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Foreword 

A physician with a broad consultative practice, Dr. Floch combines his clinical 
experience with a zeal for exploring what has been written by others. Chief of 
Medicine at the Norwalk Hospital for the past decade and still an active consult
ing gastroenterologist, Dr. Floch has given us a volume which every clinician 
dealing with digestive disorders will want to have at his or her desk. 

Not everyone will agree with all that Dr. Floch has prescribed in the way of 
detailed dietary help for the common afflictions of mankind's gut, but in this 
book the reader can get at the background of the controversy. All clinicians have 
had problems in assessing when to use elemental diets, how to apply advances in 
peripheral and intravenous alimentation, and in many other matters which are 
discussed in detail in this fine volume. Dr. Floch displays what is available in 
dietary therapy, evaluates the nutritional inadequacies surrounding most diges
tive disturbances, and calmly evaluates competing claims. He gives a brief 
overview of gastrointestinal physiology pertaining to an understanding of nutri
tional complications as well as the genesis of the major gastrointestinal dis
orders. In this sense his book can be read as a mini-physiological text. 

I am delighted to have this book in our gastrointestinal series and I hope that 
the reader will profit from it as much as I have. It should be of interest to medical 
students, internists, and family practitioners, as well as to nutritionists, dieti
tians, and nurses for whom the vivid summaries of medical knowledge should 
provide fine background information. 

Howard M. Spiro, M.D. 
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Preface 

My involvement in the development of the field of gastroenterology during the 
last 25 years has led me to the writing of this book. In the 1950s the invention of 
peroral small-bowel biopsy techniques plunged gastroenterologists into inten
sive study of digestion and absorption of nutrients as they relate to small-bowel 
structure and physiology. Diseases of malnutrition and malabsorption, e.g., 
tropical sprue and gluten enteropathy, were redefined. 

In the 1960s the field turned to research on bile acids and the microflora. 
The pathophysiology of gallstones was clarified and a possible medical therapy 
developed. Quantitative and qualitative relationships of organisms within the 
gut were more clearly defined and information came forth to explain some 
important disease processes, e.g., hypersecretion in cholera. 

In the 1970s the field of nutrition received a great thrust of interest with the 
realization that lipids have a role in arteriosclerotic disease, and that the so
called underdeveloped societies of Asia and Africa have little of the degenera
tive diseases plaguing Western societies. While nutritionists were gaining 
strength for their theories from these epidemiologic observations, most gas
troenterologists were ecstatically developing their new diagnostic flexible fiber
optic endoscopes so that the depths of the gut could be probed from without. 
However, some continued to study nutrient metabolism as it related to the 
intestine, while others opened new vistas by discovering a whole host of gut 
proteins. These polypeptides were definitely classified as hormones and found 
to be produced and involved in intestinal physiology, and hence related to 
nutritional factors. It is at this point in history that the fields of gastroenterol
ogy and nutrition cross, and where I hope this book can help bring them 
together. 

The first section discusses basic gastrointestinal physiology as it relates to 
nutrition. It includes chapters on eating; normal nutrient requirements; obser
vations on relationships of fiber to luminal metabolism; and how weight loss 
occurs and is diagnosed. 

The second section on pathophysiology relates disease processes to diet 
therapy, an aspect of medicine that is still in its infancy. Diet therapy should 
become the most important approach if the observations indicating that the gut 
is the source of early control of metabolic disease are correct. The advent of 
enteral and parenteral feedings changed the outlook in the early treatment of 
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anorexia nervosa. An understanding of the effects of foods on the lower eso
phageal sphincter gives us a new approach to the diet therapy of inflammatory 
esophageal disease. The quandary that exists in dietary therapy of peptic dis
ease of the stomach and duodenum persists, but a realization that frequent 
feeding of foods is helpful is now accepted as clinical fact. The treatment of 
chronic liver disease with specific amino acids (branched chain) holds promise, 
and, certainly, the manipulations of fluid and salt intake in conjunction with 
vitamin and mineral replacement can be effective in maintaining cirrhotic sub
jects. The vast amount of information concerning physiologic factors in small
bowel disease is reviewed. The chapter on colon disease discusses the recent 
advances in fiber and carbohydrate metabolism. The relationship of the irrita
ble bowel syndrome and food allergies to the gut is reviewed in detail. 

A disease long considered primarily a hormonal metabolic disturbance, 
diabetes mellitus, now appears to be modified by a high-carbohydrate diet. This 
revolution in diet therapy in diabetes epitomized the role of the gut in systemic 
disease. 

The final section of the book reviews methods of nutrition therapy includ
ing enteral formulas, total parenteral nutrition, and 32 diet plans. Review of the 
literature and diet manuals was a challenging event. The author would like to 
point out the many different diet plan forms included in the book. Those se
lected have all been proven therapeutically successful, either in the literature 
or in the author's own experience. Tables are included that I hope will be 
useful. Each diet is cross-referenced to the text and recommended for specific 
disease entities. 

I would like to stress that diet therapy never causes a dramatic, rapid 
response and both the patient and the therapist must have patience with it. 
When the gastrointestinal evaluation is correct, there must be a valid trial 
period that should not be rushed. A true test of the diet takes at least a fortnight 
to a month. Only after that period of time can dietary failure be accepted. 
Finally, success is dependent on patient education, an area that has been 
greatly neglected. Often the diet is handed to a patient and that is the end of the 
role of the nutritionist, dietitian, or physician. If diet therapy is to succeed, it 
must include careful patient education, a process that includes appropriate 
instruction, reevaluation, and testing of patient compliance. 

I have had a strong commitment to help popularize the field of nutrition as 
it relates to the gastrointestinal tract and hope that this book helps to accom
plish that goal. 

Martin H. Floch 
Norwalk, Connecticut 
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Basic Gastrointestinal Physiology of Nutrition 
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The Physiology of fating 

Eating is a complex event that involves psychologic, sociologic, economic, 
environmental, cultural, and internal physiologic components. All of these 
influences are expressed in the final food that is chosen, handled, and eaten by 
the individual. The relationship of foods to the environment has been studied 
by cultural scientists, but these studies have not been applied to any great 
extent to the actual physiology of eating. In this chapter, I will briefly describe 
these factors as they relate to the physiology of eating in man. 

1.1. THE PSYCHOLOGY AND NEUROPHYSIOLOGY 
OF EATING 

1.1. 1. The Brain Center 

The hypothalamus had been considered the main neurocontrol center for 
eating,1-5 but neural tracts are now considered just as important.6-10 Damage to 
the ventromedial hypothalamus produces severe overeating and obesity2,3 in 
animals so that body weight increases quickly but stabilizes at a new weight 
level that is then maintained. Thus, this system appeared to demonstrate some 
regulatory inhibitory control over eating in a so-called "satiety center." Le
sions produced in the animals in the lateral hypothalamus cause both aphagia 
and adipsia, resulting in great weight loss. Consequently, the lateral area prob
ably contains a so-called "feeding center. "4 The feeding center theory is en
forced by the fact that electrical stimulation of the lateral hypothalamus elicits 
feeding or drinking in animals.5 Although the hypothalamus had been consid
ered the central and almost exclusive area in the brain for regulating eating and 
drinking, there is now experimental evidence that many neural tracts that pass 
through the hypothalamus may have major influences on eating. This has been 
demonstrated in the excellent microsurgery techniques of Grossman and his 
associates,6-S who were able to demonstrate similar effects by cutting neural 
tracts, and by the chemical lesions produced by other investigators.9 ,lo It is 
apparent from these studies and the literature that there is a limited understand
ing of the neuroanatomy involved in eating. Whether it plays a major role in 
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man or not is not readily apparent at this time because most previous work has 
been in animal models. More applicable information in man may not become 
available in this century. 

1. 1.2. Regulation of Food Intake 

Indeed, this is a very complex mechanism that is poorly understood. The 
stimulation to eat revolves about psychologic and visceral components. Stimu
lants such as taste and smell that affect the integrated psychologic components 
are obviously important but not readily evaluated. 

Tastebuds in the tongue are present at the base of circumvallate and fungi
form papillae and have pores that permit substances to enter the bud, which 
contains many taste cells. Taste fibers from the facial and seventh cranial 
nerves travel via the chorda tympani to the facial sensory area and the opercu
lar surface of the Sylvan fissure of the cortex. Sweet, sour, salty, and bitter 
sensations can be determined by this pathway. The number of taste buds varies 
tremendously from person to person and also decreases with age. lOa Taste 
sensations can become highly developed in certain individuals. Although the 
influence of taste on food regulation is little understood, it is obvious that it must 
have a major regulatory factor for those of us who love sweets and others who 
love salty foods. Why and how these variations develop are poorly understood. 

The tongue also has temperature- and pain-sensation capability. How 
much this is involved in eating habits is also poorly understood. Nevertheless, 
the tongue does attempt to regulate intake by controlling temperature ex
tremes. Taste thresholds can be measured with some accuracy, although they 
are difficult to measure and involve a great deal of subjective evaluation. Tech
niques that appear to be reproducible and simple have been described in which 
test solutions of various dilutions are used to assess the ability to discern the 
four basic taste sensations.n ,12 Taste threshold norms and deficiencies have 
been published and the literature reviewed by Kelty and Maier .12 The recent 
work of Stinebaugh and associates13 clearly reflects the uncertainty in this field 
as they were able to carefully assess taste sensitivity for salt but were not able 
to associate the taste threshold for salt with renal sodium excretion and sodium 
balance, indicating that an individual sensitivity to salt is not related to body 
salt physiology. The entire field of taste and its relationship to food regulation 
needs a vast amount of research. Interestingly, the mineral zinc has clearly 
been established as important in taste metabolism. Deficiencies in zinc result in 
decreased taste sensations14 that are correctable by zinc replacement therapy. 

Smell and its effect on human eating habits is even less well understood 
than taste. Olfactory receptors in the nose transmit impulses through the sec
ond cranial nerve to olfactory receptive areas in the uncus and adjacent por
tions of the hippocampal gyrus of the temporal lobe. The odors that are emitted 
from foods are unending in their combinations. The obvious stimulatory and 
inhibitory odors are known to all of us and the choices and differences between 
societies are also obvious. However, the effects the less obvious odors have in 
regulating our eating habits are not understood. Destruction of the olfactory 
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Table 1-1. Mechanisms of Stimuli Activating or Inactivating Eating'l 

Stimulus 
Satiety 
system 

Feeding 
system Eating 

1. Normal satiety signals and electrical. .. Activated __ Inhibited ____ None 

2. No satiety signals. Focal lesions- I 
chemical or physical. _Inactivated __ Uninhibited ___ Active 
Norepinephrine injection (a-antagonist). 

3. Hypoglycemia. Electrical or chemical. 

4. Focal lesions. Hyperglycemia. 
Isoproteranol injection 
( fJantagonist). 

} -----.. __ Activated ___ Active 

)----___ Inactivated ___ None 

aModified from traditional model of neural control of feeding by Van Itallie et a/. ll 
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pathways or cortex results in anosmia. Lesions that irritate the olfactory cen
ters in the brain may cause olfactory hallucinations that can result in sensations 
of peculiar odors and tastes. 

Regulation of eating resolves about activation and inactivation of both the 
feeding and satiety centers. Satiety centers are the strongest in controlling 
feeding. When activated, they inhibit the feeding centers, and when inacti
vated, the release of that inhibition will permit feeding. 15 Furthermore, there 
appear to be stimuli that will directly activate the feeding system. These are 
schematized in Table 1-1 and include electrical stimulation, chemostimulation, 
and hypoglycemia. 

Table 1-2 lists satiety stimuli and methods of conduction that occur when 
food enters the stomach and subsequently is released into the small intestine 
for absorption. These biochemical satiety signals are instituted almost immedi
ately after feeding, the activation of satiety occurring with gastric distension, 
increased tone of luminal contents, and nutrient substances that enter the 
duodenum and subsequently are absorbed and enter the portal circulation. 

Intestinal hormones such as secretin, enterogastrone, glucagon, and chole
cystokinin (CCK) are all capable of initiating satiety. The work of Antin, 
Gibbs, and associates16,17 has clearly demonstrated the satiety effect of CCK 
in rats, but this work needs more elaboration in man. 

In summary, there are definite feeding centers in the brain that can be 
stimulated to increase food intake. They are activated by electrical stimulation, 
hypoglycemia, and chemical stimuli. These centers can be inactivated directly 
by hyperglycemia, focal lesions, and all of the stimuli that create satiety such 
as described above. 

In addition to the mechanisms for short-term regulation of eating, long
term regulation also exists. 15 The long-term component appears to be neces
sary in order for humans to maintain a relatively constant weight. Although 
there is wide variation in caloric intake, most healthy young men and women 
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Tab/e 1-2. Possible Short-Term Satiety Signa/sa 

Phaseb Food-derived stimulus Peripheral transducers Satiety signalsc 

Ingestive Gastric distension Intragastric stretch Neural (vagus) 
(preab- receptors 
sorptive) 

Postinges
tive(ab
sorptive) 

Tonicity of gastric
duodenal contents 

Substrates entering 
duodenum 

Portal circulation 

Glucose, amino acids 
Glucose 

Glucose 

Amino acids 
Systemic circulation 

aModified from Van ltallie et al.1a 

Duodenal osmoreceptors Neural (vagus) (inhibition of 
gastric motility and 
emptying) 

Gut chemoreceptors Gut secretion into circula-

{J -Cens of pancreas 
Hepatic-vagal 

glucoreceptors 
Rate of hepaticmetabo

lism of food-derived 
substrate 

Hepatic thermoreceptors 

tion of cholecystokinin and 
other "satiety hormones" 

Insulinemia 
Neural (vagus) 

Neural or "liver-derived 
humoral signals" 

Tonicity of blood 
Temperature of blood 
(thermic response to 
food) . 

