) the synthesis and storage of fatty acids, and (2) mobilization of fatty acids as a source of fuel.''33

The growth of adipose tissue in the early period of life occurs by an increase in the size of fat cells, as well as by an increase in the number of adipo-cytes in each depot that stores fat.3 The multiplication of fat cells continues throughout the growing years and appears to terminate in adolescence. Current evidence suggests that after puberty fat is stored primarily by increasing the size of adipo-cytes that already exist with little or no change in total number. When obesity develops in the early years of life, almost all of the persons have hyper-cellular obesity. Adult-onset obesity is thus usually hypertrophic in type, whereas childhood-onset obesity is most commonly hyperplastic obesity.

The anatomic difference between hypertrophic and hypercellular obesity is important because the life expectancy of the fat cell is very long. Fat cells differentiate from stem cells of mesenchymal origin, which do not contain fat and do not appear to divide thereafter. It has been shown by studies on experimental animals that the half-life of a fat cell appears to be very long.23 Thus, with changes in body fat, the size of the individual adipocyte varies with its store of triglyceride, but there is little or no change in the total number of fat cells. Even marked and prolonged weight loss apparently does not decrease the number of fat cells. Patients with hypercellular obesity thus have a lifelong increase in the total mass of fat cells. In people with an increased total number of adipocytes, weight loss occurs by shrinkage of these fat cells but without a change in total number.

Energy expenditure is the other component in the balance between energy as food intake and stored calories.4-19 Basal energy expenditure is involved in the transport of ions across cell membranes for protein synthesis and for the repair and function of smooth muscle. In the normal adult, basal metabolism consumes about 800 Cal/M2/24 hr to 900 Cal/M2/24 hr. The rate of basal metabolism (BMR) is lower in females than males and declines with age. The decline in BMR with age is due in part to increasing fat depots. Individuals who maintain a regular program of physical activity may not show an increase of fat with age, and BMR may show only a very small decline.

Energy is also used for muscular contraction. The efficiency of muscular work is about 30% and shows no difference between lean and obese subjects.44 Energy expenditure rises following the ingestion of a meal. This is called the thermic effect of food (formerly called specific dynamic action of food). This is reflected by a rise in oxygen utilization. It is produced by all foods, but protein appears to have the greatest effect.19 The thermic effect of food itself dissipates about 10% of the ingested calories when a mixed diet is eaten.

Causative factors in the development of obesity
From data on experimental animals, it is clear that obesity, or a susceptibility to the development of obesity, can be genetically transmitted.14 This inheritance may occur by dominant or recessive modalities or may be polygenic. In the appearance of human corpulence, genetic factors manifest themselves in two ways. First, there is a group of rare diseases in which evidence indicates that genetic factors are of prime importance.4 Second, there is a genetic substrate upon which environmental factors interact in the development of obesity.4 Clear-cut evidence of genetically transmitted obesity has been documented in the Laurence-Moon-Bardet-Biedl syndrome (LMBB), an entity consisting of retinal degeneration, polydactylism, mental retardation, and obesity. Other examples are Alstrom's syndrome and the Morgagni-Stewart-Morel syndrome.
The importance of genetic factors in obesity is illustrated in the studies on body weight of twins and in the studies on family patterns among the obese. Among pairs of identical twins reared in the same environment the mean difference in body weight between the 50 pairs of twins reared in the same environment was 4 Ib. In only three pairs was the difference in body weight greater than 12 Ib. Among 19 pairs of identical twins reared in separate environments, however, the deviation in body weight averaged 9.9 Ib. This latter difference was similar to that found among 52 pairs of fraternal twins raised in a similar environment. The effect of environment is shown again by comparing the correlation coefficients for the 50 pairs of twins reared in the same environment (r = 0.973) with the correlation coefficient for the 19 pairs of identical twins reared separately (r = 0.886).

Another approach that demonstrates the importance of genetic factors has been presented by Withers who examined the correlations between body weights of adopted children and their natural and foster parents. The correlations in body weight between mother and father and an adopted child were very low. In contrast, there were higher correlations between the weight of a father and his natural child and between the weight of a mother and her natural child. Further, among obese individuals more than 80% had one or both parents who were obese. In only a small percentage were both parents recorded as having a normal body weight. Thus, genetic factors play an important role in the development of obesity either by environmentally independent direct transmission, or by providing the biochemical and physiologic mechanisms on which environmental factors potentially can operate.

There are two classifications of obesity. These are based on the anatomic characteristics of the adipose tissue in relation to the age of onset and on etiologic factors.

The anatomic classification is based on the number of adipocytes. The work of Hirsch and Bjorn-torp showed that the number of adipocytes in the body could be estimated by determining the size of fat cells from several subcutaneous sites and simultaneously estimating total body fat.3 23 In normal adults the upper limit is approximately 4 x 1010 fat cells. In many of the obese whose problem began in childhood, the number of adipocytes may be increased twofold to fourfold. People with increased numbers of fat cells are classified as having hypercellular obesity. This kind of obesity is to be distinguished from other forms of obesity in which the total number of adipocytes remain normal, but the size of individual fat cells is increased. In general, all obesity is associated with an increase in the size of adipocytes, but only selected forms have an increase in the total number of such fat cells.

There are a number of etiologic factors in obesity. The genetically transmitted forms of obesity were described above.4 Endocrine alterations, although rare, are a second category of causative factors for obesity. The increase in fat observed with human endocrine diseases is usually limited. Hy-perinsulinism produced by islet cell tumors or by injection of excess quantities of insulin can pro- duce increased food intake and increased fat storage, but the magnitude of this effect is small. A somewhat more substantial obesity is observed with the increased cortisol secretion that occurs in Cushing's syndrome and also with hypothyroid-ism. Finally, aberrations in the distribution of body fat are also observed with hypogonadism.

Physical inactivity plays an important role in the development of obesity in humans and in the experimental animal. Gross obesity in rats can be produced by severe restriction of activity. In the modern affluent society, energy-sparing devices reduce energy expenditure and may enhance the tendency to caloric accumulation. As we increase our affluence, the caloric requirements for maintenance of body weight probably decline.

The composition of the diet is another etiologic category. This is particularly prominent in experimental animals but may also play a role in the development of human obesity. When rodents are exposed to a high-fat diet, most strains are unable to appropriately regulate calories and ingest more calories than are needed for weight maintenance The rest are accumulated as fat, and the animals become grossly obese. Whether the rising fat consumption observed in most Western nations and the increase in corpulence in these societies are manifestations of a similar phenomenon is less clear

Hypothalamic obesity is a rare syndrome in humans but can be produced regularly in animals by injury to the ventromedial region of the hypothal-amus,14 This region is responsible for integrating information about the caloric stores in the body When the ventromedial hypothalamus is damaged, hyperphagia develops, and obesity follows. The increased secretion of insulin observed in this syndrome may be one pathogenetic link in its development. The connection between the ventromedial hypothalamus and the insulin secretion appears to be through the vagus and sympathetic nerves. Transection of the vagi prevents the hyperphagia and obesity that occur after injury to the ventromedial nuclei.

Hypothalamic obesity has been reported in human subjects under a variety of circumstances.10 The major factors producing hypothalamic damage are trauma, malignancy, and inflammatory disease involving the hypothalamus. Three groups of findings accompany the syndrome. The first is related to changes in intracranial pressure, such as headache and diminished vision owing to papilledema. The second group of symptoms is a manifestation of endocrine alterations and includes amenorrhea, impotence, diabetes insipidus, and thyroid or adrenal insufficiency. The third group of symptoms is a variety of neurologic and psychological derangements including convulsions, coma, somnolence, hypothermia, or hyperthermia. Treatment of the syndrome requires treating the underlying disease and giving appropriate endocrine support.

Treatment for Obesity

Although vanity is a major reason why individuals seek help to lose weight, other reasons, particularly the potential risk for developing other diseases, may be more cogent. In our society, in which an excess of weight is socially undesirable, particularly in women, the search for successful treatments is never ending, and in the process may lead to exposure to undue or inappropriate risk. Medical complications or diseases associated with obesity are a second reason why people seek treatment for this problem and represent a particularly important motivational factor for middle-aged men. At the time of his first heart attack, the overweight man who is advised to reduce his body weight finds that the pounds just seem to "melt off." Weight reduction is also indicated for persons with diabetes mellitus, those suffering from osteoarthritis or hyper-triglyceridemia, and those with hypertension and cerebral or peripheral vascular insufficiency.

Whatever the reason for seeking help for obesity, a high degree of motivation is needed to achieve and to maintain weight loss with any form of therapy. The rate of relapse (i.e., regaining weight that has previously been lost) is high.42 45

Evaluation of the obese patient
When an overweight patient seeks medical attention for his problem, a minimum standard of evaluation is needed. The first important decision is whether the individual is sufficiently overweight to require or justify treatment. Although it is difficult to assign any medically significant risks to small degrees of deviation from desirable weight levels, it must nevertheless be an appropriate goal for the physician to recommend maintenance of desirable or optimal body weight. Since the risks from being 10% to 20% overweight are small, however, the therapies used must also carry minimal risk to the individual.

In evaluating any overweight individual it is appropriate to obtain the following pieces of information:

1. Anthropometric measurements, including the following: (1) height, (2) weight, (3) circumference of the waist, and (4) (if equipment is available) measurements of skinfold, with preference for the subscapular area, followed by additional measurements of the biceps, triceps, and iliac fat fold. (Appropriate formulas or tables for assessing degrees of fatness with these measures are provided elsewhere.)
2.  Functional status of an overweight individual including a listing of those complications that are known to be most frequently associated with overweight.   (1)  Diabetes mellitus should be evaluated by summing of glucose concentration in fasting 1-, 2-, and 3-hr samples of blood after an oral glucose tolerance test with 50 g to 100 g of glucose.12 (2)  Blood pressure should be taken, preferably in both arms. (3) Serum tri-glycerides, uric acid, and cholesterol would be reasonable measurements. As auxiliary measurements, the presence of gallstones by ultra-sonography and the determination of cardiovascular fitness with a treadmill should be considered. An algorithm for evaluating the obese patient is presented in Figure 28-3. It summarizes the series of measurements that can be made and their interpretation.

3.  A nomogram for determining body mass index from height and weight is shown in Figure 28-1. The body mass index has a better correlation with body fat than other relationships between height and weight.7

There are a number of modalities that can be used for treatment of overweight patients.2 Undoubtedly, the safest and most appropriate is the use of diet. The use of pharmacologic agents as adjuncts to diet in the restoration of energy balance may help reduce caloric intake. Finally, under selected conditions, certain surgical procedures may be considered. Each of these approaches to therapy will be dealt with below.
Diet ahd nutrition
The goal of all dietary treatment is to redress the caloric imbalance by reducing caloric intake, increasing energy expenditure, or both.7 To do this requires first an assessment of caloric requirements. This can be done in one of two ways. The first is to determine the patient's age and, from Table 17, which shows median caloric intake as a function of age, to obtain some estimate of the average need, and then to reduce intake below that level. A second and more accurate approach is based on a nomogram developed at the Mayo Clinic and reproduced in Figure 12. From this nomogram for estimating energy expenditure, it is possible to arrive at a more precise assessment of energy requirements for a particular person. Use of Figure 7involves measuring height and weight, determining age, and estimating the relative level of physical activity. Energy expenditure fluctuates with a number of factors, including physical activity, environmental temperature, hormonal status, and age.4

After assessing caloric requirements, the next goal is to provide a diet which has a reasonable caloric deficit. A maximal caloric deficit can be produced by total starvation, a technique which was once widely applied in the treatment of obesity.4 For most people, however, it is not appropriate to restrict caloric intake this severely. If a caloric deficit of 500 Cal/day is maintained for 7 days, 3500 Cal must be provided from body energy stores to maintain energy supplies. Since 1 Ib of fat tissue contains approximately 3500 Cal, a caloric deficit of 500 Cal/day will produce the loss of 1 Ib of fat tissue each week.
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FIG 12.An algothm for use in evaluing an odese patient.
Starvation
Without doubt, the fastest way to lose body weight is by total starvation.15 In this process, as with any other diet, there are two phases of weight loss. The first phase is rapid and primarily reflects the loss of fluids as the body adjusts to using its stored fat depots. After 24 hr to 48 hr, glycogen stores and the associated water are depleted. Gluconeogenesis from proteins is at a maximum at this time. After the first week to 3 weeks of starvation, the rate of weight loss falls below 1 Ib/day, reflecting loss of both body fat and protein. With less severe caloric restriction most patients become distressed by the slowness of weight loss that occurs after the excess of fluids and readily mobilized body tissues have been depleted. This frustration is compounded by the decrease in caloric expenditure that occurs during adaptation to caloric restriction.

[image: image21.png]w 1
Height

Males Females
Age  Age

£ e
E ]
< g
= E
z i
E 0 O
S
Eus

Mayo Foundaton standards lor age and sex

Em
“res
so o

E s

vi
Food
factor

[0

90
I--80
-
L eso
Loeso

T

T
&

™
Percent above or below basal

T

a0

t-so

calories

v

Basal

requirement

food allowance

E 1m0

E um
E a0
Ezm
E o

w000
a0

s

£

o0

E s

calones

Rasal daily heat production

square meters |

Suriace area

Food

Nomogram

The bt for e e
T o

Pounds

!
weight

1.

Kilograms

FIG. 284 Nomogram for esnmanng caloric needs The use of this nomogram 1y described 1 the
printed wset under Food Nomogram. {© Mayo Clinic. Used with permission)
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Very low calorie diets
Total fasting, although the most effective form of rapid weight loss, is now rarely used other than in the hospital. The reason for this is that fluid depletion enhances the risk of hypotension and the undue loss of protein. In an effort to prevent the losses of body protein, diets with protein supplements have been provided to individuals who are otherwise on a program of fasting. These diets reduce the loss of nitrogen from normal levels of 14 g/day to a value less than 5 g/day (equivalent to more than 30 g/ day protein). However, there is no satisfactory evidence that the loss of protein is completely stopped by this technique. These very low calorie diets provide from 240 Cal/day to 500 Cal/day, predominantly as protein. In addition, supplements of electrolytes, including potassium, and micronutrients and vitamins, including folate, pyridoxine, and thiamin, are usually given. In the recent past the use of a proteolytic digest of collagen was widespread until a series of more than 16 deaths among women adhering to this program was reported. The Center for Disease Control in Atlanta has now released the data on the 16 women treated with liquid-protein diets who died, and for whom no other adequate explanation for their death was available. These women ranged in age from 23 years to 51 years and when autopsy data was available, abnormalities of the myocardium with premorbid evidence of cardiac arrhythmias existed. Because of this unfortunate experience with very low calorie-protein diets, it would appear judicious for programs, regardless of the source of protein, to remain under investigative conditions, since the possibility exists that any form of protein diet without adequate carbohydrate or fat might produce the same untoward reactions.
Conventional diets
The remaining dietary approaches to the treatment of obesity can be divided into two categories: those diets that are balanced and those that would be considered generally unbalanced.2 Balanced diets are those in which calories have been restricted, but no single food or food substance predominates. The unbalanced diets are those in which one food substance or one type of food predominates. In this latter group are the low-carbohydrate diets and the many other diets identified by special names, such as the grapefruit diet, the banana diet, the ice cream diet, the candy diet, and so forth. The unbalanced diet has one major disadvantage of monotony, which results when certain classes of food are eliminated. Moreover, these diets may well be unhealthy if continued for a prolonged period.

When eating fewer calories than usual, it may be difficult to achieve an adequate intake of all needed nutrients. We have taken two approaches in attempting to provide useful information for our patients to help them determine their level of energy intake and their nutrient intake. The first approach involves training our patients to count calories. To do this, we provide each patient with a monitor for recording their calories. These monitors are printed on index cards that are handy to carry. On this monitor patients are instructed to write down each food they eat, the amount of that food using weight, volume, or portion size, and the calorie value of liquid and solid foods as obtained from a calorie guide. At the end of 7 days the patients add up their liquid and solid calories for each of the 7 days and record the values on the analysis form. Once patients have become accustomed to this procedure of counting calories, some of them like it so much that they use it as a primary technique for controlling and monitoring their weight loss; others, however, find it very difficult to count calories. Recently we have developed a glass calibrated to show the caloric values of various beverages as an additional technique for continuous monitoring and feedback about the energy content of liquids. The markings on the glass were drawn to provide an estimate of the caloric value for given foods and beverages. Each time a liquid is poured into the calorie glass, the caloric value is immediately visible. This provides a continuous feedback about the caloric value of foods or liquids that are being ingested. For example, skim milk has about two thirds the calories of whole milk, and this difference is registered whenever milk is poured into the glass. Caloric values for various juices are also provided, showing that tomato juice is much lower in calories than most other juices.

Because of the difficulty we have had in getting patients to count calories carefully and faithfully, we have approached the problem of helping individuals to achieve lower calorie intake with good nutrition by other techniques. The first of these is to use the information that is published on the nutrition label of food packages. A sample of such a nutrition label is shown in Figure 8. A typical nutrition label shows the serving size and the number of servings per container. Below this infermation are the most important facts for the person who is counting calories, that is, the number of calories in a serving from that container. We use the information about protein, carbohydrate, and fat to show that one can calculate the number of calories from proteins, carbohydrates, and fat by using calorie values of 4, 4, and 9, respectively.
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FIG. 14 Nutrition label. The nutritional information on the label is expressed per serving, and the serving size is indicated (1 cup in this case) The values for calories, protein, carbohydrate, fat, and sodium are also indicated along with the percentage of certain of the vitamins and minerals.

A significant number of foods have relatively low caloric value, and many of them add flavor and taste to other foods. For this reason, we also provide our patients with a list of foods that they can eat in any amount they choose:

Coffee, without sugar, cream, or milk Tea, without sugar, cream, or milk Clear broth Bouillon Consomme Lemon

Gelatin (unsweetened) Pepper

Spices and seasonings Vinegar Vegetables: Asparagus

Broccoli

Cabbage

Cauliflower

Celery

Cucumber

Greens (beet, chard, dandelion, kale)

Lettuce

Mushrooms

Peppers

Radishes

Sauerkraut

Spinach

Watercress

The final approach which we use with our patients is to help them plan their own diet. This is done with the modification of the four food group system to which fats have been added and in which the fruits and vegetables as well as the bread and cereals have been subdivided. A listing of unit servings is provided in a form of a calorie exchange list. With this list patients can meet certain minimal nutrient levels of intake as well as keep calories in control by making calorie exchanges within each of the groupings shown. With the diet planned as in Table 28-3, the total calories would be 1125. It could be lowered by reducing the amounts of food in any category, and reasonable control of nutrition could be achieved by varying these changes in one category or another from day to day. This has proven to be a useful way of combining calorie exchanges with a sensible approach to nutrition.

Behavioral aspects of treatment
For many patients the use of calorie counting, education about food groups, and the use of nutritional contents of foods is not a sufficient and satisfactory technique to help them lose weight. For this reason, we have adopted a variety of behavioral techniques. The basic principles of these behavioral approaches can be summarized under the "ABCs" of eating. The A stands for Antecedent. If one looks at eating as the response to events in the environment, then the antecedent events which trigger eating are of major importance. Eating might be triggered by passing a pizza parlor, or entering the home after working, or by turning on the television set. Whatever the antecedents may be, it is important for the obese person and his therapist to come to grips with them. The B in the Behavior of eating is the rate and frequency with which an individual eats, that is, the actual act of eating. In addition to monitoring the antecedents, we also teach our patients to monitor their eating behavior. Finally, the C represents the Consequence of the eating, the feelings an individual has about it, and more important, the procedures that a person can use to provide rewards for changing the pattern of behavior.

The practical approach to eating behavior used in our clinic has been developed over a period of several years. Like most investigators in this field, we began with the classic experiments of Stuart and Davis, Stunkard, and Jordan and colleagues.26-40-41 These investigators used a single monitoring sheet contained in a notebook which the subjects were instructed to carry with them, and in which they wrote the day, date, time, food eaten, and a variety of factors about that eating situation, including the place, associated activities, their mood, and hunger associated with that eating event. When I tried this procedure myself, I found it impossible to carry out for more than a few days. Gradually, we evolved a stepwise approach to this analysis using index cards. In the first step, the patients are instructed to identify the foods that they eat and two antecedents, the associated activity and place where they eat . At the end of a week of this monitoring the patients analyze the results. After completing this analysis, they have some estimate of the events and places that are associated with eating. We then make suggestions for changes that they can make based on this analysis. For example, if eating occurs primarily when watching television, we suggest that they avoid eating while watching television. We then use the technique of stimulus control to help them to modify their eating. (By stimulus control, we mean reducing the number of places or times at which they eat.) This can be done by confining the act of eating to a single place and concentrating on the act of eating itself, rather than watching television. Distracting events of other types are also to be avoided. For many individuals the very act of writing down what they eat and observing themselves eating in this fashion is a unique and valuable experience that in and of itself initiates changes in eating behavior.

During the next week, we have patients monitor the same events of associated activity and place of eating, but ask them in addition to note whether they are eating a meal or a snack. A snack is defined as a single item or two, while a meal consists of three or more items consumed at the same time. When they return after a week of monitoring their associated activity and place, they have a much better feeling about whether they have been able to achieve some element of stimulus control. Moreover, they are beginning the analysis of eating itself by counting the frequency of eating and the rate at which they eat. This is done by counting the number of meals during each hour. The peak frequency of meals and the rate of eating are both counted. We again encourage patients to make some change in the number of meals or in the frequency with which food is eaten. During the ensuing week they make more notes and return to repeat the analysis and to observe their progress.

As a third exercise, we have them record their hunger at the time of eating and the taste of the food they ate. The purpose of this exercise is to have each subject spend time judging the flavor of food and deciding whether they were hungry when they began eating. The goal of this exercise is to decrease the amount of eating at times when they are not hungry and to become more discriminating by eating only foods they really like. After coming to grips with taste and hunger, we encourage them to try to eliminate some of those events when they were eating without being hungry and to avoid eating those foods which do not taste good. For many overweight patients this analysis of the ABCs of eating has been of great value in helping their ability to control eating. For some, these approaches are much more effective than counting calories, while for others, counting calories is a much more rewarding approach.

Exercize and physical active in treatment
Another approach to losing weight is to increase energy expenditure. Over the past 70 years, a voluminous medical literature has accumulated concerning metabolic requirements of human beings. These can be divided into the following three components: a requirement for basal metabolism, one for heat losses owing to thermic effects of food, and a third for the energy needed for physical activity. Basal metabolic needs are slightly lower for women than for men, but in general they are approximately 1000 Cal/day/M2. Heat losses resulting from the thermic effects of food are small and not more than 10% of the caloric value of the ingested foods. The energy needed for physical activity obviously depends on the degree of activity. Since basal metabolism is not subject to significant changes and thermic effects are small, the only part of expenditure that is amenable to significant manipulation is physical activity.

Table 18 summarizes levels of physical activity. The lowest level of activity is slightly less than 0.8 Cal/min. Thus, if an individual sleeps for 24 hr, fewer than 1400 calories will be expended. Reclining increases this level from 0.8 Cal/min to approximately 1.4 Cal/min. Very light activity (i.e., the level at which people spend much of their time) consumes between 1.5 Cal/min and 2 Cal/min. Light activity increases this to 2 Cal to 3.5 Cal/min, while moderate activity ranges from 3.5 Cal/min to 7 Cal/min and heavy activity from 7.5 Cal/min upward. Few people spend much of their time involved in physical activity of this latter level. Since physical activity can be a useful way of expending extra energy, we have spent a considerable amount of time attempting to devise effective ways of helping people to monitor their physical activity. The monitor shown in Figure 15 is used to record activity on an hour-to-hour basis. The activity level in each hour was scored as the highest activity the individual achieved during that hour using the analysis shown in Table 20. These monitors were used twice. During the first week subjects scored an activity level as the highest level during each time interval, and during the next week they used a value for a level maintained for at least 45 min out of the hour. At the end of two weeks they had an assessment of their range of energy expenditure.

Table 20.
Analysis of Activity

	Level
	Cal/min
	Parametrs

	0
	Sleeping:

0.8-1.2 Cal/min
	

	1
	Reclining:

1-1.4 Cal/min
	(Watching television, reading quietly)

	2
	Very light:

1.5—2 Cal/min
	(Seated or standing activities such as painters, cab and truck drivers, laboratory workers, typists, musicians, stitchers, office workers) Office workers, most professional workers, homemakers with mechanical aids such as dishwashers

	3
	Light.

2-3.5 Cal/min
	(Walking on level at 2.5-3 mph, tailors, pressors, garage work, electrician, carpentry, restaurant trades, cannery workers, manual clothes washing, shopping with light load, golf, sailing, table tennis, volleyball) Most light industry workers, students, building workers except for heavy laborers, many farmers, homemakers without mechanical appliances, department store workers

	4
	Moderate:

3.5-7 Cal/min
	(Walking 3.5-4 mph, plasterers, gardeners, scrubbing floors, stockroom with loading and stacking heavy loads, shopping with a heavy load, bicycling, skiing, tennis and dancing) Some agricultural workers, unskilled laborers, forestry workers (except lumberjacks), soldiers, miners, steelworkers, dancers, athletes

	5
	Heavy

7-12 Cal/min
	(Walking uphill with a load, lumberjacks, pick and shovel work, basketball, swimming, climbing, football) Lumberjacks, blacksmiths, rickshaw-pullers, construction workers
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FIG.15. Activity monitor. This form is used for recording on an hourly basis the maximal (or minimal) activity during that hour using the levels obtained from the Recommended Dietary Allowances, in Table 20. 

As a final exercise we review the minutes of walking required to expend the calories in various foods (see Table18). When these records and the analysis were completed, our patients had obtained some understanding of nutrition, exercise, and the behavioral features of eating, and were able to achieve considerable degrees of weight loss by these techniques alone. Indeed, during the 10 weeks of this program many patients achieved weight losses of over 20 Ib
Drugs in the treatment of obesity
The drugs that have been used to treat obesity fall into several categories. The two most important are those that act on the central nervous system to suppress appetite (the amphetamines and related drugs) and the calorigenic agents, of which thyroid hormone is the most important clinical example. A third group of drugs consists of those agents postulated to increase fat mobilization. A fourth group of drugs acts at the level of intestinal absorption or, like cholecystokinin and glucagon, may be released by food intake and may act to reduce further ingestion of food. Finally, there are drugs for treating specific complications of obesity. For a discussion of the mechanism of the action of these drugs, the reader is referred elsewhere.
Appetite-supperessing drugs
The clinically useful appetite-suppressing drugs are listed in Table 21. All of them can increase lo-comotor activity and stimulate the central nervous system, but the relative potency differs greatly. Amphetamine and methamphetamine are the most potent, while fenfluramine hydrochloride is the least potent. The latter drug is both a stimulant and depressant. In experimental animals benzphetamine hydrochloride and d-amphetamine produce the greatest increase in spontaneous activity. Fenflur-amine and chlorphentermine hydrochloride on the other hand have almost no effect on locomotor activity. The appetite-suppressant effect of these drugs in monkeys is greater for amphetamine and methamphetamine than for the other drugs, which on a molar basis are only a third to a tenth as active.

Table 21.
Minutes of Walking to Burn the Calories in Various Foods

	Foods
	Calories
	Weight

	
	
	120 (Ib) mm
	160 (Ib) min
	200 (Ib) min

	Apple (1) 
	75
	21
	17
	14

	Apple Pie 
	330
	91
	75
	62

	Beer (12 oz) 
	170
	47
	38
	31

	Blueberries (cup) 
	84
	23
	19
	16

	Beef steak 
	300
	83
	68
	57

	Bologna (1 slice) 
	116
	32
	26
	22

	Biscuit (1) 
	130
	36
	30
	24

	Bread (1) 
	65
	18
	15
	12

	Broccoli (cup) 
	50
	14
	12
	10

	Cola (8 oz.) 
	100
	28
	23
	19

	Cereal cooked (cup) 
	165
	46
	38
	31

	Cheese (1 oz) 
	100
	28
	23
	19

	Chocolate cake 
	150
	42
	34
	28

	Egg 
	100
	28
	23
	19

	Flounder (4 oz) 
	78
	22
	18
	15

	Frankfurter 
	124
	34
	28
	23

	Hamburger and bun 
	400
	111
	91
	76

	Milk (whole) (8 oz) 
	166
	46
	38
	31

	Orange 
	106
	29
	24
	20

	Potato (baked) 
	100
	28
	23
	19

	Salmon steak 
	200
	56
	46
	38

	Strawberries (1 cup) 
	54
	15
	12
	10


Cardiovascular effects are frequently observed when these drugs are used. An increase in heart rate and an increase in blood pressure are the most common responses. Some of these drugs also produce metabolic effects. Amphetamine, methamphetamine/ phenmetrazine hydrochloride, and fenfluramine increase the concentration of free fatty acids or glycerol in the plasma. Fenfluramine seems to act like insulin at the adipocyte receptor, inhibiting lipolysis and increasing glucose utilization by the fat cell. Of the appetite-suppressing drugs, only mazindol appears to be without effect on lipid metabolism, indicating a different mechanism of action from that of the other drugs listed in Table 22.
Table 22.
Appetite-Suppressing Drugs Used in the Treatment of Obesity

	Schedule
	Generic Name
	Trade Names

	II
	d,1-Amphetamine  ethamphetamine Phenmetrazine
	Benzedrine and others Desoxyn and others Preludin

	III
	Phendimetrazine enzphetamine Chlorphenteramine Chlortermine Mazindol 
	Plegine Didrec Pre-Safe Voranil Sanorex

	IV
	Diethylpropion Phentermine Fenfluramine
	Tenuate, Tepanil lonamin (resin), Fastin Pondimin


*Assigned by the Drug Enforcement Agency 
In evaluating the clinical usefulness of these drugs two questions need to be answered: (1) Are they effective? and (2) Are they safe?

Effectiveness. The Food and Drug Administration (FDA) recently evaluated 105 drug applications submitted for marketing these drugs. The applications contain over 200 controlled studies of which about 160 trials compared placebo and active drug. The data analyzed by the FDA contained 4543 patients on active drugs and 3182 patients on placebo.37 In this group, the dropout rate was approximately 18.5% for the patients on placebo and 24% for patients with active drug in studies lasting 3 weeks, 4 weeks, or 6 weeks. At the end of the study period, whatever that duration might be (3, 4, 6, 8, 12, 20 weeks, or more), equal numbers of patients receiving placebo and active drug were retained (49% for placebo versus 47.9% for active drug). The weight loss averaged 0.56 Ib/week more for patients receiving active drugs than for patients receiving placebos.
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FIG 16.Weight loss treatment with an appentesupperessant.Weight loss is more rapid in the patients treatedwith the activi drun.
These same data can be examined diagrammat-ically by looking at the weight loss in pounds per week for patients on a placebo and those on an active drug (Fig. 16). It is clear that the patients receiving the placebo in this study lost weight, but the patients receiving the active drug lost significantly more weight. Thus, the effectiveness of am-phetaminelike drugs is significantly greater than that of placebo. Analysis of the data from the studies, which compared two active drugs, revealed no significant differences between any of the drugs in Table 22. Thus, in clinically effective doses, there is little to choose between these compounds in terms of effectiveness for weight loss or the duration over which this weight loss could be induced.

The long-term effectiveness of these drugs, however, has never been established. The longest trials in which effective numbers of patients were retained in the placebo and drug treatment groups was 50 weeks. In most studies, however, the dropout rate was too high after 16 to 20 weeks to allow effective evaluation. The data on studies of up to 20 weeks suggest the possibility that these drugs might retain their ability to reset the internal control systems that regulate body fat at a lower level for a prolonged period of time.

Safety. The safety of these agents has also been the subject of considerable discussion. The possibility of enhanced mortality in patients receiving diet pills was brought forcefully to public attention in 1967. The agents incriminated were usually amphetamine, thyroid, diuretics, and laxatives. In some patients, it would appear that potassium deficiency and the ensuing hypokalemia may have been a major factor leading to death. However, one review of deaths using amphetamines and thyroid in "reasonable doses" could find no evidence for increased mortality. An equally serious problem is the potential for development of tolerance and the possibility of drug abuse. Indeed, it is the problem of habituation and addiction that has led to the current reassessment of value of these drugs in the treatment of obesity. Drug abuse has been reported for amphetamine, methamphetamine, and phen-metrazine. Claims of drug abuse for other members of this class are less frequent.

In addition to the potential for abuse, there are a number of side-effects.4 The two most prominent are insomnia and dry mouth The other effects occur in small numbers with the exception of depression and diarrhea, which occur mainly with fen-fluramine.

From the previous discussion, it is clear that these agents can be effective as adjuncts in the treatment of obesity. Their usefulness depends on employing them as part of a total program for treatment of obesity. Several rules would appear to be applicable to their use. First, the drug abuse potential is higher for those compounds in Schedule II (Table 20), and it would thus appear more reasonable to select a preparation classified in Schedule III or IV in which drug abuse potential is less. Some of these drugs have been used with apparent effectiveness in children and in pregnancy. Fenflura-mine, chlorphentermine, and diethylpropion hydrochloride, for example, produce no statistically significant reduction in linear growth velocity of children treated over a period of one year. For the present, however, it would be wise not to use these drugs in pregnant women.

Among the group of compounds listed in Table 20, the last three appear to merit initial consideration in the treatment of obesity. Diethylpropion may be the first choice, with phentermine, fen-fluramine, and mazindol in second place. Among patients with a history of depression or mental illness, mazindol and diethylpropion would merit first choice; fenfluramine should probably not be used. Among diabetics, fenfluramine may be the drug of choice. Among hypertensive patients, mazindol or diethylpropion appear to merit first consideration. The potential of intermittent or interrupted courses of therapy should be kept in mind. Interrupted courses of therapy lasting for 3 weeks to 6 weeks with discontinuation for a period half or more the length of the original period of treatment have been reported. Because of the tendency in some patients to postdrug depression, intermittent therapy with fenfluramine is inadvisable.

Gastrointenstinal hormones
Cholecystokinin and its synthetic terminal octa-peptide have been demonstrated to decrease food intake in both rats and monkeys. On the basis of these observations, cholecystokinin was proposed as the short feedback loop for appetite suppression. Studies in humans, however, have been variable. Both intravenous infusions of cholecystokinin and bolus injections of the synthetic octapeptide sub-cutaneously or intravenously prior to eating failed to reduce food intake in humans in spite of the development of GI side-effects. However, when infusion was begun 12 min after the start of the meal, a small reduction in food intake was observed.