Glucosemia 
Amino acidemia 
Chylomicronemia 
Insulinemia 
"Other humoral satiety 
signals" 

Hormone ratios (e.g., 
insulin/glucagon) 

"'rbe inalestive and IJOSlin8estive phases are sequential but may overlap temporarily • 
. cSome satiety signals (i.e •• the thermic response to food and the concentrations in plasma of various hormones) 

may also serve as "Iong-tenn" signals rellecting nutritional status. 

maintain their weight at stable levels even in the face of deliberate food varia
tions.18,19 The mechanism of long-term control of body weight is not clear in 
humans. However, all sorts of theories are postulated, including control by 
humoral mechanisms, release of fatty acids from adipose tissue, and central 
nervous system regulatory centers. 

1.1.3. Eating Habits, Food Faddism, and Cults 

No monograph on nutrition is complete without some mention of eating 
habits and faddism. Humans are concerned with eating for preservation, but as 
intelligent beings they attempt to eat not only to satisfy themselves but to eat 
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what is good for their health. How humans gain satisfaction and knowledge of 
what is good eating is a fascinating and complex sociologic phenomenon. One 
must investigate environment, culture, regional and historical factors, func
tional aspects, and quantitative availability as well as clinical factors. 2o Our 
experiences in this century with nutritional habits in so-called highly developed 
countries as compared with the underdeveloped countries of Africa and Asia 
exemplify the social and economic influences on eating habits. A specific exam
ple is the highly refined diet developed in the' highly developed countries. 
During the first few decades of this century, sophisticated machinery devel
oped in the industrial revolution enabled us to finely process foods. Conse
quently, refined sugar developed. Human ingenuity in developing high-protein 
foods also made them readily available for consumption. During the middle of 
this century, the development of communications media such as radio, televi
sion, and newspapers enabled sophisticated advertising techniques to flourish. 
Furthermore, the highly developed society lost concern with the previous cen
tury's mode of cooking and detailed food preparation and moved to fast-food 
processing. As a consequence, the diet changed to include refined simple car
bohydrates, high protein, and high animal fats and proteins as staple food 
items. This sociologic phenomenon can easily be contrasted with that of the 
underdeveloped countries, where unrefined carbohydrates are still consumed. 
Because scientific information indicates that the diet of highly developed socie
ties may be deleterious, a growing awareness of the benefits of good foods is 
causing a change in the diet. Less animal fat is being consumed. Recent trends 
indicate that we will probably also move away from refined sugar to more 
complex polysaccharide ingestion. These examples of trends in this century 
within our own experience clearly demonstrate the tremendous effect society 
has on eating habits. This entire subject is reviewed by both Todhunter21 and 
Robson.22 

Although this may seem remote to the practicing physician, it is of utmost 
importance. Physicians often prescribe a diet, but yet the cultural and socio
logic factors do not make the prescription realistic. In order to obtain an effec
tive change in diet, the physician must realize that the patient is in an environ
mental situation that may have to be modified in order to obtain the desired 
clinical result. The pediatrician who prescribes spinach daily is not realistic. 

Cults and faddism are often reflected in clinical problems. The definition of 
a fad is the pursuit of an interest with exaggerated effort for a brief time. If it is 
only for a brief time, some of the consequences of a fad diet are usually not 
serious. An example of this in recent times is the high-animal-fat diets to lose 
weight. Although it is possible to lose a considerable amount of weight with 
these diets, the fad dieter cannot follow it for a long period of time, and 
consequently the hyperlipemia that is associated is short-lived. However, fads 
may be carried to extremes and prove harmful or even fatal as evidenced by the 
arrythmias associated with long-term liquid-protein diets.23 ,24 Most often, fads 
are short-lived and as a consequence not harmful. A careful diet history by the 
physician will reveal a fad and any of its consequences can be readily cor
rected. The fad dieter may harbor a serious underlying personality disorder. 
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Consequently, the discovery of faddism in a patient may lead the physician to 
treat any personality deficiency that is causing the patient to resort to fad 
eating. 

There are many cults that have taught us the benefits of certain food 
habits. Vegetarianism is an example that demonstrates very specific intake with 
elimination of all animal products. (The details of physiologic variations caused 
by vegetarian diets are discussed in Chapters 4 and 12.) Faddists often can 
harm themselves by following highly restricted diets for extended periods of 
time. A vegetarian must supplement his/her diet with B12 to avoid the conse
quences of vitamin B12 deficiency. 

Diets in cults are often very carefully designed and any deficiencies that 
occur in these groups are often corrected by design, such as the vegetarian who 
supplements the diet with vitamin B12. Nevertheless, it behooves the clinician 
to take a careful diet history and ascertain whether there is any deficiency due 
to either fad or cult diets. 

1. 1.4. Behavior Modification 

In 1927, Pavlov2s described his findings concerning conditioned reflexes of 
animals. Since that time there has been a steady but very slow progress in our 
understanding of the behavior of a subject as it relates to eating.26 ,27 Modifica
tion of behavior has gained popularity because of recent limited successes with 
this form of treatment for obesity. In 1959 Stunkard28 published the poor 
results obtained with traditional diet management of. obesity. He and others 
demonstrated that more significant short-term weight loss can be obtained with 
behavior modification techniques,29-31 but several workers have not obtained 
similar results and others yet caution on the long-term benefits of this type of 
management.32,33 

Behavior modification has also shown promise in the fields of alcoholism, 
mental retardation, chronic pain, depression, hysteria, phobias, anorexia ner
vosa, childhood autism, and in the common social problem of cigarette smok
ing." Although this is presently a most acceptable method of treating behav
ioral disorders, much more research and understanding in this field are needed 
before it can be accepted as the primary method of treatment in these 
disorders. 

Pomerleau and associates" describe two basic concepts involved in be
havior modification. First is "contingency management," which is based on 
the observation that consequences of behavior (reinforcing stimuli) determine 
the pattern of subsequent behavior. A reward that acts as a reinforcer will 
modify behavior. A simple example is money given by a mother to her child for 
eating a particular food. The second concept is that of "stimulus control." A 
particular stimulus can affect behavior when it is associated with a reinforcer, 
or when it signals a situation in which the behavior is associated with a reinfor
cer. This has been employed most effectively in obesity by analysis of the 
environmental situations involved in overeating. Patients are advised to keep 
detailed records of all physical, emotional, geographic, and social situations 
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and successful weight loss is associated with an active role by the patient. Self
control methods take the patient from a passive therapeutic role to an active 
role in their own treatment. 

Bruch33 has categorized overeaters into four groups. The most common 
group is composed of those who overeat but are able to successfully contain 
the problem and maintain their body weight. This group includes the vast 
majority of people. The second group is composed of those who are unable to 
maintain weight by themselves. Of these there are some who are able to lose 
weight with the assistance of some group or physician. In the third group are 
those who fail to lose weight despite advice and assistance. The fourth group is 
composed of those who do not want to succeed and will neither apply self
control themselves nor seek advice on how to do it. It is well to remember that 
although the developed countries' populations usually have a plethora of food, 
the majority of people are able to use self-control to maintain their own body 
weight. 

The treatment of obesity is well outlined in many manuscripts and 
texts.29-38 The purpose of this book is not to repeat those works. Suffice it to 
say that the present methods usually require a baseline understanding of the 
patient, a treatment protocol employing behavior modification and diet advice, 
and then a follow-up of the phases of treatment. 

Modification of eating habits is important not only in obesity but in a great 
number of digestive diseases. Modification of diet appears to be important in 
the prevention of coronary artery disease. Epidemiologists also indicate that 
dietary factors are of great importance in a wide variety of diseases such as 
colon cancer and arteriosclerosis. In order for preventive medicine to effec
tively decrease the incidence of the diseases caused by diet deficiencies, the 
ability to modify diets to include, or exclude, certain components is impor
tant.37 The psychology involved in modifying long-term eating habits is com
plex. The development of behavior modification techniques of greater sophisti
cation will probably become necessary if the need of altering American dietary 
patterns to prevent long-range consequences is real. Our own experience in a 
simple experimental attempt to induce more regular bowel habits among indi
viduals indicated that forced dietary recommendations were not readily accept
able.38 Mass media education, however, can cause shifts in food consumption 
in populations that are subject to those media. Recent evidence indicates a shift 
from ingestion of primarily animal fats to vegetable fats,39 and that with this 
shift there is a trend toward less coronary artery disease.40 The experience of 
the Norwegian recommendations of decreased animal fat and increased poly
saccharides on dietary control is fascinating. It has shown that the diet of an 
entire population can be modified by a forceful recommendation to an intelli
gent population that is concerned with long-range health benefits.41 It is hoped 
that our own population can adopt these recommendations. Although govern
ments are making such recommendations, there are still doubters in the scien
tific nutrition field. The doubts are raised on sound scientific reasoning, but the 
statistical epidemiologic trends cannot be denied. Our own concerns with a 
deficiency in fiber in the ordinary diet of highly industrialized countries reveal 
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that there is definitely inadequate fiber intake, and it will be necessary for mass 
public education to correct this. 

Behavior modification holds great promise in both the fields of therapy and 
preventive medicine. 

1.2. GASTROINTESTINAL PHYSIOLOGY OF EA TlNG 

The details of gastrointestinal physiology that occurs between the time a 
morsel of food first crosses the lips to when the remains leave the anus encom
pass all of the physiology of man. Perhaps it is scientifically grandiose to make 
that statement, yet the muscular, neurologic, and circulatory systems are in
volved either directly in actual consumption, digestion, and absorption, or 
indirectly by the effects of consumption. It is not my intent to describe all of 
these aspects, but rather the immediate and direct effects of foods as they pass 
through the digestive system. As we review each area, appropriate references 
will be made to more detailed monographs and texts for the interested reader. 

1.2.1. Mouth and Pharynx 

The anatomical drawings and descriptions of the mouth and pharynx of 
Netter and Oppenheimerd have visually captured the role of the mouth includ
ing the mandible, temporomandibular joint, organelles of the floor and roof of 
the mouth, the muscles involved in mastication, and the roles of the tongue, 
teeth, and salivary glands and secretion during eating. Their work also vividly 
depicts the role of the pharynx and all of the blood and nervous supply in this 
area. 

After food enters the mouth, it is chewed, the extent of chewing varying 
from subject to subject. Variables such as personality and the condition of the 
teeth will affect the degree and amount of chewing. Subjects capable of chew
ing coarser foods may seek those out, and obviously those who cannot chew 
because of limitation of the muscular skeletal structure or teeth will seek softer 
and more liquid foods. 

Once food enters the mouth and the chewing process begins, the salivary 
glands pour saliva into the oral cavity. Small salivary glands are distributed 
throughout the lining of the oral cavity, and the bilateral parotid, submandibu
lar, and sublingual glands are distributed along the jaw from the base of the ear 
to the chin. The parotid is primarily serous, the submandibular mixed, and the 
sublingual primarily mucoid secreting. Basket cells are situated in most of the 
glands and account for the contractile action that results in the gush of saliva. 
The serous cells secrete primarily amylase, which acts optimally at pH 6.5 and 
helps convert long-chain dextrose into simple disaccharides. However, sali
vary amylase is inactivated at a pH below 4.5 and consequently is destroyed in 
the acidic stomach. The more mucoid secretions of the sublingual gland have a 
protective and lubricating effect. The total amount of saliva secreted daily is 
approximately 1000 to 1500 ml. The pH varies from 6.2 to 7.6. Organic sub-
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stances such as proteins, including immunoglobulins, urea, and uric acid, may 
be in the saliva as well as chloride, phosphate, and bicarbonate anions, and 
calcium, sodium, and potassium cations. Although food directly acts as the 
best stimulant for salivary secretion, calcitonin, secretin, and pancreozymin 
can all stimulate and affect salivary amylase secretion.",44 

Once the food is chewed, it is then ready for swallowing. The jaw shuts 
and the soft palate becomes elevated. It forms a partition closing off the nasal 
cavity that ordinarily communicates with the pharynx. As the bolus of food 
moves backward over the tongue, the epiglottis is tilted forward, closing off the 
laryngeal airway. The tongue then moves backward and forces the food 
through the pharynx and over the epiglottis into the first part of the esophagus. 
Recovery then ensues with the tongue moving back, the epiglottis opening so 
that respiration continues, and the soft palate simultaneously dropping, tilting 
the nasopharynx. This entire process ordinarily takes a little over 1 sec.40,45 

For more detail on this subject, the interested reader is referred to Davenport's 
text.46 

1.2.2. Esophagus 

As the bolus of food leaves the pharynx, it enters the esophagus. The 
esophagus is a muscular tubelike structure, approximately 25 cm long from the 
upper esophageal sphincter to its lower esophageal sphincter. It is innervated 
by the vagus and sympathetic nerves, but the complexities of nervous control 
still remain unclear. The esophagus can be divided into thirds. The upper third 
contains striated muscle and the lower two-thirds smooth muscle. The upper 
third is innervated by the glossopharyngeal and vagus nerves, which are not 
autonomic, whereas the smooth muscle is supplied by the vagus that has an 
autonomic distribution. It is the innervation and control of the lower esopha
geal sphincter that remain somewhat unclear. In any event, during swallowing 
as the epiglottis closes off the trachea and the larynx rises up, the upper eso
phageal sphincter (UES) opens and the bolus of food is forced through that 
area into the lower esophagus. The lower esophageal sphincter (LES) usually 
opens as the bolus enters. The area of the UES is about 3 cm long and repre
sents the junction of the pharyngeal-esophageal area. It is ordinarily con
tracted at rest, and pressures in the area may measure as high as 60 cm of 
water. The cricopharyngeus muscle is at the level of this segment, and it is 
presumed to be the main source of the sphincteral action.46- 48 As the UES 
relaxes, the bolus of food passes into the lower two-thirds of the esophagus 
that is controlled primarily by smooth muscle involuntary action. The primary 
wave of peristalsis occurs moving down the esophagus as a continuation of oral 
and pharyngeal movements in a sequential fashion. Secondary peristalsis also 
occurs, but these contractions originate below the UES and are not initiated by 
any previous oral or pharyngeal contractions. The peristaltic wave that origin
ates just below the sphincter generates pressures from 30 to 120 mm Hg. The 
pressure reaches a peak at approximately 1 sec that may last as long as 0.5 sec 
and subside in approximately 1 sec. The entire duration of the contraction at 
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any given point in the esophagus may last from 3 to 7 sec. Motility studies can 
trace the orderly sequential contractions through the esophagus. These push 
the bolus of food down the esophagus until it reaches the area of the LES. The 
LES is usually open at the time food arrives, having opened at the time the 
UES pushes the bolus through. 

The LES is an extremely important structure because it maintains a barrier 
against reflux. Anatomically, it is difficult to define as a sphincter, although 
manometric and radiographic studies define the segment ranging from 2 to 3 cm 
in the contraction phase that represents a high-pressure zone as acting as a 
sphincter. Although there are discrepancies between manometric studies, the 
mean pressure in normal subjects ranges around 25 mm Hg. And patients with 
reflux usually have pressures below 15 mm Hg, with a range usually between 0 
and 10 mm Hg.46 The neurogenic control is not clear, and there appears to be 
some gastrointestinal hormone influence on the sphincter. Although hormones 
can be shown to have an effect, how significant their physiologic role is not 
clear. It is readily apparent that exogenous doses of gastrin increase the tone of 
the sphincter, whereas secretin, cholecystokinin, glucagon, and prostaglandins 
all can decrease LES pressure. How these hormones actually work in a syner
gistic in vivo effect in man is not yet completely understood. 50 

It is also clear that different types of food have different effects on the LES 
sphincter. This has definite significance in clinical situations as will be dis
cussed in the chapter on diseases of the esophagus. It is apparent that protein 
will raise the LES significantly, carbohydrate will raise it less so, and strictly 
fat foods will significantly lower the LES. In all probability these effects of 
foods are mediated through hormonal action. 

1.2.3. Stomach 

The bolus of swallowed food enters the stomach through the LES. The 
stomach connects the esophagus with the small intestine. Its shape varies, but 
anatomists divide it according to its function and histology. It is divided into 
the cardis, fundus, body, antrum, and pylorus. The lesser curvature is shorter 
than the greater curvature. The fundus and body contain most of the acid- and 
pepsin-secreting cells, whereas the antrum contains cells that secrete gastrin. 
Intrinsic factor is produced in the neck cells throughout the stomach. The 
terminal 2 to 3 cm of the stomach is often referred to as the pylorus. The blood 
supply arrives from the celiac trunk and the major branches of the celiac, the 
left gastric, common hepatic, and splenic arteries, splitting off into numerous 
branches that provide the rich supply to the organ. The autonomic innervation 
of the stomach is primarily parasympathetic through the vagus nerve and sym
pathetic through fibers that arise from T6 to TIO. As with all of the viscera of 
the gastrointestinal tract, it is composed of four layers: mucosa, submucosa, 
muscularis, and serosa. The mucosa is distinctive in that it contains gastric 
glands. The glands of the cardia and pyloric areas are similar, and much thinner 
than the gastric or fundic glands. The pyloric glands contain cells that secrete 
gastrin, whereas all of the glands contain cells that richly secrete mucus. The 
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fundic and gastric glands are distinctive in that they contain chief cells that 
secrete pepsinogen and parietal cells that secrete hydrochloric acid. 

The stomach may begin its role in digestion before the bolus of food enters 
by actively secreting from impulses that were induced by taste, smell, chewing, 
or emotional factors.1I1 These factors are mediated through neurogenic con
trol.s1 Stimulation of secretions may be selective depending upon the type of 
food. 

Pepsinogens can be classified into two groups. Group I are secreted in the 
proximal stomach and group II throughout the stomach and the duodenum. At 
rest there is a small amount of pepsinogen. The greatest stimulant to pepsino
gen secretion is vagal; however, hormonal stimulation may occur primarily 
through secretin and less so through gastrin. The secretion of pepsinogen via 
gastrin may occur through gastrin's stimulation of acid, which acts as a direct 
stimulant on the mucosa to increase pepsinogen secretion. The major amount 
of pepsinogen secretion occurs immediately after the bolus hits the stomach. 
Approximately 3 hr after feeding, the chief cells are virtually devoid of zymo
gen granules, which contain pepsinogen, but they gradually reaccumulate. Pep
sinogen is converted to pepsin, which is maximally active between pH 1 and 3. 
Conversion occurs in the presence of acid and pepsin itself. The enzyme is 
active in splitting large proteins into polypeptides. 

Gastric juice also contains two other enzymes, lipase and gelatinase. Li
pase is stable at pH 2 and active at pH 4 to 7. It is most active in the hydrolysis 
of short-chain and medium-chain triglycerides that are found in milk. 

Gelatinase is found in crude preparations of pepsin and is much more 
effective in liquifying gelatin than pepsin. Urease is also present in the stom
ach. Most ureases in the body are of bacterial origin; however, gastric urease is 
not and may play an important role in the splitting of urea and formation of 
ammonia when large amounts of urea are ingested, or in uremic patients. 

One of the most important functions of the stomach is secretion of hy
drochloric acid. Some gastrointestinal physiologists have spent their research 
lives trying to understand this phenomenon. Although we have only been able 
to demonstrate that hydrochloric acid functions to convert pepsinogen to pep
sin, it seems that it must playa more significant role in man's physiology. 
Ordinarily the gastric mucosa secretes sodium, potassium, and calcium cations 
and chloride and bicarbonate anions. At rest or during basal secretion, the 
hydrogen ion concentration is approximately 20 mN and rises sharply to ap
proximately 125 mN during maximal secretion, whereas sodium conversely 
falls from approximately 85 to 10 mN. There is a concomitant rise of chloride 
ion from 120 to 155 mN. The potassium ion during secretion rises slightly but is 
relatively stable between 10 and 20 mN. In normal states, the greatest stimulus 
for secretion of hydrochloric acid is the eating process. The strongest mecha
nism of stimulation is the hormone gastrin. The exact mediation of secretion is 
still in question, but it is undoubtedly related to vagal innervation and direct 
stimulation of gastrin with release of histamine at the end organ. Parietal cells 
secrete maximally and the amount of acid secreted is related to the number of 
cells. In healthy men and women, basal secretion averages between 0 and 5 
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meq H + /liter, and maximal stimulation with acid histamine or pentagastrin 
ranges between 20 and 35 meq H + lliter. The composition of gastric juice is 
ordinarily a function of the rate of secretion, but it may be independent of the 
rate. By techniques of intragastric titration, the amount of acid present during 
the eating of a meal can be measured. Those measurements correlate well with 
techniques of maximal histamine stimulation. 50 The energy for acid secretion is 
derived from ATP. Intracellular reactions are probably controlled by cyclic 
AMP. In the process of acid secretion, the hydrogen ion concentration of the 
plasma is raised from 0.00005 mN to 150 to 170 mN in the gastric juice. This 
requires approximately 1500 cal per liter of juice secreted. Even though tre
mendous amounts of research have been done involving the area of actual acid 
secretion, two theories of redox scheme and ATPase are unproven. The inter
ested reader is referred to Davenport's" text, which describes these theories. 
What is best understood today is that within the parietal cell, carbon dioxide is 
converted to H2COa, which is then converted into H + and HCOa -. The H + 
reacts with CI- that is actively transported through the cell and forms free 
secreted Hcl. The CI- is present in serum at approximately 105 mN, and by an 
active transport mechanism against an electrochemical gradient, it is concen
trated to approximately 170 mN in the gastric juice. 

Of some importance is the fact that increased blood flow and normal blood 
flow are essential to the gastric mucosa in order to maintain prolonged normal 
gastric secretion. The gastric blood flow is increased by cholinergic stimula
tion, epinephrine, histamine, and gastrin; it is decreased by an infusion of 
vasopressin or norepinephrine, and secretin. As will be discussed under spe
cific organ diseases, different foods stimulate enzyme and acid secretion in the 
stomach at different rates. However, one can generalize and state that maximal 
acid and pepsinogen secretion are parallel: they reach maximum at 45 min to 1 hr 
after eating a meal and gradually decline to normal levels by 3 hr after a meal. 

Another important factor in normal nutrition is the so-called gastric mu
cosal barrier that prevents penetration of hydrochloric ions back through the 
gastric mucosa. The barrier is believed to be composed of a glycoprotein ma
trix that can be broken by many substances. The break results in disease to the 
mucosa. Ethanol, natural and synthetic detergents, bile acids and lysolecithin, 
and aerophytic acids such as acetic, propionic, and butyric all break the mu
cosal barrier by being fat soluble. Many drugs including acetylsalicylic acid, 
salicylic acid, indocin, and butazoladine also break the barrier. 

When the bolus of food is within the stomach and active secretion begins, 
chyme is created. An important function of the stomach is to delay the passage 
of chyme into the intestine so that the intestine is not overwhelmed, and so that 
the food can be properly mixed for initial digestion to begin. Consequently,. the 
motility of the stomach becomes one of its most important functions. Liquid 
foods leave the stomach much more rapidly than solid foods. The mechanisms 
by which gastric motility is controlled are reviewed carefully by Cooke.52 The 
empty stomach exhibits three types of contractions: simple low-amplitude type 
I waves that last 5 to 20 sec, type II waves of greater amplitude that last 12 to 16 
sec, and type III waves that are seen in the antrum and that occur 10 to 30% of 
the time, are of high amplitude, and last approximately 1 min. In the resting 
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stomach, type I waves are seen about 25% of the time, type II waves about 
50%. 

The movements of the full stomach are complex. Foods tend to mix selec
tively with liquids. When the stomach is full, the peristaltic wave follows the 
normal basic rhythm. It appears to begin high on the greater curvature and 
moves over longitudinal muscle through the body, antrum, and pylorus. In man 
the frequency of peristalsis is approximately 3 waves/min. Two or three waves 
might actually be present at any given time. As the pylorus opens and a portion 
of the chyme moves through it into the intestine, the remaining contents of the 
chyme are retropulsed back into the stomach and this results in a mixing 
motion. The stomach empties at the rate of approximately 20 ml/min for a 
750-mlliquid meal. 

The electrical events that occur within the stomach are modified by both 
neurogenic and hormonal influences. Liquid contents empty much faster than 
solid contents. It is suggested that the body and fundus are more influential in 
emptying liquids and that the antrum has control of emptying solids. There is 
also some evidence to indicate that the pyloric sphincter may have a selected 
influence on emptying solids but little influence on emptying liquids. 

Hyper- and hypoosmotic solutions as well as fats appear to delay emptying 
of the stomach. This occurs by a reflux mechanism from receptors situated in 
the duodenum. 

Although cholecystokinin, secretin, and glucagon have been indicated as 
playing an experimental role in gastric emptying, their physiologic role is not 
yet clearly understood.52 The role of gastrin in feeding will be discussed in 
more detail below. However, in the feeding process it is important to remember 
serum gastrin reaches its peak elevation at 30 min after feeding and gradually 
returns to normal over a 2- to 3-hr period. One can correlate the rise in acid 
secretion with gastrin secretion. Figure 1-1 demonstrates the acid-gastrin feed-

EaII"'r"""" 
Gastric antrum 

!G~B\ 

Gastrin Hel 

\ I 
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parietal cells 

Figure 1-1. Gastric secretion in man. (+) Stimulates, (-) inhibits. 
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back mechanism that is related to feeding. As gastrin rises, gastric acidity rises 
and as that reaches peak levels it acts as an inhibitory influence on the gastrin
producing cells to cut off further production of gastrin and consequently the 
stimulus for acid secretion. This is a true negative feedback mechanism. 