Calorigenic drugs
Thyroid Hormones. Weight loss in obese patients treated with triiodomyronine or with thy-roxine is more rapid than with a placebo. In one study, doses of each hormone were gradually increased to tolerance. The patients receiving either thyroid preparation lost weight steadily, but the patients with placebo did not. The mechanism for this enhanced weight loss during treatment with thyroid hormones resides in two effects: (1) increased oxygen consumption and (2) increased protein catabolism. Within the first days after hormone administration, there is increased excretion of nitrogen with onset of a negative or increased negative nitrogen balance. This effect persists for at least 30 days, although it reaches its peak within the first 10 days. Whether nitrogen balance returns to normal after long-term treatment with small doses of thyroid hormone is not known. Two recent studies have shown that the loss of nitrogen can be prevented. In one of these, anabolic steroids and growth hormone were used to prevent the loss of nitrogen induced by treatment with triiodothyronine.13 Prevention of the negative nitrogen balance with these drugs did not reduce the consumption of oxygen. Thus, under these conditions, all of the incremental calories were coming from the catabolism of fat. In the other report, the loss of nitrogen was prevented by increasing the dietary intake of protein. The effects of 180 mg and 540 mg of desiccated thyroid on nitrogen balance were examined in four patients on a 600-Cal or 1200-Cal diet. The rate of weight loss was comparable using 180 mg thyroid with a 600-Cal intake or a 1200-Cal diet and 540 mg thyroid. The nitrogen balance was maintained in both groups, but the authors felt that the patients were happier on the higher dose of thyroid.

Approximately two thirds of the increment in oxygen used during T3 administration is related to the catabolism of fat and the remaining one third is related to the catabolism of protein. In terms of weight loss, however, more than two thirds of the increment is due to breakdown of lean body mass. As the initial burst of protein catabolism subsides, weight loss declines.

A potentially dangerous side-effect of thyroid hormone is the change in chronotropic and ino-tropic properties of cardiac muscle. Although the mechanism for these effects is not known, it is clear that treatment with thyroid hormones will increase the mass of the heart in experimental animals, and probably in humans as well. Since obesity itself increases the work of the heart as well as its size, the added cardiac load imposed by treatment with thyroid hormones could be detrimental. Indeed, the deleterious cardiac effects of D-thyroxine (a pharmacologic isomer of the naturally occurring L-thyroxine) observed when D-thyroxine is used to lower serum lipids in patients with atherosclerosis have led to its withdrawal from the trial of agents used in a coronary drug project. This project dealt with patients who had already had a myocardial infarct, and hence the conclusions may not apply to normal people.

Finally, any beneficial effect of treatment with thyroid hormone must be evaluated in terms of long-term weight loss as compared to other modes of treatment which do not use thyroid hormones. From the data in the literature, an average of 25% of patients treated with diet alone will maintain a weight loss of more than 20 Ib at the end of one year. Two reports have followed-up patients previously treated with T3 initiated in low doses and increased stepwise. In one study the patients were started on treatment in the hospital. When they were reevaluated two years later, 12% had maintained a weight loss of 20 Ib or more, and 6% had maintained a loss of more than 40 Ib; only one of 199 patients had approached ideal weight.4 This outcome was no better than that achieved with diet alone. A similar conclusion was reached in another study where 55 patients were treated in two groups. Four of 28 in one group had maintained a 40 Ib weight loss one year later. Although one can look at these data as an indictment of all forms of therapy in obesity, there is a positive side. By the use of techniques of nutritional modification, manipulation of eating habits, and patterns of exercise, weight can, indeed, be lowered in a significant number of patients by sympathetic clinical management without use of drugs.

Drugs posnulated to increase fat mobilisation
Human Chorionic Gonadotropin. Human chorionic gonadotropin (HCG) is formed by the placenta of some mammals. It is released into the serum and is excreted in the urine during pregnancy. The blood concentrations or urinary levels can be used as a diagnostic test for the presence of pregnancy and for some forms of abnormal pregnancy. The biological functions of HCG are similar to those of luteinizing hormone (LH) secreted by the pituitary. During pregnancy, HCG functions to maintain the corpus luteum, which produces the steroidal hormones, including progesterone. The chemical preparations of HCG that are sold are impure and contain minute amounts of a number of other substances in addition to HCG. The drug has been approved for treatment of menstrual dysfunction and use in threatened abortion but has not been approved for treatment of obesity.

The safety of HCG at the doses that are used for treatment of obesity has rarely been questioned. The major question is whether this agent is effective as a treatment for obesity. A number of clinical trials have been performed to answer this question. Most of the studies were randomized double-blind trials. A review of the published studies provided little support for the concept that HCG is an effective agent in the treatment of obesity.22 Few would contest however, that adhering to a 500-Cal diet for 40 days would be expected to produce a weight loss approximating .5 Ib/day (200 g) or more. In summary, then, injections of HCG have not been shown to be associated with a greater weight loss than placebo in obese patients eating a 500-Cal/ day diet.22 It is worth noting that the placebo-treated patients in this and other studies with HCG or placebo injections have rates of weight loss exceeding the results from almost all other studies using either behavioral, dietary, or pharmacologic techniques.43

Surgery in Treatment of Obesity

Two considerations provide the rationale for surgery as a treatment for obesity.5-17 First, the success of most conservative methods for treating obese patients has a low yield; and second, the risks of morbidity and mortality in the grossly obese, as has been discussed earlier, are substantial.

The indications for surgical intervention has been defined in many papers.5 Most operations should be reserved for patients who are substantially overweight (i.e., more than 50 kg [110 Ibs] above desirable weight), although this may not apply to jaw wiring. Patients with such complications as diabetes mellitus, hypertension, pulmonary alveolar hypoventilation (the pickwickian syndrome), and serious orthopedic problems may qualify at a somewhat lower weight limit because these problems are likely to be ameliorated by weight loss. There is a feeling that intestinal operations on patients who are over 50 years of age may be more hazardous because of the increased difficulties in adjusting to the consequences of these surgical procedures. Patients should have faithfully tried other means of losing weight and failed on more than one occasion before being accepted for high-risk surgery. Some authors have suggested that a stable adult life-style and emotional stability are desirable, but this contention is not supported by psychiatrists who have dealt with these patients.

Intenstinal bypass
Several major operative procedures are now in use. There are two major types of intestinal bypass. In one operation the end of the distal segment of the jejunum is attached to the side of the ileum near the ileocecal valve (end-to-side or Payne operation) . The other operation anastomoses the distal end of the jejunum to the end of the ileum and drains the defunctionalized bowel into the colon with an ileocolonic anastomosis (end-to-end or Scott operation). Recently, a modification has been introduced in which the upper end of the defunctionalized intestine is anastomosed to the gallbladder. This reduces the diarrhea.

Weight loss after intestinal bypass seems to occur for two main reasons: (1) a decrease in food intake and (2) malabsorption of ingested calories. The reduction in food intake can account for most of the weight loss observed in patients who have had an intestinal bypass. Malabsorption also occurs after intestinal bypass surgery. There is a decrease in the intestinal absorption of fat, nitrogen, carbohydrate, vitamins, and minerals (inorganic molecules). The loss of calories in the stools rises from 131 Cal/day preoperatively to a maximum of 593 Cal/day post-operatively, and this produces a small increase in the rate of weight loss. (A net deficit of 450 Cal/ day in the stool accounts for a weight loss of 58 g adipose tissue/day.)

Intestinal adaptation has been measured by his-tological and physiological methods. There is increased turnover of cells in the intestinal crypts. The decline in absorption of vitamin B12, D-xylose, and oxalate immediately after surgery is followed by a gradual increase in absorption. Bile-acid metabolism is also altered. Initially, bile becomes more lithogenic, but lithogenicity gradually returns to normal, usually within 6 months after surgery. The loss of bile acids in the stool may contribute to the diarrhea in these patients. The adaptation of intestinal function may account for the decline in the diarrhea and slowing of weight loss as the months pass after surgery.

The benefits of an intestinal bypass procedure can be summarized under three headings. First, there is weight loss that is usually permanent. The second benefit of this operative procedure is an improvement in psychosocial function. Major adjustments may be required of the patient during the postoperative period, and these commonly have emotional repercussions. The patients usually show greater self-confidence and self-esteem, and this changed mood may become a source of friction with spouses or parents. However, this surgery may also serve to break the vicious cycle of unrelieved ineffectiveness, guilt, and resignation, and may facilitate new hopes and new constructive adjustments in these patients. Improvement in risk factors for cardiovascular diseases is a third benefit of intestinal bypass surgery. There is a decrease in blood pressure, a decline in insulin requirements, and a decrease in serum cholesterol and triglycerides.

The list of complications following this operation has grown steadily longer. It now includes not only those problems associated with the surgery itself, but a growing list of medical complications resulting from the altered anatomy produced by this surgery.

The overall mortality following surgery is approximately 2.8% for the series of 6518 patients in the literature.This figure varies from no deaths in smaller series to over 11 % in other series. In addition to operative mortality, there are many other surgical complications including pulmonary embolism, serious wound infection, GI hemorrhage, renal failure, and pancreatitis.

All patients who have had a jejunoileostomy develop diarrhea. In the early postoperative period, liquid stools may range from 8/day to 20/day or more and may produce rectal irritation and associated hemorrhoidal pain. There is a gradual decline in the frequency and severity of this problem. By 6 weeks following surgery stools usually range between 4/day and 15/day, and by 6 months this figure usually has decreased to between 2/day and 6/day. The diarrhea can be controlled by one of several methods, including bulk, or fiber in the diet, laxatives such as psyllium seed extracts which absorb water, the use of calcium salts (calcium carbonate), or the use of diphenoxylate (Lomotil).

Malnutrition of variable degree occurs in all patients and is produced by the malabsorption of many nutrients. Hypoproteinemia may be profound in some patients, and serum albumin declines in all. In our patients this decline was approximately 20% from preoperative levels. There is also increased fecal excretion of nitrogen and impaired absorption of amino acids from the intestine. Malnutrition also is manifested by vitamin deficiencies. The absorption of vitamin BJ2 is uniformly impaired, and plasma concentrations decline. Plasma levels of vitamin A and vitamin E also are reduced, and night blindness may be a problem in these individuals.

Another manifestation of malnutrition and malabsorption is the loss of electrolytes in the stools. Potassium loss is particularly prominent and may be associated with profound hypokalemia and symptoms of weakness. If diarrhea is severe, losses of calcium and occasionally magnesium also can be significant, and tetany has been reported in a number of patients. Excretion of fecal fat also increases and may account in part for the increased loss of calcium, which is complexed with fatty acids in the stools.

Malabsorption of carbohydrates has been demonstrated by the decreased absorption of D-xylose. Segmental absorption of glucose also may diminish. There now is convincing evidence that these early problems with malabsorption and its associated malnutrition eventually lead to intestinal adaptation with increased absorptive capacity in the remaining intestinal segment. There also is an increase in the length of the colon as the quantity of undigested foods entering this organ rises.

Pregnancy in the first year following intestinal bypass surgery is frequently associated with an exacerbation of the problems of malnutrition. The presence of a fetus with its demands on the mother can lead to the precipitation of nutritional deficiencies that might not have surfaced otherwise.

Liver disease is one of the most perplexing postoperative complications. The majority of obese patients have abnormal liver function preoperatively, and most get worse postoperatively. However, only a small number of them go on to develop cirrhosis and progressive liver failure. Tests of liver function, such as the serum transaminase and alkaline phos-phatase, rise in the early postoperative period and have not proven useful as a guide to the severity of the liver problem. Liver biopsies have shown that between 1 month and 6 months after surgery, fat is frequently increased. There also may be a deterioration in the histologic appearance of the liver. However, this usually improves slowly, but it is uncommon for liver histology to return to normal. A number of hypotheses have been proposed for the development of liver disease, including the following: (1) protein deficiency, (2) deficiency of choline, (3) inadequate absorption of the essential amino acids, (4) formation and absorption of excess quantities of lithocholic acid, (5) endogenous formation of ethanol, (6) deficiency of vitamin E, and (7) formation of toxic bacterial products. Recent evidence has provided support for the latter hypothesis. When bypass patients are treated with metronidazole, an antibiotic which is primarily active against anaerobic microorganisms, the development of liver abnormalities can be prevented.

Two syndromes of bacterial overgrowth have been described. The first of these has been called pseudo-obstructive megacolon. It presents clinically with intermittent abdominal swelling and distention and usually has its onset one or more years after the bypass. The intestine can distend so much that abdominal girth may increase 7.5 cm to 12 cm (3 in—5 in) in a matter of an hour. Air fluid levels may be detected on x-ray film, with a picture of obstruction that is relieved by intubation or with the passage of gas and stool rectally. This syndrome appears to be related to anaerobic organisms in the small intestine and colon, and temporary relief may be produced by antibiotics effective against the anaerobic organisms. A second syndrome, so-called bypass enteropathy, consists of fever, abdominal pain, and bacterial growth in the intestinal segment. This appears to be a less common problem than that associated with pseudo-obstruction.

Urinary calculi have been reported with a frequency varying between 0.3% and 30%. The mechanism for the increased stone formation appears to reside in the increased absorption of oxa-lates. Following intestinal bypass surgery, increased amounts of fatty acids are complexed with calcium and excreted in the stool. Thus, calcium that would normally be available in the intestine to bind oxalate is complexed with fatty acids, and more oxalate is in the soluble form in which it can be absorbed. There are now several techniques for increasing oxalate loss in the stool, thereby decreasing its absorption. Among these are the administration of calcium, the use of a low-fat diet, and administration of antacids, particularly the aluminum oxide variety. This, accompanied with an increased urine volume, can serve as satisfactory techniques for diminishing the likelihood of developing oxalate stones. Unfortunately, some patients develop intrarenal deposits of oxalate, and renal impairment may result.

Artritis
Polyarthritis with migratory arthralgia has been described in up to 6% of patients with bypass. These symptoms are usually associated with pain, but only rarely does joint swelling and effusion occur. Fingers, knees, and ankles may be involved. Rheumatoid factor, antinuclear factor, and lupus erythematosus (LE) cells have not been detected. In one recent study, however, cryoprotein complexes against E. coli and B. fragihs were found in the circulation of three patients with intestinal bypass. These antigens may serve as the basis for an inflammatory response in the synovium of the joint.

Reanastomosis and restoration of intestinal continuity is done for many reasons in fewer than 10% of patients. Severe liver disease, inability to live with the intestinal bypass, and inability to solve the problems of pseudo-obstructive megacolon included the reasons for reanastomosis.

As the number of patients having an intestinal bypass has increased, the enthusiasm for this procedure as a treatment for obesity has declined somewhat. The mortality from this form of therapy far exceeds that of all other forms of treatment of obesity, including diet pills, treatments with thyroid hormone, "shots," and other medications. Whether the prolongation of life after this operation is significant has not been clearly established. However, it does appear from the careful psychiatric studies that the quality of life for the obese bypass patient is improved. It is, therefore, our opinion that intestinal bypass surgery is justified for some of the grossly obese persons who are severely impaired in their social or medical function.

Gastric bypass
Several gastric operations provide a second surgical approach to obesity. These procedures, like the intestinal bypass described above, involve rearrangement of the GI tract. Two approaches have been used. The first transects the stomach a short distance below the esophagus, connects the smaller upper pouch to the jejunum, and closes off the larger gastric pouch, which drains normally into the duodenum. The size of the upper gastric pouch is designed to approximate 50 ml to 60 ml. When it is filled with food, the patient feels full and cannot eat more. The second surgical approach to preparing a small upper gastric pouch is called a gas-troplasty. In this operation, a small channel is constructed between a small upper and large lower gastric segment.30

The gastric bypass for obesity shares some of the problems of intestinal bypass surgery but is free of a number of the metabolic complications. Mortality from gastric bypass ranges in the neighborhood of 3% but varies from one institution to another. Following this form of surgery, the patient may need reoperation for the various problems that can arise from marginal ulcers and obstruction. There

is also the problem of estimating the size of the pouch that has been constructed.

The metabolic problems, which have plagued the intestinal bypass operations, do not appear to occur after gastric bypass. Thus, liver failure, oxalate renal stones, problems with bacterial overgrowth in the defunctionalized bowel, and malabsorption and malnutrition do not appear. The long-term problems of the gastric bypass, however, await more complete studies.

Vagotomy
Vagotomy is the most recent surgical procedure that has been tried for patients with obesity. In experimental animals with obesity following injury to the ventromedial hypothalamus, a subdiaphrag-matic vagotomy has been found to reverse obesity. This experimental observation suggested the possibility that vagotomy might work in human obesity. A small group of patients having this procedure has now been studied with promising results. The first three patients all lost weight at the rate of 10 kg/month for the first few months after surgery. In a larger series of ten patients from the same clinic, nine out of the ten had a successful loss of weight. The surgeon reported that the patients did not experience hunger during the postoperative period. These findings open the door to a new surgical approach to obesity.
Jan wiring
Preventing a patient from ingesting solid food by occluding the teeth with wires can facilitate weight loss. This technique utilizes the methods developed for treating patients with broken jaws. When the wires are in place, the patients can only ingest liquid foods. With this procedure there has been successful weight loss during the time when the jaws are wired shut. However, weight is usually regained after the wires are removed. In one clinic, jaw wiring is performed as an initial way of helping patients lose weight before a surgical bypass is performed. This combination of surgical modalities in treatment of obesity has potential merit.
Dietetic therapy at diseases of bodies of breath. Dietetic therapy at a food allergy and food intolerance. Dietetic therapy of surgical patients
The role of nutritional support in respiratory failure is all too frequently ignored. Maintenance of LBM and repair of protein deficiency in the somatic and visceral compartments are vital not only to patient survival from the frequently accompanying respiratory sepsis, but for support and improvement of respiratory mechanics. Other than in the somewhat unique situation of the Pickwickian syndrome, where ketosis has been shown to increase sensitivity to an elevated pCO2, maintenance of the fed state (with calorie intakes in excess of 1,000 Cal/day) in respiratory-failure patients is beneficial both in terms of central response to anoxia and in support of the primary and secondary muscles of respiration.
The appropriate fuel mix for patients with respiratory failure presents a complicated picture. In patients with problems of adequate oxygenation, reliance primarily on glucose appears to be appropriate. In some studies fat emulsions appear to decrease oxygen diffusion across the alveolar-capillary membrane, but no clinically significant detrimental effect of using fat emulsions in respiratory failure has been demonstrated in adults.42 Glucose consumes less oxygen per calorie than does fat. However, more CO2 is produced per calorie when using glucose rather than fat as a fuel source.

In patients with CO2 retention due to hypo-ventilation, manipulation of the respiratory quotient (RQ = CO2 production/O2 consumption) by altering the mix of fuels used for energy can be beneficial in ranges of carbohydrate feeding above 1000 Cals/day. This can be accomplished either by substituting exogenous fat calories for carbohydrate calories or by decreasing caloric intake to allow utilization of endogenous fat. The respiratory quotient when burning triglycerides is in the range of 0.7, for amino acids 0.8, and for glucose oxidation 1. As one approaches and exceeds the patient's metabolic expenditure with glucose feedings, net de novo lipogenesis from glucose becomes an important factor, as the RQ of conversion of glucose to long-chain fatty acids is in the range of 9. Hence patients who are overfed glucose in excess of metabolic requirements can have an RQ greater than 1, often as high as 1.25 or more.48 This can be a cause of continued CO2 retention and can precipitate respiratory failure in patients previously at borderline compensation.

Metabolic requirements in respiratory failure, in terms of protein and energy needs, should not be neglected. Deitel has shown improved ability to wean respiratory-dependent patients with effective nutritional support.26 A caloric intake slightly under the estimated resting metabolic expenditure will avoid the possibility of excess CO2 production owing to overfeeding and will minimize the hyper-catabolism caused by the hyperalimentation itself. Both increased C02 production and increased hy-percatabolism in the severely stressed patient limit carbohydrate feeding to a range below 5 mg/kg/ minute in a 70-kg adult.93

Immunology

It is estimated that roughly 100 million children under 5 years of age currently are moderately or severely malnourished. Malnutrition, it must be remembered, is a problem of the developed as well as the developing world. Although primary protein—calorie malnutrition (PCM) is not commonly seen in hospitals in the United States, physicians are becoming increasingly aware of the existence of such malnutrition, which may be secondary to other disease states such as renal, hepatic, or car-diopulmonary disease. Such secondary nutritional deficits must also be considered when evaluating the nutritional status of children throughout the world. In this chapter we will focus on children, as a particularly vulnerable fraction of human populations.

Classification of Protein-Calorie Malnutrition Weight and heigt criteria
Gomez and colleagues, in 1955, were among the first to define malnutrition in terms of deficits in weight-for-age.27 Using local standards, they defined first, second, and third degree malnutrition in terms of 75% to 90% of weight-for-age, 60% to 75% of weight-for-age, and less than 60% of weight-for-age, respectively. Over time, Gomez's classification has been modified. Instead of using local standards as a basis for comparison, internationally accepted standards derived from the mean weights and heights of healthy children from North America or Europe are used. Inasmuch as there is little or no evidence that genetic differences affect growth potential during the early years of life, the norms of developed countries are considered applicable to any community where malnutrition is presented.

Height-for-age and weight-for-height, however, are often more useful tools for defining an individual's nutritional status than is weight-for-age, which does not take into consideration the height deficit caused by chronic malnutrition. The child who has a decreased weight-for-height is wasted or acutely malnourished, while the child who has a decreased height-for-age is stunted or chronically malnourished. Waterlow has developed criteria for grading children in terms of acute and chronic malnutrition. Children who are 80% to 90%, 70% to 80%, and less than 70% of weight-for-height are classified as having evidence of acute malnutrition, grades one, two, and three, respectively. Children who are 90% to 95%, 85% to 90%, and less than 85% of height-for-age are classified as having evidence of chronic malnutrition or stunting, grades one, two, and three, respectively. Studies from several developing countries have shown that both wasting and stunting are commonly seen in children between the ages of 1 year and 2 years. By 3 years or 4 years of age, children who may still be underweight for age are largely stunted rather than wasted. In other words, they have stopped growing linearly but are of normal weight-for-height.

Marasmus and Kwasyiorcor
The severely malnourished child with marasmus or kwashiorkor has an increased morbidity and mortality secondary to his response infection. Children develop marasmus as a result of severe deprivation of both protein and calories. They clinically present with growth retardation, weight loss, muscular atrophy, and loss of subcutaneous tissue. Children develop kwashiorkor as a result of acute protein loss or deprivation. Their contrasting clinical picture is characterized by edema, skin lesions, hair changes, apathy, anorexia, an enlarged fatty liver, and decreased serum total protein. These children have abundant subcutaneous fat, recover rapidly on a high-protein diet, and are generally older than those with marasmus. Serum proteins, including transferrin, albumin, lipase, amylase, esterase, and others, are significantly depressed in children with kwashiorkor. Children with maras-mus-kwashiorkor have clinical and biochemical parameters somewhere between those with marasmus and those with kwashiorkor.

Children with primary and secondary PCM have nutrient deficits of protein and calories, as well as vitamins and minerals. Their nutrient status is often further confused by superimposed infection. Deficiencies of such nutrients as iron, folate, pyridoxine, vitamin A, protein, and calories have been associated with alterations in the immune response. However, in discussing changes in the malnourished child's immune parameters, one cannot unambiguously associate these with any specific nutrient deficiency. One can only initially document the changes in the immune response, and then determine whether the changes are indeed reversible with improved nutrient intake.

Infection and Malnutrition

It is well accepted that the malnourished child is more in jeopardy from the consequences of infection, and that infection is a major stress factor in the increased morbidity and mortality associated with PCM. Infection is itself often a major factor in precipitating acute nutritional deficiencies. The mechanisms by which infection worsens nutritional status include a reduced appetite, a cultural tendency for solid foods to be withheld, especially those of animal origin, increased urinary nitrogen losses, and decreased nitrogen absorption when infection involves the gastrointestinal (GI) tract.

A child's weight gain during the first 4 to 6 months more or less follows the Harvard Standard. Thereafter, the child in the developing world more frequently experiences recurrent infections that result in a plateauing of his weight and height. During the period when there is no significant weight gain, there is usually no increase in height, and the child's weight-for-height remains unchanged. However, with the recurrent acute infections and actual weight loss, a decrease in weight-for-height results and signifies a worsening of the child's nutritional status.

It is now realized that even the mildest infectious diseases lead to increased urinary nitrogen excretion. The increased nitrogen excretion results mainly from increased mobilization of amino acids from peripheral muscle for gluconeogenesis in the liver, with deamination and the excretion of nitrogen in the form of urea. Unless the loss of nitrogen is compensated by increased dietary intake, depletion will occur and precipitate a kwashiorkorlike syndrome. 
Malnutrition and the Immune Response

Clinical observations suggest that the malnourished individual's immune system may respond to infection differently from that of the well-nourished individual. An organism that may be relatively harmless to the well-nourished child may give rise to a severe or even fatal infection in the malnourished child. When localized infection spreads in a child with PCM, it does so with the development of gangrene and not suppuration.52 Children with PCM also tend to develop gram-negative septicemia.41 Several host defenses have been implicated as being affected in the malnourished child. These include (1) the cell-mediated immune (CMI) response, (2) the humoral immune response, (3) the phagocytic and killing function of leukocytes, and (4) the complement system.

The cell- vediated immune persone histological changes
Jackson was the first to call attention to the lymph-oid atrophy associated with severe PCM.29 He noted at autopsy that children with kwashiorkor had atrophied thymus glands represented by only a few strands of tissue. In addition to atrophy of the thymus, lymph nodes, and tonsils, the spleen appeared to be smaller in malnourished children.38 Mugerwa found that the thymus weights from ten children who had died of kwashiorkor were significantly less than those from a control group of patients.38 Histologically, the malnourished thy-muses had marked depletion of all small lymphocytes and consisted principally of reticular and epithelial tissue. There were only a few, poorly formed Hassall's corpuscles and no distinction between cortex and medulla. In addition, Mugerwa noted similar changes in peripheral lymph nodes. Not only were abdominal lymph nodes decreased in number, but they also showed evidence of a reduced follicular size as well as depletion of the paracortical areas. Lymphoid follicles were significantly smaller in the appendix and spleen of the malnourished children than of the well-nourished controls. In addition, lymphoid follicles from the malnourished often lacked the normal cuff of small lymphocytes.

Smythe and co-workers, who examined 47 children dying of kwashiorkor and 29 dying of marasmus, noted that the thymuses were abnormal in all of the kwashiorkor cases and in 92% of the cases of marasmus.52 Douglas and Schopfer also described marked atrophy of the malnourished thymus, which contained very few typical Hassall's corpuscles.18 Smythe and co-workers also noted significant changes in the spleen weight of the marasmic cases, finding that the spleens weighed only 70% of the control weights, while the spleens of the children with kwashiorkor weighed only 54% of the controls.52 Histologically, there was marked reduction in germinal center activity in 90% of the cases of kwashiorkor and in 78% of the cases of marasmus. Seventy percent of the cases with kwashiorkor also demonstrated depletion of the lymphocytes in the paracortical and periarteriolar areas, both of which are thymus dependent. Chandra and Smythe and colleagues demonstrated decreased adenoid and tonsillar tissue in children with PCM.7-52 In addition, Smythe and colleagues observed a significant reduction in the size of the Pey-er's patches in the appendix.52

A number of investigators have demonstrated moderate lymphopenia in children with PCM.7 Chandra found that 50 of 90 malnourished children had total lymphocyte counts of less than 2500/ mm3.7 Douglas and Schopfer, who also reported peripheral lymphopenia, described an increased number of "plasmacytes" as identified by electron microscopy in the peripheral blood.18 Occasional lymphoblasts were also described. Inasmuch as the peripheral lymphocytes responded to the poke-weed mitogen, which is characteristic of B cells, one might conclude that the unusual findings in the peripheral blood may be due to the presence of activated B cells. One might conclude from the information to date that PCM may have a differential effect on subpopulations of lymphocytes, as suggested by the findings of at least partial preservation of the thymus-independent or B cell areas as well as the finding of normal plasma cell numbers in the lymph nodes and spleen. One might, therefore, conclude that based on those studies alone the cellular immune function would be more severely affected than humoral function in patients with PCM.

The etiology of the changes in the lymphoid tissue is not clearly understood. It is obvious that cell division and proliferation are severely restricted. The concentrations of certain hormones, such as thyroxine, epinephrine, and steroids, which are all capable of having significant effects on lymphocytes and lymphoid tissue, are all altered in PCM .

In vivo cell- vediated immune changes 
In 1958 Jayalakshami and Gopalan were the first to note that the percentage of positive tuberculin skin tests was significantly lower in children with PCM than in a control population.30 They were also the first to suggest that nutritional rehabilitation could lead to a repair of a defective skin test response. Harland and Brown found that children whose weight-for-age was less than 80% of standard had significantly smaller tuberculin skin reactions following BCG immunization than did well-nourished controls.28 Lloyd also noted that only 11 of 51 children (22%) admitted to the Kampala Hospital in Uganda with severe malnutrition and active tuberculosis were tuberculin skin-test positive as measured by Heaf test.36 However, this defect appeared to be relative. When 40 of the children who were negative were rechallenged with 100 TU of old tuberculin, 18 subsequently had positive skin tests.

Subsequently, there have been several reports describing a defective delayed cutaneous hypersensitivity (DCH) response when children with PCM were challenged with a battery of recall antigens, including Tricophyton, streptokinase-streptodor-nase, diphtheria, Candida albicans, and PPD.21 Ge-efhuysen and co-workers demonstrated a significantly impaired DCH response to diphtheria and Candida in children with varying degrees of kwa-shiorkor. After 21 days of nutritional support, positive responses were obtained in all 10 children when challenged with Candida skin testing and in 12 who had been tested with diphtheria antigen. Work and colleagues found a significantly depressed DCH reaction to Candida in children with kwashiorkor, with the greatest impairment found in those who were most severely malnourished.56 He also noted a reduced skin-test response in undernourished children with growth retardation, but with normal serum albumin concentrations. Chandra has reported that the majority of Nigerian adults with pulmonary tuberculosis and evidence of malnutrition have negative skin-test responses to 5 TU of PPD, with the size of the induration correlating significantly with serum transferrin and albumin levels.13 Investigators have noted improved subcutaneous hypersensitivity responses after nutritional repair.7

Some investigators have also demonstrated significant impairment of the primary DCH response in children with PCM. Chandra noted that only 22% of patients with PCM converted after BCG vaccination as compared to 72% of controls.7 Sinha and co-workers noted a decreased tuberculin response after BCG in children whose weight-for-age was less than 60% of standard.50 Keilman and colleagues noted that a group of nonhospitalized clinically normal children who had decreased body weight-for-age had impaired BCG tuberculin sensitivity when immunized as malnourished children.33 This deficit improved after nutritional repair. Smith and co-workers found significant impairment of both the inflammatory response and recall challenge to dinitrochlorobenzene in children with PCM, with marasmic patients responding less than those with marasmus—kwashiorkor.51 Work and colleagues noted a correlation between the severity of the PCM and depression of the dinitrochlorobenzene reactivity, with significant improvement occurring in response after the initiation of nutritional therapy.57

To evaluate the inflammatory response in children with PCM, 2 mg dinitrofluorobenzene (DNFB) was applied to the forearms of 30 children on admission to the hospital.22 Five additional children were studied on hospital day 15, and 8 were studied on day 56 (see Table 23). 
Table 23 .
Cutaneous Inflammatory Response to 2 mg Dinitrofluorobenzene (DNFB)

	Day Tested
	Number of Patients
	Skin Response

	
	
	Positive
	Negative

	1
	30
	4(13%)
	26

	15
	5
	3(60%)
	2

	56
	8
	6(75%)
	2


The presence or absence of erythema and induration was determined 2 days after application of DNFB. Of children studied with DNFB on admission, only 4 of 30 (13%) had positive inflammatory responses, with 6 of 8 (75%) of children on day 56 having positive responses (p < 0.01). The results of this initial study indicated that the children with PCM were unable to develop a normal inflammatory response, whereas nutritionally recovered children were able to respond.

Next, the ability to sensitize PCM patients with 2 mg DNFB was evaluated. Ten children sensitized with DNFB on day 1 and all of the children sensitized on days 15 and 56 were rechallenged on day 72 with 100 xg DNFB (see Table 24).
Table 24.
Attempt to Sensitize PCM Patients Against 2 mg Dinitrofluorobenzene (DNFB)

	Day of Sensitizing Dose Application  
	Number of Patients
	Skin - test Response

	
	
	Positive
	Negative

	1
	10
	2+
	8

	15
	5
	1
	1

	56
	8
	7+
	-


*Skin test dose of 100 g DNFB applied on day 70 and read on day 72 tSignificantly different (x2 = 4.7; p < 0.05) From Edelman R, Suskind R, Olson RE et al: Mechanisms of defective   delayed   cutaneous   hypersensitivity  in  children  with  protein-calorie malnutrition. Lancet 1:506-508, 1973

 Of those sensitized on admission only 2 (20%) recalled the initial sensitization while 7 (87%) of the 8 children sensitized on day 56 recalled the challenge on day 72 (p < 0.05). The results of this study suggest that most children with severe PCM have circulating lymphocytes that cannot be sensitized. However, noncomitted lymphocytes that can be sensitized are regenerated with nutritional repair.

Most children with severe PCM are not able to recall prior sensitization to a foreign antigen. However, because of the depressed inflammatory response, it is difficult to determine whether the decreased skin-test reactivity is secondary to a depressed recall phenomenon or to the depressed inflammatory response itself.

In summary, most studies to date have demonstrated that varying degrees of malnutrition impair the DCH response. However, with nutritional rehabilitation the defects in DCH are readily reversible.

In vitro-cell responses
Peripheral T-cell Numbers. Several reports have documented decreased peripheral blood T cells in children with PCM.4 T cells may be identified operationally by their ability to bind spontaneously to sheep red blood cells (SRBC), forming a rosette. Chandra was the first to describe the profound depression in peripheral T-cell levels in Indian children with PCM.8 He found a significant correlation between the degree of weight deficit and depressed T-cell levels. With nutritional rehabilitation, the mean level increased from 23% to 60% with the control level being 71%. Ferguson and colleagues found a similar depression in T-cell levels in Ghanaian children with marasmus or kwashiorkor.25 The admission T-cell level rose from 16.6% to normal levels within 7 to 17 days after the starting of a high-protein, high-carbohydrate diet.

Kulapongs and co-workers likewise found that the severe T-cell depression returned to normal within 29 days of initiation of nutritional therapy (Fig. 17).35 Although Schopfer and Douglas found no significant difference in the percentage of T cells in children with PCM as compared to controls, the absolute number of T cells in the malnourished children was significantly depressed.44 While most reports indicate that depression of T-cell number is the rule rather than the exception, Drenick and colleagues found that, when healthy adults were starved for ten or more days, there was no effect on T-cell concentration or functional activity.20 Chandra reported that in addition to the depressed T lymphocytes and normal B cells in children with PCM that the relative proportion of "null" cells, the function of which is unknown, was significantly increased as they are in clinical disorders associated with depressed cellular immunity, such as leprosy, cancer, and primary immunodeficiency syndromes.11 Null cells, which are defined as lymphocytes that do not carry conventional surface markers of T or B cells, have an unknown functional significance.
The reduction in T-cell numbers in malnourished children may be secondary to thymic atrophy and a decreased circulating thy-mocin level, a quantitative defect in T-lymphocyte function, or a simple redistribution of T and B cells. Smythe and co-workers have reported significant increases in C-reactive protein in over 40 patients with PCM.52 Mortensen and co-workers recently noted that C-reactive protein selectively binds to human T lymphocytes, thus inhibiting their ability to form erythrocyte (E) rosettes and to respond to allogenic cells in vitro.
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FIG. 17 Percentage of T-cells in children with protein-calorie malnutrition (PCM) on admission and throughout recovery (mean ұ SEM). (From Kulapongs P, Suskind RM, Vithayasai V, et al: In vitro cell-mediated immune response in Thai children with protein-calorie malnutrition. In Suskind RM (ed): Malnutrition and The Immune Response, pp 99-104, New York, Raven Press, 1977)

Lymphocyte Transformation. Isolated lympho cytes when incubated with plant lectins, known as mitogens, or antigens such as tetanus toxoid, undergo blast transformation and synthesize DNA prior to division. Response to these mitogens may be assessed by determining the percent blast-cell transformation or by determining the incorporation of tritiated thymidine into DNA. Most investigators have found a significant impairment in phytohemagglutinin (PHA)-induced lymphocyte transformation correlating well with simultaneous tests of delayed cutaneous sensitivity.7

Kulapongs and colleagues also described decreased thymidine uptake and blast-cell transformation of isolated lymphocytes stimulated with PHA (see Figs. 18 and 19).35 With two weeks of the nutritional therapy, lymphocytes from the formerly malnourished children were responding normally to mitogenic stimulation. Not all workers, however, have found an impaired T-cell response in malnourished children. Work and colleagues found a depressed PHA response in only the most severely malnourished children. Lymphokine Production. When lymphocytes are stimulated in vivo or in vitro, they normally produce a wide variety of substances that mediate the responses of the cellular immune response. To date there is only one report of lymphokine production in malnourished children; Schlesinger and colleagues found that interferon production was significantly reduced in cultures from marasmic infants as compared to control cultures.43 Decreased lymphokine production has also been noted in animals with PCM.
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FIG. 18 Thymidine incorporation of PHA-stimulated lymphocytes. Stimulation index = Counts/mm PHA-stimulated cells x counts/min unstimulated cells (mean  SEM). (From Kulapongs P, Suskind RM, Vithayasai V, et al: In vitro cell-mediated immune response in Thai children with protein-calorie malnutrition. In Suskind RM (ed): Malnutrition and The Immune Response, pp 99-104, New York Raven Press, 1977)
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FIG. 19 Percentage of blast cell transformation of PHA-stimulated lymphocytes (mean  SEM). (From Kulapongs P, Suskind RM, Vithayasai V, et al: In vitro cell-mediated immune response in Thai children with protein-calorie malnutrition. In Suskind RM (ed): Malnutrition and The Immune Response, pp 99-104, New York, Raven Press, 1977)
Summary
Thus, a significant body of clinical and laboratory data suggests that the malnourished child has a reduced capacity to mount a cellular immune response to a variety of infectious agents. Fortunately for the host, the depression of this system lasts only as long as the nutritional deprivation. It should be pointed out, however, that in the clinical studies to date it has been impossible to determine which factors interacting with the immune response are responsible for the depressed in vivo and in vitro CMI response.

The humoral immune persone
There is a large body of information dealing with humoral immunity in PCM. Investigators have determined immunoglobulin levels and specific antibody responses. The results, however, have often been conflicting and confusing. Major reasons for the lack of consistency have been primarily the lack of control over such variables as the presence of concomitant infection, the duration and severity of malnutrition, the dose and type of antigen used, the presence of other nutrient deficiencies, and the effect of nutritional intervention on the response. In spite of the conflicting data, several of the observations regarding humoral immunity in malnourished patients are pertinent. Investigators assessing the humoral immune system have measured the five classes of immunoglobulin (IgG, IgM, IgA, IgD, IgE), the number of B lymphocytes, and the antibody response to specific antigenic stimuli.

Immunoglobulins levels
Although decreased serum albumin is characteristically found in children with kwashiorkor, total gamma globulin is usually normal or increased. Cohen and Hansen, who evaluated albumin and gamma globulin metabolism in kwashiorkor, found that the albumin anabolic and catabolic rates, as well as the total albumin pool, were significantly reduced.15 In contrast to albumin metabolism, distribution and turnover of gamma globulin were unaffected in the malnourished child. In the severely infected malnourished child the rate of synthesis of gamma globulin was three times that of noninfected patients, while the catabolic rate for gamma globulin was unchanged. It is obvious that the increased gamma-globulin synthesis does confer some survival advantage to the host.

The serum immunoglobulin level generally reflects past infections and other antigenic experiences of the host. The vast majority of studies have found that the five classes of serum immunoglob-ulins are either normal when compared to control values or increased. Work and colleagues found increased immunoglobulin levels in the malnourished patients whom he studied, as did Chandra, who studied 90 children with PCM.7-56 Other studies have correlated either normal or elevated levels of different immunoglobulins with the severity of the disease or with the age of the patients.23 Some investigators, however, have not found the severity of the deficiency state to be a factor in determining the immunoglobulin levels.55 One study reported by Kielmann and colleagues revealed normal IgM and IgG levels with decreased IgA levels in children with mild undernutrition.33 For an extensive study of all five immunoglobulins in marasmus and kwa-shiorkor see the article by Suskind and co-work.
Serum B cells
The bursa cell, or B lymphocyte, is responsible for immunoglobulin production. The competency of the B-lymphocyte system is determined by enumerating the number of B lymphocytes that can be identified by the presence of one of five major classes of immunoglobulin on the surface membrane, the presence of membrane receptors for the C3 component of complement, and the receptors for the Fc portion of the aggregated IgG. To date, only a few clinical studies have been undertaken in which peripheral B-cell levels have been evaluated in children with PCM. No studies to date have evaluated tissue B-cell changes in PCM. Thus Bang and colleagues found increased levels of B cells in malnourished children, but attributed this to concomitant infection.4 Schopfer and Douglas studied noninfected children with kwashiorkor and found that, although there was no significant difference in the percentage of circulating B cells between the malnourished patients (8.3%) and the controls (14.6%), the absolute number of B cells was significantly decreased.
Serum antibody persone
Antibody response to antigens such as yellow fever vaccine, influenza vaccine, and typhoid vaccine has been shown to be impaired in malnourished children, while the antibody response to other antigens such as Keyhole limpet hemocyanin, lipo-polysaccharide, measles, polio virus, tetanus, and diphtheria toxoid appears to be adequate.6-31 Malnourished children also respond normally to smallpox immunization.6 In some studies, lack of specific nutrients such as pyridoxine and pantothenic acid has been implicated in the suppression of the antibody response.3 It has not been determined which of the specific nutrient deficiencies in the malnourished child is responsible for the depressed response. The presence of associated infection may suppress antibody synthesis.31 Interpretation of the data is very difficult in most studies because of lack of information on several critical variables, such as dose of the antigen, its route of delivery, the severity of the malnutrition, the presence of infection, differences in nutritional therapy, and the status of liver function.

Suskind and co-workers studied antibody response in malnourished children to typhoid antigen.53 Children with PCM who were immunized on admission showed essentially no increase in antibody titer in the first week, during which they received 100 Cal and 1 g protein/kg. The nutritionally recovered children, who were receiving 175 Cal and 4 g protein/kg, showed a significant increase in antibody activity over the preimmunization level within a week after immunization (p < 0.05).

The response to an antigenic stimulus constitutes a more sensitive and reliable evaluation of the humoral immune system than does the level of circulating immunoglobulins. When the malnourished child's nutritional state improves, his antibody response to some antigenic stimuli also improves.

Secretory antibody persone 
Secretory antibodies, which protect the mucosal surfaces, may be the first immunological defense encountered by a parasite. This system of immunoglobulins is widely distributed throughout the body and is found in secretions of the broncho-pulmonary and intestinal mucosa, the lacrimal glands, salivary glands, and breast secretions. Although IgE and IgA may both be present in the secretions of these organs, the major antibody is secretory IgA which consists of a dimer of IgA molecules bound tightly together by a nonimmuno-globulin glycoprotein, the so-called secretory component. Immunocompetent plasma cells and lymphocytes in the submucosa secrete IgA, which combines with the secretory component elaborated at the mucosa surfaces and is itself synthesized by epithelial cells. Secretory IgA has been shown to demonstrate antibody activity against bacteria, viruses, food antigens, and bacterial toxins. Abnormalities of secretory IgA have been reported in children with PCM.

Chandra demonstrated that malnourished children respond to immunization with live attenuated measles or polio virus with significantly lower levels of secretory IgA than do controls.9 The mechanism by which secretory IgA production is decreased in PCM is unclear. It is unlikely that the decreased levels result from an impairment of local protein synthesis or local proteolysis because other proteins, such as IgE and albumin lysozymes, are reported in normal concentrations. Chandra excluded reabsorption of secretory IgA through the mucous membrane by showing that the reaction between the patient's serum and antiserum to the secretory component was negative.13 The most likely explanation for the decreased secretory IgA is a selective depression of IgA synthesis in the submucosa or a reduction in the synthesis of the secretory component by epithelial cells or both.13 This hypothesis is consistent with the pathological finding in PCM of a loss of intestinal epithelial cells with mucosal thickening in association with atrophy of such Gl-associated lymphoid tissue as the appendix, Peyer's patches, and the tonsils.52 The consequences of a reduced secretory IgA are not known.

Polymorphonciclear leicocyte
Although polymorphonuclear leukocyte function has been extensively studied in malnourished children, the results have not always been clear. The results of the studies have often been contradictory because of the poorly defined patient population which was inadequately nutritionally assessed and which was not well denned in terms of the presence or lack of superimposed infection. Several more specific phases of phagocyte function have been studied in the malnourished child, including mobilization, chemotaxis, phagocytosis or ingestion of particles, postphagocytic function including phagocytic vacuole formation, and specific metabolic changes leading to intracellular killing of the microorganism.

Mobilisation
Chandra and colleagues were among the first to evaluate as a functional parameter the mobilization of polymorphonuclear leukocytes from marginal bone marrow and other pools.12 They demonstrated that with epinephrine, which leads to splenic constriction and release of leukocytes from other sites, there was a normal increase in peripheral blood leukocytes in untreated children with PCM. In addition, they found that with the administration of Pseudomonas polysaccharide the neutro-philia which normally occurs as a result of the administration of this polysaccharide did not occur in children with PCM, suggesting inadequate marrow reserves of polymorphonuclear leukocytes.

Chemotaxis and the inflammatory persone
Chemotaxis, the ability of the polymorphonuclear leukocyte to migrate toward an external stimulus, is of fundamental importance to a normal inflammatory response. This inflammatory response should result in localization of invading pathogens and activation of systems in order to deal with infecting organisms. One might expect that children with kwashiorkor, who have superficial pyogenic infections and who are unable to develop suppura-tive lesions, would have a depressed polymorphonuclear leukocyte response. Freyre, who studied the inflammatory response in 33 uninfected Peruvian children with PCM, found that these children had a normal polymorphonuclear leukocyte response.26 However, there was a significant depression in the macrophage response in these same malnourished children. This is a pattern which is similar to that seen in neonates and was found in children with kwashiorkor as well as those with marasmus.

Phagocitosis
Most studies to date have found that phagocytosis by the polymorphonuclear leukocyte using a variety of particles is not significantly affected in malnourished children.

Macrophages are the phagocytes that provide primary defense against facultative intracellular organisms such as Salmonella typhimunum, Brucdla, and Mycobacterium tuberculosis. In addition, they play an important role in antigen recognition and processing, with subsequent interaction with T and B cells to initiate cellular and humoral antibody responses. Indeed, very few studies have been done in human populations looking at macrophage function because of the large quantity of cells required. Animal studies have demonstrated a rather normal macrophage function in PCM.

Postpagocytic evehts
Although information is scarce, electron micrograph (EM) studies of phagocytes have revealed no qualitative difference between those from malnourished and control children with regard to vac-uole formation after the phagocytosis of C. albicans, E. coli or Staphylococcus aureus or after the ingestion of several microbial species in protein-deficient rats.32 Intracellular Killing. As indicated above, studies evaluating chemotaxis and phagocytosis have indicated relatively normal polymorphonuclear leukocyte function with regard to these two activities in PCM. There is, however, conflicting evidence regarding the intracellular killing function of polymorphonuclear leukocytes (PMNs) in these circumstances. A number of investigators have reported normal intracellular killing by the phagocytes of malnourished children.5 Arbeter and co-workers noted that the intracellular killing activity was unaffected in children and adults with PCM unless iron deficiency was also found.1 Seth and Chandra noted an inefficient killing of phagocytosed bacteria by PMNs from patients with PCM, as did Douglas and Schopfer who found impaired bacterial killing activity of PMNs isolated from malnourished children when incubated with S. aureus, E. coli, and C. albicans.17'19

Biochemistry of the hyagocyte metabolites
Glycolysis is the major metabolic pathway that provides energy for the polymorphonuclear leukocyte to phagocytize particles. Yoshida and co-workers found that PMNs from severely malnourished children had decreased levels of lactate, py-ruvate, and oxaloacetate in addition to a decrease pyruvate kinase, which is the rate-limiting enzyme in glycolysis.57 Only lactate was diminished in patients with mild to moderate PCM. Likewise, they found that the total adenine nucleotide content was significantly decreased owing to a decrease in ATP with the ratio of ATP to AMP/ADP being significantly decreased in the severely malnourished group. They also found other metabolites to be normal, including phosphoenolypyruvate, malate, and al-pha-ketoglutarate.57 The relevance of these findings with regard to phagocytic function remains unclear, for although certain metabolites and enzymes are indeed depressed in the glycolytic pathway, phagocytosis has ultimately been characterized as being relatively normal in the malnourished host.
Enzyme activites  
Pineda and co-workers found that in normal children who were either protein or calorie deprived for short periods of time, changes in enzyme activities were detectable in their polymorphonuclear leukocytes.42 Low-protein diets resulted in increases in fumarase, isocitrate, and malate dehy-drogenases and aspartate and alanine amino trans-ferases. On the other hand, decreased calorie intake caused depression of the same enzymes within three days. Again, the relevance of these findings is unclear. Douglas and Schopfer noted increased hex-ose monophosphate shunt activity in the polymorphonuclear leukocytes from children with kwashiorkor. Although the hexose monophosphate shunt was elevated, activity increased normally during phagocytosis, suggesting preservation of normal metabolic activity. Other'key enzymes in the polymorphonuclear leukocyte are myelo-peroxidase and NADPH oxidase. Douglas and Schopfer found normal resting NADPH and NADH oxidases in the polymorphonuclear leukocytes from children with kwashiorkor, while Selvaraj and Bhat found decreased granule-bound NADPH oxidase activity and a failure to increase with phagocytic stimulation.19-46-47 Activity of these enzymes returned to normal with the intake of a high-protein, high-calorie diet. When investigators looked at myeloperoxidase in peripheral PMNs from children with kwashiorkor and marasmus, they found normal levels.2 45 Lysosomal enzymes that have been measured, including alkaline and acid phospha-tase, have been found to be normal, increased, or decreased in PCM patients when compared to controls.2-40-54 Acid cathepsin, another lysosomal enzyme involved in digestion of vacuole contents, has been reported to be normal in children with kwashiorkor and decreased in white cells from ma-rasmic patients as well as from protein-deficient monkeys.
Functional biochemistrty
Several investigators have examined nitroblue tetrazolium (NET) as a measure of intraneutrophilic metabolic function. Results of the qualitative and quantitative NET tests have differed. Kendall and associates found a significant reduction in the percentage of formazan-positive cells in malnourished children.34 Likewise, Shousha and Kanel found a markedly depressed percentage of formazan-positive cells despite the presence of infection in each of the undernourished subjects he studied.49 There appeared to be a significant correlation between the percentage of cells reducing NET, the total serum protein, serum albumin, and hemoglobin levels. On the other hand, Wolfsdorf and Nolan found a significantly increased percentage of NBT-positive PMNs in infants with PCM whether or not they were infected.
In contrast to the qualitative NET tests, Bhuyan and colleagues found that the resting quantitative NET reduction test was normal in children with PCM.5 Chandra had similar findings, noting that even though quantitative NET reduction in resting PMNs from children with PCM was increased, maximum production of formazan after phagocytosis was comparable with controls.14 Avila and associates also found increased NET reduction in children with marasmus and kwashiorkor.2 The above results suggest that the PMNs from malnourished children had been stimulated in vivo either by infection, bacterial pathogens, bacterial products, or immune complexes.

The final functional parameter, which has been studied by Schopfer and Schopfer, was the incorporation in vitro of I131 into precipitable protein after phagocytosis.45 They found that the kinetics of iodination in PMNs from noninfected children with PCM resulted in a significantly lower iodination of protein that correlated closely with reduced killing activity against C. albicans, S. aureus, and E. coli.

Thus, the weight of evidence suggests that the increased consequences of infection in malnourished children may be due, at least in part, to somewhat depressed polymorphonuclear leukocyte function. Although the studies are conflicting, a series of small defects, including delayed chemo-taxis, slightly depressed bactericidal activity, and mildly abnormal metabolic functions, seems to point to a somewhat defective polymorphonuclear leukocyte in a few selected malnourished children. In addition, there appears to be increased resting activity of the hexose monophosphate shunt with impaired activation during phagocytosis and decreased iodination during particle ingestion. Obviously, additional studies in well-controlled patient groups are required to define fully the abnormalities in phagocytic function in PCM.

Complement systems
Several investigators have found that the complement system in children with PCM is adversely affected. Indeed, it may be the depressed complement system that is responsible for the decreased inflammatory response and the nature of serious gram-negative sepsis found in malnourished children.

Smythe and colleagues found that the majority of children with PCM had significantly reduced total hemolytic complement levels.52 The finding of C3 and C4 components on the surface of red cells in many patients also suggested activation of the complement system. Chandra found significantly decreased serum C3 levels in undernourished infants who had deficits in height and weight-forage.7 Other investigators have also noted decreased C3 and C4 levels in malnourished children.1639 Chandra found that the mean total hemolytic activity and C3 levels were significantly decreased in young children with PCM, with the reductions being most pronounced in those children with overt infections.10 Chandra also found evidence of complement activation in reporting an altered C3 level as well as the presence of immunoconglutinin, which is an antibody for activated or converted C3 or C4 in several malnourished patients.10

Studies indicate that the malnourished host, whether primarily or secondarily malnourished, is at risk of developing secondary infections. The increased susceptibility of the host to infection is now more clearly understood because of investigations of the various immune parameters that have been undertaken during the past ten years. It has been clearly demonstrated that the cell-mediated immune system, whether studied in vivo or in vitro, is severely depressed in the undernourished host. It is not yet clear to what degree nutrients and superimposed infection are responsible for this depressed system. Although circulating immunoglobulins are elevated in PCM, the ability of the malnourished child to respond to certain antigenic stimuli is compromised by the child's nutritional status. Small defects in the polymorphonuclear leukocyte in terms of chemotaxis, intracellular killing, and metabolic responses may indeed be responsible for a mildly defective polymorphonu-clear leukocyte in selected patients. On the other hand, the complement system has been clearly demonstrated to be compromised in the malnourished host. One cannot say whether the deficiency in one system or another is responsible for the increased host susceptibility. It is most likely a summation of the various immune deficits that causes the malnourished host to be at greater risk of developing serious, overwhelming infections leading in turn to his becoming even more malnourished as a result of the superimposed infection.

Surgery and Oncology

Patients with diseases requiring surgical therapy frequently demonstrate clinical signs of malnutrition more rapidly and acutely than patients with medical diseases. Patients undergoing complicated surgical procedures that necessitate removal of multiple abdominal organs, such as the pancreas, small and large intestine, liver, and the stomach, are especially susceptible to developing malnutrition, which, if present preoperatively, must be corrected using intensive intravenous, oral, or intestinal nutrition techniques. Malnutrition has been defined as a combination of recent weight loss greater than 10% of body weight, serum albumin concentration less than 3 g %, total lymphocyte count less than 1200/mm3, or anergy to a battery of skin test antigens. Significant protein-calorie malnutrition has been demonstrated in 25% to 50% of surgical patients hospitalized for 2 weeks or longer, and these malnourished patients were found to have an increased vulnerability to intercurrent infections.8 An increased incidence of surgical complications has also been demonstrated in patients whose weight is less than 90% of their ideal body weight. Other patients who are susceptible to nutritional complications include those who have intestinal malabsorption, increased losses of intestinal secretions, pancreatic insufficiency, a long history of drug or alcohol abuse, a prolonged period (2 weeks or longer) of hypocaloric (200 Cal-500 Cal) intravenous feeding, and premature and term infants who require a surgical procedure. Hypermetabolism secondary to fever, infection, multiple trauma, hyperthyroidism, pregnancy, and thermal and electrical burns is also associated with an increased incidence of severe malnutrition.

The catabolic effect on body tissues in patients who are acutely injured consists of two primary manifestations. The first is a local response that depends on the type and extent of the wound and the anatomy and local microcirculation of the injured area. The second response involves an increased output of hormones, which stimulate accentuated utilization of endogenous protein, fat, and carbohydrates. Carbohydrate, in the form of glycogen, is the initial major energy source after which fat and, to a lesser extent, protein become the major energy sources. If the increased postin-jury level of catabolism is maintained for 2 weeks or longer, a rapid loss of muscle mass will occur, leading to significant weakness and malaise. Although this catabolic response cannot be significantly altered pharmacologically, the use of intensive nutritional support will minimize the loss of endogenous nutrients, prevent the ravages of malnutrition, and significantly decrease the morbidity and mortality of potentially lethal injuries.

Evaluation of Nutritional State

The importance of recognizing the signs of protein—calorie malnutrition cannot be overemphasized. They include the following: (1) peripheral edema; (2) hair loss, brittle hair, and easy pluck-ability; (3) muscle wasting; (4) scaly skin and decreased skin turgor; (5) apathy, weakness, and lethargy; (6) abnormal nail growth; (7) moon facies; and (8) hepatomegaly. Abnormal laboratory studies may include decreased serum concentrations of albumin, prealbumin, total protein, re-tinol-binding protein, and transferrin; a decreased serum carotene level; decreased total lymphocyte count; and decreased phagocytic activity of the white blood cells.6 The gastrointestinal tract itself is adversely affected and can manifest a decreased thickness of the intestinal wall as well as decreases in the intestinal concentrations of DNA and RNA, decreased protein synthesis, decreases in the concentration and function of absorptive enzymes, and increased gluconeogenic lysosomal enzyme activity.2 All critically or chronically ill surgical patients should be observed for evidence of these changes because they may be the earliest precursors of nutritional complications, such as progressive weight loss, weakness, impaired wound healing, fistula formation, increased incidence of infection, decreased immunocompetence, diminished response to chemotherapy, and eventually delayed hospital discharge, prolonged convalescence and rehabilitation, and increased medical costs.

Clinical malnutrition is usually classified into two primary categories. The first is the kwashiorkor type, which is primarily related to protein malnutrition manifested by decreased serum albumin and serum transferrin levels, decreased total lymphocyte count, nonreactive skin tests, and obvious loss of somatic protein mass and subcutaneous fat. The second category of malnourished patients includes those who have protein—calorie malnutrition and present with significant decreases in body fat, muscle and visceral protein, along with objective decreases in the weight/height and creatinine/height ratios, in the triceps skin folds, and in arm muscle circumference. Serial objective nutritional assessment is important and includes body weight, nitrogen balance, serum albumin and transferrin levels, total lymphocyte count, and anthropometric measurements. Mullen and colleagues have used regression analysis of nutritional assessment data to categorize the patient's malnourished state and have tried to correlate the nutritional status with surgical morbidity and mortality.47 However, Shizgal has suggested that anthropometric measurements and serum protein levels are not sufficient for categorization and that body composition studies using radioactive sodium and potassium are far more accurate in relating nutritional status to surgical complications.57 Because such radioactive tracer studies are not clinically available in most hospitals, the physician must rely on an accurate history and physical examination and serial measurements of serumalbumin, total protein, and transferrin levels to assess the patient's nutritional status 

Metabolic and Nutritional Changes During Starvation and Injury Energy is stored in the body in the form of glyco-gen, protein, and fat. Glycogen is concentrated primarily in the liver and skeletal muscle in combination with water and electrolytes and will yield 1 Cal to 2 Cal of energy/g tissue, in contrast to the anhydrous carbohydrate, which represents one fourth to one fifth muscle weight and has an energy concentration of 4 Cal/g. Amino acids are used in the synthesis of enzymes, plasma, and structural proteins, of cardiac, skeletal, and smooth muscle, and as essential substrates for wound healing. Lipid on the other hand, is stored with water as trigly-cerides and has a caloric density of 9.4 Cal/g. The total quantity of each nutrient in the body of a normal 70-kg person is shown in Table 25.
 Table 25.
Endogenous Fuel Composition of Normal Humans

	Fuel
	Kg
	Cal

	Tissues

Fat(adipose  triglyceride)

Protein(mainly muscle)

Glycogen (muscle)

Glycogen (liver)
	15

6

0.150

0.075
	141,000

24,000

600

300

	Total:
165,900

	Circulating fuels

Glucose (extracellular fluids)

Free fatty acids (plasma)

Triglycerides (plasma)
	0.020

0.0003

0.003
	80

3

30

	Total:
113


During acute starvation, glycogen is used initially as the energy source, but as starvation progresses, increasing amounts of lipid and protein will be utilized for energy. As was demonstrated by Allen and co-workers, plasma proteins can also be consumed as a source of calories, and it has been observed in prolonged fasting that the synthesis of serum proteins, and particularly albumin, is not rapid enough to compensate for losses, thus necessitating the administration of exogenous amino acids.
In the early fasting state, a 70-kg man can be expected to synthesize approximately 16 g/day of glucose from glycerol, 43 g/day from muscle protein, and an additional 85 g/day from glycogeno-lysis. Thirty-six grams of glucose can also be produced by recycling glucose through the Cori Cycle and, therefore, the total amount of glucose available for energy is 180 g. The oxidation of fatty acids provides the energy for gluconeogenesis and other body functions except in the brain, where glucose is the primary energy source.

The metabolic effects of accidental or operative trauma and sepsis usually result in (1) hypergly-cemia, unless the injury is overwhelmingly fatal; (2) marked fatty acid mobilization and elevation of plasma free fatty acids; (3) significant degradation of muscle protein beyond that needed for energy, in contrast to late starvation when protein is conserved; (4) increased synthesis of urea and the so-called acute phase reactants (haptoglobin, fibri-nogen, ceruloplasmin, C-reactive protein, and so forth); and (5) increased extracellular osmolality. Ordinarily, tissue oxygen consumption is not increased during elective operation, but may be increased as much as 25% after multiple fracture, 50% during severe sepsis, and up to 100% following thermal injuries. The initial primary energy source after trauma and during early starvation is glucose, followed by fat. The catabolic hormones, such as catecholamines, glucagon, ACTH, and growth hormone, increase lipid C-AMP and thus increase the activity of the lipolytic enzymes, which hydrolyze triglycerides to free fatty acids and glycerol.

Protein metabolism is also altered following acute injury. Ordinarily, 2 g/day to 3 g/day nitrogen are excreted in the stool and 11 g/day to 17 g/day are excreted in the urine; however, following severe trauma, urinary nitrogen can increase to as much as 30 g/day to 50 g/day. If anuria or oliguria is present, BUN levels may greatly increase shortly after injury, reach a peak during the first week postinjury, and continue for 3 weeks to 7 weeks. On the other hand, a burn patient may lose 50 Ib to 75 Ib of weight and have large protein losses from the burned surface. It appears from several studies that most of the nitrogen loss is from the muscle and that the integrity of other vital organs is maintained during acute injury at the expense of skeletal muscle.40 49 This may account for the fact that muscular young men lose more protein than women or debilitated elderly patients. Therefore, it appears that in trauma patients, the excessive muscle protein catabolism far exceeds estimated energy requirements, and the magnitude of the response is directly related to the extent of the injury. However, Duke and co-workers have stated that after severe trauma, the protein contribution to the total calorie requirement rarely exceeds 15%.25 In addition, it has been observed that the principal amino acids lost during catabolism are leucine, isoleucine, and valine and that the alanine released from muscle is the principle amino acid responsible for regulation of gluconeogenesis in the liver.27 These amino acids may be increased in the plasma for 2 hr to several weeks after trauma and may contribute to the serum hyperosmolality that is often measured in trauma patients. Following trauma, there is an increase in the acute phase resultant proteins, particularly the C-reactive protein, fibrinogen, and haptaglobin. There is also an increased rate of albumin synthesis and an even greater increase in the degradation of albumin, which is stimulated by the elevated serum cortisol. The stress of operation or multiple trauma causes the patient to be hypermetabolic. Body-composition studies have indicated that during hyperme-tabolism, fat and lean body mass contribute approximately 50% of the cellular loss, but fat is the primary calorie source, contributing 80% to 85% of the total calories.46 The degree of hypermeta-bolism is determined by the following factors: (1) plasma levels of insulin, growth hormone, glucagon, catecholamines, corticosteroids, and thyroid hormones; (2) cold stress; (3) systemic infection; (4) central nervous system lesions affecting the function of the pituitary gland; and (5) significant tissue injury secondary to the surgical operation, crush injury, long bone fracture, or major full-thickness cutaneous burn.62 The hormones released by the hypothalamus are regulated by the sympathetic and parasympathetic nervous systems. During acute stress, a sympathetic impulse causes the release of the catabolic hormones, such as catecholamines, glucagon, thyroid hormone, and corticosteroids, which produce glycogenolysis and an increased serum glucose level. On the other hand, parasympathetic stimulation leads to an increase in liver glycogen synthesis and storage and, therefore, the metabolic rate is directly related to the predominance of the anabolic or catabolic hormones. The primary anabolic hormone is insulin, which functions to increase the synthesis of triglycerides and adipose tissue, to oppose the action of catecholamines, ACTH, and glucagon, to in- crease the amino acid uptake and synthesis in muscle, and to decrease fatty acid and amino acid release from the muscle. The other anabolic hormone is growth hormone, which does not alter the daily nitrogen excretion in fasting subjects but does increase the level of serum insulin. On the other hand, the catabolic hormones increase the rate of nitrogen excretion, increase glycogenolysis in the liver, increase gluconeogenesis by directly opposing the effect of insulin, and have a regulatory effect on circulating amino acids.

Wilmore and co-workers have correlated the metabolic rate and plasma hormone levels in patients with thermal injuries. They demonstrated that as the basal metabolic rate (BMR) increased, there was a concomitant elevation in the urinary excretion of catecholamines. As the BMR decreased, the plasma concentrations of the anabolic hormones increased, and nutrient deposition into tissue occurred. The use of large amounts of oral and intravenous calories and protein did not alter the body's response to stress but rather provided the necessary substrates to counteract the significant nitrogen loss that occurred. Other factors that alter morbidity and mortality in relation to stress include the previous state of nutrition prior to injury, muscle atrophy and inactivity, ambient temperature less than 25°C, and general anesthesia. Therefore, it is extremely important that the patient's nutritional needs are accurately assessed and the necessary nutrients provided in sufficient quantity to produce anabolism, positive nitrogen balance, and weight gain
Nutritional Alternatives in the Surgical Patient

There are several methods for nutritional support of the surgical patient, and all of these options must provide at least the basic minimum of 1 g/kg/day protein and 30 Cal/kg/day energy in the form of dextrose or fat for the unstressed patients and up to 1.5 g/kg/day to 2 g/kg/day protein and 50 Cal/ kg/day to 70 Cal/kg/day nonprotein calories for the hypermetabolic patient. Preferably, nutrients should be supplied by way of the gastrointestinal tract, but at times a surgical patient cannot absorb these nutrients and the intravenous route alone or in combination with the oral route may be the only means by which to promote positive nitrogen balance and weight gain. The therapeutic nutritional options include (1) regular oral diet, (2) nasogastric tube feedings, (3) gastrostomy feedings, (4) jejunos-tomy feedings, (5) chemically defined (elemental) diets, and (6) total intravenous nutritional support. The effectiveness of oral feedings can be altered by malabsorption, rapid transit time, lack of pancreasticobiliary secretions, deficient mucosal absorptive function, and persistent diarrhea secondary to inflammation of the small and large bowel. Patients with inadequate small intestinal length can have a short bowel syndrome with significant diarrhea and hypergastrinemia that impair nutrient absorption. If these conditions exist, supplemental or complete intravenous hyperalimentation (IVH) feedings may be necessary in order to provide sufficient nutrient intake.

Tube feedings
Occasionally, a tumor or radiation injury in the head and neck region or a neurologic or psychological disease may prevent normal swallowing. A #8 or #10 French feeding tube can be inserted through the nose, mouth, hypopharynx, and esophagus and advanced into the stomach or duodenum. Nutrients in the form of a blenderized oral diet, a commercially prepared complete diet, or a chemically defined diet can be administered intermittently or continuously over 24 hours using an infusion pump or gravity flow. The principle advantages of these types of feedings are that the necessity for operative insertion of a gastrostomy or jejunostomy tube is avoided, the nutrients are readily available and inexpensive, and the diets usually are easily digested or absorbed.