1.2.4. Duodenum, Pancreas, Liver, and Gallbladder 

As the bolus of food is selectively delivered through the pylorus into the 
duodenal bulb and sweep, a sequence of electrolyte, enzyme, and hormone 
secretions evolves. This is probably one of the most dynamic areas of biochem
ical activity in the human body. The duodenal mucosa produces some forms of 
gastrin, all of the secretin, pancreozymin-cholecystokinin, and probably enter
ogastrone and enterocrinin. These hormones then stimulate and selectively 
inhibit the secretion and function of organs feeding into the duodenum. The 
exact details of the hormones are described in the narrative below and in 
Tables 1-3 and 1-4. Duodenal anatomy is unique in that the secretions from the 
liver and gallbladder pass through the common duct where most often they are 
joined by the ducts from the pancreas to enter the second part of {he duodenum 
through the papillae of Vater. The histology of the duodenum is similar to that 
of the jejunum and ileum, which are described in more detail in Chapter 13. 
The duodenum is unique because of the presence of Brunner's glands. These 
glands occupy primarily the upper half of the duodenum in the mucosa and 

Table 1-3. Gastrointestinal Hormonesa 

Hormone Location produced Cell type 

Stomach and Intestine 
Substance P Gastrointestinal tract EC1 
Motilin Small intestine EC2 

Stomach fundus ECL 
Gastrin Antrum, duodenum G 
Glucagon Stomach fundus A 
Somatostatin Antrum, upper intestine D 

Stomach, intestine D1 
Stomach, duodenum X 

Secretin Small intestine S 
CCK Duodenum, jejunum I 
GIP Small intestine K 
Enteroglucagon Intestine EG 
VIP Intestine H 

Pancreas 
Insulin Islets B 
Glucagon Islets A 
Somatostatin Mainly islets D 
VIP Islet and nonislet D1 
Pancreatic 

polypeptide Mainly nonislet D2 

aModified from Pearse et al. "12 
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Table 7-4. Gastrointestinal Hormones 

Hormone status 

Gastrin 
Secretin 

CCK 

Glucagon 

Probable and suggested 
hormones 

Enteroglucogen 

GIP 

VIP 

Somatostatin 
Protein polypeptide 
Motilin 

Chymodenin 

Enterooxyntin 

Bulbogastrone 

Urogastrone 
Gastrone 
Enterocrinin 

Incretin 

Villikinin 

?Enterogastrone 

Main stimulus 

Protein foods 
Acid in duodenum 

Fat in duodenum 

CHO and fat in 
duodenum 

CHOandfat 

Uncertain 

Uncertain 
Uncertain 
Alkalinization 

of duodenum 
Uncertain 

Protein in 
small intestine 

Acid in duodenal 
bulb 

Uncertain 
Uncertain 
Uncertain in 

duodenum 
Uncertain in 

duodenum 
Uncertain in 

duodenum 

Main action 

Stimulate gastric acid 
Stimulate pancreatic and liver 

H.OandHCOa 
Stimulate pancreatic enzyme 

gallbladder contraction 
Hepatic glycogenolysis 
Inhibit motility 

Inhibit motility 

Decrease of gastric motility 
Stimulate insulin 
Vasodilator 
?Regulate gastric emptying 
Uncertain in gut 
Uncertain 
Stimulate or regulate 

motility 
Stimulate pancreatic 

chymotrypsim 
Stimulate gastric 

secretion 
Inhibit acid secretion 

Inhibit gastric secretion 
Inhibit gastric secretion 
Stimulate intestinal 

secretion 
Release insulin 

Stimulate villi contraction 

submucosa and secrete a very viscous alkaline material of approximately pH 
8.2 to 9.3 whose main function is to neutralize acid gastric secretions. The 
epithelial cells of the duodenum are rich in enzymes as are those of the jejunum 
that are active in absorptive and digestive processes as described in Chapter 13. 
The crypt cells of the duodenal glands contain most of the hormone-producing 
cells that stimulate the pancreas, liver, and gallbladder as well as exert an 
inhibitory influence on gastric function. 

As the bolus of chyme enters the duodenum, the very sensitive receptors 
begin the process of slowing the gastric emptying as well as stimulating intes
tinal digestion. The motility and rhythm of the duodenal bulb are different than 
both the antrum and the postbulbar area. It appears to be slightly more active in 
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rate than in the duodenum, which has segmental contractions occurring at 
approximately 12/min.53 In a relatively healthy human, the bulb projects the 
bolus of food forward into the postbulbar area, where segmental contractions 
begin the process of mixing food and enzymes. Gastric emptying may be af
fected also by the shape of the duodenum as an abnormal loop is associated 
with delayed emptying and increased gastrin levels. 54 

The acidity of the chyme is rapidly neutralized by duodenal secretions. 
The duodenum receives chyme at varying pH and osmolality but delivers 
chyme at constant pH and osmolality.1I11 However, the acid content is the 
greatest stimulus for secretin production, whereas the fat and carbohydrate 
content of the chyme is the greatest stimulus for CCK-pancreozymin secre
tion. Both of these hormones actively stimulate pancreas, gallbladder, and liver 
secretions. The release of secretin has been shown to be uneven and hence 
very sensitive to pH changes.1I6 

The pancreas is the major site of enzyme production for use in intralu
minal digestion of food. 1I7 All one has to do to appreciate this fact is see the 
malnutrition that follows removal of the pancreas, or the severe steatorrhea 
that is present in patients with pancreatic insufficiency. The pancreas is situ
ated retroperitoneally and its head is surrounded by the sweep of the duo
denum. It is composed of acini, which contain cells that contain zymogen 
granules. The acini are spherical in shape and secrete into intercalary ducts that 
merge into excretory ducts and finally into intralobular ducts. The cells lining 
the ducts become progressively more cuboidal as they move out into the peri
phery. Cells of the ducts do not contain zymogen granules, but they do stain for 
mucin, and the walls of the largest ducts contain elastic fibers and muscle cells 
that permit them to contract. The large intralobular ducts communicate- with 
the main or accessory duct of the pancreas which then combines in the head of 
the gland with the common bile duct to exit into the duodenum through the 
ampulla of Vater. There are numerous anomalous arrangements for the exit of 
both the main pancreatic duct and the occult accessory duct of Santorini. The 
pancreas also contains islets of alpha and beta cells that secrete glucagon and 
insulin into the circulation. They have a rich blood supply in order to receive 
these secretions. The vagus nerve supplies the pancreas and the sympathetic 
nervous supply is predominantly through the celiac ganglion and splanchnic 
nerves. The gland itself is divided into head, body, and tail. 

The function of the pancreas can be divided into its exocrine and endo
crine secretions.1I7 The very rich exocrine secretion can be divided into its 
enzyme, fluid, and electrolyte secretions. The enzyme secretions occur 
through the zymogen granules that are uniquely formed within the cell com
plex, modified within the Golgi bodies, neatly wrapped so that it contains all of 
the necessary enzymes, and are secreted as a package (Fig. 1-2). 

The approximately 1500 ml of fluid solution secreted by the pancreas 
arises from a continuous secretion in the intralobular ducts that-is hormonally 
stimulated in the extralobular ducts. The sodium content is stable at approxi
mately 157 mN, the potassium content at 7 mN. However, the chloride and 
bicarbonate contents appear to be inversely proportional to hormonal stimula
tion. At base levels the secretion of chloride ion is approximately 100 mN but 
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Figure 1-2. Pancreatic secretory stimulants and products.48•53 
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falls to 50 mN, and the bicarbonate is at a base of 50 mN and rises to about 100 
mN after secretin stimulation. 

The enzymes contained within the zymogen granules are as follows. 
Trypsinogen is rapidly converted to its active form of trypsin in the pres

ence of trypsin itself, calcium, magnesium, and enterokinase. There is a trypsin 
inhibitor within the pancreatic gland that apparently prevents the conversion 
within the gland. Trypsin has a molecular weight of approximately 25,000 and 
is the enzyme responsible for breaking proteins into proteoses and peptides. 

Chymotrypsinogen is converted to chymotrypsin in the presence of tryp
sin. It has a molecular weight of approximately 25,700 and its actions are very 
similar to that of trypsin. However, it shows a preference to cleave peptide 
bonds that have a carbonyl group containing the amino acids tyrosine and 
phenylalanine. Both trypsin and chymotrypsin are endopeptidases that split 
internal protein bonds. 

The pancreas also secretes exopeptidases carboxypeptidase A and 
carboxypeptidase B, which cleave end amino acids of chains. Similar enzymes 
are also readily present in the intestinal epithelium. 

Other proteolytic enzymes secreted by the pancreas are elastase, collagen-
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ase, ribonuclease, and deoxyribonuclease. All of these have actions on pro
teins similar to their names. 

Amylase of pancreatic origin is essentially for splitting the 1,4-a-glycoside 
linkage in starch and glycogen in order to release disaccharides. It is referred to 
as an alpha amylase and has a molecular weight of 5000. 

Lipase is essential for normal fat absorption; its absence causes massive 
steatorrhea. In conjunction with bile salts it hydrolyzes a wide variety of insol
uble esters of glycerol. Other lipases are also present and perform specific 
functions, e.g., phospholipase A, which splits off a fatty acid from lecithin to 
form lysolecithin. 

Animal experiments definitely reveal enzyme adaptation to diets. How
ever, evidence in man is less readily available. The hormones insulin and 
glucagon will be discussed below. 

As protein and fatty materials enter the duodenum, the intestinal mucosa 
is stimulated to produce CCK-PZ (cholecystokinin-pancreozymin) and secre
tin. These in turn stimulate the acinar cells of the pancreas (Fig. 1-2) to secrete 
enzymes and stimulate duct cells to increase their production of bicarbonate 
and the flow of fluid. In healthy humans, the pancreas is capable of excreting 
enough enzymes to digest all of the food eaten, as well as enough bicarbonate 
and fluid to neutralize the acid presented in the chyme so that the pH in the 
duodenum and jejunum remains between 7 and 9 for optimal digestion and 
absorption of all nutrient factors. 

There appears to be some nervous control of pancreatic secretion as well 
as the hormonal influence. This is not as well understood, although vagus nerve 
stimulation does increase pancreatic secretion and sympathetic stimulation 
may increase or decrease selectively. 

The liver (Chapter 10) has a pivotal role in nutrition. It is a chemical 
factory for production of proteins and modification and homeostasis of chemi
cal balance. It also has an important role in secreting fluid and bile acids 
important for digestion and absorption. The two components of bile important 
in nutrition are the bile-acid-independent fraction and the bile-acid-dependent 
fraction. When the chyme enters the intestine, the same hormones that stimu
late pancreatic secretion have their effect on the liver and the gallbladder. The 
bile-acid-independent fraction is composed primarily of water and electrolytes 
(Fig. 1-3) and is secreted primarily by duct cells. The bile-acid-dependent frac
tion contains bile acids returned through the enterohepatic circulation, newly 
synthesized bile acids, and lecithin and cholesterol that are all secreted in a 
micellar solution. 

The total output of biliary secretion in man ranges from 250 to 1100 ml 
per day. Although secretion is stimulated by hormones, it is an active process 
and not a simple ultrafiltration. It is dependent upon back pressures that can 
limit flow. Concentrations of the various components also vary. When the ratio 
of bile-acid-dependent components is disturbed from normal, cholesterol may 
then precipitate and form gallstones. This occurs in so-called lithogenic bile. 
The ordinary baseline electrolyte concentrations of bile are noted in Fig. 1-3. 
When secretin stimulation occurs, as in pancreatic juice, there is a reciprocal 
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relationship between chloride and bicarbonate, bicarbonate increasing from 
approximately 25 to 80 meq/liter and chloride falling from 90 to 65 meq/liter. 58 

The liver produces two primary bile acids, cholic and chenic (chenodeox
ycholic) (Fig. 1-3). These are conjugated with both glycine and taurine to 
respectively produce glycocholic, taurocholic, glycochenic, taurochenic, etc. 
These primary bile acids are secreted in their conjugated form into the duo
denum. Bacterial 7 a-dehydrogenase, deconjugates the protein fraction leaving 
free cholic or chenic acid. which is either further dehydroxylated in the small 
bowel to respectively deoxycholic or lithocholic bile acids, or absorbed back 
into the portal system. The dehydroxylated and converted bile acids are simi
larly absorbed. This entire process results in the so-called enterohepatic circu
lation (Fig. 1-4). The concentration of bile salts and basal secretion ranges from 
20 to 55 mM, whereas during peak flow stimulated by secretin it falls to 
approximately 10 mM. Ursodeoxycholic acid, the 7{3 epimerof chenic as well as 
other epimers, appears important in maintaining bile function. 78,79 
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Bile acids are powerful choleretics, and they stimulate active secretion of 
themselves by hepatocytes, which is accompanied by passive increased flow of 
water and other electrolytes. The secretion of the bile-acid-dependent fraction 
is governed by the rate of return of bile acids to the liver through the enterohe
patic circulation. The rate of return is controlled in its cycle by stimulation for 
bile secretion and gallbladder contraction.46 Consequently, if one markedly 
increases feeding, bile acid secretion will also increase. However, this may 
merely increase the number of times that bile acids cycle through the enterohe
patic circulation. The total normal bile acid pool in man ranges from 2 to 3.25 g, 
and from 3 to 12 cycles/day depending on the number of feedings. In the 
enterohepatic circulation bile acids are primarily reabsorbed in the distal ileum 
but may be reabsorbed in the colon. Man synthesizes enough bile acids to make 
up what he usually loses, in the range of approximately 500 mg/day. The 
interested reader is referred for more detail on the subject to the pioneering 
works by Hofmann, Small, and their colleagues.59-61 

The enterohepatic circulation consists of the following components in a 
closed pathway (Fig. 1-4). Primary bile acids, chenic and cholic, are produced 
in the liver, conjugated with glycine and taurine, and then secreted in the bile 
into the duodenum. Taurine conjugates are anions at pH 6 to 7.7 whereas 
glycine conjugates are less ionized at intestinal pH. These are extremely active 
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in fat absorption and in the formation of micelles (see Chapter 13). In the 
intestine bacterial enzymes are available for deconjugation so that cholic and 
chenic acids are set free. Bacterial 7 a-dehydroxylase converts cholic acid and 
chenodeoxycholic acid to the secondary bile acids deoxycholic acid and lith
ocholic acid, respectively. All of the simple bile acids, primary and secondary, 
are very actively absorbed in the distal ileum but may be passively absorbed in 
the jejunum and colon. All of the simple bile acids are transmitted through the 
portal circulation to the liver where all four of these may be reconjugated with 
taurine or glycine and once again passed into the duodenum along with the 
newly synthesized bile acids that replace the quantity lost in the feces. 

The gallbladder in healthy humans concentrates bile. When choleretics are 
secreted, it contracts and forces bile through the ampulla of Vater into the 
duodenum. Normal bile contains sodium at approximate concentrations of 140 
to 150 meq/liter. The columnar surface epithelial cells of the gallbladder con
tain a very powerful sodium pump mechanism capable of concentrating the 
sodium to approximately 340 meq/liter. This is done by rapid removal of water, 
which also results in increased concentrations of bile acids, cholesterol, and 
pigments. In healthy humans the critical ratio of bile acids plus phospholipids 
to cholesterol is maintained so that cholesterol remains in solution. When 
cholesterol precipitates it is because of either an increase in its concentration or 
a decrease in bile acid or phospholipid, resulting in so-called "lithogenic bile. " 

The capacity of the gallbladder ranges from 40 to 60 ml. As is well known, 
humans can live normally without a gallbladder. When the gallbladder is not 
present, compensatory mechanisms then develop so that adequate bile is se
creted at the time food enters the duodenum. Cholecystectomy does not result 
in malabsorption or in increased steatorrhea. 

Within 30 min of eating a meal, the gallbladder begins to contract and 
empties at its maximum in anywhere from 20 to 105 min. It never empties 
completely, as evidenced by oral cholecystogram studies. When the gallblad
der contracts, bile fluid forced into the duct raises the pressure so that the 
sphincter at the ampulla opens and bile enters the duodenum. The gallbladder 
contraction is affected by both humoral CCK and vagal nervous pathways and 
begins as early as the cephalic phase of digestion. The greatest stimulus for 
contraction is the presence of fat in the duodenal sweep because it causes the 
prompt release of CCK from the duodenal mucosa. Other hormones such as 
caerulein and gastrin have similar terminal amino acid structures and are also 
capable of causing contraction of the gallbladder. They are referred to as 
cholecystogues. The role of foods in relation to gallbladder function and secre
tion will be discussed in more detail in Chapters 11 and 12. 

Active and passive processes of absorption begin once pancreatic and 
biliary secretions mix with the chyme passed from the stomach into the duo
denum. Solids leave the stomach at similar rates, but liquids are emptied more 
rapidly.62 Digestion is rapid so that within 15 to 30 min after chyme passes into 
the intestine, the major carbohydrate, protein, and fat absorptions are com
pleted. (The digestive and absorptive processes are described in Chapter 13.) 
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When these are accomplished, the jejunum and ileum are then involved in 
electrolyte and fluid balance. Multilumen balloon-tube small-bowel studies re
veal that nutrient mixtures in the duodenum elicit jejunal secretion at sites 
distal from the food. 83 The ultimate balance of fluid and electrolytes evolves 
after nutrient absorption and is described in sections on the small intestine and 
diarrhea. Once fluid and electrolyte exchange is stabilized, the material is 
passed into the right side of the colon through the ileocecal valve. The func
tions of the colon are to absorb water and stabilize waste excretion. This is 
described in more detail in Chapter 14. 

An important integrating function of the small and large intestines is that 
the major absorption of nutrient materials occurs in the duodenum and proxi
mal jejunum and rapidly tapers off so that minimal absorption of materials 
occurs in the ileum. Of all nutrient materials, fats may be absorbed the greatest 
in the distal part of the small bowel. 

Contractile activity increases in the small intestine after a meal. There is 
an increased frequency of so-called "slow waves. " This same increased activ
ity occurs in the sigmoid colon. The actual integrated motility of the gut has 
been studied little in man and most studies have been performed in animals. 
Although primary secretion, digestion, and absorption occur in the upper diges
tive tract, there is also evidence to indicate that the more distal parts of the 
small intestine stimulate gastric secretory responses to meals.83 In normal vol
unteers chyme diverted at the ligament of Treitz resulted in decreased gastric 
secretion, supporting theories that the small intestine contributes appreciably 
to the magnitude of gastric secretion during meals.70 

1.2.5. Intestinal Microflora 

The role of bacteria in the gastrointestinal tract has been poorly under
stood. Their role in the upper and midgut is not yet fully apparent. The entero
hepatic circulation as noted above is a very specific function for intestinal 
bacteria. They produce the enzyme 7 a-dehydroxylase, which is necessary for 
deconjugation and conversion of bile acids in order to maintain the enterohe
patic circulation. Other such specific functions are not known for bacteria. 

The stomach is usually relatively free of bacteria. The acid secretion 
cleanses the flora that is swallowed. Fungi, streptococci, and lactobacilli do 
pass regularly into the upper small bowel, but colony counts rarely exceed 104/ 
ml intestinal fluid. As one progresses down the jejunum to the area of the distal 
ileum, the intestine rapidly. becomes colonized by a wide variety of organisms. 
The anaerobic flora reaches average colony counts of 109 and the aerobic flora 
lOS. As one progresses into the colon, the anaerobic counts rise to 1011. Pre
dominant anaerobic species are usually Eubacteria and Bacteroides, and aerobic 
species Escherichia and Streptococci. There are huge variations in species 
hosted among individuals, but in an individual the flora usually remains rela
tively stable. The interested reader is referred to several monographs and texts 
on the subject. 64-68 
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1.2.6. Gastrointestinal Hormones 

During the past two decades the greatest contributions in endocrinology 
have come forth in the understanding of gastrointestinal hormones. Many of 
them have been biochemically isolated, purified, and accepted as true hor
mones. Others are in the process of being completely understood and evalu
ated. Grossman71 defines a gastrointestinal hormone in the following way: (1) 
stimulation to one part of the tract produces a response in a distant target; (2) 
the effect persists after cutting all nerves connecting the site of stimulation and 
the target; (3) the effect is produced by an extract of the part to which the 
stimulus was applied; and (4) the effect is produced by infusing exogenous 
hormone in amounts in molecular forms similar to the increase in blood con
centration seen after the stimulus for endogenous release. Secretin, cholecys
tokinin, gastrin, and gastric inhibitory peptides have all reached hormonal sta
tus by virtue of these criteria. Hormones originating in the pancreas have long 
been accepted as true hormones. In Table 1-3 the organs and their cell types 
and hormones are listed according to histochemical and radioimmunoassay 
determinations as organized and classified by Pearse and his colleagues. 72 

Table 1-4 lists all true hormones and those considered hormones, their 
major actions, and the foods and stimuli to produce them. 

1.2.6.1. Gastrin48 ,73,74 

The first gastrin described was a 17-amino-acid straight-chain peptide. This 
has been lovingly referred to as "little gastrin." Following that a 34-chain 
peptide, "big gastrin," was described, and a 14-chain peptide has since been 
isolated, "mini gastrin." Other variants have been isolated from the pig, cat,. 
and dog. All of the physiologic activity is exhibited by the last four amino acids 
of the C-terminus of the gastrin. The gastrins may be sulfated or nonsulfated, 
but sulfation has no effect on potency. Pentagastrin is the synthetic C-terminal 
tetrapeptide to which j3-a1anine has been added. It is a stable compound and 
commercially available. Gastrins are produced in the antrum and the duo
denum. The half -life of big gastrin is approximately 42 min and that of little 
gastrin 7 min. They are equally potent and both are primarily inactivated in the 
kidney. The normal fasting plasma concentration is between 50 and 100 pg/ml 
with the upper limit of normal at approximately 200 pg/ml. 

The major actions of gastrin can be divided into those considered physio
logic or pharmacologic. The major physiologic action is the stimulation of acid. 
However, it also stimulates pepsinogen secretion, gastric blood flow, and con
traction of the circular muscle of the stomach. It has also been demonstrated 
that growth of the stomach, small intestine, and pancreas is dependent on 
gastrin. 

Of its pharmacologic actions, gastrin stimulates all water, bicarbonate, and 
electrolyte secretions of the small intestine, pancreas, and liver; enzyme secre
tions by the pancreas and small intestine; release of insulin, glucagon, and 
calcitonin; contraction of the lower esophageal sphincter and the gallbladder, 
small intestine, and colon smooth muscle. Pharmacologically gastrin has cer-
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tain inhibitory effects, such as inhibiting contraction of the pyloric, ileocecal, 
and ampulla of Vater sphincters and potent inhibition of gastric emptying. 
Some evidence exists that it decreases absorption of glucose and electrolytes in 
the small intestine. 

The main stimulus for release of gastrin from G cells is a protein-contain
ing meal, which is much more potent in stimulating gastrin release than either 
fat or carbohydrate meals. It is released into the serum usually within a few 
minutes and peak serum levels occur at approximately 30 to 40 min. Both 
distension of the antrum of the stomach as well as cholinergic agents will also 
stimulate its release, whereas acidification of the stomach inhibits release (Fig. 
1-1). Although gastrin release is promoted by vagal stimulation, denervated 
stomachs nonetheless secrete approximately half the normal gastrin level. 

Extremely high gastrin levels are noted in the Zollinger-Ellison syndrome. 
These patients have a non-l3-islet-cell tumor of the pancreas that secretes 
gastrin and is known as a gastrinoma. The range of serum levels in these 
patients has been reported anywhere from 300 to 350,000 pg/ml. In duodenal 
ulcer subjects there is controversy as to whether serum gastrin is increased or 
decreased. Some investigations indicate that increased serum gastrin levels do 
occur in association with hypersecretion of duodenal ulcer. 75 

1.2.6.2. Secretin",46,73,76,f/AI 

Secretin is a polypeptide consisting of 27 amino acids, all of which are 
required to obtain a response. It is secreted by the S cells present in the 
duodenum. 

The main action of secretin is to stimulate the duct cells of the pancreas 
and liver to produce bicarbonate and water. Lesser actions attributed to the 
hormone in the stomach are stimulation of pepsinogen secretion, stimulation of 
pyloric sphincter contraction, and inhibition of gastrin-stimulated acid secre
tion and gastric motility. There also appears to be a synergistic effect in which 
it increases some enzyme secretion in the pancreas as well as insulin release 
and inhibition of glucagon release. It is also reported to inhibit contraction of 
the lower esophageal sphincter. Secretin production is stimulated by the pres
ence of acid in the duodenum from the stomach. In the range of pH 0-3 secretin 
release is proportional to the amount of acid. However, when the pH rises 
above 3, there is a marked decline in the amount of secretin released. It has 
been reported that above pH 4.5 insignificant amounts of secretin are released. 
As the pancreas is stimulated to produce bicarbonate, the duodenal contents 
are neutralized so that the production of secretin is cut off. Good studies are 
not yet available to correlate the intake of various foods with this hormone's 
activity. But logic makes one reason that foods producing high acid will cause 
the greatest secretin release, i.e., proteins. 

1.2.6.3. Cholecystokinin",", 73, 76 

Cholecystokinin is the term now used to include both its own action and 
what was formerly referred to as pancreozymin. It is referred to in the litera
ture in the abbreviated form CCK-PZ, and it is a polypeptide containing 33 
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amino acids. The last five amino acids in its C-terminal sequence are exactly 
those found in gastrin. Both hormones have the same physiologic actions, but 
they differ greatly in the qualitative responses they elicit. The C-terminal octa
peptide of cholecystokinin has all of the hormone's actions and is used often in 
experimental work. It is produced in the duodenum and the jejunum. 

The actions of the hormone can be divided into physiologic and pharma
cologic. Cholecystokinin's main physiologic function is to stimulate contrac
tion of the gallbladder, relaxation of the ampulla of Vater, or sphincter, and 
stimulation of enzyme secretions of the pancreas. It weakly stimulates bicar
bonate and water secretion of the pancreas and liver; as such its role is syner
gistic with secretin. It has an effect of slowing gastric emptying and is a definite 
trophic hormone of the pancreas. 

Pharmacologic doses weakly stimulate acid secretion of the stomach, com
pletely inhibit gastrin-stimulated acid secretion, weakly stimulate pepsinogen 
secretion, inhibit the lower esophageal sphincter, stimulate motility of the co
lon, and stimulate secretion of duodenal glands. It also has been shown to 
stimulate release of insulin and glucagon. As noted in Section 1.1.2, it can be a 
mediator of feeding behavior by producing satiety. 

Release of the hormone is stimulated by L-isomers of amino acids, fatty 
acids, hydrochloric acid, and foods. The greatest stimulus for release of diges
tive enzymes is L-tryptophan; in decreasing order of potency are the levorota
tory forms of phenylalanine, lysine, methionine, arginine, valine, isoleucine, 
histidine, leucine, threonine, and finally totally ineffective are the dextrorota
tory forms and nonessential amino acids. Fatty acids stimulate pancreatic se
cretion, and those of 18 carbon lengths are greater stimulants than shorter 
chain length acids. Oleic acid is the most potent, then stearic, palmitic, lauric, 
and decanoic in decreasing potency, and octonoic extremely weak. 