When the infusion of these diets is initiated, the concentration should be .25 Cal/ml to .5 Cal/ml, which is increased cautiously to 1 Cal/ml over 3 days to 4 days or more, thus allowing the gastrointestinal tract to adapt gradually to the increasing osmolality, which may vary between 400 mOsm/ liter to 100 mOsm/liter. Some of the potential side-effects of these diets include gastric retention, esophageal regurgitation, aspiration pneumonia and asphyxia, pressure necrosis along the nasopharynx, esophagus, and stomach, partial pharyngeal or esophageal obstruction, esophagitis, eustachitis, esophageal stricture, the dumping syndrome, diarrhea, dehydration, and azotemia. However, most of these complications can be avoided if a slow infusion of a dilute feeding is used initially and the patient's head is elevated 45°. If intermittent feedings are used, the initial volume and frequency is usually 200 ml of a .5 Cal/ml diet administered over 45 min every 4 hr to 6 hr and the concentration, volume, and frequency are advanced as tolerated. Supplemental fluids may be given by vein as needed. On the other hand, continuous feedings are best regulated with an infusion pump starting with an initial 24-hr volume of 1200 ml at a concentration of .5 Cal/ml. In general, tube feedings should be used when normal swallowing is impaired and the gastrointestinal tract is functioning normally. This method is safe, relatively easy, economical, effective, and associated with a low incidence of complications if established principles and techniques are observed
Gastrostomy feedings
Gastrostomy feedings have a similar nutrient composition to nasogastric tube feedings but differ in administration because a surgical procedure is necessary to insert a #20 to #26 French catheter through the anterior abdominal wall directly into the stomach. Primary indications for these feedings include patients who must receive these nutrients for 4 months and longer or patients who are comatose and thus might experience an increased incidence of gastric retention, regurgitation, and subsequent tracheal aspiration. During gastrostomy feedings, the cardioesophageal sphincter minimizes regurgitation, and hence the possibility of aspiration pneumonia is decreased. From the technical standpoint, a permanent gastrostomy is formed by constructing a gastric mucosa-lined tube from the stomach wall and suturing it to the skin. An alternative technique interposes a loop of jejunum between the stomach and skin for nutrient administration and, in general, gastrostomy feedings are effective and their administration is easily accomplished.
Jejunostomy Feedings

When there is gastric outlet or duodenal obstruction and yet the remaining small intestine is functioning normally, Jejunostomy feedings are a satisfactory alternative to nasogastric or gastrostomy feedings. These diets can be infused through a #10 to #22 French catheter that is inserted on the antimesenteric border of the proximal jejunum, after which the wall of the jejunum is sutured to the anterior abdominal wall. In the past, leakage of nutrients around the catheter, with associated sepsis, has been reported, but this complication can be minimized with conscientious attention to careful surgical technique. When Jejunostomy feedings are no longer required, the tube can be removed and the Jejunostomy site will close spontaneously. However, if reinsertion of the Jejunostomy tube is desired, another operation is usually required, although occasionally the tube can be reinserted under fluoroscopic control with the use of radiopaque dye to ensure the intraluminal position of the catheter. In the past, a typical Jejunostomy feeding regimen provided only 50 g to 80 g protein and 1500 Cal/day to 2000 Cal/day by infusing formulas as outlined in Table 24.56 However, Andrassy and co-workers have advocated infusion of an elemental diet through a 14-gauge catheter that is inserted into the jejunum on the antimesenteric border and advanced over a long needle through the submu-cosal space for a few inches before entering into the bowel lumen.5 This technique produces an S-shaped submucosal catheter tract, which reduces the likelihood of inadvertent catheter withdrawal or leakage. In general, Jejunostomy feedings are hyperosmolar and can cause diarrhea, but gradually increasing the volume and concentration of the diet can result in a satisfactory nutrient intake in 90% of patients. During jejunal infusion, proximal reflux of nutrient fluid for distances up to 50 cm may occur, and this should be kept in mind when the site of feeding catheter insertion is chosen. Therefore, it is recommended that these diets should not be given to patients with high intestinal fistulas or to patients in whom total bowel rest is desired.

For adequate enteral nutrient administration, occasionally it may be necessary to create a Roux-en-Y proximal jejunal loop that is secured to the anterior abdominal wall. This mucosa-lined feeding ostomy will permit an easy access for the feeding tube into the bowel lumen while reducing the risk of stricture formation at the entrance site. The primary advantages of this method are that the patient does not have to tolerate a rubber catheter in place at all times and that proximal reflux of nutrient fluid is obviated. In selected cases, feeding jejunostomies can provide all required daily calories, protein, and other essential nutrients at relatively little expense.

Chemically defined ( elemental) diets
The formulas used in nasogastric and Jejunostomy feedings usually are composed of natural foods and often include nutrients that may not be completely digested or absorbed or that are not essential for nutrient replacement. During the past 15 years, the practical and economical production of L-amino acids has been advanced to the point that specific formulations of high biologic value amino acids, together with energy sources such as dextrose or oligosaccharides, are commercially available as chemically denned diets. These formulations also contain electrolytes, minerals, vitamins (except vitamin K), and a small amount of essential fat which, when given in sufficient quantities, will allow normal growth, development, and wound healing to occur (see Table 27). Their advantages include (1) minimal bulk resulting in ultra-low residue, (2) minimal digestion required prior to absorption, (3) low viscosity allowing infusion through a small catheter, and (4) prolonged positive nitrogen balance and weight gain. However, the osmolarity of these diets ranges from 840 mOsm/liter to 2200 mOsm/liter, and gastric retention or diarrhea will occur if infusion rates are too rapid. Other potential complications such as nausea, vomiting, hyperglycemia, dehydration, fluid overload, and a strongly "organic" taste may necessitate intermittent or continuous infusion by pump through a nasogastric, gas-trostomy, or Jejunostomy tube. Although these diets may decrease pancreatic, biliary, and gastrointestinal secretions, maximum bowel rest is not achieved because the myoelectric activity in the bowel is only slightly decreased from that observed after a standard oral diet is ingested.

Table 26.
Jejunostomy Feeding Regimen

	Days
	Volume

(liters)
	Calories

(Cal)
	Protein(g)

	12-18hr  postjejunostomy
	0
	0
	0

	1 day: 50 ml 5% dextrose/water/hr x 20
	1
	200
	0

	2 day: 100 ml 5% dextrose/water/hr x 20
	2
	400
	0

	3 day: 50 ml homogenized milk/hr x 20
	1
	700
	35

	4 day: 100 ml homogenized milk/2 hr x 10
	1
	700
	35

	5 day: 180 ml homogenized milk/2 hr x  10
	1.8
	1260
	63

	6 day: 240 ml homogenized milk/2 hr x  10

Continue same regimen as on 6 day but add 

an additional half cup of powdered milk to 

each quart of homogenized milk daily until 1.5 cups/quart homogenized milk daily until

 1.5 cups/quart homogenized milk is being 

used as a feeding formula. Thereafter, give 

240 ml of this mixture q 2 x  10 daily. 

Feedings should begin at 6 A.M. and 

continue through 12 midnight.

 Additional water may be given between feedings when indicated.
	2.4
	1680
	84

	Components for mixing:
	
	
	

	1. Powdered milk
	1.5 cups
	
	

	2. Homogenized milk
	1quart
	
	

	3. Tween 40 (emulsifying agent)
	1ml
	
	

	4. Polyvisol
	0.6 ml
	
	

	5. Fer-in-sol
	0.6 ml
	
	


Adapted from Shires GT, Canizaro PC : Fluid, electrolyte and nutritional management of the surgical patient. In Schwartz SI, Shires GT, Spencer FC, et al: Principles of Surgery, p 65. New York, McGraw-Hill Book Company, 1974

Recently, a chemically defined diet has been formulated using short-chain peptides rather than free amino acids, and with these diets the unpleasant organic flavor can be more easily concealed. However, the efficacy of such diets as protein and calorie sources remains to be determined completely, although they may bridge the nutritional gap in patients whose IVH is being discontinued yet who cannot tolerate a regular diet.

Elemental diets have been advocated for use as an effective bowel preparation for abdominal sur- gery.33 Although studies have shown some decreases in the bacterial flora and bulk content of the colon, there has not been any significant alteration in the concentration of the Bacteroides species in the large bowel. Short-term use of this diet preoperatively usually produces diarrhea and potential dehydration, is not an effective nutrient source, and hence its routine use for preoperative bowel preparation is of questionable value.

An elemental diet may be indicated in patients with low intestinal tract fistulas, compensated short bowel syndrome, or inflammatory bowel disease that involves the distal ileum, and in patients who need sufficient oral nutrients but cannot tolerate a regular diet.

Table 27.
Compozition of Current Chemically Definet Diets

	Substancies
	Vivonex 100
	Vivonex High Nitrogen
	W-T Low residue food
	Flexical

	Carbohydrates (g)
	226 Glucose,glucose oligosaccharides
	210

Glucose,glucose oligosaccharides
	226

Dexstrin
	155

Sucrose

	Nitrogen(g)
	3.27 

Amino acids
	6.67 

Amino acids
	3

 Amino acids
	3.5

Proteine hydrolysate and added amino acids

	Protein (g)
	20.4
	41.7
	18.8
	21.9

	Fat(g)
	0.74

Safflower oil and linoleic acid
	0.44

Safflower oil
	0.74

Safflower oil
	34

	Sodium(mEq)
	57.6
	35.5
	55.7
	15.7

	Potassium(mEq)
	29.9
	17.9
	30
	38.9

	Calcium(mEq)
	22.1
	13.3
	27.8
	26

	Magnesium(mEq)
	7.11
	9.6
	18.4
	14.6

	Iron(mEq)
	0.19
	0.11
	0.34
	0.02

	Chloride(mEq)
	71.2
	52.2
	85.0
	34.3

	Osmolaryti(mEq)
	1175
	844
	649
	805


Intraversion hyperalimentation
When sufficient nutrients cannot be absorbed through the gastrointestinal tract, large quantities of amino acids, dextrose, fat, and other essential nutrients must be given intravenously. This technique, called intravenous hyper alimentation (IVH), is a method whereby 2000 to 5000 dextrose calories and 80 g to 200 g amino acids, together with required vitamins, trace minerals, and electrolytes can be infused intravenously through the superior vena cava over a 24-hr period. With this technique, weight gain, normal growth and development, positive nitrogen balance, and wound healing can be achieved along with decreased morbidity and mortality in surgical patients who otherwise would have had complications secondary to malnutrition.

These solutions have an osmolality of 1800 mOsm/liter to 2200 mOsm/liter and, therefore, must be infused into the superior vena cava in order to prevent severe thrombophlebitis which will occur with administration through a peripheral vein. Several techniques for catheter insertion into the superior vena cava have been used. The one preferred by the authors is the infraclavicular approach to the subclavian vein in which a 2-inch-long #14-gauge needle is inserted under the middle third of the clavicle into the subclavian vein. An 8-inch to 10-inch-long #16-gauge polyethylene catheter is advanced through the needle in the subclavian vein into the midportion of the superior vena cava. Other sites of catheter insertion include the internal and external jugular veins, the cephalic vein, and the supraclavicular access to the subclavian vein. Occasionally, the inferior vena cava may be catheterized using a silicone rubber catheter inserted through a branch of the greater sa-phenous vein in the leg, a method that should be used if there is thrombosis of the superior vena cava. However, this approach is not used routinely because of the higher incidence of thrombosis and infection. Sterile technique is extremely important during catheter insertion, and dressing and tubing changes should be performed three times each week. Using this procedure, catheters can remain in place safely for periods in excess of 60 days with an infection rate less than 2.2%.15 In patients who require central venous catheterization for periods less than 60 days, the percutaneously placed polyethylene catheter is used. When IVH is to be used for periods longer than 60 days, however, a surgically implanted silicone rubber catheter is preferred because of the increased longevity and lower incidence of venous thrombosis associated with such catheters.

Although IVH has been discussed in Chapter 13, there are several points regarding its use that must be emphasized. The first consideration is that this technique is safe and is associated with a low incidence of complications. A second point is that complete bowel rest can be achieved with this technique, thus minimizing bowel absorption and decreasing electrical and mechanical activity to a resting potential. This allows gastrointestinal secretions to decrease by 50% to 75% and to reduce significantly intestinal enzyme synthesis.

The Clinical Application of Nutrition in Surgery

Patients with surgical disorders are prime candidates for developing nutritional and metabolic complications. The correction of existing nutritional deficits preoperatively is preferred but occasionally cannot be accomplished because of the acute nature of the surgical problem, and therefore, nutritional support must be limited to the postoperative period. Certain disorders and diseases are particularly associated with development of nutritional deficits. The first group includes patients with partial or complete obstruction of the gastrointestinal tract. Another group includes diseases that alter digestive enzyme secretion or intestinal mucosal absorption. A third group consists of problems which alter the normal metabolism of nutrients, such as renal and liver failure. Clinical problems that stimulate hypermetabolism greatly increase the patient's expenditure and metabolic requirements, and neonates particularly have such a small nutritional reserve that they require immediate nutritional support and repletion. The preferred method of intensive nutritional support is through the gastrointestinal tract whenever possible; however, if sufficient nutrients cannot be supplied in this way, IVH must then be given to provide supplemental or complete nutrition. The use of intensive nutritional support in a few representative clinical problems merits discussion.

Gastrointenstinal disease inflamatori bowel disease
Malnutrition is a frequent sequela to acute and chronic inflammatory bowel disease (IBD), and it has been documented that 65% of these patients weigh 10% to 15% less than their ideal body weights when initially evaluated by their physician. Other clinical signs of malnutrition may include obvious loss of skeletal muscle mass, hypoproteinemia, anemia, edema, weakness, osteomalacia, hypoka-lemia, and deficiencies of vitamins A, D, E, K, BI2, and folic acid. Nutritional problems are usually related to a decreased absorption of carbohydrates, fats, proteins, minerals, and vitamins, to a rapid intestinal transit time, and to an increased secretion of protein into the bowel lumen, which may be 15 times normal during an acute attack. The natural history of IBD includes exacerbations and remissions, and treatment regimens often include short- and long-term courses of corticosteroids, sulfa derivatives, antibiotics, and antimotility drugs, as well as multiple surgical procedures. It is not uncommon for patients to develop partial or complete bowel obstruction, external or internal gastrointestinal fistulas, and short bowel syndrome, all of which accentuate the nutritional complications. Initially, medical treatment is symptomatic and includes Lomotil, Imodium, deodorized tincture of opium, or codeine to slow the intestinal transit time and to solidify the stool.

Corticosteroids can be effective during an acute exacerbation, but they appear to lose their effectiveness on a long-term basis, and their prolonged use is inevitably accompanied by serious nutritional consequences that include negative nitrogen balance, hypoalbuminemia, impaired wound healing, decreased resistance to infection, osteoporosis, hypokalemia, hypocalcemia, and growth retardation in children. Nutriment is preferably given orally using a low-roughage, low-fat, and lactose-free diet or an elemental diet as has been advocated by Rocchio and co-workers.53 If weight gain and positive nitrogen balance cannot be achieved with oral nutrition, then IVH must be used. The indications for the use of IVH in inflammatory bowel disease include the following: (1) prolonged periods of active disease and associated severe catab-olism, (2) nutritional repletion before major surgery, (3) short bowel syndrome, (4) indolent wound healing, (5) alimentary tract fistulas, and (6) adjunctive therapy during an acute exacerbation. IVH enables the gastrointestinal tract to remain at complete rest, which has been shown to decrease intestinal secretion, motility, and inflammatory activity and to improve the healing of the diseased bowel.

The use of IVH and total bowel rest was analyzed in 52 patients with inflammatory bowel disease.22 Corticosteroids and immunosuppressive drugs were included when deemed advisable, but could usually be reduced or eliminated during the course of IVH therapy (see Table 28). One group included 41 patients (78.8%) who had a favorable nutritional response with weight gain and positive nitrogen balance and experienced a clinical remission of their disease. Within this group, 28 patients (53.8%) were restored to a low-residue oral diet within 36.3 days of treatment without exacerbation of the disease. The second subgroup consisted of 13 patients (25%) who required operation for a complication such as intestinal obstruction, fistula, or an abscess. A second major category of patients required operation within 15 days of the beginning of IVH and bowel rest because of extremely virulent and recalcitrant disease, although significant nutritional repletion was accomplished in all patients. This study emphasized the beneficial effect of IVH and total bowel rest in the hospital, but occasionally patients will require prolonged intensive intravenous nutritional support on an outpatient basis. Ambulatory home IVH has been shown to be safe, cost effective, and nutritionally and met-abolically beneficial to patients with inflammatory bowel disease.
Table 28.
Intravenous Hyperalimentation in Inflammatory Bowel Disease

	Patients
	Results
	Duration IVH  (days)

	GROUP I

 
41 (78.8%)

A. 28

B. 13
	Marked nutritional improvement

 Clinical remission of disease

Resumed oral diet without exacerbation of disease 

  Surgery necessary for a complication such as fistula, abscess, or bowel obstruction                       
	36.3

26.8

	GROUP II


11(21.2%)
	Marked nutritional improvement   

 Operation for severe activity of primary disease 
	15


The exact mechanisms by which IVH and bowel rest allow spontaneous remissions to occur are not known. IVH certainly provides the necessary nutrient substrates for correction of malnutrition, which may improve immunocompetence. Moreover, the lack of food and partially digested foodstuffs in the bowel lumen may greatly reduce the stimulation of any food intolerance or food allergy that might otherwise be present. It is also known that bowel rest decreases not only the caustic intraluminal and pancreatic enzyme secretions but also the intestinal brush border enzyme concentrations, particularly peroxidase, which is derived from leukocytes in the lamina propria. The decreased intestinal peroxidase level during bowel rest may indicate a reduction in inflammatory cell infiltration of the bowel wall. In addition, it has also been shown that total bowel rest decreases the myoelectric activity and peristalsis of the bowel, which is ordinarily stimulated by oral and enteral feedings.45 The decrease in mechanical activity, along with a decrease in the digestive, absorptive, and hormonal activities, is more conducive to healing the inflamed intestine. The combination of IVH and bowel rest is essential to maximize the remission rate and to correct or to prevent primary and nutritional complications of inflammatory bowel disease.

Gastrointenstinal tracts fistulas
Patients with gastrointestinal tract fistulas usually develop metabolic and nutritional complications that require intensive nutritional support. In the past, the treatment of gastrointestinal tract fistulas has been associated with a high morbidity and with mortality rates of 40% to 60%.26 Severe catabolism secondary to malnutrition, sepsis, and renal failure often produces severe complications and death, especially when the patient has not been given intensive nutritional support. Intestinal feedings with an elemental diet can be used in patients with a gastric or colonic fistula, as shown by Rocchio and co-workers.54 However, most patients are unable to tolerate intestinal nutrients and require the use of IVH.

In 1973, the use of IVH and total bowel rest was reported in a series of 62 patients with 78 gastrointestinal tract fistulas in which prolonged positive nitrogen balance and weight gain occurred with an overall mortality rate of only 6.6%.44 Moreover, the spontaneous closure rate of both external and internal fistulas was 70.1%. This was the first demonstration that intensive intravenous nutritional support with 80 g to 200 g amino acids and 3000 Cal/day to 5000 Cal/day would significantly improve the mortality rate in this complicated surgical problem. These data have been corroborated by Deitel, who reported a mortality rate of 9.3% in a series of 100 patients in which sufficient intravenous nutrients were supplied, in contrast to a 40% mortality rate in similar patients in whom nutrition was inadequate.20 His study also showed that duration of hospitalization was twice as long in the patients receiving inadequate nutrition, thus emphasizing the cost-effectiveness of intensive nutritional therapy. Pancreatic and esophageal fistulas have also been reported to respond favorably to a regimen of total bowel rest and IVH, during which spontaneous closure occurred in an average period of 35 days.

Patients who have gastrointestinal tract fistulas secondary to active inflammatory bowel disease generally do not experience spontaneous fistula closure unless there is concomitant quiescence of their disease, and it has been documented that IVH and total bowel rest can be successful in decreasing the activity of this disease sufficiently to allow spontaneous fistula closure to occur.55 Treated with this technique, 75% of a series of 13 patients with 16 fistulas of the small bowel experienced quiescence of their active disease and spontaneous fistula closure within 32 days of starting IVH.43 However, the closure rate of large bowel fistulas was only 30% during 40 days of IVH. Mullen and colleagues have observed a spontaneous closure rate of 43% in patients with similar problems.48 Although recurrent fistulas occurred in three patients after IVH therapy alone and in three patients after combination therapy with IVH and surgical closure, they emphasized that the overall morbidity and mortality rates were markedly diminished because sufficient nutrients were provided.

Patients who develop gastrointestinal tract fistulas in the presence of malignant disease can present difficult management problems. The incidence of spontaneous fistula closure is low, especially if the affected bowel has been radiated. When radiation injury to the bowel was not present, Copeland and colleagues noted that 44% of the fistulas spontaneously closed and an additional 28% could be closed surgically.14 However, the experience with fistulas located in radiated bowel is not as good, and both operative and spontaneous closure rates are very low. Therefore, in these patients, it is recommended that intensive nutritional support be given for 14 days to 21 days preoper-atively prior to surgical bypass or resection of the fistula and involved bowel segment. Although nutritional repletion will improve anastomotic healing, recurrent or persistent fistulization may occur in 30% to 40% of patients with cancer.

In the management of all patients with gastrointestinal tract fistulas, certain priorities are necessary to optimize treatment. The first priority is the early institution of IVH, drainage of any abscesses, and external control of fistula drainage. The next priority is delineation of the anatomy of the fistula by radiopaque studies of the gastrointestinal tract, the genitourinary tract, and the fistula tract itself. The patient must remain on an absolutely nothing by mouth (NPO) diet, and nasogastric suction should be instituted in high gastrointestinal tract fistula patients. The use of intravenous cimetidine can also be helpful in reducing fistula output. IVH should be continued for approximately 4 weeks, and if there is no evidence of spontaneous fistula closure, surgical intervention should be considered. If these priorities are followed conscientiously, morbidity and mortality from this devastating problem can be greatly decreased.

Short bowel syndrome
The short bowel syndrome is a clinical problem usually resulting from greater than a 50% resection of the small bowel because of vascular occlusion of the superior or inferior mesenteric arteries or veins, inflammatory bowel disease, multiple gastrointestinal tract fistulas, radiation enteritis, trauma, or malignancy. The complications of this syndrome include significant malabsorption and diarrhea, hypergastrinemia, and severe malnutrition. There are several determining factors that will affect the patient's ultimate nutritional status: (1) the patient's state of nutrition prior to development of the intestinal catastrophe; (2) the underlying disease process; (3) the length, specific segment, and histologic status of the remaining small intestine; and (4) the function of the ileocecal valve. It has been observed that remaining ileum adapts to the functions of the jejunum much better than the jejunum adapts to ileal functions, but the loss of small bowel length is even more critical in pediatric patients, since a resection of 30 cm is associated with an extremely high mortality.

The nutritional and metabolic management of these patients is often complicated and involves a combination of specially tailored oral and intravenous feedings that must be continued for 2 years or longer. During the first month after the short bowel syndrome has developed, it is particularly important to correct fluid and electrolyte abnormalities and to control infection. At this time, nutritional support is primarily by means of IVH, but a low-fat, lactose-free oral diet may be started when the patient is able to tolerate nutrition by mouth. An elemental diet can also be used, although severe diarrhea and taste intolerance may develop. Drugs such as probanthine, Lomotil, codeine, deodorized tincture of opium, and Imodium are necessary to slow intestinal transit; cimetidine must also be given to decrease hyperacidity secondary to hypergastrinemia. Oral food stimulates the release of intestinal chyme and gastrointestinal hormones, which have been implicated in stimulating intestinal cell division and growth. It is important, therefore, to add oral food, even in small amounts, as soon as it is tolerated. In a series of 30 patients with the short bowel syndrome, a combination of IVH and oral nutrition was used during the first 3 months of treatment after which IVH was discontinued in 90% of the patients because they were able to maintain their nutritional status with oral nutrition. However, the patients were extremely susceptible to viral gastroenteritis, and weight loss would occur rapidly, producing malnutrition and cachexia if the patient was not monitored carefully. In this situation, the reinstitution of IVH was usually necessary for 4 weeks until oral nutrition could be restarted without significant diarrhea.

Occasionally some patients will require long-term IVH therapy at home, and this technique and its results have recently been described.21 The technique is safe and is associated with few complications, it can be life-saving and can allow the patient to return to work and to function normally in society.
Pancreatitis
In the past, the standard treatment for acute pancreatitis included intravenous fluids, antibiotics, nasogastric suction, and occasionally parasympatholytic drugs. However, total bowel rest and IVH have been shown to minimize pancreatic exocrine function and to induce atrophy of the pancreatic acinar cells.31 Dudrick and co-workers reported a patient with a pancreatic fistula who had auto-digestion of her anterior abdominal wall when oral feedings were used; but when IVH and total bowel rest were begun, fistula drainage decreased, the skin and wound healed, and the pancreatic fistula spontaneously closed.23 Subsequent reports have confirmed the efficacy of total bowel rest and IVH in the treatment of pancreatic fistulas.3-44 A recent study reported a decrease in the overall mortality of patients with acute pancreatitis from 22% to 14% when nutritional repletion with intravenous hy-peralimentation was used.28 Similarly, Goodgame and co-workers retrospectively reviewed their experience with IVH in acute pancreatitis and reported a mortality rate of 22% and noted a decrease in the incidence of such complications as acute respiratory failure and acute renal failure.34 The averge duration of IVH therapy in these patients was 28 days, although no difference in mortality was observed in patients whose disease was treated for fewer than or more than 30 days. The authors have similarly demonstrated that IVH and total bowel rest in patients with acute pancreatitis will correct or prevent malnutrition coincident or secondary to diminished nutrient intake during treatment for this disease, but the incidence of hemorrhagic pancreatitis is not significantly reduced. The occurrence of hyperglycemia and hypoglycemia is increased during the acute phases of this disease, but these problems can be managed adequately with appropriate adjustments of insulin infusion. Although the elemental diet has been used in patients with acute pancreatitis, it does not rest the pancreas because the volume of pancreatic juice and enzyme concentrations is increased.11-61 Therefore, it is recommended that total bowel rest and IVH be used in the treatment of acute pancreatitis and pancreatic fistulas in order to minimize metabolic and nutritional complications.

Acuate renal fairule
Because of the significant hemodynamic changes that occur in critically ill patients and the increasing use of nephrotoxic drugs, particularly antibiotics, the incidence of acute renal failure has been increasing on surgical services. The overall morbidity and mortality from this complication alone ranges from 30% to 60%, and if a concomitant infection is present, the mortality increases to 90%. Often, malnutrition accompanies acute renal failure and leads to decreased immunocompetence and increased susceptibility to infection. A special oral diet (Giordano—Giovannetti diet) has been formulated to supply primarily the essential amino acids and to limit the total protein intake to 20 g/ day to 40 g/day. Since both essential nitrogen and nonessential nitrogen are necessary for body protein synthesis, the exogenous administration of essential amino acids combined with nonessential urea nitrogen could theoretically support tissue synthesis in the presence of appropriate enzymatic activity. In clinical practice, such oral diets are not very effective in promoting positive nitrogen balance and tissue repair, especially in critically ill patients who require very large amounts of nitrogen for tissue synthesis and who often have anorexia, nausea, and vomiting. In order to circumvent this problem, a special intravenous amino acid solution was formulated that is comprised of only the eight essential amino acids. This solution, when combined with concentrated dextrose, has been demonstrated to promote positive nitrogen balance, weight gain, and normal wound healing. In this renal failure formula, 1000 ml of solution provides about 1500 to 2500 dextrose calories and 1 g to 1.5 g essential nitrogen, and is usually infused over 24 hours. Additional nitrogen is added as tolerated if the patient's BUN level does not increase with the initial infusion. Serum phosphate, sulfate, potassium, and BUN concentrations have decreased on this regimen, and the frequency of hemodialysis or peritoneal dialysis is also often decreased.

Able and co-workers reported a decrease in the morbidity and mortality of patients receiving hy-pertonic dextrose and amino acids compared with patients receiving hypertonic dextrose alone.1 Recently, a modified renal-failure formula containing essential and nonessential amino acids has been found to be equally effective in some patients, and this formula is listed in Table 29. The BUN level may stabilize or even increase with the modified diet and, therefore, the frequency of hemodialysis is not decreased with this regimen.

Table 29. 
Intravenous Hyperalimentation Formulas

	Normal Formula
	Renal Failure Formula
	Modified Renal Failure Formula

	500 ml 50% 

dextrose
	750 ml-1000 ml

50%-70% dextrose
	500ml-700ml

50%-70% dextrose

	500 ml 8% amino acids(essential and nonessential amino acids)
	100 ml-200 ml          

5% essential amino acids and mixture
	250 ml 8% amino acids(essential and nonessential amino acids)

	6.4 g nitrogen
	I g-1.5 g essential nitrogen    
	3.2 g nitrogen

	Electrolytes
	Electrolytes
	Electrolytes

	Vitamins
	Vitamins
	Vitamins


Hepatic fairule
Malnutrition is a common problem in patients with acute or chronic liver failure. The indiscriminate administration of oral or intravenous amino acids can cause further liver decompensation and en-cephalopathy, especially if the protein intake exceeds 40 g/day. Although standard oral diets aggravate hepatic encephalopathy, there are several special oral diets that have been formulated to provide an amino acid pattern that promotes tissue synthesis and decreases encephalopathy in some patients. Fischer and co-workers have developed a formula for patients with liver failure that provides higher than usual concentrations of branched-chain amino acids (leucine, isoleucine, valine) and lower than usual concentrations of aromatic amino acids (tyrosine, phenylalamine, methionine).29 Generally, patients with cirrhosis have high levels of aromatic and low levels of branched-chain amino acids because of increased gluconeogenesis from branched-chain amino acids and decreased peripheral utilization of the aromatic amino acids. With this still experimental parenteral formula, the gastrointestinal tract can be totally bypassed and 50 g to 75 g protein and 2000 to 3000 dextrose calories can be infused every 24 hours. In some clinical studies, a decrease in hepatic encephalopathy and normalization of the serum amino acid pattern has occurred, thus allowing infusion of protein into patients with liver failure in sufficient quantity to produce positive nitrogen balance and tissue synthesis without inducing further liver decompensation.
Cancer tomor growth dynamics
Patients with malignant diseases, particularly tumors of the gastrointestinal tract, will often develop significant weight loss and malnutrition prior to oncologic therapy. Aggressive cancer treatment often increases the degree of malnutrition, and the combination of the effects of aggressive therapy and progressive malnutrition may be a frequent cause of death. The use of intensive nutritional support in such patients will allow weight gain, positive nitrogen balance, and better tolerance of antineoplastic therapy.17 While studying experimental animals, some investigators have found that protein-calorie malnutrition inhibits or retards the growth of tumors, while Steiger and colleagues and Cameron and co-workers have suggested that intensive nutritional therapy might stimulate tumor growth and  synthesis.
Ota and colleagues addressed this problem by studying the Morris hepatoma implanted into three groups of protein-depleted rats.50 Group I continued feeding with the protein-free diet; group II was nutritionally restored by a normal protein diet; and group III was given . In the protein-depleted animals, liver protein content was decreased and was repleted to normal by either IVH or a normal oral diet, but the protein content in the tumor remained stable despite variations in protein intake. These investigators concluded that protein-calorie repletion of the malnourished host preferentially benefited the host rather than stimulating tumor growth. Reynolds and co-workers investigated cell replication rates in protein-depleted and nutritionally repleted rats treated with methotrexate, an inhibitor of DNA synthesis.52 Inhibition of tumor growth was significantly greater in the replenished animals, indicating that DNA replication was greater in these animmals than in those maintained on a protein-free diet.

Stimulation of tumor growth in humans has not been observed clinically in a large series of malnourished cancer patients during periods of nutritional repletion, while intensive nutritional support has been noted to be advantageous to these patients by decreasing morbidity and mortality from intensive cancer therapy. In another study, 20 pediatric patients with metastatic malignancies received chemotherapy and IVH.60 Thirteen patients responded to chemotherapy, and sepsis occurred in only three patients. The authors drew the following conclusions: (1) IVH did not counteract the effectiveness of chemotherapy in the pediatric patient; (2) IVH did not accelerate tumor growth; and (3) IVH did result in nutritional repletion. Therefore, it appears that intensive nutritional support, either orally or intravenously, is advantageous to the malnourished host during periods of antineoplastic therapy.

Clinical application of in canctr patients
The use of IVH as treatment for patients with a wide variety of malignant diseases has been reviewed recently; 406 consecutive patients were evaluated, most of whom received either chemotherapy, radiation therapy, or surgery.14 Patients were considered malnourished who had lost 10% of their ideal body weight, had a serum albumin level less than 3.4 g %, or had a negative reaction to a battery of recall skin test antigens. Patients who met any two of these three criteria usually were malnourished. Immunodepression associated with oncologic therapy is often secondary to malnutrition and is not necessarily related to a direct suppressor effect on the immune system by a substance released by the cancer cells. The indications for IVH in these patients included chemotherapy (43%), general surgery (24%), head and neck surgery (10%), radiation therapy (10%), fistulas (6%), and supportive care (7%). IVH was infused for an average period of 23.9 days through a total of 428 subclavian vein catheters with an overall catheter-related infection rate of only 2.2%.

IVH was given to 175 patients who received 260 courses of chemotherapy. The average patient gained 5.6  Ib and had an evaluable tumor response rate of 27.8%.   Those   patients   who   responded   to chemotherapy and IVH lived an average time of 8.2 months compared with the nonresponders, who lived an average time of only 1.9 months. Susceptibility to infection should have been increased in 51.5% of the patients who had a leukocyte count less than 2500 cells/mm3 for an average period of 7.7 days; however, the overall catheter-related infection rate was only 1.7%. In addition, chemotherapy complications, such as gastrointestinal irritation, bloody diarrhea, mucositis, and malaise were better tolerated in patients receiving IVH.