Acid appears to be a weak releaser of cholecystokinin, although the gall
bladder will definitely contract after the presence of acid in the duodenal 
sweep. Secretin is released at anywhere from 5 to 24 times the amount of 
cholecystokinin from acid stimulation. One would expect that fats are the 
strongest stimuli for CCK-PZ, but the amino acid L-tryptophan is the most 
potent and this probably relates to its pancreatic enzyme stimulatory effect. 
This double role of CCK-PZ must relate it closely to all foods. 

Caerulein is a decapeptide found in the skin of the Australian frog Hyla 
caerulea. It has the same C-terminal tetrapeptide as gastrin and cholecystokinin 
and has a sulfated tyrosyl residue, in a position corresponding to cholecystoki
nin. Therefore, it has some of the properties of both of the hormones and is a 
particularly strong cholecystogue. 

1.2.6.4. Glucagon72 , 76 and Enterog/ucagon 

Pancreatic glucagon is a single-chain polypeptide composed of 29 amino 
acids with a molecular weight of approximately 3500. A substance physiologi
cally and pharmacologically similar to glucagon has been isolated from the 
duodenum and jejunum. Its exact chemical structure is uncertain and its molec
ular weight is approximately 2900. However, it is thought to be glucagonlike 
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and consequently is referred to as enteroglucagon. In the gut there are two 
types of immunoreactive glucagon cells. 

Glucagon stimulates glycogenolysis so that glucose is made available from 
stored carbohydrate. It activates the adenyl cyclase of the liver cell membrane. 
It has definite interactions with insulin. Insulin inhibits the hepatic production 
of glucose, ketone bodies, and urea when its production range is high. In
creased glucagon levels in a state of relative insulin lack, such as diabetes, 
intensify the insulin deficiency. Glucagon has been suspect in the production of 
diabetes. Enteroglucagon can also effect glycogenolysis. In pharmacologic 
doses both glucagon and enteroglucagon have similar activity. These include 
inhibition of pancreatic enzyme in volume secretion and a most potent effect of 
inhibition of motility of the entire gut. It is thought that glucagon inhibits the 
effects of secretin and gastrin selectively. 

After eating there is a sharp rise of enteroglucagon, but not of glucagon. 
The stimulation of production of the hormone by food is one of the major 
differences between the two. Stimulation of enteroglucagon by food comes 
primarily from carbohydrates and long-chain triglycerides. In subjects with the 
dumping syndrome, it increases greatly during rapid transit through the intes
tine. Although these differences are noted between the pancreatic and gut 
glucagon, the fact that the intestinal form has not been produced synthetically 
prevents further differentiation between the effects of the two. 

Insulin is the best known and best studied of hormones. Its actions will be 
discussed in the chapter on pancreatic disease. 

The following compounds have hormonal-type activity but have not as yet 
been completely accepted as hormones. 

1.2.6.5. Gastric Inhibitory Po/ypeptide72 ,78 

Gastric inhibitory polypeptide (GIP) is produced in the small intestine by 
so-called K cells. It consists of 43 amino acid radicals and has a molecular 
weight of approximately 5100. The 17 C-terminal amino acids are unique to this 
hormone. 

Its physiologic action is twofold. First, it inhibits gastric acid secretion that 
is stimulated by pentagastrin, gastrin, insulin, and histamine as well as inhibit
ing pepsin secretion. Second, it appears to be a very potent stimulator of 
insulin secretion. It is suggested that GIP is responsible for the greater release 
of insulin noted after oral feeding of glucose than intravenous administration of 
glucose. 

GIP release from the intestine is biphasic. There is an initial peak stimu
lated by glucose and a much later peak stimulated by fat. The release of GIP by 
glucose is exaggerated both after vagotomy and pyloroplasty. 

1.2.6.6. Vasoactive Intestinal Polypeptide72 ,76,77 

Vasoactive intestinal polypeptide (VIP) contains 20 amino acids and is 
related to the secretin-glucagon-GIP group. Because it is related to the other 
hormones, its actions are diverse and similar. It is a potent stimulator of pan
creatic bicarbonate and water excretion, is capable of increasing the liver gly-
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cogenolysis, stimulates insulin and glucagon release, stimulates small intestinal 
juice production, and inhibits gastric acid output. However, its greatest action 
is as a potent vasodilator with hypotensive effect and consequently is named 
vasoactive intestinal polypeptide. 

Although VIP is produced in the intestine, its mechanism of release is not 
understood. There is only one significant report of an increase noted after 
ingestion of fat and ethanol and infusion of HCI but not after infusion of amino 
acids, glucose, or a mixed meaI.77 The exact physiologic role is still not clear. 
In the so-called pancreatic-cholera disease syndrome consisting of watery diar
rhea, hypocalemia, and achlorhydria, increased levels of VIP in plasma have 
been recorded. Unfortunately, once this syndrome is noted, the patients mani
festing the symptom complex often have metastasis from pancreatic tumor 
producing the VIP. 

1.2.6.7. Motilin72 ,76 

Motilin is a polypeptide containing 22 amino acids with a molecular weight 
of 2700. It has been synthesized and through immunoelectron cytochemical 
studies has been shown to be produced by EC cells with the highest concentra
tion in the jejunum and significant amounts occurring in the duodenum and 
upper ileum. 

Its physiologic action causes powerful contractions in the antrum and 
duodenum of the dog, but when infused into human subjects, there appears to 
be decreased gastric emptying. The present understanding indicates that it 
might be a regulator of gut motility, but its exact role is not yet understood. It 
has also been shown to enhance pepsin secretion in man. The exact stimulus 
for motilin production is also not well understood at this time. 

1.2.6.8. Somatostatin72 ,76 

Somatostatin is a tetradecapeptide that is produced primarily in the hy
pothalamus. It has been shown to be present and produced in the antrum and 
upper intestine so-called D cells. 

Its main action is to suppress the secretion of growth hormone and thy
roid-stimulating hormone. It has been shown also to totally block the release of 
insulin and glucagon. As a hormone, it demonstrates the interaction between 
the brain and gut axis. It also is capable of inhibiting gastrin release that occurs 
both during fasting and after meals, pepsin output, motilin, and both gallblad
der contraction and pancreatic enzyme production. It is felt that its role is 
primarily peripheral and that significant circulating levels do not occur as rela
tively large amounts are needed to produce these effects. 

1.2.6.9. Pancreatic Polypeptide72 ,76 

Pancreatic polypeptide is produced in the pancreas and is a 36-amino-acid 
straight-chain polypeptide. 

Although plasma concentrations have been reported to rise rapidly after 
ingestion of a meal, in amounts similar to that of insulin, the exact role in man 
is not reported. The effect of bovine pancreatic polypeptide has been studied in 
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dogs with conflicting results. The clearest effects are those of inhibition of 
gallbladder contraction and of pancreatic enzyme output. However, there ap
pears to be varying effect with varying dosage. Future studies should reveal its 
relationship to insulin and glycagon and carbohydrate metabolism. 

1.2.6.10. Other Digestive Hormones48 ,8S,89 

Chymodenin, bulbogastrone, urogastrone, gastrone, enterooxyntin, enter
ocrinin, villikinin and incretin have all been suggested as hormones, but too 
little is known about their role in man to be accepted as having a physiologic 
meaningful effect. The interested reader is referred to other writings on those 
hormones for more detail. 78 

Bombesin is an active peptide that is found in amphibian skin and duo
denum. Like caerulein, mentioned above, it has significant gastrointestinal and 
smooth muscle activity when injected into man. It is capable of stimulating 
gastric acid secretion and actually is the only agent that produces a pH-inde
pendent gastrin release. It is also capable of stimulating contraction of the 
gallbladder and relaxation of the ampulla sphincter as well as stimulation of 
protein-rich pancreatic secretion. Although it may be a useful research tool, as 
yet it has reached no clinical significance in man. 

1.3. SUMMARY 

A series of complex physiologic events occur that begin with mastication 
and swallowing followed by the detailed secretory phenomena of the stomach 
and upper duodenum. The bolus of food that enters the stomach is modified by 
acid and pepsinogen secretion, which is stimulated by gastrin. The chyme then 
enters the duodenal sweep and, through its acid and protein content, further 
stimulates cholecystokinin secretion that further stimulates pancreatic, liver, 
and intestinal secretions to enhance digestion and absorption. Gastrointestinal 
hormones have regulatory mechanisms in eating. Cholecystokinin acts in some 
form as a satiety agent, and hormones such as glucagon and insulin act in some 
regulation of motility of the gut. This fantastic integrated brain, gut, and hor
mone system is being elaborated upon as further research studies ensue. How
ever, there is no question from our present state of knowledge that the central 
nervous system is integrated with the gut and that the gut produces hormones 
that have marked influence on the central nervous system. The hormones of 
the gut also have an effect on other metabolic functions within the body. 

What is so desperately missing is the information on which foods and what 
combinations of foods turn on, or off, certain hormones or metabolic path
ways. Recent advances in nutrition indicate that selective foods may have 
marked selective effects on selected body systems, specifically the evidence 
that red pepper increases gastric acid secretion, that certain fiber substances 
such as lignin combine with bile salts and hence have a potential effect on 
cholesterol metabolism, and that other fiber substances such as pectin have 
hypocholesterolemic effects. The mechanisms by which selective food sub-
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stances have their selective metabolic effects are first becoming elaborated via 
research studies. Where this information is available, it will be reviewed in the 
following chapters under selective digestive disorders. 
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2 

Normal Nutrient Requirements 

In order to maintain normal body function, humans must maintain a balance 
between energy requirements and caloric intake. Chemical factors not pro
duced by the body such as minerals and vitamins must be obtained in order to 
utilize ingested calories for energy. In this chapter the details of nutrition 
requirements are summarized so that one can have a basic understanding of 
the art and science of nutrition. Monographs on each nutrient factor are refer
enced so that the interested reader can extend his scope of understanding as 
desired. 

All nutrition intake is subject to tremendous social and economic influ
ences. One only has to compare malnourished children suffering from kwash
iorkor to calorie-conscious members of suburban societies to understand the 
influence of social and economic factors. Because the scope of this book is 
nutrition in digestive disorders, the social and economic factors will not be 
stressed, but their importance should never be minimized. It may be possible to 
diagnose and prescribe for chronic pancreatic insufficiency, but it may be im
possible to have the financial resources or social comprehension to pay for the 
enzymes to correct the disease. 

The human goal is to maintain optimal body weight. At our present state of 
knowledge it is well accepted that malnutrition and obesity are undesirable 
conditions. It is assumed by the scientific world that it is best to maintain a 
stable weight, although it is not absolutely clear as to whether fluctuations in 
weight are significant. The accepted standard optimal weight for our society 
is that recorded by the Metropolitan Life Insurance Company (see Table 
2-1). These recommendations are similar to those listed with recommended 
daily allowances for nutrient factors in order to maintain the recommended 
weight. 1 

Body weight is maintained by a balance between caloric intake minus en
ergy expended plus energy required for the basal state. Stable body weight = 
caloric intake - (calories expended + basal caloric need). 

35 
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Table 2-1. Desirable Weights of Adults (Indoor Clothing), Ages 25 and Overa 

Height (in shoes) Small frame Medium frame Large frame 

ft in. em Ib kg Ib kg Ib kg 

Men 

5 2 157.5 112-120 50.8-54.4 118-129 53.5-58.5 126-141 57.2-64 
5 3 160 115-123 52.2-55.8 121-133 54.9~0.3 129-144 58.5~5.3 

5 4 162.6 118-126 53.5-57.2 124-136 56.2~1.7 132-148 59.9--67.1 
5 5 165.1 121-129 54.9-58.5 127-139 57.~3 135-152 61.2~.9 

5 6 167.6 124-133 56.2~.3 130-143 59.0-64.9 138-156 62.6-70.8 
5 7 170.2 128-137 58.1~2.1 134-147 60.8~6.7 142-161 64.4-73 
5 8 172.7 132-141 59.9--64 138-152 62.6-68.9 147-166 66.7-75.3 
5 9 175.3 136-145 61.7~5.8 142-156 64.4-70.8 151-170 68.5-77.1 
5 10 177.8 140-150 63.5~ 146-160 66.2-72.6 155-174 70.3-78.9 
5 II 180.3 144-154 65.3~9.9 150-165 68.0-74.8 159-179 72.1-81.2 
6 0 182.9 148-158 67.1-71.7 154-170 69.9-77.1 164-184 74.4-83.5 
6 185.4 152-162 68.9-73.5 158-175 71.7-79.4 168-189 76.2-85.7 
6 2 188 156-167 70.8-75.7 162-180 73.5-81.6 173-194 78.5-88 
6 3 190.5 160-171 72.6-77.6 167-185 75.7-83.5 178-199 80.7-90.3 
6 4 193 164-175 74.4-79.4 172-190 78.1-86.2 182-204 82.7-92.5 

Women 

4 10 147.3 92-98 41.7-44.5 96-107 43.5-48.5 104-119 47.2-54 
4 11 149.9 94-101 42.6-45.8 98-110 44.5-49.9 106-122 48.1-55.3 
5 0 152.4 96-104 43.5-47.2 101-113 45.8-51.3 109-125 49.4-56.7 
5 I 154.9 99-107 44.9-48.5 104-116 47.2-52.6 112-128 50.8-58.1 
5 2 157.5 102-110 46.3-49.9 107-119 48.5-54 115-131 52.2-59.4 
5 3 160 105-113 47.6-51.3 110-122 49.9-55.3 118-134 53.5~.8 

5 4 162.6 108-116 49.0-52.6 113-126 51.3-57.2 121-138 54.9~2.6 

5 5 165.1 111-119 50.3-54 116-130 49.0-59 125-142 49.4-64.4 
5 6 167.6 114-123 51.7-55.8 120-135 54.Ul.2 129-146 58.5~6.2 

5 7 170.2 118-127 53.5-57.6 124-139 56.2~3 133-150 60.3~ 

5 8 172.7 122-131 55.3-59.4 128-143 58.1-64.9 137-154 62.1~9.9 

5 9 175.3 126-135 57.2~1.2 132-147 59.9-66.7 141-158 64.0-71.7 
5 10 177.8 130-140 59.~3.5 136-151 61.7~8.5 145-163 65.8-73.9 
5 II 180.3 134-144 60.8-65.3 140-155 63.5-70.3 149-168 67.6-76.2 
6 0 182.9 138-148 62.~7.1 144-159 65.3-72.1 153-173 69.4-78.3 

aWeights of insured persons in the United States associated with lowest mortality. From Metropolitan Life 
Insurance Company Statistical Bulletin 40, Nov.-Dec. 1959. 