The correlation between nutritional status and response to chemotherapy was evaluated in patients with non-oat-cell carcinoma of the lung who were treated with a standard chemotherapeutic protocol.39 Patients who lost greater than 6% of their ideal body weight prior to treatment and who did not receive IVH had no response to chemotherapy, whereas patients with greater than 6% weight loss who were treated with intensive IVH therapy had a 50% tumor response rate. Patients who lost less than 6% of their body weight prior to chemotherapy and were not, therefore, candidates for IVH had a 75% response to the chemotherapeutic regimen. Issell and co-workers reported a preliminary study in 26 patients with metastatic squamous cell carcinoma of the lung who were treated with Corynebacterium parvum, Ifos-famide, and Adriamysin.36 Thirteen patients received IVH before chemotherapy and were continued on IVH for 31 days during the first course of treatment, whereas the other patients were allowed only oral nutrition. Those patients receiving IVH experienced less nausea and vomiting and had greater improvement in anthropometric measurements than did the non-IVH patients. Four patients in the IVH group and one patient in the non-IVH group responded to chemotherapy. These data support retrospective studies indicating that malnourished patients who are nutritionally replenished prior to or during therapy potentially have a better opportunity for response to chemotherapy than do their malnourished counterparts.1639 Therefore, patients who are clinically healthy will respond better to chemotherapy not because of tumor growth stimulation by nutritional repletion but rather because of a greater ability to tolerate large and prolonged infusions of chemotherapy. If a cancer patient is not malmourished, IVH would not be expected to have any measurable effect on results of antineoplastic therapy.
In a group of 100 general and thoracic surgical patients treated with IVH, 52% underwent major curative resection, whereas 48% had surgical procedures for palliation.14 IVH was used for average periods of 12.3% days preoperatively and 13.9 days postoperatively, and the operative mortality was only 4%. Increases in serum albumin occurred preoperatively, and the average weight gain was 4.2 Ib in contrast to uniform weight loss in all such patients treated without IVH support.

In another group of 39 cancer patients, IVH was given during surgical, radiation, or chemotherapy treatment of their head and neck malignancies. Previous attempts at nutritional correction by means of nasogastric tube feedings had been unsuccessful, and IVH was used to promote nutritional repletion. In this group, the average patient received greater than 2700 Cal/day and 100 g/day of amino acids and gained more than 10 Ib. Muscle mass, strength, and tone were restored as well.

Patients receiving radiation therapy were found to respond to intensive nutritional therapy also.18 In a series of 39 malnourished patients who received IVH as nutritional support during radiation therapy, 95% completed their planned courses of treatment and gained an average of 7.8 Ib. Anorexia, nausea, and vomiting disappeared during IVH, and 54% of the patients had greater than 50% reduction in tumor size. Responding patients gained significantly more weight and had greater increases in serum albumin concentrations than did patients whose tumors did not respond to radiation therapy. Prior to the introduction of IVH, these patients would have had their radiation treatment discontinued because of dehydration and malnutrition.

Experience has also been gained in cancer patients with enteric fistulas.14 These patients were often cachectic at the onset of treatment, but with IVH and total bowel rest, malnutrition was corrected, 44% of the fistulas closed spontaneously, and 28% of the fistulas were successfully closed surgically. However, fistulas arising in areas of radiated bowel did not close spontaneously, and surgical bypass was necessary after 14 days to 21 days of IVH therapy to correct malnutrition. These data emphasize the need for intensive nutritional therapy to decrease the morbidity and mortality from gastrointestinal fistulas that develop in cancer patients.

Immunosuppression during oncologic therapy has been well documented. Jubert and co-workers observed suppression of in vitro lymphocyte transformation to mitogens and antigens after major abdominal and thoracic operative procedures.38 The effect of chemotherapy on the immune response is both dose related and time related, whereas radiation therapy has both an initial and a long-term effect, with persistent lymphopenia having been observed for as long as 10 years following treatment.1935 The effect of malnutrition on cell-mediated immunity was evaluated by recall skin test antigens in 65 patients before and during nutritional repletion with IVH.13 Initially, 46 patients had negative reactions to skin test antigens, but 63% of this group converted skin tests to positive after an average time of 13.6 days of IVH. Tumor response to chemotherapy was greater in those patients whose skin test reactivity was positive. In the radiation therapy group, particularly in those patients with radiation to the mediastinum and pelvis, skin tests often remained negative despite IVH therapy, probably because T-cell-bearing areas, such as the thymus and bone marrow, were within the irradiated field. The immune mechanism is an important host defense against cancer cells, and its optimal function should be maintained. Therefore, intensive nutritional therapy along with chemotherapy, radiation, or surgery should be considered as part of the optimal treatment for the malnourished cancer patient.

Conclusion
It is apparent that patients who have major operations, postoperative complications, and other cat-abolic conditions require large amounts of high-quality nutrients in order to maintain and to replete body stores. Stress factors must also be minimized or eliminated if the patient is to receive maximal benefit from the nutritional therapy. Preferably, adequate nutrition should be provided orally or through a gastrostomy or nasogastric feeding tube, but if adequate amounts of nutrients are not able to be supplied or absorbed by these methods, patients should receive intensive intravenous nutritional support. The ravages of malnutrition are significant and can lead to increased morbidity and mortality in all patients. Therefore, it is important for all physicians to recognize major nutritional deficits and to correct them aggressively in order to maximize the results of primary treatment and to decrease morbidity and mortality to the lowest possible levels in high-risk patients.

Parenteral Nutrition— Principles, Nutrient Requirements, Techniques, and Clinical  Applications

An adequate intake of nutrients is necessary to maintain an optimal state of nutrition and health. This is no less true in patients with trauma, severe burns, or major surgical procedure. Such patients are hypercatabolic, with a marked increase in energy expenditure and nitrogen loss, and are usually anorexic or unable to eat. In some instances, such as injury, surgery, or disease of the gastrointestinal tract, oral feeding can aggravate the disease or be detrimental to wound healing. For these reasons, parenteral nutrition is an important, or sometimes the only, form of therapy to meet the nutritional needs.

Parenteral nutrition, or intravenous feeding, by definition concerns the administration of nutrients by routes other than the gastrointestinal tract. This excludes feedings by the gastric or intestinal tube or by the rectal route. Since the amounts of nutrients and the volume of nutrient solutions are necessarily large, it is not convenient to use subcutaneous, intramuscular, or intraperitoneal routes. In addition, the absorption of the major foodstuffs (carbohydrate, protein, and fat) is slow, time-consuming, and not without discomfort. Thus, the only practical route for the introduction of all nutrients in adequate amounts is intravenous administration.

In terms of cellular nutrition, it makes little difference whether the nutrients are supplied orally or intravenously. However, it should be recognized that with the administration of nutrients directly into the blood circulation, the gastrointestinal tract is being bypassed. The physico-chemical form of nutrients given intravenously must be suitably modified (e.g., protein in the form of free amino acids or hydrolysates, carbohydrates as monosac-charides, and fat or oil as an oil-in-water emulsion), and the total amount and rate of administration must be regulated within the body's capacity to metabolize. Solutions or preparations for intravenous or parenteral administration, of course, must be sterile and nonpyrogenic. In addition, small bowel hypoplasia, changes in gastrointestinal hormone secretion, and decrease in intestinal enzyme activity have been observed in dogs, rabbits, and rats maintained on total parenteral nutrition. The question has been raised, therefore, about the importance or necessity of direct contact of food to maintain normal morphologic and functional integrity of the gastrointestinal tract. A consideration of such consequences following long-term total parenteral nutrition is necessary in the planning of subsequent oral alimentation.

Historical Background

Although a variety of substances administered intravenously has been recorded since the middle part of the 17th century, it was not until 1911 that Kausch reported the use of intravenously infused glucose to a patient following surgery. The use of fat emulsion in dogs was accomplished by Marlin and Riche in 1915 and by Yamakawa and associates in patients in 1920. Henriques and Anderson demonstrated nutritional utilization of hydrolyzed protein after intravenous injection in animals in 1913. In 1939, Elman and Weiner were the first to give protein hydrolysate to a patient. Schohl and Blackfan infused a mixture of synthetic crystalline amino acids into infants in 1940.

Clark and Brunschwig were the first to administer solutions containing the three major nutrients—carbohydrate, protein, and fat intravenously to adult patients in 1942. Another documented success of parenteral nutrition in an infant was reported by Helfrick and Abelson in 1944. However, subsequent attempts to provide complete parenteral nutrition met with failure. In 1949, Meng and associates were the first to provide dogs with complete parenteral nutrition, including all six essential nutrient groups: (1) protein, (2) fat, (3) carbohydrate, (4) vitamins, (5) electrolytes and some inorganic trace minerals, and (6) water.101 They demonstrated that a patient fed by long-term "complete" parenteral nutrition, exclusively by continuous infusion into the superior vena cava through an indwelling catheter, is capable of achieving weight gain, positive nitrogen balance, general health, and a sense of well-being. Research in the field of parenteral nutrition progressed at a slow pace, although much enthusiasm existed in the development of fat emulsions as a concentrated energy source in the 1950s and early 1960s. Because of the adverse effects encountered after long-term administration of Lipomul, a 15% cottonseed oil emulsion, physicians were compelled to return to the conventional intravenous therapy, which consists of 5%-10% glucose and occasional protein hydrolysate.

Parenteral nutrition entered into a new era in the late 1960s. In 1968, Dudrick and colleagues demonstrated in puppies, in an infant, and in postoperative patients, that normal growth, development and positive nitrogen balance can be achieved by continuous administration, by means of an indwelling catheter into the superior vena cava, of a solution containing protein hydrolysate and concentrated glucose along with vitamins and minerals.43 Further work reported by Dudrick and associates confirmed these favorable results, and during the period from 1969 to 1975 many other reports also appeared in the literature documenting the effectiveness of this procedure in achieving body weight gain, positive nitrogen balance, wound healing, and spontaneous closure of enterocutaneous fistulas in patients after surgery or with various diseases.7'41-42'43-48-104-157-158 Today, parenteral nutrition has wide use in the practice of medicine as a means of therapy for nutritional support in patients who cannot or should not eat by mouth. In addition, many medical centers have established parenteral nutrition units or nutritional support services as one of the services to improve patient management.

In the United States prior to 1975, total parenteral nutrition was administered without fat. For this reason, a large amount of carbohydrate, in the form of glucose in high concentrations, had to be given to meet the energy need. The availability of fat emulsions suitable for intravenous use has made "complete," total parenteral nutrition possible. In addition, parenteral nutrition can be administered in some instances into a peripheral vein as well as through a central venous catheter.

Parenteral Nutrition Indication

Parenteral nutrition is indicated when patients are unable to eat by mouth and tube feeding is con-traindicated or has failed. Indications are as follows:

1. Abnormality of gastrointestinal tract

a. Ingestion of food impossible or unwise, for instance, obstruction, peritonitis

b. Inability to retain ingested food, for example, vomiting, diarrhea, or fistula

c.Impaired digestion and absorption, for example, malabsorption syndromes, regional enteritis, or ulcerative colitis

d.Trauma or elective surgery, for instance, short bowel syndrome, edema due to severe malnutrition

2.Preparation for surgery in nutritionally depleted and emaciated patients

3.After surgery or trauma, especially in burns or multiple fractures with complications such as sepsis

4.Renal failure, especially those in acute phase

5.Coma, anorexia nervosa, or refusal to eat

6.Supplementation of inadequate oral feeding in patients with cancer, especially those receiving chemotherapy or radiation therapy, and those with renal or hepatic failure, or other diseases

Careful consideration should be given to the nutritional status, clinical condition, and gastrointestinal function of the patient, in order to assess whether total parenteral nutrition through a central vein is necessary. Peripheral parenteral nutrition, plus intravenous fat emulsion, may be adequate, or tube feeding with appropriate defined formula diet may be indicated. Once the choice of total parenteral nutrition is made, it is important to institute the therapy as early as possible to check starvation and prevent further deterioration. Consideration must be given to administer all nutrients, protein, carbohydrate, fat, vitamins, electrolytes, and water in adequate amounts and in proper proportion, because efficient utilization of one nutrient requires the presence of others. However, one should consider the specific disease condition of the patient and prescribe for him according to his needs rather than follow a standard formulation for all patients and remember that rehabilitation of nutritionally depleted patients is slow. Once parenteral nutrition is initiated, it should be pursued with vigor to improve the patient's nutritional status, assist his recovery, and permit prolonged treatment of underlying disease states. In some cases, the objective of nutritional therapy may be just for maintenance, because of the patient's clinical condition and nutritional needs. Substitution of intravenous feeding for oral feeding requires meticulous care and is inconvenient, time consuming, and expensive. Therefore, total parenteral nutrition (TPN) should be replaced by oral feeding as soon as the patient is able to eat a reasonable amount of food in an appropriate form.

In this chapter, the principles, nutrient requirements, techniques, and clinical use of parenteral nutrition in adults are briefly presented. For further information, readers are referred to reviews, proceedings of symposia, and books on this subject 46,47,59,84,88,103,125,134,162,165

Nutrient Requirements

The nutritional requirements in adults are generally similar when age, sex, height, and weight are considered. (For pediatric patients), However, the principle of furnishing adequate nutrients to meet the needs of the specific patient should be the goal of nutritional support.

Protein
Based on the nitrogen loss from all sources and other factors, the protein allowance for maintenance suggested by the (FAO/WHO) report is 0.6 g/kg/day of high quality protein. The allowance for the "mixed" proteins (proteins of high biological value and those of low biological value) of the United States diet is 0.8 g/kg/day. Thus, the allowance for a 70 kg man is 56 g of protein/day, and for a 55 kg woman, 44 g.123 Expressed in terms of nitrogen, this is approximately 9.0 g/day.

Extreme environmental stress, infection, fever, trauma, and surgical procedure can result in substantial urinary loss of nitrogen. In illness or trauma that has led to severe protein depletion, requirement of proteins for repletion of wasted tissues is increased; this is comparable to infants and children who are in the state of rapid growth. The available information on any special increase in protein requirement in elderly people is not conclusive. 10,112,159,174 cheng and colleagues and Zanni and associates show that the same amount of dietary protein per kilogram of body weight will bring both young and old into nitrogen equilibrium.30 174 In the case of total parenteral nutrition, the nitrogen requirement has been reported to be 200 mg/ kg/day to 416 mg/kg/day, as crystalline amino acids, to achieve nitrogen equilibrium. It has also been stated that the total nitrogen need in adult patients is 8 g to 16 g/day regardless of their age. Loirat and co-workers, studying stressed patients, have shown that nitrogen 9 g/M2/day to 18 g/M2/day are necessary to maintain nitrogen equilibrium. Burn patients required as much nitrogen as 20.7 g/M2/day to 25.5 g/M2/day during the acute catabolic phase. In my experience, 12 g/day to 13 g/day have been found adequate to maintain positive nitrogen balance in most of the patients except those with severe trauma, such as major burns and sepsis.104'157 Recently, Shizgal and Forse have demonstrated that with the calorie intake of 50 Cal/kg/day, 1.28 g protein equivalent, or 200 mg nitrogen kg per day as crystalline amino acids, produced significant improvement in cell mass as shown by body composition studies after 14 days of total parenteral nutrition in malnourished patients.142 The degree of stress, possible hypercatabolic state, and the special clinical condition, for instance, renal failure and hepatic insufficiency of the patient, affect the protein need and tolerance. In addition, adequate energy administered concurrently with nitrogen is of paramount importance to promote the nitrogen of amino acids utilization for protein synthesis.

Solutionis for supplying nitrogen in parenteral nutrition
Currently available preparations used as a nitrogen source in parenteral nutrition are protein hydrol-ysates, crystalline amino acids, plasma, and serum albumin.

Protein Hydrolysates. Four preparations of protein hydrolysates are currently available in the United States. They are prepared by either enzymatic hydrolysis of casein (Hyprotigen, CPH, and Travamin) or by acid hydrolysis of plasma fibrin (Aminosol). They are fortified by adding certain amino acids that have been destroyed during hydrolysis. In these preparations of partially hydro-lyzed proteins, as much as 40% of the total amino acids may be in the form of short peptides of 2 to 4 amino acids. Utilization of the intravenously administered peptides is not as efficient as that of free amino acids, and their loss in the urine may be considerable.

In general, protein hydrolysates are fairly well tolerated, although mild adverse reactions such as nausea and vomiting are occasionally encountered. Decreasing the rate of infusion usually reduces the incidence of reactions. One gram of protein hydrolysate is equivalent to about 0.75 g protein. Such preparations are usually available as a 5% to 10% solution. Thus, protein hydrolysate of 75 g/day to 100 g/day, or 1.0 g to 1.5 g, or 20 ml/kg body weight/day to 30 ml/kg body weight/ day should be sufficient for most of the patients except those with major burns or sepsis. However, the formulated amino acid solutions that are commonly used in the United States are considered as a better nitrogen source than the protein hydrolysate.

Crystalline Amino Acid Mixture. Recently, the use of crystalline amino acid mixtures in parenteral nutrition has been revived. The advantages of using amino acids are the following: (1) pure starting material, (2) composition of amino acids can be formulated according to needs, and (3) lack of pep-tides, which increases the usable nitrogen and reduces the urinary loss. Currently, four crystalline amino acid solutions are commercially available in the United States: (1) Aminosyn, (2) FreAmine III, (3) Travasol, and (4) VeinAmine. The amino acid composition of these solutions is shown in Table 30. There are several amino acid solutions available for parenteral nutrition in European countries (e.g., Vamin and Aminofusin) and in Japan. In addition to the amino acid solutions for general use, preparations are available for patients with renal failure (see Table 31). A solution containing a high concentration of branch chain and a low concentration of aromatic amino acids has been used experimentally in animals and in patients with hepatic insufficiency (see Table 32).

Plasma and sergm albumin
For the purpose of intravenous protein nutrition, neither plasma, nor serum albumin is a preparation of choice.

Table 30. 
Amino Acid Content of Solutions for Parenteral Nutrition in the CIS (mg/100 ml)*

	Amino Acidf
	Aminosynf(7%)
	Freamin III(8.5%)
	Travasol(8.5%)
	Veinamine(8%)

	Essential

Isoleucine
	510
	590
	406
	493

	Leusine
	660
	770
	526
	347

	Lysine
	510§
	624§
	492 (as HC1)
	667 (as HC1)

	Methionine
	280
	450
	92
	427

	Phenoalanine
	310
	480
	526
	400

	Threonine
	370
	340
	356
	160

	Tryptophane
	120
	130
	152
	80

	Valine 
	560
	580
	390
	230

	Nonessential
Alanine
	900
	600
	1760
	-

	Arginine
	690
	810
	880
	749

	Histidine
	210
	240
	372
	237

	Proline
	610
	950
	356
	107

	Serine
	300
	500
	-
	-

	Glycine
	900
	1190
	1760
	3387

	Cysteine
	-
	20
	-
	-

	Aspartic
	-
	-
	-
	400

	Glutamic
	-
	-
	-
	426

	Tryrosine
	44
	-
	34
	-

	Total Nitrogen g
	1.10
	1.25
	1.42
	1.33


*Aminosyn (Abbott Laboratories), FreAmine III (American McGaw), Travasol (Travenol

Laboratories), VeinAmine (Cutter Laboratories).

t Amino acids are in L-form.

^Amino acid solution of other concentrations and with or without added electrolytes

are also available.

§Does not include acetate salt.

(Chen WJ, Ohasi E, Kasai M: Ammo acid metabolism in parenteral nutrition with special

reference to the calorie: nitrogen ratio and the blood urea nitrogen level   Metabolism

23:1117, 1974. By permission of Grune & Stratton, NY. Used by permission)

Table  31. 
Composition of Amino Acid Solutions for Renal Failure

	Amino Acid 
	Nephramine* (mg/100 ml) 
	Aminosyn-RFf (mgllOO ml) 

	L-isoleucine 

L-leucine 
	560
880
	462

726

	L-lysine
L- methionine 
	900 (acetate salt)
880
	535 (Does not include acetate salt) 
726

	L-phenylalanine 

L-threonine 
	880

400
	726

330

	L-tryptophan 

L-valine 
	200

650
	165

528

	L-arginine

L-histidine
	-

-
	600
429


•American McGaw, 5.1 g amino acids and 0.58 g nitrogen/100 ml. fAbbott Laboratories, 5.25 g amino acids and 0.78 g nitrogen/100 ml.

Selection of Solutions. When selecting an amino acid solution for parenteral nutrition, it is important to consider the following factors:

1.Total nitrogen given should be adequate.

2.All eight essential amino acids should be present in adequate amounts to meet the requirement (see Table 31) and in proper balance (see Table 32).

3.The E/T ratio (essential amino acids in grams divided by the total amount of nitrogen in grams) should be considered. This ratio in whole egg protein or a high quality protein is 3:2.

4.The percent of essential amino acids of total amino acids is also important. This ratio for adults and for infants is about 0.20 (20%) and 0.40 (40%), respectively, but suggestions have been made that it should be about 40% in adult patients given total parenteral nutrition, except for those with renal failure or hepatic insufficiency.

5.The presence of several nonessential amino acids is more effective in maintaining nitrogen balance than is the use of only one.55-1 u However, the amount of glycine should not be excessive in order to avoid an increase in blood ammonia.

6.L-amino acids are better employed than those in DL-form. Histidine has been found essential for growth in infants and perhaps also in uremic adults. Adequate amounts of arginine are needed to prevent hyperammonemia, and proline, after hydroxylation, is required for the synthesis of collagen, which is necessary for wound healing. In addition, alanine is the main form of transport for amino nitrogen between tissues, and it seems preferable to include this as a major part of the nonessential amino acids for parenteral nutrition.

Table 32.
Amino Acid Solution for Hepatic Failure* (8% Amino Acids)

	Component 
	Amount/100 ml

	Amino Acids 
	 

	Essential: 
	 

	L-isoleucine 
	900 mg

	L-Ieucine 
	1100 mg

	L-lysine 
	610 mg

	(as lysine acetate) 
	

	L-methionine 
	100 mg

	L-phenylalanine 
	100 mg

	L-threonine 
	450 mg

	L-tryptophan 
	66 mg

	L-valine 
	840 mg

	Nonessential: 
	

	L-alanine 
	770 mg

	L-arginine 
	600 mg

	L-histidine 
	240 mg

	L-proline 
	800 mg

	L-serine 
	500 mg

	Glycine 
	900 mg

	L-cysteine-HCl-H20 
	< 20 mg

	Phosphoric Acid, NF 
	115 mg

	Sodium Bisulfite, USP 
	< 100 mg

	Glacial Acetic Acid 
	Adjust pH to 6.5

	Water for Injection, USP 
	qs


"Hepatamine™, Product of American McGaw. Has been approved by FDA for clinical use. All amino adds are U.S.P. This solution also contains the following electrolytes in mEq/liter; Na + , 10; Cl ~ < 4; HPO4~2, 20; and acetate, 63. Nitrogen content, 1.21 g/100 ml. Protein equivalent, 7.6 g/100 ml.

A quantitative comparison of the amino acid content of the commercially available amino acid solutions with that of the whole egg protein is shown in Table 34, and comparison of the branch chain amino acid content with that of the whole egg protein is shown in Table 35. At the present, data from objectively controlled clinical studies are lacking to suggest any one of the available amino acid solutions as superior to others. When one is dealing with a specific clinical condition such as renal failure, hepatic insufficiency, or sepsis, it may be appropriate to select a preparation which could be more efficient and safe even if the documented evidence is less than conclusive. It may be pointed out also that the cost of crystalline amino acid solution is higher than that of protein hydrolysates, and cost factors may become important in selecting a particular crystalline amino acid solution.

Energi (calories) requirement
The Recommended Dietary Allowances suggest 2700 Cal and 2000 Cal/ day for a young man or woman, respectively, be tween 23 and 50 years of age, who is engaged in moderate physical activities. The estimation of total caloric requirement is shown in Table 39. The energy expenditure is progressively decreased with age. Calories given should be adequate to maintain the body weight in patients who are in a reasonably good nutritive state; this is about 35 Cal/kg/ day. In patients who have lost considerable weight, more calories are necessary to achieve weight gain; in some cases, 55 Cal/kg a day or more need to be given (see Table 40). As illustrated in Figures 20, 21 and 22, energy expenditure, as well as nitrogen loss, is further increased in patients with severe trauma or sepsis.85-121 Utilization of amino acids or nitrogen for protein synthesis cannot be accomplished to the fullest extent without concomitant administration of adequate calories. On the other hand, further prevention of nitrogen loss cannot be achieved with a daily energy intake beyond 900 Cal if no protein is administered (see Fig. 23).

Table 33. 
The Requirement of Essential Acids in Human Adults*

	Requirement
	AdultWomen(Hegsted)+ mgl\kg
	Adult Men
	Estimated for

Repletion(Steffee et al)$ mglkg

	
	
	(Rose)+ mglkg
	(Inque et al.)+ mglkg
	

	Histidine
	-
	-
	-
	7.4

	Isoleucine
	10
	10
	11
	10

	Leucine
	13
	11
	14
	39

	Lysine
	10
	9
	12
	54

	Methionine& Cysteine
	13
	14
	11
	16

	Phenylalanine& Tyrosine
	13
	14
	14
	57

	Threonine
	7
	6
	6
	11

	Tryptophan
	3.1
	3.2
	2.6
	4.3

	Valine
	11
	14
	14
	20

	Total Essential Amino Acids
	80
	81
	85
	219


•Results were obtained in studies with oral feeding. tSummarized by Munro HN: Protein hydrolysate and amino acids. In White PL, Nagy ME (eds): Total Parenteral Nutrition, Acton, Publishing Sciences Group, 1974.

^Calculated by Shenkin A, Wretlind A: Parenteral nutrition. World Rev Nutr Diet 28:1, 1978; from data of Steffee CH, Wissler RW, Hamphreys EM, et al: Studies in amino acid utilization. V. The determination of minimum daily essential amino acid requirements in protein-depleted adult male rats. J Nutr 40:483, 1950.

Although some amino acids are used for energy, it is suggested that only nonprotein calories should be considered. Since the monohydrate of glucose is used in the United States, 3.4 Cal/g should be used for calculation. Each gram of fat and ethanol furnishes 9 and 7 Cal respectively, if completely oxidized.

Sourse
Glucose (Dextrose) In the common American diet, carbohydrates are consumed primarily as starch. Some sucrose and a small amount of lactose are also ingested. After digestion in the intestine, monosaccharides, which consist typically of about 80% glucose, 15% fructose, and 5% lactose, are formed. Generally, carbohydrates of American diets supply about 35% to 60% of the total daily calories. In a healthy individual the brain may require about 120 g to 140 g glucose per day. Nervous tissue also fills about 20% to 30% of its energy requirement with glucose. Without glucose, glu-coneogenesis from amino acids will be increased, and ketosis will occur. Thus, glucose is used as the nonprotein energy source of choice in parenteral nutrition. Concentrations of commercially available glucose solutions are 5% to 70% for parenteral nutrition. However, the glucose concentration of solutions given to patients maintained on central venous parenteral nutrition is usually 20% to 45%. This is necessary in order to supply the daily need of about 3000 Cal when fat is not given. Excessive amounts of glucose may result in increased fat synthesis and storage, and in excessive carbon dioxide production, leading to severe respiratory distress in some patients.10-27 Fructose (Levulose). Since glucose intolerance exists in many conditions such as severe trauma, major surgery, diabetes mellitus, hepatic disease, uremia, sepsis, and excessive stress, studies on the use of glucose substitutes have been conducted, including fructose and invert sugar. Fructose is also a physiologic sugar; its quantity in the body is smaller than glucose.
Table 34. 
Ideal Dietary Essential Amino Acid Pattern, Whole Egg, FAO Recommendation and the Minimum Requirement of Rose*
	Amino Acid 
	Ideal Protein f 
	Whole
Egg 
	FAOf 
	Rose§ 

	Isoleucine 
	4.5
	5.6
	4.5
	4.2 (0.70)

	Leucine 
	6.8
	6.4
	5.1
	6.6 (1.10)

	Lysine 
	5.2
	5.0
	4.5
	4.8 (0.80)

	Methionine 
	3.7
	2.9
	2.4
	

	Methionine +  Cysteine 
	5.5
	4.5
	4.5
	6.6 (1.10)

	Phenylalanine + Tyrosine 
	8.0
	7.5
	6.0
	6.6 (1.10)

	Tryptophan 
	1.0
	0.9
	1.5
	1.5 (0.25)

	Valine 
	4.3
	5.1
	4.5
	4.8 (0.80)

	Threonine 
	3.0
	3.0
	3.0
	3.0 (0.50)


•Relative figures achieved by setting threonine at 3 to make comparison.

tLongenecker JB: In Albanese AA (ed): New Methods of Nutritional Biochemistry. New York, Academic Press, 1963. ^Protein Requirement. Report of a Joint FAO/WHO Experts Group, WHO Technical Report series, No. 301, 1965.

§Rose WC: The amino acid requirements in adult man. Nutr Abst Rev 27:631, 1957. Figures in parentheses are minimum requirements of Rose. The values of methiomne and phenylalanine were attained when no cysteine or tyrosine was added to the diet; cysteine was found to spare methionine requirement by 80% to 89%, and tyrosine was found to spare phenylalanine requirement by 70% to 75%.

Table 35. 
Amino Acid Content of Solutions for Parenteral Nutrition in the US (g per 16 g nitrogen)
	Essential Amino Acid
	Whole Egg
	Aminosyn*
	FreAmine lll-f
	Travasolf           
	VemAmim\\

	Isoleucine
	6.6
	7.4(112)§
	7.3(111)§
	4.5(69)
	4.2(63)

	Leucine
	8.8
	9.6(109)
	9.5(111)
	5.9(67)
	5.9(67)

	Lysine
	6.4
	7.4(116)
	7.6(119)
	5.9(91)
	6.4(100)

	Methionine  
	3.1
	4.1(131)
	5.5(178)
	5.9(189)
	5.1(165)

	Cysteine
	2.4
	-
	0.24(10)
	-
	-

	Phenylalanine
	5.8
	4.5(78.0)
	5.9(102)
	5.9(102)
	4.8(82)

	Tyrosine
	4.2
	0.96(23)
	-
	0.40(9)
	-

	Threonine
	5.1
	5.4(105)
	4.2(82)
	4.0(78)
	1.9(37)

	Tryptophan
	1.6
	1.7(109)
	1.6(100)
	1.8(113)
	0.96(60)

	Valine
	7.3
	8.1(112)
	6.9(94)
	4.4(60)
	3.0(41)

	Total Essential a. a./16 g nitrogen
	51.3
	49.2
	48.7
	38.6
	32.5

	Nonessential Amino Acid
	
	
	
	
	

	Alanine
	7.4
	13.0(176)
	7.4(100)
	20.9(282)
	-

	Arginine
	6.1
	10(164)
	10(164)
	10.5(172)
	9.0(147)

	Histidine
	2.4
	3.1(129)
	3.0(123)
	4.4(183)
	2.8(117)

	Proline
	8.1
	8.9(110)
	11.7(144)
	4.2(52)
	2.8(16)

	Serine
	8.5
	4.4(52)
	6.2(72)
	-
	-

	Glutamic Acid                                                 
	16.0
	-
	-
	-
	5.1

	Aspartic Acid                                                  
	9.0
	-
	-
	-
	4.8

	Glycine
	-
	13.1
	14.7
	19.7
	40.6

	% Nitrogen from Glycine
	-
	15.2
	16.8
	23.0
	47.5

	Total Nonessential a.a./16 g Nitrogen
	57.5
	52.3
	53.0
	59.8
	63.6

	Total a.a. per 16 g Nitrogen
	109
	102
	101.7
	98.3
	96

	E/T Ratio
	3.2
	3.1
	3.2
	2.4
	2.4

	% Essential of Total a.a.
	47
	48
	48
	39
	33.7


'Abbott Laboratories f American McGaw tTravenol Laboratories IJCutter Laboratories §Figure in parentheses represents % of the whole egg. Modified from Rusho WJ, Standish R, and Bair JN: A comparison of crystalline amino acid solutions in parenteral nutrition. Hospital Formulary, Jan 1981, p 29.

Table 36. 
Branched-Chain Amino Acids in Amino Acid Solutions for Parenteral Nutrition in the US (g per 16 g nitrogen)

	Branched-Chain Amino Acid
	Egg
	Aminosyn*
	FreAmine IIIf
	Travasol§
	VeinAmme^

	Isoleucine
	6.6
	7.4
	7.3
	4.5
	4.2

	Leucine
	8.8
	9.6
	9.5
	5.9
	5.9

	Valine
	7.3
	8.1
	6.9
	4.4
	3.0


•Abbott Laboratories tAmerican McGaw §Travenol Laboratories ^Cutter Laboratories From Rusho WJ, Standish R, and Bair JN: A comparison of crystalline amino acid solutions in parenteral nutrition. Hospital Formulary, Jan 1981, p 29.
Table 37. 
Estimated Total Caloric Need

	Requirement
	Patient

	
	1
	2
	3

	Calculated basal* 
	1449
	1701
	1853

	Fever (8% of basal/l°F) 
	81
	272
	444

	Specific dynamic action  (8% of basal) 
	135
	136
	148

	Bed activity (30% of basal) 
	506
	510
	556

	Total estimated 
	2171
	2619
	3001

	Total measuredf 
	2422
	2653
	2925


*From the DuBois chart on the basis of the height, age, and sex of the patient

fDetermined by Jones Metabolism apparatus. From Rice CD, Orr B, and Enquist L: Parenteral nutrition in surgical patients as provided from glucose, ammo acids and alcohol—the role played by alcohol. Ann Surg 131:289, 1950

Fructose is less insulin dependent, does not produce hyperglycemia, and its loss in the urine is small. It is rapidly transformed into glycogen in hepatocytes, and inhibits gluco-neogenesis in the liver, and thus spares amino acids. It has been reported that intravenous administration of fructose produced lactic acidosis, hyperur-icemia, and depletion of adenosine triphosphate. These changes are observed in studies involving administration of relatively larger amounts of fruc tose injected in short periods of time. It is not likely, however, that fructose will replace glucose as the sole source of calories in long-term parenteral nutrition. Fructose intolerance has been reported in some individuals. Dietary history must rule out this possibility before fructose is administered.

Table 38. 
Daily Caloric Intake of Average (70 kg) Man Under Normal and Surgical Conditions*

	Condition
	Normal BMR
	Measured Resting Expenditure 
	Caloric (RME 

Intake + 50%) 

	
	
	ABMR (%)   Cal
	Cal
	

	Normal 
	1,800
	
	
	

	Postoperative 
	1,800
	
	1,800
	2,700

	Multiple fractures 
	1,800
	+ 20
	2,160
	3,240

	Major sepsis 
	1,800
	+40
	2,520
	3,780

	Major burn 
	1,800
	+80
	3,240
	4,860


*From Kinney JM: Energy requirement for parenteral nutrition. In Fischer JE (ed): Total Parenteral Nutrition p 135, Boston, Little, Brown, 1976 BMR, basal metabolic rate RME, resting metabolic expenditure

Invert sugar or combination of glucose and fructose 
Invert sugar is a hydrolytic product of sucrose composed of equal amounts of fructose and glucose. Recent observations at Vanderbilt University Medical Center suggest that the use of a mixture consisting of 10% fructose and 10% glucose is better tolerated than is a 20% glucose solution in premature and postoperative infants. Meng and co workers have also observed better tolerance in adult postoperative patients for esophageal cancer given a combination of 15% fructose and 10% glucose than in those given 25% glucose.106 Further study on the use of a mixture of fructose and glucose of various ratios and of invert sugar is warranted. Currently, 5% and 10% fructose, and invert sugar, are commercially available. Invert sugar must not be given to patients with fructose intolerance.

Sorbitol and Xylitol. Sorbitol is a 6-carbon sugar alcohol. It is oxidized to fructose and then converted to glucose; it is metabolized as such thereafter. Sorbitol, as 5% to 30% solution, has also been used in parenteral nutrition in Europe. Urinary loss has been found as high as 25% of the total amount administered intravenously. It is not commercially available in the United States.
Xylitol is a 5-carbon sugar alcohol. Conversion of xylitol to glycogen occurs by means of the pen-tose phosphate pathway. As high as 86% of xylitol may be transformed into glucose, and it has a strong antiketogenic effect. Xylitol is also less insulin dependent. Clinical use of xylitol in parenteral nutrition has been reported in Germany and Japan. Owing to toxicities (e.g., hyperuricemia, hyperbili-rubinemia and renal insufficiency) observed following the intravenous administration of xylitol, its clinical use for parenteral nutrition in the United States has been cautious and hesitant. However, long-term studies in dogs show that xylitol is fairly well tolerated when the total daily dosage is not excessive (10 g/kg/day), the infusion rate is not more than 0.4 g/kg/day, and the concentration of the solution is not above 15%." It has also been reported that when giving xylitol in combination with other sugars (glucose, fructose, and sorbitol), adverse effects have not been encountered.
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F1G. 20. Duration of negative nitrogen balance following surgically uncomplicated operation or trauma. (Randall HT: Indications for parenteral nutrition in postoperative catabolic states. In Meng HC, Law DH (eds): Parenteral Nutrition, p 13. Springfield, 111., Charles C Thomas, 1970)
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FIG. 21 Hypermetabolism and increased nitrogen excretion are closely related following minor or major trauma or major burn injury. Patients received 12 g nitrogen intake per day. (Adapted by Wilmore DW: The Metabolic Management of Critical 111, New York, Plenum Book Company, 1977.) Data from Kinney JM: Energy deficits in acute illness and injury. In Morgan AP (ed): Proceedings of a Conference on Energy Metabolism and Body Fuel Utilization, p 150, Cambridge, Harvard University Press, 1966. Courtesy Plenum Medical Book Company, New York.
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FIG. 22 Comparative daily nitrogen losses after surgery of a 70-kg man. (Lawson LJ: Bri J Surg 52:795, 1965 Courtesy John Wright and Sons, Bristol, England)
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FIG. 23 Nitrogen balance increases with the addition of energy or nitrogen to the diet. The range of caloric intake is listed to the right of each isobar. The number in parentheses below each calorie-intake value expresses total calorie intake as a percentage of total daily metabolic expenditure. (Data from Galloway DH, Spector H: Am J Clin Nutr 2:405, 1954. Adapted by Wilmore DW: The Metabolic Management of Critical 111, New York, Plenum Book Company, p 197, 1977)

Maltose. It has been reported that intravenous (IV) maltose is metabolized. An advantage of IV maltose is that it is less osmolar as compared to glucose of the same concentration. Signer and associates report that maltose is tolerated by dogs and can be used for parenteral nutrition.141 Recently, Andersen and associates have given 12% of total daily energy as glucose or maltose in growing miniature pigs.9 Based on the chemical analyses of the urine, both glucose and maltose are used, although maltose was used less well (87%) than glucose (99%). Growth and body composition data also indicate maltose utilization. Maltose use may minimize the adverse effects frequently encountered in patients given hyperosmolar glucose. The use of maltose for parenteral nutrition in man has not been studied.

Glycerol. The caloric value of glycerol is approximately the same as that of glucose. Given as a diluted solution in moderate dosages, glycerol is tolerated by man and animals. Large doses of glycerol can cause hemolysis, hypotension, central nervous disturbances, and convulsions. Its substitution for glucose in parenteral nutrition does not appear warranted except for special reasons. Currently, glycerol at a concentration of 2.25% or 2.5% is used in the preparation of fat emulsions to make them isotonic. The utilization of the intravenously infused glycerol or of glycerol in Intralipid has been reported.170

Alcohol (Ethanol). Ethyl alcohol supplies 7 Cal/ g if completely oxidized. The liver is the main site of its metabolism, and the rate of metabolism has been estimated to be 100 mg/kg/hr to 200 mg/kg/ hr, but the range of individual differences is large. Evidence for utilization of the intravenous alcohol as an energy source has been reported. It is usually given as a 2.5% to 5% solution. Rice and associates have used alcohol in parenteral nutrition and have demonstrated its nitrogen-sparing effect.124 However, the rate of alcohol infusion must be carefully controlled so that blood levels are not higher than 0.08% or even 0.05% in order to avoid intoxication and urinary loss. It should be remembered that hepatotoxic effects have been noted despite the consumption of an adequate diet. It has also been reported that older debilitated patients often do not tolerate even diluted solutions of alcohol well. Thus the use of alcohol in parenteral nutrition is not recommended, although there may be times when it seems appropriate because of its tranquilizing effect.

Table 39.
Composition of Fat Emulsions

	Component
	Fat Emulsion

	
	Intralipid*
	Liposynf

	
	10%
	20%
	10%
	20%

	Soy bean oil (g) 
	10
	20
	—
	-

	Safflower oil (g) 
	—
	—
	10
	20

	Egg yolk phosphatides (g) 
	1.2
	1.2
	1.2
	1.2

	Glycerol (g) 
	2.25
	2.25
	2.5
	2.5

	Water to (ml) 
	100
	100
	100
	100


*Cutter (Vitrum) Laboratories f Abbott Laboratories

(Fat Emulsion in Parenteral Nutrition, p 63. © American Medical Association)

Fats
Fat, as an important or essential nutrient, should be given in parenteral nutrition to make the intravenous feeding regimen "complete." It is not only a concentrated source of energy (9 Cal/g), providing a large amount of calories in a small volume of water, which may be advantageous in some patients, but it also supplies essential fatty acids. Essential fatty acid deficiency has been observed in adult patients as well as infants and children on long-term parenteral nutrition devoid of fat and in those who are fasting in a variety of diseases. 11,31,64,114,126 pat emulsions, as prepared, are iso-tonic and may be infused into a peripheral vein.

Currently, two fat emulsions (Intralipid and Lip-osyn) for parenteral nutrition are available in the United States. The composition of these fat emulsions and the major fatty acid composition of soybean, safflower, and corn oils, are shown in Tables 37 and 38. Much work has been done on the safety and efficacy of Intralipid61'95 96->o6,i7i and of Liposyn.13-34-149 They are well tolerated and are effective as a source of essential fatty acids and calories. Severe toxic effects, such as overloading syndrome, which were observed in some patients given Lipomul, a 15% cottonseed oil emulsions were not encountered.90'102 (Lipomul was withdrawn from the market by the manufacturer in 1964.) Other fat emulsions are available in other countries, for instance, Lipofundin S. (Germany), Lipophysan (France), and Intrafat and Intralipos (Japan). In addition, two fat emulsions are available in Europe that also contain added amino acids: Nutrifundin (Germany) and Trivemil (France). These preparations are not available in the United States.
Table 40.
Fatty Acid Composition of Corn, Safflower and Soybean Oils

	Major Fatty Acids*  
	Percent of Total Fatty Adds

	
	Corn
	Safflower
	Soybean

	Palmitic, 16:0
	13
	7
	11

	Oleic, 18:w9
	28
	13
	23

	Stearic, 18:0
	2.5
	2.5
	4

	Linoleic, 18:2w 6
	55
	75-78
	52-54

	a-Linolenic, 18:3w3           
	0.8
	0-0.5
	8

	Arachidonic, 20:4w6
	Trace
	Trace
	Trace


*Short hand notations of fatty acids: the number preceding the colon represents the number of carbons in the fatty acid molecule; the number immediately following the colon denotes the number of double bonds; the number after the Greek letter omega, w, indicates the carbon position of the double bond from the methyl terminal of the molecule.

Essential fatty acids
Certain polyunsaturated fatty acids have been found essential for growth, proper health maintenance, and biological processes Their functions in the maintenance of skin, hair, and integrity of cell membrane, regulation of cholesterol metabolism, among others, are well known. Essential fatty acid deficiency delays wound healing and may increase the susceptibility to infection.70 It has been recognized that many polyunsaturated fatty acids have essential fatty acid activities, but the three most important are linoleic (18:2co6), a-linolenic (18:3w3), and arachidonic (20:4o)6). The numbers in parentheses are shorthand notations for the acids. The number preceding the colon represents the number of carbons, and the number immediately following the colon denotes the number of double bonds; the number after the Greek letter omega (co) indicates the carbon position of the double bond from the methyl terminal of the molecule. Although arachidonic acid is listed as an essential fatty acid and may be the most important polyunsaturated fatty acid for the mammal, it does not need to be supplied in the diet; under normal conditions mammalian tissue has the ability to convert linoleic to arachidonic acid (except in the cat). However, linoleic acid cannot be synthesized by the mammal and must be supplied in the diet.

It is well known that dihomo-gamma-linolenic acid (20:3to6), which is converted from linoleic (18:2co6) and the immediate precursor of arachidonic acid, is the precursor of the series 1 -prosta-glandins (e.g., PGEj). Arachidonic acid (20:4co6) is the precursor of the series 2-prostaglandins (e.g., PGE2, PGF2a). Alpha-linolenic acid (18:3co3) is considered essential, but its requirement is probably small. It supports growth of rats but does not effectively cure dermal changes in animals deprived of linoleic or arachidonic acid. Alpha-linolenic acid is converted mainly to the docosahex-aenoic acid (22:6w3) of glycerophosphatides, which are thought to be necessary to maintain membrane integrity of the cell and its organelles. The immediate precursor of docosahexaenoic is A-eicosapen-taenoic acid (20:5w3), which serves as a precursor of the series 3-prostaglandins (e.g., PGE3). It has been found difficult to deplete tissue docosahexaenoic acid in animals fed diets deprived of a-lin-olenic acid.

In patients or animals fed a fat-free diet or deprived of essential fatty acids, saturated fatty acids are biosynthesized in the body. Plasma palmitoleic (16:lo>7) and oleic (18:lco9) are usually elevated. Oleic acid is converted to A5-8 u-eicosatrienoic (20:3o>9). Eicosatrierioic acid (20:3co9) in plasma or tissue is very low or not detectable in persons consuming adequate essential fatty acids. However, it is elevated, and linoleic and arachidonic acids are decreased, in patients maintained on a fat-free diet, or on total parenteral nutrition devoid of fat. Therefore, the triene (eicosatrienoic acid, 29:3co9) to tetraene (arachidonic acid, 20:4o>6) ratio (T/T) is increased. T/T of 0.4 or greater has been considered as a biochemically essential fatty acid deficiency; this ratio has been lowered to 0.2 or greater, since the plasma eicosatrienoic acid (20:3w9) in individuals consuming normal American diets is rarely detectable.

The exact requirement of essential fatty acids in man is not clearly defined. Collins and associates suggest that at least 7.5 g linoleic acid/day, furnishing 2.2% of the total caloric intake, are necessary to correct essential fatty acid deficiency.31 However, at this intake, the plasma T/T (eicosatrienoic acid, 20:3w9 to arachidonic acid, 20:4co6) remained greater than 0.3. When 22.5 g of linoleic acid per day furnishing 6.4% of the total caloric intake were given, the percentage of eicosatrienoic acid decreased from 9.9% to 1.2% of the total plasma fatty acids after the first day of treatment. Jeejeeb-hoy and co-workers suggest that 25 g linoleic acid per day may be required.75 Perhaps the essential fatty acid requirement in man is within the ranges of 7.5 g/day to 25 g/day. However, this range may represent the requirement for therapy and not that for maintenance. The severity of deficiency and the period of time necessary for correction may affect the dosage required. It is interesting that Press and associates have daily applied and rubbed 230 mg sunflower oil (containing 120 mg linoleic acid) on the surface of one forearm of 3 adult patients with essential fatty acid deficiency.119 They found that this treatment was capable of increasing the levels of linoleic and arachidonic acids, and decreasing eicosatrienoic acid (20:3co9) in the serum toward normal. These results suggest that the daily requirement of essential fatty acids may be as low as 2 mg/kg/day to 3 mg/kg/day. It seems generally agreed that the optimal requirement for linoleic acid in infants and children is 4% of the total caloric intake, as originally suggested by Holman and associates.67 It should be recognized that the increase in metabolic demand associated with growth, hypermetaborism following injury, sepsis, or stress in adults aggravates or accentuates essential fatty acid deficiency. According to the experience of the author and other investigators, 500 ml of a 10% fat emulsion twice or three times a week should be adequate in nonstress patients to maintain the normal essential fatty acid status. However, daily infusion of 500 ml of a 10% fat emulsion may be needed for the correction of essential fatty acid deficiency. In patients maintained on home parenteral nutrition who can take some food by mouth, 10 ml corn or safflower oil three times a day should be adequate to prevent biochemical essential fatty acid deficiency.

Optimal requirement
The optimal requirement of fat in terms of calories is not known. Based on the daily fat intake in the United States, it is about 1.5 g/kg to 2.5 g/kg in individuals consuming 2500 to 3500 Cal. The importance of fat or triglyceride in nutrition other than as a source of essential fatty acids was suggested by Deuel and colleagues. In later communications the same group of workers reported that greater growth was found in rats fed 30% cottonseed oil diets than in those on a low-fat diet supplemented with an optimum quantity of methyl linoleate or a combination of methyl linoleate and methyl arachidonate. Meng and Youmans showed that more calories are required per gram of weight gain/day in rats fed a fat-free diet than in those given diet containing 5% or 25% fat. These authors also administered isonitrogenous nutrients through a central vein to dogs; only those receiving fat emulsion gained weight.98-108 Administration of adequate amounts of methylesters of linoleic and arachidonic acids to the dogs receiving total parenteral nutrition without fat prevented the essential fatty acid deficiency but did not correct the weight loss. Recently, Heird and associates analyzed the data on the relationship between caloric intake and weight gain, and nitrogen balance in infants receiving parenteral nutrition, as reported by Borresen and associates.63 They state that despite administration of fewer total calories (86 Cal/ kg/day—100 Cal/kg/day) and less nitrogen, the weight gains and nitrogen balances were equivalent to those demonstrated by Dudrick and associates, giving 115 Cal/kg/day to 120 Cal/kg/day, and 4 g of protein/kg/day. The difference in the two regimens was that fat as a soybean oil emulsion (Intralipid), in a dosage of 3 g/kg/day to 4 g/kg/day was given along with amino acids and other nutrients by Borresen and co-workers, while fat was not administered by Dudrick and associates. Jee-jeebhoy and associates reported that only 35 Call kg/day supplied by soybean oil emulsion (also Intralipid) and carbohydrate seemed adequate to maintain weight and nitrogen equilibrium; in this study fat furnished 40% to 50% of the total caloric intake.75 Fat as a calorie source for protein sparing has also been demonstrated by others. However, the importance of fat as a calorie source in comparison with glucose in parenteral nutrition may depend on the nutritional state and clinical condition of the patient. Long and colleagues have presented results obtained from studies in critically ill patients maintained on total parenteral nutrition showing that inclusion of fat emulsion did not affect the nitrogen excretion at any level of carbohydrate intake when a nitrogen intake was maintained constant at 11.7 g/M2/day.92 They suggested that when a primary clinical goal is nitrogen conservation, carbohydrate calories should be given in amounts approximating the resting metabolic rate. Additional calories can be given as intravenous fat emulsion. On the other hand, Jeejeebhoy and associates compared the two different calorie sources in patients who were markedly depleted because of severe gastrointestinal diseases, evaluating each regimen during a one-week study and then switching to the other regime.73 With an isonitrogenous intake, no difference was observed when comparing fat-rich intravenous nutrition with the iso-caloric carbohydrate administration. Wolfe and associates conducted studies evaluating fat and carbohydrate calories in normal fasting subjects.170 Nitrogen equilibrium or positive nitrogen balance was associated with the quantity of nitrogen and energy administered regardless of the energy source. It seems that fat is not as effective as carbohydrate in promoting nitrogen equilibrium in hypercata-bolic patients, but these two energy sources are equally effective in starved, depleted patients. It is clear that fat alone is not as effective as glucose in protein-sparing. In fact, it may cause further increase in nitrogen loss in some patients. Thus, fat emulsion should not be administered without amino acids and glucose in parenteral nutrition, but must be given in combination with carbohydrate with adequate nitrogen for protein synthesis.

The daily dosage of fat given to most adult patients receiving parenteral nutrition is 1.0 g/kg to 2.5 g/kg body weight. However, some investigators have given as much as 6.6 g/kg/day to adult patients; this is not recommended. It should be remembered that the daily dosage of fat given should be below the metabolic capacity of the patient receiving long-term parenteral nutrition so that a margin of safety is preserved to avoid "overloading" or other adverse effects.

Various fat emulsions administered intravenously are known to result in deposition of pigments, the so-called intravenous fat pigments, in the reticuloendothelial cells of the bone marrow, lymph nodes, spleen, and the liver of man and animals. To date, no adverse effects can be attributed to these histologic changes.

Fat emulsions are contraindicated in patients with hyperlipidemia or with disorders leading to failure in clearing triglycerides from the blood circulation. Occasionally, fat emulsion may produce leuco-penia, thrombocytopenia, and anemia. Patients with marked decrease in platelets or leucocytes should be monitored closely. Close monitoring is also necessary in patients with hyperbilirubinemia. Severe liver damage has been considered as a contraindication for fat emulsion. However, Intralipid up to 100 g of fat/day has been given to patients with moderate to severe liver disease without deleterious effect on liver function.

Carbohydrate – fat calorie ratio
The optimal ratio of carbohydrate to fat calorie ratio is not known. In newborn infants on breast milk, 50%, 38% and 12% of the total caloric intake is supplied by fat, carbohydrate, and protein, respectively. Based on the average daily consumption of fat per person in the United States, the calories contributed by fat range from 30% to 55% of the total intake in most individuals. Since the percent of calories supplied by protein is usually 10% to 15%, the carbohydrate fraction probably ranges between 60% and 30%. It has been suggested that with adequate nitrogen and energy, the carbohy-drate:fat calorie ratio should be close to 1:1. In some countries, the dietary fat intake is low, contributing about 10% to 15% of the total caloric intake. It is clear that the carbohydrate to fat calorie ratio of food consumed orally varies widely, and it is difficult to suggest what may be the optimal carbohydrate to fat calorie ratio for parenteral nutrition. It seems, however, that a minimum of 10% to 15% and a maximum of 60% of the total caloric intake may be given as fat with 20% to 50% of the total caloric intake supplied as fat a reasonable suggestion. In protein-depleted rats given total parenteral nutrition, Stein and associates observed that a nonprotein energy intake supplied by glucose, 75%, and by fat, 25%, was superior to 100% as glucose or 100% as fat.152 Our findings concur. Although as much as 80% of total calories as fat have been given in some recent studies, the needs and disease states of the individual patients must be taken into consideration.

Calorie –nitrogen ratio
The importance of the energy—nitrogen relationship is exemplified in Table 41. It is noted that giving only 5% or 10% glucose without nitrogenous nutrients does not provide adequate calories, and would result in a marked negative balance. Increasing both nitrogen and caloric intake can significantly reduce the nitrogen loss. Galloway and Spector review the relationship between nitrogen and energy intake and nitrogen equilibrium.25 Their findings show that for normal, young, active men on a protein-free diet, the negative nitrogen balance can be maximally reduced by supplying about 700 to 900 nonprotein calories; further protein-sparing effect is not observed, even if the intake is increased to as high as 2800 Cal in the absence of protein. When the energy intake is 2800 Cal, nitrogen equilibrium is achieved with a daily nitrogen intake of about 8.5 g; the energy-nitrogen ratio in this case is about 410:1. The energy-nitrogen relationship observed by Galloway and Spector as modified by Wilmore is shown in Figure 23. Using the estimations on body weight loss as results of fasting, elective surgery, trauma, and sepsis, Kinney suggests a calorie-nitrogen ratio of about 120:1 to 180:1.79 At Vanderbilt University Medical Center, patients (excluding those with major burns) given parenteral nutrition, receive a daily intake of nonprotein (glucose) calories and nitrogen (crystalline amino acids), which is approximately 2532 (42 Cal/kg per day) and 12.5 g (210 mg/kgper day) respectively; the calorie-nitrogen ratio is 202:1. The protein contribution to the total caloric intake (glucose + protein) is about 11%. In one later study, it was found that nitrogen equilibrium was achieved with a daily nitrogen intake of about 270 mg/kg and 35 Cal/kg/day (see Fig.24).24 Wilmore reports that the nitrogen requirement is 21 g/M2 body surface/day to 25 g/M2 body surface/day during the period of 30 to 40 days postburn. With the combination of tube feeding and intravenous nutrition, 4000 Cal to 8000 Cal were given daily. This amount was able to correct the negative nitrogen balance. The nitrogen—calorie ratio of these regimens is certainly greater than 200:1.

Recently, Chen and associates studied the energy—nitrogen relationship in dogs given total parenteral nutrition.29 They found that with an amino acid intake of 250 mg/kg/day to 300 mg/kg/day remaining constant, blood urea nitrogen was decreased when the caloric intake was increased until a nitrogen to energy ratio of 450:1 is reached. Figure 18 shows this relationship. Johnston has reviewed the calorie—nitrogen relationship and nitrogen balance.77 Findings of Peters and Fischer show that a calorie to nitrogen ratio of 163 appeared to be most efficacious in stable patients receiving total parenteral nutrition.118 Recently, Smith and associates reported that caloric and nitrogen of 53.4 Cal and 360 mg/kg/day, respectively, are required to prevent net body loss of protein; the calorie to nitrogen ratio is 135:1.146 As Table 42 shows, the primary factor of importance to achieve positive nitrogen balance depends on the adequacy of nitrogen and energy intake. Nitrogen to energy ratio may be of secondary consideration. When either calorie or nitrogen is relatively low, a calorie to nitrogen ratio of 200:1 seems more efficacious. In addition, one must consider the amino acid pattern and the condition of patient. It may be pointed out that the objectives of total parenteral nutrition should be considered: body weight gain, positive nitrogen balance, or improvement of body composition, such as increase in lean body mass, intra-cellular nitrogen, and potassium retention.
Table 41. 
Nitrogen Balance of Patients on Parenteral Nutrition: Nitrogen—Energy Relationship

	Author
	Surgical Procedure
	Nitrogen Intake (g/kg)
	Daily Nitrogen Balance (g)
	Cumula tive Nitroger Balance



	
	
	
	Cal/kg 
	Operation 
	1 
	2 
	3
	4
	

	Krieger et al§


	Subtotal 
	0 (10)* 
	13
	-13.7
	-11.6
	-12.4
	-10.7
	-12.8
	-5.79(-11.6)f

	
	Gastric 
	0.17 (6) 
	23
	-2.6
	- 9.4
	-9.4
	- 8.2
	-8.6
	-38.2 (-7.6)

	
	Resection 
	0.28 (10) 
	38
	-3.3
	-1.2
	-1.2
	-3.2
	-2.9
	-   7.3 (-1.5)

	Wadstrom, 

Wirklund||
	Cholecystectomy 


	0(10) 
	10
	
	
	
	
	
	-11.9 (-6.0)t

	
	
	0.10 
	10
	
	
	
	
	
	- 4.8 (-2.4)

	
	
	0.10 
	35
	
	
	
	
	
	- 1.2 (-0.6)

	Heller#
	Hysterectomy
	0 (10) 
	0
	-7.4
	-9.3
	-6.8
	
	
	-23.5 (-7.8)f

	
	
	50* (9) 
	0
	- 4.5
	-4.3
	-3.7
	
	
	-12 5 (-4.2)

	
	
	50* (19) 
	1000**
	~34
	-2.3
	-2.3
	
	
	- 8.0 (-27)


•Figures in parentheses are the number of patients

fFigures in parentheses represent average nitrogen balance per day

$50 g ammo acids as Ammofusm L-600, which represents about 7 6 g nitrogen/day et al

§Kneger H, Abbott WE, Leavy S, et al   The use of a fat emulsion as a source of calorie in patient requiring intravenous alimentation Gastroenterol 33 807, 1957

[jWadstrom LB, Wirklund PE  Effect of fat emulsion on nitrogen balance in the postoperative period Acta Chir Scand  325 50, 1964 #Heller L Clinical and experimental studies on complete parenteral nutrition Scand J Gastroenterol (4 suppl) 3 7, 1969 "1000 Cal/day/patient
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FIG. 24 Effect of increasing the daily nonprotein caloric intake on the percent of infused ammo acid nitrogen retained. Mean  SEM (number of patients). O, children A, adults. (Caldwell MD, O'Neill JA Jr, Meng HC: Ann Surg 185:153, 1977)

Vitamins
The knowledge of vitamin requirements in total parenteral nutrition is meager. In addition, patients who require total parenteral nutrition are under stress, nutritionally depleted, critically ill, septic, or any combination of these. Such conditions may further alter vitamin requirements. Vitamin deficiency will result if vitamin-free parenteral nutrition is administered, especially in nutritionally depleted patients. Generally, vitamins given to patients receiving parenteral nutrition are based on assumptions made from oral requirements previously established. In addition, the dosages of vitamins are also subject to the availability of preparations that can be obtained commercially. Parenteral vitamin preparation administered rapidly as a separate injection or infusion may result in high concentration in the blood that exceeds the renal threshold, and much will be lost in the urine. Thus, it may be advantageous to administer the vitamins simultaneously with all nutrients. Some vitamins added to the parenteral nutrition solution may lose their activity during storage.69 Adsorption of some vitamins to the infusate containers (glass bottle or plastic bag) also occurs. In the author's practice, 0.7 ml Multivitamin Injection (MVI) Concentrate is added to 1 liter of amino acid-glucose solution, and 3 liters of this solution, or 2.1 ml of the 5 ml-vial MVI, are given daily to an adult patient. Folate, 200 |jig, E12, 5 p,g, and vitamin K, 0.2 mg are added to 1 liter of infusate (see Table 43 Figure 26 shows the serum levels of six of the vitamins measured at weekly intervals in patients maintained on total parenteral nutrition supplied with this vitamin formulation.113 It seems that vitamins A, E, C, and B12 were within the normal ranges. However, vitamin A showed a tendency to increase after the fourth and fifth weeks of total parenteral nutrition, and vitamin E remained at low-normal levels. At a daily dosage of 600 |o,g of folk acid, 2 or 3 weeks were required to achieve normal levels. With 15 fig/day, serum B12 was higher than normal.
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FIG. 25 Data were obtained from three dogs demonstrating an inverse linear correlation between the blood urea nitrogen levels and the calorie:nitrogen ratios of the infu-sates up to a ratio of 450. (Chen WJ, Ohashi E, Tasai M: Metabolism 23:1117, 1974. With permission of Grune and Stratton, Inc., New York)). 
Nichoalds et al. gave MVI-12 (multivitamin infusion), which provides 10 IU vitamin E to patients with cancer requiring parenteral nutrition. At this daily dosage, serum vitamin E was maintained at low-normal levels that appear to be satisfactory (personal communication).

Bone disease has been reported in some adult patients receiving long-term parenteral nutrition at home.80-135 The vitamin D intake was 250 ID/day in one study, and it was as high as 1000 IU in the other. The laboratory findings varied in these patients. Serum calcium was elevated or normal; hy-percalciuria and negative calcium balance were common; serum phosphorus and plasma 25-hy-droxy—vitamin D levels were normal or elevated; plasma parathyroid hormone was normal or low. The mechanism of this bone disease is complex and may be related to vitamin D or its metabolites, and perhaps to calcium and phosphorus supplementation.

Biotin deficiency has been reported in a child receiving total parenteral nutrition.109 However, biotin has not been added to parenteral nutrition solution in most studies until recently; it is now included in both commercial multivitamin formulations that are commonly used for parenteral nutrition. Although mixed American diets are thought to provide a biotin intake of 100 M-g to 300 (Jig per day, a daily dosage of 60 jj,g should be adequate for maintenance in patients with normal vitamin status.
Table 42.
Nitrogen and Calorie Relationship to Achieve Positive Nitrogen Balance After Elective Surgery

	Investigators
	Nitrogen/kg! day

(9)
	Caloneslkg/day

(Cal)
	Calorie

Nitrogen Ratio
	Nitrogen
Balance

	Abbot: et al (1959) 
	0.20
	35
	175:1
	__

	Johnston et al (1966) 
	0.16
	-33
	219:1
	—

	Van Larsen, Brockner (1969)
	0.24
	32
	133:1
	—

	Twecdle, Johnston (1971) 
	0.23
	45
	196:1
	+

	Johnston (1972) 
	0.223
	38
	170:1
	0

	Meng et al (1972) 
	0.210
	42
	200:1
	+

	Meng et al (1976) 
	0.228
	48
	221:1
	0 or +

	Caldwell et al (1977) 
	0.27
	35
	167:1
	+

	Moghissi et al (1980) 
	0.2-0.25
	40-45
	200:1
	+

	Shizal, Force (1980) 
	0.20
	50
	250:1
	+

	Peters, Fischer (1980) 
	0.265
	52
	163:lf
	+

	Smith, Burkinshaw, Hill (1982) 
	0.36
	53
	135:1
	+

	*See references  As reported


Table 43. 
Composition of Vitamin Formulations

	Vitamin 
	Daily Dosage 
ofVanderbilt Formulation* 
	RDAf 
	AMA Advisory

Group Recommendation^

	A, IU 
	4,200
	4000-5000
	3,300

	D, IU 
	420
	200-300
	200

	C (ascorbic acid) (mg) 
	210
	45
	100

	E, IU 
	2.1
	12-15
	10

	K 
	0.6
	—
	—

	Thiamin (mg) 
	21
	1 0-1 5
	3

	Riboflavin (mg) 
	4.2
	1 1-1 8
	3.6

	Pyndoxme (mg) 
	6.3
	1 6-2 0
	4.0

	Niacm (mg) 
	42
	20
	40

	Pantothemc Acid (mg) 
	10.5
	5-10
	15

	Folate (fig) 
	600
	400
	400

	Cyanocobalamm (\i%) 
	15
	3
	5

	Biotm (u.g) 
	— 
	150-300
	60


*M V I Concentrate, 0 7 ml was added to one liter of TPN solution Amount shown is the content in three liters Vitamin K (as Synkavite)  folate, and B12 are added to (TPN) separately

tRecommendcd Dietary Allowances, Food and Nutrition Board, National Research Council, National Academy of Science ^Suggested by the Advisory Group, Foods and Nutrition Department, American Medical Association 

Although choline is considered an essential nutrient for many laboratory animals, currently it is not added to the parenteral nutrition infusate. It has been reported that serum choline levels are decreased in patients maintained on total paren-teral nutrition.23 However, specific adverse effects attributable to choline deficiency in patients have not been identified. Although egg phosphatide in IV fat emulsions contains choline, it is not known whether it is readily available for utilization because of its slow turnover rate. Perhaps it should be given at a daily dosage of 300 mg to 500 mg added to the parenteral nutrition solution. The composition of two commercial multivitamin formulations, Multivitamm Additive (Abbott Laboratories), and MVI-12 (USV Laboratories), is based on the requirements suggested by the Nutrition Advisory Group of the American Medical Association as shown in Table 42.

Electrolites and inorganic trace minerals
The requirements for electrolytes vary widely in individual patients depending on volume and type of fluid loss, preexisting deficits, cardiovascular, renal, gastrointestinal, and endocrine status, and type and amount of nutrients given. It is essential to monitor plasma electrolyte levels at frequent intervals to afford a rational basis for adjusting dosages until the preexisting deficits and abnormal acid-base balance are corrected. It should be pointed out also that the dosages of electrolytes given by various investigators vary. The article on minerals by Shils may be consulted.139

Sodiom and potassium
In patients without excessive loss, supplies of 60 mEq sodium/day to 100 mEq sodium/day are adequate, although a wider range up to 150 mEq/day has been suggested. Less sodium should be given to patients with renal insufficiency or cardiovascular disease, and more should be given to those known to have large sodium losses or who are markedly sodium depleted. Sodium may be given as chloride or acetate. Sodium bicarbonate should not be added because of reactions of biocarbonate with other ions.

Potassium is needed during glucose infusion. Davidson and associates report that hyperami-noaciduria occurred in the presence of potassium deficiency but disappeared when potassium was replaced. Cannon and co-workers have shown that administration of protein hydrolysate to potassium-depleted rats will not promote growth; the addition of potassium results in growth and nitrogen balance.26 The ratio between urinary potassium and nitrogen during fasting is 10 mEq:l g; a ratio similar to this is also found in normal muscle (6:1—7:1, or a minimum of 3.5:1). In the author's practice, 120 mEq/day or 1.5 mEq/kg/day to 2.0 mEq/kg/day are given to an adult patient.

Magnesium and calcium
The precise requirement for magnesium in parenteral nutrition is not known. A daily dosage of 15 mEq to 30 mEq or 0.3 mEq/kg to 0.5 mEq/kg/day should be adequate unless extensive losses are present. The magnesium (as magnesium sulfate) concentration of the parenteral nutrition infusate currently used at Vanderbilt University Medical Center is 10 mEq/liter, or 30 mEq/day in an adult patient. The quantity of calcium required in parenteral nutrition to maintain balance, bone mineralization, and normal function of the parathyroid gland has not been established. Wittine and Freeman reported that 0.25 mEq/kg/day calcium maintained either an equilibrium or a positive balance during parenteral nutrition.169 Similar findings have also been observed by Grant.59 The parenteral nutrition solution currently used at Vanderbilt University Medical Center contains 4.5 mEq (90 mg) calcium/liter as calcium gluconate or glucoceptate; in a patient receiving 3 liters of infusate, the total calcium intake is 13.5 mEq or 270 mg/day, a value that appears to be satisfactory. According to Sloan and Brennan this dosage may be slightly low.144 Shils suggests 200 mg calcium/day to 400 mg calcium/day for an adult patient.138 It should be pointed out that immobilization increases urinary excretion and that the presence of intestinal drainage also contributes to its loss. In this case, 400 mg/ day to 500 mg/day may be needed.
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FIG. 26 Circulation blood levels of vitamins in patients receiving total parenteral nutrition with the daily dosages shown in Table 13-14 (Glut. Red. AC = glutathione reductase activity coefficient, an index of riboflavin nutriture). Crosshatched areas delimit normal ranges. Figures in parentheses indicate number of patients, and thin vertical lines represent SEM. (Adapted from Nichoalds GE, Meng HC, Caldwell MD: Arch Surg 112:1061, 1977. Courtesy of American Medical Association)
Phosphorus, chloride and acetate
The infusate used at Vanderbilt University Medical Center contains 465 mg (15 mEq) elemental phosphorus as a mixture of potassium acid and dibasic phosphate; the total daily dosage in an adult patient is 1395 mg (45 mEq). Although inorganic phosphate given by investigators varies widely, ii is likely that this daily dosage is large for most patients. Half of this amount may meet the daily requirement in most of the patients if there is nc excessive loss.