2.1. ENERGY AND ENERGY REQUIREMENTS 

2.1.1. Energy 

The term energy is difficult to define for it is not entirely explicit. Standard 
dictionaries define energy as the power necessary to move from inertia. In the 
field of nutrition, energy is defined in chemical terms. As such, the unit of 
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energy most commonly referred to is the calorie and most recently by world 
health organizations the joule. 

A calorie is the amount of heat required to raise the temperature of 1 gram 
of water 1° centigrade (from 15 to 16° C). A kilocalorie is the amount of heat 
required to raise the temperature of 1 liter of water 1° centigrade. The kilocalo
rie or calorie is the term most commonly used by nutritionists. 

A joule is defined as the amount of work done for heat generated by an 
electric current of 1 ampere acting for 1 second against the resistance of 1 ohm, 
all by force of 1 newton acting through a distance of 1 meter. 

One calorie equals 4.184 joules and one kilocalorie is equal to 4.184 kilo
joules (kJ). Most experts accept a rounded value of 4.2 kJ. Therefore, a daily 
allowance of 2000 kcal would equal a daily allowance of 8400 kJ. Because· the 
use of joules requires many digits, another unit that is being used is the mega
joule, and 1000 kcal is equal to 4.184 megajoules, 1000 kJ equaling 1 MJ. 

Man's energy is obtained from food sources. However, there is poor un
derstanding and poor agreement between estimates of energy intake and en
ergy output. There appears to be tremendous daily variation in human energy 
requirements, as well as variation due to the type of food supply. 2 

Regardless of the total energy intake, what is most important is the avail
able energy that is derived from the intake. Only energy that is converted to 
adenosine triphosphate (ATP) is available as stored energy for use in the body. 
The maximum yield from glucose and fat is approximately 38-40%, whereas 
the maximum yield from protein is between 32 and 48% of that ingested. The 
rest of the derived energy is wasted, or better put, used up in the process of 
creating the ATP energy store. The picture is further complicated by the fact 
that more energy is used up if a compound such as glucose is converted to fats. 
The details of these intricate interrelationships of energy use have been dis
cussed in detail by Hegsted.3 

In summary, it is important to remember that all energy is captured as A TP 
in energy-rich phosphate bonds. When energy is required ATP is broken down 
to ADP, releasing energy. 

2. 1.2. The Basal State 

Basal metabolism can be defined as the energy required to carryon essen
tial body processes at rest. The essential body work that occurs at rest in order 
to maintain life can be placed into three categories: 

1. Mechanical functions: energy needed to maintain vital functions such 
as respiration movement, circulation, movement of body secretions, 
and maintenance of normal muscle tone. 

2. Excretory functions: energy to continually get rid of body waste prod
ucts such as in urine formation, transport of carbon dioxide, and main
tenance of colonic stability. 

3. Synthesis functions: energy needed to build all body products such as 
red blood cells, hormones, and enzymes. 4,5 
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Table 2-2. Basal Metabolism Standard (male) 

Age keal/m2/hr 

3 60 
5 56 

10 48 
15 43 
20 40 
25 39 
30 38 
40 36 
50 36 
60 35 
70 33 
75 32 

Basal metabolism will vary greatly with many factors. Table 2-2 displays 
the gradual decrease in calories required from age 3 through 75. A great deal of 
energy is required during the rapid-growth phases from ages 3 to 15; from age 
20 to 75 growth has usually ceased, but yet there is a slow decline in the amount 
of basal energy that is required. There is still not a complete understanding, and 
one recent study suggests that active older men may not decrease their basal 
energy need. Sa 

Weight and height as well as age have a marked effect on basal energy 
requirements. Table 2-3 details the relationship of height and weight to the 
basal metabolic rate for a 22-year-old male or female according to the recom
mended dietary allowances. Note that there is a direct linear increase in caloric 
requirements according to optimal weight and height. 

Table 2-3. The Basal Metabolic Rates of Adults According to Weights and Heightsa 

Men Women 

Height Median weight BMR Median weight BMR 

in. em Ib kg keal/day Ib kg keal/day 

60 152 109±9 50±4 1399 
62 158 115±9 52±4 1429 
64 163 133±11 60±5 1630 122±10 56±5 1487 
66 168 142±12 64±5 1690 129±10 59±5 1530 
68 173 151±14 69±6 1775 136±10 62±5 1572 
70 178 159±14 72±6 1815 144±11 66±5 1626 
72 183 167±15 76±7 1870 152±12 69±5 1666 
74 188 175±15 80±7 1933 
76 193 182±16 83±7 1983 

aFrom Food and Nutrition Board: Recommended Daily Allowances. 8th rev. Washington. DC: National Acad-
emy of Sciences-National Research Council. 1974. 
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Table 2-4. Energy Cost of Activity for 70-kg Man/hra 

Activity 

Rowing 
Swimming 
Running 
Dancing 
Bicycling 
Ping-Pong 
Dishwashing or typing 
Sitting 
Lying still 
Walking 3 mph 
Walking 4 mph 

aExclusive of BMR and SDA. 

2.1.3. Energy Expended 

kcal 

1120 
553 
490 
266 
175 
308 
70 
28 
7 

140 
238 

39 

Once one arises from the basal state there is an increased requirement for 
energy in one of three ways: (1) voluntary activity, (2) external (environmental) 
stress, and (3) internal (disease) stress. All three of these increase various 
cellular levels of activity so that more energy is required. The exact increase in 
energy requirements caused by stress and infectious, metabolic, and degenera
tive diseases is poorly understood and has been inadequately studied for spe
cific diseases. The best understanding is in surgical disorders.5 

The increased expenditure of energy during various physical activities has 
been studied. Table 2-4 lists the calories needed to compensate for the energy 
expended by various common activities (computed from Ref. 1). It is obvious 
from the table that one who spends an hour running or swimming per day will 
be able to consume 500 cal more than one who does not. Although most 
exercise does not result in extreme use of energy, it does have a significant 
effect. For instance, comparing two given individuals, the one who spent the 
hour exercising could eat an extra piece of apple pie per day and gain no 
weight, whereas the other who did not exercise would gain a significant amount 
of weight from eating an extra dessert. 

2. 1.4. Energy Value of Foods 

The total energy value of a given food is determined by measuring the 
amount of heat produced in a calorimeter. The bomb calorimeter is a com
pletely insulated apparatus that records the heat produced from complete oxi
dation of matter and is measured by a change of the temperature in the water 
surrounding the apparatus. 

Accepted biologic availability of energy for food categories is listed in 
Table 2-5. The heat of the combustion of protein is 5.6 kcal/g, carbohydrate 4.1 
kcal/g, fat 9.4 kcal/g, and alcohol 7.1 kcal/g. However, when one is considering 
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Table 2-5. Biologic Available Energy (kcal/g) 

Loss 
Heat of in Percentage Atwater 

combustion urine absorbed factor 

Carbohydrate 4.1 0 99 4 
Protein 5.6 1.25 92 4 
Alcohol 7.1 Trace 100 7 
Fat 9.4 0 95 9 

the available energy in the body, one must calculate for loss in urine (protein) 
and the correct percentage of absorption, which is only 92% for proteins, 95% 
for fats, and 99% for carbohydrates. After the appropriate calculations as 
outlined by Atwater, the final kcal/g values are protein -4, carbohydrate -4, 
fat -9, and alcohol -7. 

The ultimate role of ingested food in the body can be summarized as 
follows: 

1. It is used directly for body structure (amino acids that enter directly 
into cellular structure). 

2. It participates directly in specific actions (such as vitamins and 
minerals). 

3. It is used directly for energy (such as glucose). 
4. It is converted to energy-rich ATP for storage. 
5. The nitrogen excess is excreted, not stored. 
6. It passes through the alimentary canal unabsorbed for the purposes of 

(a) use by the microflora, (b) physiochemical reactions, and (c) 
excretion. 

2.1.5. Recommended Dietary Allowances 

In 1943 the Food and Nutrition Board, National Research Council-Na
tional Academy of Sciences published recommended dietary allowances. Peri
odically these have been revised. The most recent revision was in 1980. 

"The Recommended Dietary Allowances are the levels of intake of essen
tial nutrients considered, in the judgement of the Food and Nutrition Board on 
the basis of available scientific knowledge, to be adequate to meet the known 
nutritional needs of practically all healthy persons. "1 

These recommended dietary allowances are not to be confused with the 
United States RDA that is published by the Food and Drug Administration for 
the purpose of food labeling. The setting of two standards is confusing to most 
observers. Nevertheless, it exists and probably reflects the confusion in the 
entire field as to what is adequate intake. The United States RDA attempts to 
define it on the basis of minimal intake, whereas the Food and Nutrition Board 
readily admits that their RDA recommendations are probably above the mini
mum requirements. 
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The RDA for 1980 is listed in Table 2-6 and includes recommendations for 
energy, proteins, vitamins, and minerals. In the past the RDA was established 
for a 70-kg man or 58-kg woman at age 22 in a 20°C environment with no 
disease, no stress, and growth phase ended. The 1980RDA does list allowances 
according to age, weight, and height, and subsidies for both pregnant and 
lactating females. It is of importance to note that the 1980 RDA does not list 
any recommendations for carbohydrates, fats, or fiber; however, the United 
States Senate Select Committee hearings on nutrition have resulted in recom
mendations concerning the intake of carbohydrates, fats, and fiber. This is new 
in the United States, but such recommendations exist in Scandinavia. The 
committee's recommendations have not been accepted nationally and contro
versy prevails. Nevertheless, the impetus of recent epidemiologic studies has 
resulted in a strong commitment by the United States government so that one 
can be assured that more concrete scientifically accurate recommendations will 
be forthcoming in the future. 8 

2.1.6. Energy Requirements 

As noted above and as listed in Table 2-6 on RDA the energy requirements 
in kilocalories vary for weight, height, and age and are increased with activity. 
The RDA does not account for activity, or environmental or disease stresses. 
Keeping those in mind, the RDA requirements in kilocalories reach a peak at 
approximately age 22 when the growth phase has totally ended, and then grad
ually decrease with aging. Table 2-2 lists the gradual decrease in caloric need 
per square meter in the basal state with aging. Note that the decrease in re
quirement is slow and gradual from the end of growth phase compared with the 
rapid decrease in requirement during the first few decades of life. 

In summary, Fig. 2-1 is a simplistic outline of energy production and 
storage. All of human energy comes from foods. The simplest food is glucose, 
which can be combusted in the presence of oxygen to produce carbon dioxide 
and water and the release of energy. This energy is then used, or stored, by the 
conversion of adenosine diphosphate to adenosine triphosphate, and storage of 
these energy-rich phosphate bonds in man occurs in fat. Other foods can enter 

glucose oxygen 

(from food or converted) (from 
air) 

ADP 
+ Energy 
---+) ATP 

(adenosine di-phosphate) (adenosine tri-phosphate) 

Energy stored in phosphate bonds in fat 

Figure 2· 7. Energy production and storage. 
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Table 2-7. Amino Acids 

Essential 

Histidintf 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Trytophan 
Valine 

Nonessential 

Alanine 
Arginine 
Asparagine 
Aspartic acid 
Cysteine 
Cystine 
Glutamic acid 
Glutamine 
Glycine 
Hydroxyproline 
Proline 
Serine 
Tyrosine 

aHistidine is required for infants, but it is not clear how 
essential it is for adults. 
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into this process by being converted to glucose. Carbohydrates and fats yield 
the maximum conversion to ATP, whereas protein foods are slightly lower 
energy sources. 

2.2. PROTEINS 

Proteins reflect the complexity of humans. They are composed of carbon, 
hydrogen, oxygen, and nitrogen. Other elements such as sulfur, phosphorus, 
iodine, and iron may be incorporated to form important protein complexes. 
Nitrogen is the element that makes proteins different from carbohydrates and 
fats. Humans are capable of producing most proteins, although there are some 
essential proteins that only plants produce. 