The parenteral nutrition infusate that we usec contains 48 mEq chloride and 70 mEq acetate/liter Excessive chloride should be avoided, in order tc prevent hyperchloremia. A considerable amount ol anions should be given as acetate. It is a good bicarbonate precursor and maintains acid—base equilibrium.

Inorganic trance minerals
Preexisting iron deficiency anemia should be corrected with intramuscular or intravenous injection of iron. Maintenance iron may be added to par-enteral nutrition infusate, 1 mg/liter as Imferon (iron-dextran complex). Iodine has not been given to patients receiving parenteral nutrition. However, it should be given to patients on long-term parenteral nutrition. It has been suggested that the requirement of iodine may be in the order of 100 |o,g to 150 (xg/day for goiter control. Other inorganic trace elements, such as zinc, copper, manganese, chromium, nickel, cadmium, molybdenum, selenium, and vanadium, have been reported as essential nutrients, but the requirements for these metals in man are not known. The RDA is 15 mg zinc daily for an adult.123 Based on current knowledge regarding the absorption of zinc after oral ingestion, 4 mg to 10 mg elemental zinc/day should be given intravenously to an adult. Usually 5 mg zinc sulfate is added to each liter of parenteral nutrition infusate; 3 liters of this infusate supply 15 mg zinc sulfate or about 5 mg zinc. This intake is low for therapy in deficient patients; but bona fide zinc deficiency has not been documented by the author. Zinc deficiency has been reported by others in patients receiving parenteral nutrition without supplementation of this element.52-93 95 

Copper deficiency has been observed in patients on long-term TPN.52-93-95-136-160 It is recommended that copper be added to the infusate for parenteral nutrition. However, the precise copper requirement in humans is not known. According to the suggestion of the WHO Expert Committee, the estimated requirements are 80 |j,g/kg/day for infants, 40 |jig/kg/day for older children, and 30 (jig/kg/day for adult men.156 Vilter and colleagues administered 1 mg copper as copper sulfate to a 56-year-old woman who had copper deficiency as the result of long-term parenteral nutrition.160 She responded to the treatment immediately with an increase in white blood cell count and in neurophilic leucocytes in bone marrow. Shike and associates studied copper requirement in patients with gastrointestinal diseases receiving total parenteral nutrition and found it to be 0.3 mg/day in patients with normal amounts of gastrointestinal excretion.136 In the presence of diarrhea, or increased fluid loss through gastrointestinal stoma or fistula, the copper requirements for total parenteral nutrition are 0.4 mg/day to 0.5 mg/day.

Table 44. 
Suggested Requirement of Inorganic Trace Minerals in Adults

	Mineral
	Amount (per day)

	Iron
	0.5-2.0 mg/day

	Iodide
	0.05-0.12 mg/day

	Copper
	0.4-1.0 mg/day

	Manganese
	0.2-0.5 mg/day

	Chromium
	10-20 |µg/day

	Zinc
	4-10 mg/day

	Selenium
	120 µg/day


Chromium deficiency has also been reported in a patient receiving long-term parenteral nutrition.72 It seems reasonable to assume that chromium should be given to these patients. The urinary loss, which constitutes the major portion of the daily loss of chromium, is 5 fxg to 10 |xg/day; this amount could be considered the minimum requirement and must be replaced in order to maintain balance in an adult.156 According to the available information from toxicity studies in various laboratory animals, a daily dosage of 10 (jig to 20 fjig chromium is not likely to produce any toxic effect in man. Selenium deficiency in patients receiving total parenteral nutrition has been reported in a country where the serum selenium of the general population is low. Estimated needs of some trace minerals are shown in Table 44 as a general guide.

Water
Since all nutrients given for parenteral nutrition are administered in aqueous solutions or oil-in-water emulsion, it is clear that problems of hydra-tion and excretion must be met to achieve successful therapy and to avoid overhydration or dehydration. Consideration should be given first to correct any preexisting abnormality, especially in the presence of water deficits, extensive water loss from fistulas of the gastrointestinal tract, denuded body surfaces, or severe diarrhea. The quantity of water that fulfills the need of excretions (urine and stools), insensible water loss, and proper tissue hydration of a normal adult is approximately 100 ml/ 100 Cal/day or about 2600 ml. The fluid volume usually given to an adult patient is about 3 liter/ day or 30 ml/kg/day to 45 ml/kg/day. However, in patients with renal or pulmonary disease or cardiac decompensation, a large volume of fluid cannot be tolerated. In general, if one avoids osmotic diuresis, water requirements usually present no problems. Careful attention to urinary output and observation of fluid retention should provide information on appropriate daily fluid loads.

Techniques and Procedures

Law has compiled the composition of several solutions used by various investigators who have documented their effectiveness in correcting negative nitrogen balance, achieving weight gain, and promoting wound healing.84 Parenteral nutrition solutions of similar composition have also been used by other workers.134 However, because of a lack of objective methods for the evaluation of the efficacy of these preparations, it is difficult to select any one of them as superior to the others. Objective assessment of nutritional therapy may be improved by the development and use of refined procedures for the measurement of body composition changes.65' 142,143 Xypicanv< the total amino acid concentration is 30 g to 50 g and glucose concentration is 200 g/liter to 250 g/liter, with various amounts of electrolytes, trace minerals, and vitamins as described previously. The composition of the parenteral nutrition solution currently given to adult patients at Vanderbilt University Medical Center is shown in Table 45. Each liter of this solution contains 250 g glucose (dextrose monohydrate, United States Pharmacopeia [USP]), furnishing about 850 Cal (1 g dextrose monohydrate yields 3.40 Cal). The nitrogen, at a concentration of 5.5 g/liter, is supplied as a formulated mixture of essential and nonessen-tial amino acids with a protein equivalent of 34.4 g. Three liters of this solution provide 16.5 g nitrogen, 105 g amino acids, or 103.2 g protein equivalent, and 2550 Cal. The nitrogen and caloric intake is about 275 mg and 42 Cal/kg body weight/ day, respectively. The nonprotein calorie to nitrogen ratio is 154:1, supplied by glucose. With additional calories from 500 ml of a 10% fat emulsion, the calorie to nitrogen ratio will be about 190:1.

The need of adequate calories for amino acid utilization for protein synthesis is well known. To achieve the effectiveness of both calories and nitrogen, they must be administered concurrently. The importance of the temporal relationship of nitrogen and calorie administration has been demonstrated. This temporal relationship may be also applicable to vitamins and electrolytes in the utilization of amino acids, carbohydrates, and fats.

Preparation of solution
As suggested by Burke, the preparation of solutions for parenteral nutrition should be the responsibility of the pharmacy staff.22 However, the justification for setting up a parenteral nutrition program depends on the individual hospital. In hospitals that wish to establish such programs, the guidelines suggested by Shils may be helpful.138 In addition, there are a number of publications that may be useful.18-59-84-134 It may be emphasized that it is of utmost importance to prepare all solutions for parenteral nutrition using strict aseptic procedures and a laminar air flowhood. All solutions are sterile. Vanderbilt University Medical Center uses the following procedures to prepare parenteral nutrition solutions:

1.Aminosyn 7% of crystalline amino acids with electrolytes is used. Appropriate amounts of calcium gluconate, potassium acetate, magnesium sulfate, and zinc sulfate in sterile solutions are mixed to obtain the desired concentration in the final infusate; this solution is filtered through a cellulose ester membrane filter (Millipore filter, pore size 0.22 JJL).
2.Folic acid, vitamin E12, vitamin K (as Synka-vite), and Iron-Dextran in appropriate volumes are added to the electrolyte solution (step 1 above).

3.MVI Concentrate is added to 500 ml Aminosyn.

4.The electrolyte—vitamin mixture (step 2 above) is also added to the amino acid solution, Aminosyn.
Table 45.
Solution for Parenteral Nutrition

	Component
	Amount/Liter       
	Amount/Day

	Glucose (monohydrate)
	250 g
	750 g

	Glucose calories* 
	850 Cal
	2550 Cal

	Amino acidsf 
	35 g
	105 g

	Nitrogen 
	5.5 g
	15. 5 g

	Protein equivalent 
	34.4 g
	103.2 g

	Na+ 
	35 raEq
	105 mEq

	K + 
	40 mEq
	120 mEq

	Ca2 + 
	4.5 mEq
	13.5 mEq

	Mg2 + 
	10 mEq
	30 mEq

	cr 
	48 mEq
	144 mEq

	Acetate ~ 
	70 mEq
	210 mEq

	P (inorganic phosphorus) 
	465 mg
	1395 mg

	ZnSO4 
	5 mg
	15.0 mg

	Iron 
	1.0 mg
	3.0 mg

	Vitamins: 
	1.4ml
	4.2 ml


'Glucose Monohydrate (U.S.P.) was used, and 3.4 Cal/1 g glucose was used for the calculation of calories/liter.  f Aminosyn® 7% with electrolytes was used

^Vitamins were given as aqueous multivitamin infusion solution (MVI)

5 mi-ampule (see Table 13-14). Folate and B12 were added to the

infusate separately Iron was added as Imferon.

5.The amino acid solution containing electrolytes—vitamins (step 4) is transferred to a partially filled 1-liter bottle containing 500 ml 50% glucose. Thirty 60-liter bottles are prepared in one lot. The solution is then capped, labeled, dated, and sampled at random for sterility and pyrogenicity before being released for infusion. This is considered standard TPNsolution (see Table 45). The solution is stored at 4°C for no more than one month. In addition to the standard TPN solution, there are also individually tailored solutions with modified electrolytes, half-strength with reduced concentration of glucose for peripheral TPN, and Aminosyn RF—40% glucose solution for renal failure.

Another procedure is the use of commercially available hyperalimentation kits, which consist of either protein hydrolysate or crystalline amino acid solution and 50% glucose. One solution is transferred into the other; electrolytes and vitamins are then added under a laminar air flowhood. This procedure may be convenient in hospitals where only a small number of patients are given total parenteral nutrition.

Administration central venous catheter
In order to meet the daily nitrogen and energy requirements with a tolerable volume of fluid, the solutions currently used for TPN are hyperosmolar. To prevent or minimize damage to the vein, a central vein must be used for infusion. The selection of a central vein and procedures for the placement of a central venous catheter are described in detail by Parsa and associates, Ryan, and Grant.59-116-130 In general, the technique introduced by Wilmore and Dudrick is the most widely used.167 At Van-derbilt the procedure is to place a 1.6-mm Silastic catheter into the subclavian or an external jugular vein percutaneously or through a cutdown; the catheter is then directed into the superior vena cava. The position of the catheter must be verified radio-graphically and then is sutured to the skin. The use of a brachial, axillary, or femoral vein is not recommended. The small lumen of a peripheral vein permits little blood flow between the vessel wall and the catheter, and would thus contribute to the occurrence of phlebitis. Furthermore, a long catheter is an inconvenience to the patient and may increase the possibility of contamination. Placement of the central venous catheter must be done in accordance with strict aseptic techniques. Povi-done—iodine solution is applied to the skin surrounding the catheter entry site, and a completely occlusive sterile dressing is applied. Dressings are changed daily, or at least every 48 hours. All procedures must be done with meticulous care to avoid infection. It is suggested that the dressing changes be done by a limited number of staff physicians or nurses who know the procedure well.

Heripheral venous infusion
Recently, peripheral veins have been used for parenteral nutrition; this is termed peripheral parenteral nutrition (PPN). PPN may be given when occasionally it is impossible or unwise to use a central venous catheter. It may also be given as a temporary measure for severely depleted patients or in patients who are fairly well-nourished but require parenteral nutrition for a relatively short period of time—less than 7 to 10 days. PPN may be also useful to supplement inadequate oral intake or tube feeding. Three liters of a solution containing 10% glucose and 3.5% amino acids along with vitamins and electrolytes supplying about 1020 Cal and 16.5 g nitrogen (114 g protein equivalent) may not be beneficial owing to an inadequate caloric intake. Van Way, Meng, and Sandstead have shown that the intake of nitrogen as crystalline amino acids and calories of less than 8 g and 1800 Cal/day, respectively, did not significantly improve the negative nitrogen balance over that observed in patients receiving no nitrogen and only 550 Cal/day (see Fig. 27).158 Therefore, an addition of 1000 Cal supplied by 1 liter 10% fat emulsion should be given. The fat emulsion and glucose-amino acid solution should be administered concurrently through a Y tube connected to the central venous catheter. Since fat emulsion dilutes the glucose-amino acid solution, the concentration of amino acid can be slightly decreased. Issacs and associates give a solution that has been used with apparently good results.71 In addition to amino acids, glucose, and electrolytes, cortisol and heparin are also added to the infusate to prevent phlebitis and formation of thrombus. The use of fat emulsion—amino acid—glucose in peripheral parenteral nutrition can achieve positive nitrogen balance and weight gain as shown in Figure 28, provided both calories and nitrogen are adequate.155 Total parenteral nutrition by peripheral vein has been used successfully in infants, children, and in adults, by Borressen, Goran, Knutrud, by our group, and by others.14-17-34-115 However, it may be cautioned that the use of the peripheral vein for parenteral nutrition may not be as trouble-free as it appears. Care and skill in maintaining a peripheral line are needed. In addition, the use of large doses of fat requires careful monitoring.

Use of arteriovenogs shout
The external arteriovenous shunt that is used for hemodialysis has been modified for TPN by Shils and associates and by Scribner and associates with apparent success.132-140 The use of an internal arteriovenous shunt for parenteral nutrition has also been reported.64 However, it is not recommended when placement of a central venous catheter is possible or when peripheral parenteral nutrition is capable of providing adequate support. In rare occasions this may be the only possible route available.

Use of in-line filter and pums
Generally, the nutrient solution is delivered from a bottle or plastic bag to a patient by gravity. An in-line Millipore filter about 2.5 cm in diameter interposed between the infusion tubing and the catheter is a helpful addition. A filter with a porosity of 0.22 |JL provides absolute sterility, but a peristaltic pump must be used to overcome the resistance exerted by the filter and to assure constant and adequate flow. Since the use of a pump creates the risk of air embolization, close supervision is strongly recommended. The use of filters of this porosity is not recommended for the infusion of fat emulsion. Millipore filters with a porosity of 0.45 IJL will prevent the passage of some microorganisms and paniculate matters; they do not accomplish absolute sterility. The use of in-line filter is discouraged by some workers, as reviewed by Grant.59
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FIG28
Changes of Infusion Tubing and Administration of Drugs. The infusion bottle that contains 1 liter parenteral nutrition solution should be changed every 12 hr, even if it is not completely empty. The infusion tubing from the bottle down to the catheter hub must be changed at least once every 24 hr. To prevent contamination and to avoid physical or chemical incompatibility between parenteral nutrition solution and drugs, especially antibiotics, nothing should be added to the bottle or injected into the infusion line. Transfusion or withdrawal of blood through the catheter must be avoided. Such practices usually are responsible for infection, or for plugging of the catheter.

Rate of Infusion. The optimal infusion rate for glucose is 0.5 g/kg/hr to 0.75 g/kg/hr, although 0.35 g has been proposed to avoid hyperglycemia and urinary spillage. The rate depends on the clinical condition of the individual patient. Insulin must be administered to some patients. The dosage of insulin is based on urinary glucose loss or blood sugar levels given at appropriate intervals. Some investigators prefer to add insulin into the infusate—1 unit insulin to 7 g to 10 g glucose. The addition of insulin to parenteral nutrition solution is also discussed by Grant.59

Information concerning urinary loss of amino acids during infusion of protein hydrolysate or amino acid solutions at different rates is not available. It has been proposed that nitrogen, 0.02 g/ kg/hr to 0.03 g/kg/hr may be given continuously during a 24-hr period with no adverse effects. In most patients, except those with renal and cardiac disease, 3 liters of the solution shown in Table 13-16 are given during the 24-hr period. On the first day about 1 liter is administered, 2 liters on the second day, and 3 liters on the third and succeeding days. Additional fluid is given when needed during the first 2 days. A continuous infusion rate of 125 ml/hr provides 3 liters in 24 hr. In a study by Grant, measurements were made of electrolytes, glucose, urea, protein, and osmolality in blood drawn through a catheter with its tip positioned 2 cm to 3 cm below the tip of the subclavian catheter for TPN at an infusion rate of 125 ml/hr, and similarly in blood drawn from a peripheral vein.59 The concentration of these substances in the blood drawn simultaneously from these two sites were quite similar. The results indicate adequate dilution of the hyperosmolar infusate in the blood below the tip of the catheter. If the infusion should falter, the resulting deficit may be corrected by increasing the rate of administration slowly. If the infusion stops completely, measures must be taken to avoid reactive hypoglycemia, especially when insulin has been added to the infusate; usually 5% or 10% glucose should be given. The rate of infusion of fat emulsion may be maintained at 0.1 g/kg/hr to 0.5 g/kg/ hr. Regardless of the daily dosage, the infusion rate should be maintained at about 0.5 ml to 1 ml/ minute during the first 15 to 30 min to avoid possible adverse effects. The initial dosage of fat should be given at 0.5 gm/kg/day; it is increased stepwise to 1, 1.5, 2, and 2.5 g/kg/day in 4 or 5 days. Plasma triglyceride or optical density should be measured before each increment is made. The increase in dosage should be delayed when hyperlipidemia or hypertriglyceridemia is observed. In fact, the dosage may be reduced or administration of fat emulsion temporarily discontinued when hyperlipidemia persists. For further information the readers are referred to reviews and proceedings of a symposium on this subject.
Clinical Application in Various Disease States

In the past 15 years, parenteral nutrition has become increasingly used. It has been given not only to post-operative or post-traumatized patients, but also to those with a variety of disease states. Both Fischer, and Shenkin and Wretlind review these subjects further in detail.46-47'134

Surgery and trauma
Well-nourished patients with uncomplicated major surgery or moderately severe trauma may not need an extensive TPN program. In these cases, a well-planned IV therapy is sufficient to maintain adequate circulatory volume and provide fluid, electrolytes, and glucose for preventing dehydration, electrolyte imbalance, and continued body protein loss.120 Moore suggests that vigorous attempts at TPN may be deleterious by delaying the return of appetite and intestinal functions.110 Blackburn and colleagues introduced the protein-sparing concept (see Chap. 11) and have proposed peripheral venous nutrition with 3.5% amino acid solution containing adequate vitamins and electrolytes but devoid of glucose.16 The primary source of energy is the mobilized triglyceride from the adipose tissue in the form of free fatty acids. However, in patients who are severely debilitated because of chronic disease or prolonged malnutrition, or in those who are unable to eat for an extended period of time as the result of severe trauma, sepsis, or complications of surgery, vigorous TPN must be carefully planned and initiated. These patients present substantial weight loss, with marked reduction of both skeletal muscle mass and total body protein. In addition, energy depots in the adipose tissue are depleted. Lawson has observed that an acute loss of 30% of body weight was uniformly fatal in a series of severely ill surgical patients.85 Randall has estimated that the nitrogen loss that a patient can sustain' acutely and still have sufficient muscle strength to survive is about one third of his total protein nitrogen or somewhat less than 50% of skeletal muscle protein.122 This would be a negative nitrogen balance of about 350 g, representing 2200 g protein or 13 kg muscle. It is apparent that a patient with a negative nitrogen balance of this magnitude is usually unable to survive for more than 2 weeks if adequate nutritional support is not given.

Parenteral nutrition that can significantly decrease nitrogen loss at the peak of catabolic response was demonstrated by many investigators prior to 1968. Many reports have been published showing the effectiveness of TPN since Dudrick and co-workers first introduced the technique of intravenous hyperalimentation.43 The following cases are presented to exemplify the importance and effectiveness of maintaining adequate TPN in surgical and traumatized patients.

Patient H.O. received TPN for 30 days (see Fig. 29). Six years before admission, the patient, a 70-year-old man, had undergone total gastrectomy with en bloc resection of omentum, spleen, left hemidiaphragm, left lower lobe of the left lung, body and tail of the pancreas, left lobe of the liver, left adrenal gland, and splenic flexure of the colon. The pathologic diagnosis was reticulum cell carcinoma of the stomach. His preoperative weight was about 70 kg, but was subsequently stabilized at around 55 kg. He had persistent anemia and hy-poalbuminemia. During the previous 2 to 3 years, he had begun to lose weight gradually so that he weighed only 45 kg on admission. There was no evidence of a recurrent tumor. A course of TPN was elected and continued for 30 days. During the period of parenteral nutrition his average daily caloric intake was 2865 Cal with an average daily nitrogen intake of 13.4 g as crystalline amino acids. Thus, the caloric and nitrogen intake were about 61 Cal and 285 mg/kg/day, with a calorie to nitrogen ratio of 214:1 during the early part,
FIG29.[image: image36.png]FIG. 1310 Daily caloric intake, nitrogen intake, body weight, and nitrogen balance of patient H.0.
(Van Way CW III, Meng HC, Sandstead HH: Ann Surg 177:103, 1973)
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and 50 Cal and 244 mg/kg/day with a calorie to nitrogen ratio of 205:1 during the later part of the total par-enteral nutrition period, respectively. The average daily nitrogen retention was 3.32 g, and he gained 9.6 kg body weight in a month; most of the weight gain occurred during the second half of the par-enteral nutrition period. He required diuretic therapy for control of pedal edema during this period, but showed no other signs of fluid overload. As his general condition improved, he was able to maintain his weight by oral alimentation. One month after discharge from the hospital he weighed 53 kg-

During the period of TPN in a 32-year-old woman with achalasia, the average daily nitrogen intake was 17.9 g given as a protein hydrolysate and the average daily caloric intake was 2656 Cal. Both continued weight gain and persistent positive nitrogen balance were observed (see Fig. 30).

A 28-year-old chemical plant worker with phosphorus burns on 70% of the body surface involving the trunk and all four extremities received nutritional therapy (see Fig. 31). About 30% of the body had full-thickness skin loss. Following stabilization of the initial fluid and electrolyte imbalances, 6 days after the burn, he was placed on parenteral nutrition as a part of the program of nutritional supplementation, which included oral feedings of hospital diets and oral feeding of an elemental diet (Vivonex—100). Except for days 3 and 7, the caloric intake furnished by oral and parenteral routes was about 3000 Cal/day during the first 10 days of nutritional therapy; the average daily caloric intake during the 35-day period was 4137 Cal. The average daily nitrogen intake was 15.3 g with a net nitrogen loss of 15.8 g/day during the first 10 days. The weight loss during this period was very rapid with an average of 1.7 kg/day. From days 11 to 35 the body weight was maintained between 73 and 77 kg. The average daily nitrogen and caloric intake was 16.5 g and 4684 Cal, respectively, with an average net nitrogen loss of 3.4 g/day. Further weight loss was observed when parenteral nutrition was discontinued and oral intake was resumed, but was inadequate. This patient represents a fairly typical major burn case. Such patients have an astounding catabolic drain. Despite attempts made to institute a program for vigorous nutritional supplementation by all routes available, he still lost a total of 16 kg during the 35-day period on TPN. This was due, in part, to difficulties encountered in administering enough nitrogen and calories to meet extensive loss. The nitrogen loss during the first 6 days on nutritional therapy was 30 g to 35 g/day. Beginning from the eighth day of nutritional therapy, the nitrogen balance was almost maintained, and body weight was stabilized. Nutritional supplementation in the range of 4000 Cal/day to 6000 Cal/day with a nitrogen intake of 20 g to 30 g as amino acids is necessary to maintain a patient with severe burns in nutritional balance after the initial 10 to 14 days. Wil-more and associates have shown that with daily intakes of 4000 Cal to 8000 Cal, by combined IV-enteral nutritional support, weight gain was achieved in some patients in the latter phase of severe burns.165 It may be pointed out that marked changes in hormone secretion and response occur in burned and traumatized patients.59-165 These hormonal changes in relation to the time of initiation of, and the kind of nutrients given in, par-enteral nutrition to severely stressed hypercata-bolic patients should also be considered.
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FIG. 30 Continued weight gain and persistent positive nitrogen balance accompanied by successful esophagomyotomy on day 13 in patient with achalasia, tuberculosis, and recurrent staphylococcal infections. (Dudrick SJ, Wilmore DW, Vars HM, Rhoads JE: Ann Surg 169:974, 1969)
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Gastrointenstinal diseases
Maldigestion and malabsorption are invariably associated with diseases of the gastrointestinal tract, especially chronic inflammatory disease of the bowel such as regional enteritis. Short bowel syndrome and fistula formation may result following surgical intervention. The occurrence of intestinal cutaneous fistulas is associated with significant morbidity; mortality rates have been reported as high as 65%. In addition, complications of fluid and electrolyte imbalances, infection, starvation, and skin erosion often lead to progressive deterioration of the patient's condition. Excessive weight loss, marked reduction of serum albumin, and delayed wound healing are encountered. Failure to ameliorate or correct the abnormal conditions, even when the bowel was put at rest, has been attributed by some to the lack of proper nutrition. The importance of nutrition during fistula therapy was first emphasized by Chapman and associates in 1964.28 They reported that at caloric intakes of 1500 Cal/day to 2000 Gal/day, the mortality rate of their patients was considerably improved. Sheldon and co-workers further emphasized the importance of adequate nutrition in the treatment of intestinal fistulas.133 MacFayden reported a study of 62 patients with 78 GI fistulas who were treated with TPN and bowel rest as an adjuvant to conventional surgical measures.94 Spontaneous fistula closure occurred in 70.5%, and of the patients requiring operation, successful closure occurred in 94%. The overall mortality rate in this series was 6.45%.

The balance studies obtained from a patient D.B. are shown in Figures 32 and 33. This patient was a 28-year-old man with a five year history of regional enteritis involving duodenum, jejunum, ileum, and colon. He also had a draining fistula from the perirectal area to the back of the right thigh. A gastrojejunostomy and vagotomy were performed for the posterior duodenal ulcer about 3 years prior to the present admission. Oral intake of food was intolerable because of frequent diarrhea. The patient was anorexic and mentally depressed. He had lost more than 40 kg body weight since the beginning of his illness. Total parenteral nutrition was given for 38 days during which time he received nothing by mouth except water. The total intake of amino acids and glucose by the IV route was 3.06 kg and 29.04 kg, respectively. The average daily nitrogen intake was 11.85 g and the average daily caloric intake 3056 Cal. Figure 32 shows the caloric intake, body weight gain, nitrogen balance, and the progressive decrease in nitrogen loss from the fistula drainage. It can be noted that he gained about 1.5 kg body weight after 14 days of parenteral nutrition, furnishing 2700 Cal/ day from nonnitrogen sources (47 Cal/kg/day). Increasing nonnitrogen calories to 3600 (60 Cal/kg/ day) seemed to improve the curve of body weight gain. The total weight gained was 7 kg with an average daily gain of 0.19 kg. The nitrogen balance was maintained positive throughout the period of TPN except for the last 3 days when caloric and nitrogen intakes were reduced. The daily average of nitrogen retention was 4.14 g. The volume of (and the nitrogen loss from) fistula drainage were progressively decreased throughout the period of TPN.

The fluid balance was calculated as the difference between the sum of water intake by mouth, plus the volume of parenteral nutrition given by vein and the sum of urinary output plus fistula drainage. The insensible water loss was not considered. It is seen from Figure 33 that, in general, there was considerable water retention. The average daily amount of water retained was 1652 ml. Sodium, potassium, and magnesium balances were maintained positive except for the last 3 days when intakes of these electrolytes were reduced, resulting in negative balance. The daily average of sodium, potassium, and magnesium retention was 17.8 mEq, 36.2 mEq and 8.1 mEq, respectively; the ratios of nitrogen to potassium and nitrogen to magnesium were 4.14:36.2 (or approximately 1:9) and 4.14:8.1 (or approximately 1:2), respectively: Table 46 shows the increase in total body potassium during the period of total parenteral nutrition. Increase in intracellular potassium has been observed in recent studies in patients receiving total parenteral nutrition.65-142 Figure 34 shows the appearance of the enterocutaneous fistula before and after the period of TPN. The size of skin erosion was reduced and the erosion appeared dry at the end of the parenteral nutrition period. The fistula was closing. Dressner and associates and Aguirre and associates also have presented radio-logic evidence documenting spontaneous closure of intestinal fistulas in patients given TPN.7 40 Grant has summarized the results of total parenteral
FIG. 32 Daily caloric intake, body weight, nitrogen balance, and nitrogen loss from fistula drainage of patient D.B. during the total parenteral nutrition period. (Meng HC, Sandstead HH: Long-term total parenteral nutrition in patients with chronic inflammatory diseases of the intestines. In Wilkinson AW (ed): Parenteral Nutrition, p 213. Edinburgh, Churchill Livingstone, 1972)
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FIG. 33. Fluid, sodium, and potassium and magnesium balances of patient D.B. during the total parenteral nutrition period. (Meng HC, Sandstead HH: Long-term parenteral nutrition in patients with chronic inflammatory diseases of the intestines. In Wilkinson AW (ed): Parenteral Nutrition, p 213. Edinburgh, Churchill Livingstone, 1972)
Table 46. 
Total Body and Serum Potassium (D.B.)* During Total Parenteral Nutrition (TPN)
	Days on TPN
	Potassium

	
	Total Body(mEq)f
	Serum (mEq/1)

	Day 3
	2367
	4.6

	Day 14
	2758
	3.8

	Day 31
	2859
	4.1

	Day 31
	3191
	3.8


*From Meng HC, Sandstead HH: Long-term total parenteral nutrition in patients with chronic inflammatory diseases of the intestine Wilkinson AW, 1972. Reproduced with permission of Churchill Livingstone, Edinburgh and London.

fTotal body potassium was measured by the method of Brill AB, Sandstead HH, Price RR, et al: Changes in body composition after jejunoileal bypass in morbidly obese patients. Am J Surg 123:49, 1972

nutrition in patients with enterocutaneous fistulas; total parenteral nutrition is effective in spontaneous closure of the fistulas and is capable of maintaining a good nutritional state.59

However, Aguirre and associates stated that under certain conditions, such as the presence of distal intestinal obstruction, bowel discontinuity as demonstrated by contrast-radiographic studies, undrained intraabdominal abscesses, and lack of fistula closure after 30 to 90 days of total parenteral nutrition, early surgical intervention is necessary.7 Fischer and co-workers have considered hyperali-mentation as a primary therapy for inflammatory bowel disease, and Layden and associates have observed the reversal of growth arrest in adolescents with Crohn's disease after parenteral nutrition.48-87 It has also been reported that when total parenteral nutrition was given to patients with Crohn's disease limited to the small intestine, 60% to 80% remission in symptoms was demonstrated and surgery was avoided. In patients with granulomatous colitis with or without involvement of the small intestine, 30% to 60% of the cases responded with clinical remission. On the other hand, patients with ulcerative colitis responded poorly with very few remissions, although the nutritional status was improved. Other abdominal diseases in which total parenteral nutrition may be beneficial are acute pancreatitis, peritonitis, and prolonged paralytic ileus.

Cancer
Loss of weight is common in patients with cancer and cachexia owing, in part, to anorexia. In addition, impaired intestinal absorption often accompanies malignant tumors. The nutritional state of the host is further affected by gastrointestinal and other side-effects of chemotherapy, radiation therapy, or surgical procedure, such as loss of appetite, nausea, vomiting, and diarrhea. Thus, a vicious cycle results: (1) chemotherapy or radiation therapy produces malnutrition because of its toxic effects, and (2) malnutrition further delays wound healing and decreases immune responses, leading to infection and other complications. Provision of adequate nutrients by TPN can interrupt this vicious cycle.

Nutritional rehabilitation of cancer patients was attempted by Terepta in 1956.154 Adults presenting a variety of neoplasms were forced fed, with weight gain demonstrated in 7 out of 9 patients, and positive nitrogen balance shown in all patients. In 1971, Schwartz and colleagues gave combined parenteral nutrition and systemic chemotherapy to a group of ten patients with widespread malignant disease.131 They showed that almost all patients had decreased analgesic requirements, improved performance, increased appetite and oral intakes, and reversal of the downward weight trend. In addition, there was a striking absence of GI toxicity despite the administration of extremely large doses of chemothera-peutic agents over prolonged periods of time. Recently, Copeland and co-workers observed a possible correlation between nutritional status and response to chemotherapy in patients with adeno-carcinoma or squamous cell carcinoma of the lung.37 The GI toxic side-effects of chemotherapy are better tolerated, even at high dosages, in patients receiving parenteral nutrition with weight gam, as compared to those receiving no nutritional therapy. Similar results were obtained in patients with head and neck cancer in response to radiation therapy as well as chemotherapy.38 Copeland and co-workers also report that adequate parenteral nutrition improved the immune response. They further demonstrated that the use of central venous parenteral nutrition did not increase the incidence of catheter-related sepsis, even in patients on chemotherapy.36 This is an important finding since it has been reported that chemotherapy invariably causes leucopenia and immunodepression.56 We have also demonstrated that adequate parenteral nutrition is capable of improving the nutritional status, achieving weight gain and a positive nitrogen balance in cancer patients with little or no oral intake.100 Therapy with a second chemotherapeu-tic agent can be given following nonresponsiveness to the first during long-term parenteral nutrition. Lanzotti and co-workers suggest that the response to chemotherapy in patients with cancer is related to concurrent IV hyperalimentation.83

The following questions have been raised: (1) Does good nutrition promote the growth of tumors? Steiger and associates have shown that hyperalimentation stimulated tumor growth in rats.151 However, no apparent increase in cancer cell replication has been documented in human subjects receiving adequate parenteral nutritional support.35 (2) Should patients with terminal disease, unresponsive to all therapeutic measures, be given total parenteral nutrition even if they will at times show an improved but temporary well-being upon initiation of this treatment? This question cannot be easily answered, and will depend on certain circumstances as discussed by both Fischer and Grant.46-59 The issue of selection of patients with cancer for total parenteral nutrition is also discussed by Brennan.18'19

Renal fairule
In spite of improvements in the management of patients with renal failure, malnutrition continues to be a problem. The intake of protein, sodium, and water is necessarily restricted because of the difficulty in the disposal of these substances and nitrogenous metabolites. In addition, these patients are usually anorexic and also may have disturbances of intestinal absorption. Readers are referred further to the review by Abel.3 The generally agreed upon concept of dietary management of renal failure is to give a small amount of nitrogen, as protein of high biological value, or essential amino acids and relatively high caloric intake. Endogenous urea as well as exogenous nitrogenous compounds can be used for protein synthesis when essential amino acids and adequate calories are given. The discussion of parenteral nutrition in renal failure patients is here divided into two parts: acute and chronic renal failure.

Acute renal fairule
Lawson and co-workers have given diets supplying 1200 Cal to 1400 Cal and up to 40 g protein of high biologic value to patients with acute renal failure; they observed no significant increase in blood urea.86 Other similar dietary regimens have been designed to maintain the nutritional status of acute renal failure patients.13 However, frequently one must treat patients with hypercatabolic acute renal failure in whom only the IV route is possible. Thus, TPN with or without fat emulsion has been used and found successful.89 With low dietary nitrogen furnished as essential amino acids, and with a relatively high caloric intake, Wilmore and Dud-rick demonstrated in 1969 that weight gain, wound healing, and positive nitrogen balance may be achieved by TPN in a patient with acute renal failure and severe abdominal injuries.168 Furthermore, blood urea remained stable and other symptoms of uremia were resolved.

From 1970 through 1974, Abel and associates gave TPN to a large number of patients with acute renal failure at the Massachusetts General Hospital. 1-3~6 From this experience the following conclusions were drawn: (1) in certain instances of non-oliguric acute renal failure, with TPN, dialysis may become unnecessary, or the frequency with which it is generally employed may be decreased; (2) the BUN-lowering effects of the Giordano—Giovannetti diet are confirmed in a variety of clinical situations; (3) TPN therapy may be particularly helpful following aortoiliac surgery with the onset of acute renal failure, under conditions of and prolonged adynamic ileus; (4) serum potassium, phosphate, and magnesium decreased in association with therapy; these effects avert demise from ionic intolerance or toxicity; (5) in certain instances of reversible acute renal failure, treatment with essential L-amino acids and hypertonic glucose IV may result in improved survival; (6) recovery of renal function appeared to be more rapid in patients with acute tubular necrosis than in a matched group of control patients receiving hypertonic glucose alone; (7) there is an apparent rapid clearance from the blood of the administered amino acids, suggesting full use of the exogenous amino acids.

The following observations were made in a representative patient (see Fig. 34). Six days after abdominal aortic aneurysmectomy, parenteral nutrition was instituted with a solution consisting of the eight essential L-amino acids in 47% glucose by constant infusion into the superior vena cava. Despite a continuing rise in the serum creatinine level, the BUN value began to decline. Because of the unavailability of the essential amino acid solution, glucose alone was given for a brief period. This was accompanied by a recurrent increase in BUN, which was again brought under control by the 17th day, coincident with the reinstitution of essential amino acid administration. Stabilization of BUN value continued to the 25th day postop-eratively, and a gradual improvement in renal function was observed at that time. By the 28th day the patient's prolonged adynamic ileus had resolved, and he was able to tolerate some oral feedings. Supplementary parenteral nutrition, with casein hydrolysate and 23% glucose, was given on the 35th day, and an increase in BUN to 75 mg/ 100 ml was observed. However, after reducing the total nitrogen intake, the BUN level slowly returned to normal. During the parenteral nutrition period, serum potassium was decreased, requiring replacement therapy to maintain the normal levels. Marked hypophosphatemia and hypomagnesemia also occurred, requiring replacement therapy.
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FIG. 34 Renal function and electrolyte determinations in a 71-year-old man in acute renal failure following resection of an abdominal aortic aneurysm. (Abel KM, Abbott, WM, Fischer JE: Arch Surg 103:513, 1971. Courtesy of American Medical Association)

The composition of the parenteral nutrition solution given to patients with acute renal failure at

Vanderbilt University Medical Center has been a solution containing the eight essential amino acids and 40% to 44% glucose. This solution is prepared by mixing one unit of 250 ml Nephramine (see Table 29 for amino acid composition) with 600 ml 70% glucose solution. After the addition of vitamin and electrolyte solutions, an appropriate volume of sterile distilled water is added to make a total volume of 1 liter. One liter of the infusate contains 420 g glucose and 13.1 g essential L-amino acids (1.46 g nitrogen) furnishing about 1500 Cal. The amounts of the eight essential amino acids per liter solution furnish twice the minimal requirement of Rose.128 Vitamins given were the same as shown in Table 41. Electrolytes are usually added  according to the patient's need. The volume of the solution given depends on the tolerance of the patient; it may be as much as 3 liter/day to 4 liter/ day.

The amino acid solution more recently used at Vanderbilt is Aminosyn—RF, the composition of which is shown in Table 29. In this solution, histidine and arginine are included in addition to the eight essential amino acids.

Chronic renal fairule
Severe nutritional depletion is frequently experienced in patients with chronic renal failure. Most of the chronic uremic patients can tolerate some oral intake, but usually it is far from adequate. In some cases oral consumption of food or even tube-feeding is impossible because of complications; TPN must be instituted. Lee and associates have shown the beneficial effect of TPN in chronic uremic patients.89 By administering approximately 1 liter solution per day, as described above, for patients with acute renal failure, similar results have been observed in our studies.

It is appropriate to point out the possible essential role of histidine in chronic uremic patients. This amino acid is essential for infants. Giordano and associates indicated that small amounts of histidine added to a low-nitrogen diet increased the rate of amino acid incorporation into hemoglobin in chronic uremic patients.57 They also reported an initially decreased concentration of serum histidine in these patients and concluded that the anemia associated with chronic uremia may be related to a relative histidine deficiency. Jo-sephson and associates made similar observations in a group of chronic uremic patients who improved following the addition of histidine to a solution of the eight essential L-amino acids.78 Berg-strom and associates also found improvement of nitrogen balances when histidine was administered in addition to the eight essential amino acids.22 However, evidence has been reported showing no significant differences in fasting blood concentration of histidine between normal and uremic subjects, although elevation of 3-methylhistidine was observed in severely uremic patients.33 The plasma amino acid pattern observed in acute renal failure patients by Abel and co-workers also demonstrated no deficiency in histidine and arginine.6 Thus, the requirement of histidine in renal failure patients requires further definitive study. In the meantime, it is suggested that histidine at a dosage of 1 g/day be given to patients with severe uremia.

The nitrogen-free alpha-keto analogs of leucine, isoleucine, valine, methionine and phenylalanine, included along with the remaining essential amino acids, have been given to renal failure patients.161 Beneficial results were observed comparable to those studies in which all the essential amino acids were given. These alpha-keto compounds probably are converted to their respective amino acids by trans-amination using endogenous nitrogen by uremic patients. Additional work remains to be done to sustain their clinical effectiveness.

The requirement of vitamin B6 may be increased in uremic patients, necessitating supplementation; 25 mg B6 seems to be adequate.
Hepatic fairule
Malnutrition is usually presented in patients suffering from hepatic failure. The oral intake of protein may induce hepatic encephalopathy in some susceptible patients with chronic liver disease. The generation of ammonia, various mercaptans, and probably other nitrogenous substances from protein by bacteria, occurs within the gut. In addition, ingested protein is converted to urea by the liver, and the urea, which undergoes an enterohepatic circulation in the gut, is hydrolyzed by bacterial urease to ammonia.171 Thus, the relationship between protein intake, bowel flora, and ammonia-induced hepatic coma seems fairly well defined. Theoretically, therefore, administration of nitrogen directly into the blood circulation should bypass the intestinal bacterial flora and allow better nutrition without the risks of encephalopathy.

Freeman and Maclean reported their experience with four patients (two of whom were comatose) suffering from advanced liver disease.55 Of the 24-hour fluid requirement, 90% was given as hyper-tonic glucose and the remainder as protein hydrolysate. If no changes occurred in the BUN, blood ammonia, or neurologic status, more protein hydrolysate was substituted for glucose until the conventional 750—350 mixture was attained. "Surprising success" with this treatment was achieved. The frequency of glycosuria did not appear to be increased when patients with liver disease were given hypertonic glucose. In 1972, Host, Serlin, and Rush first reported their attempts in treating 11 cirrhotic patients with parenteral nutrition.68 The solution they used contained either protein hydrol-ysate or crystalline amino acids, glucose (20%), vitamins, and electrolytes and was administered through a central venous catheter. Some beneficial effect was achieved. However, positive nitrogen balance was not accomplished, owing in part, to the inadequate intake. Blood ammonia levels were increased, but no adverse mental symptoms occurred. Sodium intolerance and acidosis were also observed. Intravenous feeding has also been found beneficial in liver failure patients by Silvis and Bad-ertscher.144 Fischer and co-workers, using a mixture or essential amino acids (formerly FreAmine E, currently Nephramine) used for renal failure of a mixture of essential and nonessential amino acids (FreAmine), found that although the tolerance of cirrhotic patients to amino acid infusion was greater than tolerance to similar amounts of protein given orally, the daily total intake of patients receiving infusions was not very much greater than that of patients on oral protein-restricted diets.52 Enceph-alopathy was observed in all cirrhotic patients regardless of the route of protein administration, orally or IV as crystalline amino acids. The important finding in this study is the significant imbalance in plasma amino acids in patients given either FreAmine or FreAmine E (Nephramine). This finding of plasma amino acid imbalance is consistent with other clinical and experimental observations showing elevations of phenylalanine, methionine, and tyrosine, and decreases in the branched-chain amino acids, leucine, isoleucine, and valine. In dogs with chronic end-to-side portacaval shunts, survival may be related to the feeding of different diets, survival being the shortest with a meat diet and the longest with a milk diet.32 The length of survival is related inversely to the content of aromatic amino acids such as phenylalanine, tyrosine, and tryptophan in various diets; meat diets have the highest content of these amino acids, and the milk diet the lowest.32 Blood was less well tolerated than casein when given in isonitrogenous amounts to patients with hepatic insufficiency, or similar amount of protein given as meat.45 This difference in tolerance could be related to the amino acid compositions in these proteins.

Fischer suggests the following requirements in treating patients suffering from liver disease with parenteral nutrition: (1) provide adequate nitrogen and calories; (2) avoid plasma amino acid imbalance; (3) maintain electrolyte and acid-base balance; (4) prevent neurologic or encephalopathic symptoms; and (5) administer the volume of fluid tolerable to patients.849 Based on these criteria, Fischer and associates have developed a solution of crystalline L-amino acids for parenteral nutrition in dogs and in patients with liver disease.49'50 The amino acid composition of this solution, Hepata-mine (formerly, FO80), is shown in Table 13-3. One liter of the infusate used contained 38 g protein equivalent (6 g nitrogen) either as FreAmine II orHepatamine (FO80), hypertonic glucose (23%), 40 mEq HC1, 30 mEq sodium acetate, 6 mEq magnesium sulfate, 25 mEq phosphate, and 4 mEq calcium. The results showed that normalization of the plasma amino acids, which could be achieved by the administration of Hepatamine (FO80), may be of value in controlling the hepatic encephalopathy in dogs with portacaval shunts and in humans as well.

Other illnesses
There are other illnesses that affect the dietary intake, leading to malnutrition or nutritional deficiency. Among these, cardiac disease is noteworthy. As Abel points out, an increasing percentage of older hospitalized patients have moderate to severe impairment of cardiac function.2 About 50% of these patients in the age group of over 60 years may require parenteral nutrition therapy regardless of their primary manifestation, surgical or medical. However, the management of parenteral nutrition in this group of patients is complex. It requires a thorough understanding of the physiopathologic status of their cardiac, renal, pulmonary, and liver functions, hormonal and metabolic changes, and fluid and electrolyte tolerance in order to achieve a successful objective.

Severe pancreatitis with impaired intestinal function leads to malnutrition or semistarvation. Experimental studies have shown reduction of gastrointestinal, exocrine pancreatic, and biliary secretion during parenteral nutrition.62 Thus, total parenteral nutrition may be able to set the pancreas at rest and maintain patients at a reasonably good nutritional state. Positive nitrogen balance can be achieved in patients with acute pancreatitis given jejunal tube feeding or parenteral nutrition.58-82 Although parenteral or enteral nutrition may not play a direct role in the improvement of the pancreatitis or inflammatory process, it seems reasonable to suggest that good nutritional support is capable of preventing or correcting malnutrition in patients with severe pancreatitis. Parenteral nutrition should be initiated when jejunal feeding is not possible or tolerable.
Parenteral nutrition may be very beneficial prior to major surgery in patients who are nutritionally depleted and have lost a significant amount of weight. Patients included in this category may have a variety of diseases, particularly malignant neoplasms. Meng and co-workers observed that presurgery total parenteral nutrition resulted in a greater positive nitrogen balance and weight gain over those observed during the postoperative period even if the nitrogen and caloric intake were the same for both pre- and postsurgical period.106

In some patients with psychiatric problems, such as anorexia nervosa, hysterical vomiting, pathologic food faddism, and the obstetric syndrome of hyperemesis gravidarum, parenteral nutrition support may be useful in preventing severe morbidity and even death. In addition, use of parenteral nutrition has been reported in patients with tetanus, post-vagotomy gastric stasis, and protein enter-opathy due to idiopathic intestinal lymphangiec-tasis.

Long-Term Parenteral Nutrition at Home—The Concept of an Artificial Gut

Because of the potential risks of infection and metabolic disturbances and the complex procedures in the preparation of nutrient infusate and catheter care, most of the patients receiving parenteral nutrition are hospitalized. In some instances, for example, short gut syndrome as the result of radiation, resection, or certain diseases, impairment of GI function is presented that may result in death. The combination of long-term access to the circulation by means of arteriovenous shunts and extensive experience with use of self-administered hemodialysis at home resulted in the proposal for long-term TPN at home, which Scribner and colleagues describe as "the concept of artificial gut."132 Following the work of Scribner and associates, Shils also reported a patient to whom long-term parenteral nutrition was given through an external arteriovenous shunt.140 However, the use of arteriovenous shunts for long-term parenteral nutrition at home has generally proved less than satisfactory. Nonetheless, Heizer and Orringer have successfully maintained a patient with short bowel syndrome on home TPN for 5 years.64 Broviac and associates designed a right arterial catheter suitable for long-term use.20 The catheter developed by Hickman, the so-called Hickman catheter, which has been used routinely in marrow transplant recipients, has also been used for home TPN. Jee-jeebhoy and co-workers have also given long-term parenteral nutrition to patients at home and observed excellent results.73-75 Solassol and associates have developed and used still another type of catheter and technique for long-term parenteral nutrition with success.148 The home TPN program has grown significantly since 1970.n 60-81-127 Currently, there are about 500 patients registered in this program of therapy in the United States. However, it has been said that a realistic estimate may be 1000 or more.

To assure the success of long-term parenteral nutrition at home, the following basic principles must be considered:

1. Selection of a method of circulatory access or a catheter system for continuous IV infusion of concentrated nutrient solution.

2.Selection of available sterile nutrient solutions that can be mixed easily and safely by the patient or some member of the family immediately prior to infusion; the composition of the infu-sate is predetermined and has been adapted to the patient during hospitalization.

3.Selection of a suitable delivery system, preferably with pump and alarm device to provide a constant infusion rate and to warn the patient that the infusion bottle is nearly empty. This is necessary especially if the infusions are given during the night.

4.The suitability of the patient for long-term par-enteral nutrition at home must be carefully considered for insuring proper execution of the procedure.

Shils suggests the following additional criteria:137

1.A relatively stable clinical state with expectancy of a reasonably comfortable home life for many months.

2.A suitable home environment with supportive family members or other individuals who are conversant with all aspects of the techniques.

3.Availability of a trained nurse to visit the home periodically, to follow the clinical status, and to supervise the change of niters (if applicable) and dressings, the care of the catheter, and the mixing of the infusate, for an initial period.

4.When the patient lives some distance from the hospital, cooperation of a physician in the town of residence, who will assume responsibility for medical care, is important.

In addition, the patient and the individual(s) who will assist him or her at home must be trained to perform the mixing of the infusate and to care for the delivery system. The patient must be given an infusate with the same or quite similar composition as the one used in the hospital to ensure metabolic adaptation and to avoid complications at home. Some biochemical tests, for instance, blood glucose and serum electrolytes, should be done before discharge of the patient to his home, and dietary programs must be carefully planned to assure the tolerance of any oral intake both from the quantitative and qualitative points of view. Clinical and biochemical monitoring at reasonable intervals should be provided to ascertain that the patient is doing well.

The home parenteral nutrition program originally suggested by Broviac and Scribner was to mix two 500-ml bottles of amino acid solution (Fre-Amine II) with 1000 ml 60% glucose.21 The glucose solution is in a half-filled, 2-liter bottle in vacuum. Vitamins and electrolytes are added using aseptic procedures. Two liters of this solution containing 600 g glucose and 85 g crystalline L-amino acids (12.5 g nitrogen), along with appropriate amounts of vitamins and electrolytes, are given during the night on a 5-nights-a-week schedule. The infusion usually is started at about 7:00 or 8:00 pm and is completed in about 12 hr. The program currently used by Scribner and his colleagues in Seattle is more flexible, in that it is designed according to the nutritional needs of the individual patient in terms of the amino acid and glucose content of the infusate.* The patient is free to visit or even to work during the day. The organization and the training program are discussed by Shils, Solassol and Joyeux, and others.137-147 It is essential to consider all aspects of the problems before the parenteral nutrition at home is initiated. In addition to the preparation of infusate by the patient or a family member that Scribner and associates prefer, there are two other alternatives: (I) infusate may be prepared by a pharmacist in the hospital of the patient's physician. The infusate in bottles or bags can be picked up at intervals and stored in the refrigerator at the home of the patient, and (2) infusate may be prepared by one of the qualified home health-care companies with the approval of the attending physician.
Biochemical, physiological and clinical monitoring
All aspects of the patient's condition must be monitored: vital signs, mental state, daily body weight, daily fluid intake, and daily fluid output—including fistula or wound drainage, urine, stools, GI aspirates, and other losses. The patient's state of hydration must be considered. Serum sodium, potassium, chloride, bicarbonate, and urea should be monitored daily at first and then once weekly when stabilized. Serum magnesium, calcium, phosphorus, and plasma protein should be measured, and a hemogram should be done at weekly intervals. In critically ill patients, it is often necessary to measure blood gasses, pR, and osmolarity. Liver function tests including serum glutamic-oxalo-acetic transaminase (SCOT), serum glutamic-pyruvic transaminase (SGPT), lactic dehydrogenase (LDH), serum bilirubin, serum alkalkine phospha-tase, and prothrombin time should be obtained at weekly or biweekly intervals. Nitrogenous compounds (besides urea) that should be monitored are serum creatinine, uric acid, and ammonia.

Frequent monitoring of blood and urinary glucose should be done during the early days of the parenteral nutrition period, especially in debilitated, elderly, stressed, or diabetic patients. Adjustments must be made in the infusion if the urinary glucose exceeds 2 plus. In patients with renal dysfunction, the urinary glucose value may be misleading and a blood Dextrostix reading is more valuable than fractional urine determinations. In order to prevent the urinary loss of glucose, the rate of administration should be reduced or insulin should be given, with insulin dosage based on the blood glucose level or urinary loss. Subcutaneous administration of eight units regular insulin every 4 to 6 hr with stepwise increment of 5 to 10 units/ dose as needed, has been found to give better control than a sliding scale of insulin dosage based on the urinary glucose level. Because of the great variation of the renal threshold for glucose, even in patients with normal renal function, treatment must be individualized to maintain the blood glucose level below 180 mg/100 ml. As stated previously, some physicians prefer to add insulin to the infusate at ratios of one unit insulin to 7 to 10 g glucose. When fructose or invert sugar is given, serum lactate should also be determined at frequent intervals.

When fat emulsion is used, a plasma lipid profile including triglycerides, phospholipids, cholesterol, and free fatty acids should be determined at weekly intervals. If laboratory facilities are limited, it is acceptable to use the plasma optical density as a qualitative index of plasma triglyceride before each dosage increase, and then at weekly intervals. However, the measurement of optical density or light scattering is not reliable in the presence of endogenous hyperlipoproteinemia. In this case, plasma triglyceride should be determined by a chemical method. When parenteral nutrition is given without fat, serum total fatty acid patterns should be monitored for the possible development of essential fatty acid deficiency. In addition to lipid profiles, liver enzymes, and platelet count, coagulation time, partial thromboplastin time, and pro-thrombin time must be measured at weekly intervals in patients receiving fat emulsion over a long period of time.

As a means to avoid morbidity in the patient who is receiving TPN, walking should be encouraged if possible. A patient may walk while guiding a mobile IV infusation pole; this type of activity will assist in the maintenance or restoration of muscle tone, and skeletal and vascular competence. Ambulation while receiving parenteral nutrition is possible even if the use of a light-weight, portable, battery-operated pump is necessary. Activity is important, but the patient must have adequate control of his physical and mental facilities.

The impressive beneficial effects of parenteral nutrition have not occurred without hazard to patients. However, the incidence of complications has decreased in recent years as the techniques and knowledge in nutrient requirements and metabolism have advanced. For historic interest and prevention of complications, readers are referred to several reviews and books on the subject.46'59-84-116' 130,134,162 Complications have occurred in the following areas.
Central venous catheter .Catheter placement
The central venous catheter (subclavian approach) has been found responsible for various complications, including perforation of the heart and laceration of major vessels, with extravasation of blood or solutions, obstruction of the major vessels, pneumothorax, as well as air embolism, hemo-thorax, and nerve injury. In addition, thrombosis or thrombophlebitis may develop around the catheter, especially if it is introduced into an arm vein. The formation of a fibrin sleeve around the catheter may cause pulmonary embolus.

Catheter sepsis
Catheter-related sepsis, bacterial or fungal, is one of the most common dangerous complications, ranging from skin infection to fatal septicemia. The most prevalent serious infection appears to be yeast or fungal involvement. At the onset of an unexplained fever or signs of sepsis, the catheter should be withdrawn, and the tip as well as the blood, cultured. Serial blood cultures 2 to 3 days after withdrawal of the catheter may help decide the subsequent course of therapy.

Patients with septic foci may seed infection to their IV catheter. Infection also may occur from contamination of the delivery system, especially if additives or medications are given through the infusion line. However, long-term parenteral nutrition with a very low incidence of 1 % to 4% sepsis is possible.

Metabolic disturbances
Hyperglycemia is a common problem, particularly in patients with glucose intolerance. Hyperglycemia may lead to osmotic diuresis, dehydration, and nonketotic hyperosmolar syndrome progressing to coma. On the other hand, hypoglycemia has been observed with excessive insulin administration when technical failure of the infusion system occurs. Hypoglycemia may also occur after abrupt cessation of infusion of parenteral nutrition infus-ate containing hypertonic glucose.

Elevation of the blood urea nitrogen level has been observed in some patients secondary to excessive administration of nitrogeneous nutrients, or to dehydration. Hyperammonemia also has been observed. This may be due to the presence of a large amount of free ammonia or ammonia ion in protein hydrolysate or to an inadequate amount of arginine in amino acid solutions. This can be corrected by the administation of additional arginine. Abnormal liver function indicated by the elevation of liver enzymes also may be a factor.

Electrolite imblance
Electrolyte imbalance usually results from administration of a standard solution without consideration of the patient's special needs. Hyponatremia may occur in the presence of increased loss or inadequate intake of sodium. Hypernatremia may be secondary to prerenal azotemia associated with excessive diuresis or to the hyperosmolar syndrome. Hypophosphatemia has been a common rinding in patients receiving TPN containing concentrated glucose solutions that have little or no phosphate. Hyperchloremic acidosis has been- observed, especially in infants. This is primarily due to high chloride content in the infusate. Chloride ion is present in protein hydrolysates. It is also present in crystalline amino acid solutions; some amino acids are in HCL form. In addition, the use of sodium and potassium as chloride salts further increases the supply of this anion. It is recommended that some sodium and potassium be given as acetate. Recent attempts have also been made to use amino acids, such as lysine, in a base form.

Deficiency of fatty acids and micronutrients
The incidence of clinical essential fatty acid deficiency, as demonstrated by the occurrence of severe skin lesion, has decreased since fat emulsions have become available. However, biochemical essential fatty acid deficiency, as judged by the increase in T/T (20:3w9/20:4o>6), remains high. This results in part from the poor nutritional or hyper-catabolic condition of the patients requiring TPN support or from inadequate dosage of linoleic acid administered. Although the physiologic or metabolic significance is under investigation and still unclear, the biochemical abnormality in plasma fatty acid composition should be corrected.

As stated previously, biotin deficiency has been observed in a child given TPN.109 It is suggested that this vitamin should be given. This is also true for choline, which may be added to the infusate to prevent its decrease in the serum.23 Bone disease in patients maintained on home TPN has been reported. Although the cause of this complication is unknown, excessive vitamin D intake may be one of the etiologic factors. Serum level and urinary excretion of calcium and phosphorus should be measured, and vitamin D dosage may need to be adjusted. Deficiency of inorganic trace minerals such as zinc or copper has been described earlier in this chapter.

Other complication
Allergic reactions following the administration of protein hydrolysate have been observed rarely in some patients. When this occurs, the particular hydrolysate should be discontinued, and another protein hydrolysate or crystalline amino acid solution should be substituted. Anemia is a common finding in patients with protein—calorie malnutrition. It may be due to a deficiency of iron, folate, vitamins B12 and E, or copper. In order to correct anemia, all these nutrients should be provided along with adequate protein and calorie nutrition. In severe cases, it may be advisable to give blood transfusion.

Psychological effects of TPN, particularly in patients maintained on long-term home parenteral nutrition support, have also been reported.117

Conventional IV nutrition with 5% to 10% glucose, saline, and occasionally protein hydrolysate, is grossly inadequate to meet the needs of a stressed and hypercatabolic patient. Today, long-term TPN with adequate calories and nitrogenous nutrients is possible. The calories and nitrogen are given as a solution containing concentrated glucose (20% to 40%) and protein hydrolysate or crystalline amino acid mixture with vitamins, electrolytes, and trace minerals. Because of the hyperosmolarity of these solutions, they are infused continuously into a central vein, usually the superior vena cava, through an indwelling catheter during a 24-hr period. The method is effective in maintaining nitrogen balance and promoting weight gain and wound healing in patients with a variety of disease states. The use of fat emulsion (mtralipid, 10% or 20% soybean oil emulsions; and Liposyn, 10% or 20% safflower oil emulsions) has been found beneficial to correct or prevent essential fatty acid deficiency; it also furnishes additional calories. To ensure safe and effective parenteral nutrition, the following aspects should be considered.

In the planning of parenteral nutrition, it is of paramount importance to consider the condition of the patient and his nutritional needs. Nitrogen as protein hydrolysate or crystalline amino acids should be adequate. In addition, ample calories along with vitamins, electrolytes, and inorganic trace minerals should be given concurrently with the nitrogenous nutrients to achieve maximum amino acid utilization for protein synthesis. The total fluid volume and the amount of each nutrient given should be considered and the rate of administration regulated. In general, nitrogen, 12 g to 13 g (200 mg/kg/day-240 mg/kg/day) as crystalline amino acids and 2500 Cal/day-3000 Cal/day (32 Cal/kg/day—50 Cal/kg/day) with a calorie (nonpro-tein) to nitrogen ratio of about 200:1 are adequate for relatively stable patients. Fat emulsion should also be given at a daily dosage of 1 g/kg to 2 g/kg in adults and 2 g/kg to 4 g/kg in infants and young children.

Constant, meticulous care must be given to the central venous catheter and its site of insertion in order to avoid infection. In addition, the clinical condition and mental state of the patient must be assessed frequently. Serum electrolytes must be monitored frequently. In older, debilitated, diabetic, and stressed patients who may have glucose intolerance or inadequate insulin secretion, the administration of exogenous insulin may be required to maintain blood sugar levels between 100 mg/dl to 180 mg/dl to avoid hyperglycemia, osmotic diuresis, and hyperosmolar syndrome.
Tests questions

1. Indicate variants of carbohydrate fasting days take in the food:
A) Meat 
B) sour cream
C)Kefiric
D)Fruit
E) Cottage cheese
2. Indicate variants of carbohydrate fasting days take in the food:
A) sour cream
B)Kefiric
C)Vegetable
D)Meat 
E) Cottage cheese
3. Indicate variants of albuminous fasting days take in the food:
A) sour cream
B)Kefiric
C)Vegetable
D)Meat 
E) Cottage cheese
4. Indicate variants of albuminous fasting days take in the food:
A) sour cream
B)Kefiric
C)Vegetable
D) Meat 
E) Cottage cheese
5. Indicate variants of albuminous fasting days take in the food:
A) sour cream
B)Kefiric
C)Vegetable
D) Meat 
E)Cottage cheese
6. Indicate variants of fatty fasting days take in the food:

A)Kefiric
B)Vegetable
C) On fat cream
D) Meat 
E)Cottage cheese
7. Indicate variants of fatty fasting days take in the food:

A) sour cream
B)Salad
C) Vegetable
D)Meat 
E)Fruit
8. Contraindication for assignment of carbohydrate days take in the food: 
A)An aggravation of chronic diseases of bodies of digestion
 B)An aggravation of a chronic hepatites 
 C)Presence of a pathology on the part of cardiovascular system
 D)An aggravation of chronic pancreatitis
 E)An aggravation of  chronic cholecystitis
9. Basis of fatty days of food make:
А)A butter
B) A baked butter
C). Fat cream
D) Salty lard
E). Truly B), C)
10. Basis of fatty days of food make:
А). A butter
B). A baked butter
C) fat sour cream
D). Salty lard
E). Truly Б), В)
11. Basis of fatty days of food make:
А). Salty lard 
B). A baked butter
C). Fat cream or sour cream
D). Vegetable oil
E). A butter
12. Indicate time of last reception peep patients with rheumatism:
A)Not earlier than 10 hours prior before dream
B)Not earlier than 8 hours prior before dream
C) Not later than 4-5 hours prior before dream
D)Under the discretion of the patient
E)Not earlier than for one hour before dream
13. Indicate, what from products is excluded from ration of the patient by rheumatic diseases:
A)A fish
B)Vegetables
C)Fruit
D)Juices
E)Pork
14.Indicate, what from products is excluded from ration of the patient by rheumatic diseases:
A)A fish
B)Vegetables
C)Fruit
D) Juices
E)Oranges
15. Indicate, what from products is excluded from ration of the patient by rheumatic diseases:
A)A fish
B)Vegetables
C) Fruit
D) Juices
E)Corn
16. Indicate, what from mentioned below products is excluded from ration of the patient by rheumatism:
A) A fish
B)Vegetables
C) Fruit
D) Juices
E)Wheat
17.Indicate, what product is necessary for entering into ration of the patient with rheumatism:
A)A fish
B)Corn
C)Pork
D)Milk
E)Porridge
18. Indicate, what product is necessary for entering into ration of the patient with rheumatism:
A)Vegetarian dishes
B) Corn
C)Pork
D) Milk
E) Porridge
19. Hypoallergikal diet of prespektion purpose:
A)Restriction of energetikal value of ration
B)Normalization of a carbohydrate and albuminous exchange
C) Reduction an allergic mood of an organism
D)Creation of conditions for normalization of a fatty exchange
E)Restoration reduced immunologi protection
20.Hypoallergikal diet is:
А) chemically sparing
B) a diet hupohloridikal
C) contains physiologically normal quantity of protein
D) true A and B
E) true A,B,C
21. Hypoallergikal diet is:
А) physiologically high-grade
B) chemically sparing
C) contains physiologically normal quantity of fat
D) it is true А), B), C)
E) it is true B), C)
22. For Hypoallergikal diet is characteristic by:
А) moderate calori limitation at the account of is  adocted carbohydrates

B) the contents of physiologically normal quantity of carbohydrates
C) moderate calori limitataion at the account proteines
D) moderate calori limitataion at the account animal proteins
E) increase  caloric content for the account of is  adocted carbohydrates
23. Point   kinds of culinary processing in hypoallergi diet:
А) pan-frying of vegetables
B) broth

C) restrictions are not present
D) smoking
E)fry

24. Point indicate peculariti of culinary processing in hypoallergi diet:
А) 3 multiple change of a broth at cooking meat with addition 10г salts
B) 3 multiple change of a broth at cooking a fish without addition of salt
C) crushing under indications
D) features are not present
E)puree

25. From patient's ration with  hypoallergi diet is excepted:
A) A meat broth
B)Fried dishes
C)Products from fancy pastry
D)A pickles
E)All listed 
26. From patient's ration with  hypoallergi diet is excepted

A)Pickled tomatoes
B)Crackers from a white bread
C)Mutton boiled
D)Cottage cheese with calcium
 E)Meat of chickens
27. From patient's ration with  hypoallergi diet is excepted:

A)Apples fresh
B)Cocoa
C)Oil olive
D)Kefir
E)A beef
28. From patient's ration with  hypoallergi diet is excepted:

A)Salad from beet on vegetable oil
B)Porridge wheaten without salt
C)Oranges
D)Tea 
E)Meat of the rabbit
29. From patient's ration with  hypoallergi diet is excepted:

A)A potato boiled with vegetable oil
B) Carrots boiled with vegetable oil
C)Broth of a dogrose
D)Salad from a radish
E)Fresh fruit of sour grades
30. From patient's ration with  hypoallergi diet is excepted:

A) Fresh apples
B)A potato boiled
C)Porridges without salt
D)Salad from beet
E) Canned food
Key of the test
1-D.
11-C.
21-D.

2-C.
12-C.
22-B.

3-C.
13-E.
23-B.

4-B.
14-E.
24-B.

5-B.
15-E.
25-E.

6-C.
16-E.
26-A.

7-A.
17-A.
27-B.

8-A.
18-A.
28-C.

9-C.
19-C.
29-D.

10-C.
20-E.
30-E.
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