2.2.1. Chemistry of Proteins 

Protein chemistry is a complex science and the purpose of this book is not 
to review all those complexities, but to summarize information necessary for a 
basic understanding of nutrition. Proteins, composed of approximately 16% 
nitrogen, are polymers of amino acids. There are 22 amino acids in man (see 
Table 2-7). Eight of the amino acids are considered essential. Histidine appears 
to be required for infants; its requirement in adult humans is still under debate. 
All of the amino acids contain the same terminal group as shown in Fig. 2-2. 
The simplest amino acid, glycine, merely has a hydrogen atom attached to the 
terminal group. The next simplest amino acid is alanine, which has a carbon 
attached to the basic group. The other 20 amino acids have a variety of carbon 
atoms and molecular structures attached to the terminal group. As shown in 
Fig. 2-2, if two of the amino acids group together, then one has a dipeptide. 
Glycine plus alanine will give glycylalanine. Because proteins are polymers, 
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glycylalanine 

H CH3 

I 
H - C - CO - NH - C -H 

Figure 2-2 .. Basic amino acid structure. 

the molecules are attached in a three-dimensional arrangement. Terms for the 
different spatial arrangements are alpha, beta, etc. When many dipeptides are 
bonded together, then one has peptides and so on to form complex proteins. 
When one considers the great variety of combinations of these 22 proteins, in a 
great variety of spatial arrangements, then the complexity of protein structure 
can be appreciated. 

2.2.2. Digestion and Absorption 

Amino acids, dipeptides, and large peptide bonds may all be absorbed 
directly through the intestinal mucosa.7 Proteins from foods are not usually 
ingested as long peptide chains. Pepsinogen produced in the stomach is acti
vated by acid in the stomach to the enzyme pepsin, which attacks long peptide 
chains, breaking them into smaller peptide and dipeptide chains. These then 
pass into the small intestine where they may be further digested into simple 
dipeptides and amino acids. 

The enzymes that assist in performing this action are secreted by the 
pancreas in the form of proenzymes that become activated once secreted into 
the gut lumen. The pancreatic enzymes can be divided into endopeptidases, 
trypsin, chymotrypsin, and elastase, which attack the interior peptide bonds; 
and exopeptidases, which attack the end carboxyl bonds and are appropriately 
called carboxypeptidases.8 In addition to these enzymes there are numerous 
peptidases in the brush border of the intestinal epithelial cells that can break 
peptide bonds and assist in absorption. This is a very complex mechanism and 
can occur at the cell surface. When one considers the myriad of types of amino 
acid combinations, one can appreciate the complexity of the enzyme activity at 
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the epithelial cell surface. It now also appears that the secretion of the protein 
enzymes is governed by a feedback mechanism, the pancreatic cells being 
stimulated to produce more enzyme when trypsin becomes bound to protein in 
the gut lumen. 9 

Amino acids, as the final product of protein digestion, were thought to be 
the major final pathway of absorption into the intestine. Evidence indicates 
there is great uncertainty concerning this, and in all probability dipeptides 
might be the important protein substance absorbed. Although amino acids are 
absorbed by an active competitive carrier mechanism through the small intes
tine, in which the different amino acids compete with each other for the carrier, 
it is also readily apparent that dipeptides can be absorbed intact. 10,1l Evidence 
also indicates that dipeptide and tripeptide proteins are probably more easily 
absorbed by the same carrier system and hence more beneficial to man than 
simple amino acids. 7 ,12 The initial stage of digestion yields approximately 30% 
neutral and basic amino acids and 70% small peptides. These are transported 
by specific carrier mechanisms across the brush border. Hydrolysis can occur 
on either side of the brush border. Approximately 10% of the peptides contain
ing predominantly glycine or proline-hydroxyproline enter and exit through the 
intestinal cell unhydrolyzed. s,su 

The bulk of amino acids pass into the portal vein system to be utilized by 
the body. However, a significant amount is utilized by intestinal cells for syn
thesis of important body proteins. A small amount is absorbed as tetrapeptides 
and appears to be hydrolyzed by the brush border and cell enzymes, and some 
pass through to the urine when not used by the body. 7 The jejunum is the most 
active site of protein absorption. 

2.2.3. Regulation of Protein Metabolism 

The amount of protein ingested in Western societies varies greatly. On 
average there is an approximate dietary intake of 100 g of protein per day, tut 
the small bowel secretes another 70 g/day in the form of shed intestinal cells. 
From this mass of ingested plus gut-secreted protein material, less than 10 g is 
excreted. Consequently, the small intestine not only has an absorptive func
tion, but a regulative function as well in that the shedding of cells and reabsorp
tion of protein material are important aspects of body protein metabolism.13 

Once proteins pass through the intestinal cells and into the portal blood 
flow, the liver takes over as a pivotal site in the production of important body 
proteins. As noted in the chapter on liver diseases (Chapter 10), the mech
anisms for production of albumin can easily be stimulated or suppressed by tJie 
blood levels of protein that present to the liver. The body muscle mass requires 
great amounts of amino acids. Brain metabolism is greatly affected by certain 
amino acids circulating in the blood such as tryptophan. For example, insulin 
will have a marked effect on the metabolism that occurs both in muscle and in 
brain by increasing the uptake in muscle as well as increasing the level of 
serotonin formation. 14 
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2.2.4. Requirement 

The 1980 RDA dropped the requirement of protein from 0.9 to 0.8 g/kg 
body weight.1 Specifically, this means that the adult male between the ages of 
23 and 50 now requires only 56 g of protein, whereas previously 65 g was 
suggested. Similarly, the adult female requirement has dropped from 55 to 46 g. 

Some controversy still exists concerning the exact safe requirement. 
Short-term studies revealed that 0.59 g egg protein/kg body/day was a safe 
level, as reported in the 1973 FAO/WHO expert committee report on energy 
and protein requirements. Later studies have revealed that this is not a safe 
level for long-term use because both young and old men will develop a negative 
nitrogen balance at this level of protein intake. 15,18 There is much disagreement 
concerning exact quantitative and qualitative protein requirements. Energy 
intake has a definite effect on protein requirement. 17 At marginal energy intake 
the body's need for nitrogen rises.17 Long-term studies have revealed that at 
high protein intake, the body does not appear to adapt and holds onto larger 
amounts of nitrogen. IS 

There are eight and probably nine essential amino acids that must be 
included in the protein intake. Table 2-8 lists the average grams per day of 
various amino acids that should maintain normal growth and cell turnover as 
can be determined from the present state of knowledge.s Note the great varia
bility between males and females and among individual proteins-tryptophan 
need at 0.157 to 0.25 g/day and leucine at 0.62 to 1.1. g/day. It is also important 
to note that the average American diet often far exceeds the basic recom
mended daily intake. 

2.2.5. Food Protein Requirements 

The latest volume of Church and Church lists the food values of portions 
cOlnmonly used and their protein and amino acid contents. The interested 

Table 2-8. Estimated Minimal Requirements of Essential Amino Acids for Normal Adultsa 

Essential Recommended Average 
amino Female Male daily intake American diet 
acidsb (g/day) (g/day) (g/day) (g/day) 

Tryptophan 0.157 0.25 0.5 0.9 
Threonine 0.350 0.50 1.0 2.8 
Isoleucine 0.450 0.70 1.4 4.2 
Leucine 0.620 1.10 2.2 6.5 
Lysine 0.500 0.80 1.6 4.0 
Methionine 0.350 1.10 2.2 3.0 
Phenylalanine 0.220 1.10 2.2 4.1 
Valine 0.650 0.80 1.6 4.2 
Histadine 

QModified from Hegsted.' 
bCystine may replace part of the methionine allowance (about one-sixth). Tyrosine may replace part of the 

phenylalanine allowance (about one-half). 
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Table 2-9. Amounts of Essential Amino Acids in Various Proteins (mg/g 20N) 

Protein 
score as 

Pbenyl- Methio- Threo- Trypto- measure of 
Isoleucine Leucine Lysine alanine nine nine phan Valine excellence 

Amino acid 270 306 270 ISO 144 ISO 90 270 100 
combination 
estimated as 
ideal for man 

Egg protein 428 565 396 368 196 310 106 460 100 
Beef 332 515 540 256 154 275 75a 345 83 
Milk protein 402 628 497 334 190 272 8sa 448 SO 
Fish 317 474 549 231 178 283 62a 327 70 

Oat protein 302 436 212" 309 84a 192 74a 348 79 
Rice protein 322 535 236" 307 142" 241 6sa 415 72 
Flour protein 262a 442 126" 322 7sa 174 6~ 262 47 
Maize protein 293 827 17~ 284 II~ 249 3sa 327 42 

Soya protein 333 484 395 309 86" 247 86" 328 73 
Pea protein 336 504 438 290 77a 230 74a 317 58 
Potato protein 260 304 326 285 8~ 237 72" 339 56 
Cassava lisa l84a 310 133a 22a 136" 131 -144 22 

aLess than the estimated ideal portion. 

reader can scrutinize that volume for more detailed analysis of average 
foods. 19 Table 2-9 lists the amino acid content of some common protein foods 
and rates the content against that estimated to be ideal for man.20 Note that egg 
protein meets all of the requirements. 

It is evident from the above that complex scientific data exists on the 
protein available in foods and its absorptive mechanism. What comes through 
clearly to the interested clinical nutritionist is that there must be an adequate 
supply of essential amino acids to the gut and that it can be supplied by ordi
nary foods in our society. As eggs and beef may not be the most desirable 
foods, and should not be the only source of protein, protein therefore must 
come from a balance of foods. 21 

Nitrogen is the essential component of proteins. However, there are other 
sources of nitrogen in the body, e.g., ammonia, uric acid, urea, purines, crea
tinine, and creatine. These substances make up a part of the nonspecific nitro
gen, which can be defined as "nitrogen that is metabolically available, and 
leads to minimal toxicity in quantities used. "22 It may include nitrogen that is 
furnished by nonessential amino acids, nitrogen from excess amino acids, and 
from nonprotein sources such as listed above. At the present time, the role of 
nonspecific nitrogen in the nutrition of human beings is not certain. It seems to 
affect the human protein and specific essential amino acid requirements, but it 
is not always in the same direction or in the same degree in different individu-
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also A much better understanding of the importance of nonspecific nitrogen in 
human nutrition is needed for it is a potential source of protein dietary 
supplementation.22 

2.2.6. Carbohydrates 

Carbohydrates are the principle source of energy for humans. As noted in 
the section on energy, it supplies approximately 4 kcal/g. Plants store energy in 
the form of carbohydrates by their ability to convert carbon dioxide and water 
in the presence of chlorophyll into carbohydrate. (Remember humans store 
energy as fat.) Throughout the world carbohydrates vary in their importance as 
a source of food, but they represent the major source of energy supply to the 
majority of peoples. Cereals and roots have been the major source of carbohy
drates for thousands of years. Only in Western societies have so-called "re
fined carbohydrates," sucrose, glucose, and fructose, become a major source 
of carbohydrates. This latter change is presently undergoing intensive scrutiny 
as a possible cause of a scourge of degenerative diseases. 

Table 2-10 classifies the common carbohydrates available to man. Sugar 
alcohols such as sorbitol and mannitol are rarely used as energy sources; more 
recently they have been used in drug products. Ethanol is discussed in the 
chapter on liver diseases (Chapter 10) and surprisingly has a very high percen
tage intake in Western societies. It may make up as much as 6% of the average 
caloric intake of some societies. Although ethanol yields 7 kcal/g, it nonethe-

Table 2-10. Carbohydrates 

I. Monosaccharides 
Hexoses (glucose, fructose, galactose, etc.) 
Pentoses (ribose, deoxyribose, etc.) 

2. Sugar alcohols (sorbitol, mannitol) 2 kcal/g 

3. Ethanol 7 kcal/g 

4. Disaccharides 
Maltose (glucose + glucose) 
Sucrose (glucose + fructose) 
Lactose (galactose + glucose) 

5. Polysaccharides 
Amylose (starch) 
Amylopectin (starch) 
Dextrins 
Inulin (starch, fructose) 
Pectin 
Gums 
Celluloses (fiber) 
Hemicelluloses (fiber) 
Lignin (fiber) 



NORMAL NUTRIENT REQUIREMENTS 49 

less must be classified as a drug and has deleterious side effects, as opposed to 
nutritional carbohydrates. It is essentially a fermentation product of glucose. 

Major sources of energy are monosaccharides, disaccharides, and 
polysaccharides. 

Glucose, fructose, and lactose all contain six carbon atoms and therefore 
are referred to as hexoses. The structures of glucose and fructose are shown 
below. 

C-OH 

I 
H-C-OH 

HO-~-H 
I 

H-C-OH 

I 
H-C-OH 

I 
C-H20H 

Glucose Fructose 

Glucose is sweet, soluble in water, found naturally in grapes, sweet fruits, 
and onions, and constitutes 35% of honey. 

Fructose, structurally similar to glucose, is much sweeter and has some 
markedly different properties. Specifically, it is absorbed much more rapidly in 
a totally passive process and appears to have no effect on glucose tolerance in 
diabetic subjects. 

Sucrose is a polymer of glucose and fructose and is the major carbohy
drate used by Western societies. It is refined cane and beet sugar and is added 
to most processed foods. 

Lactose is the disaccharide sugar found in milk. It is a structural combina
tion of glucose and galactose. 

Maltose is the disaccharide sugar that results from enzymatic breakdown 
of barley. Germinated barley may be heated and dried to give malt. Malt 
extract contains maltose, which gives it its sweetness. 

Trisaccharides and tetrasaccharides, such as raffinose and stachyose, play 
a very minor role as food substances. 

Polysaccharides, in a historical sense, have been the major carbohydrate 
and hence major energy source of humans since primitive hunters learned to 
utilize plants. Table 2-10 lists the major polysaccharides used by man. Polysac
charides are long chains of monosaccharides in a variety of spatial arrange
ments. Molecules such as cellulose may contain up to 3000 or more glucose 
units. It differs from amylose by the spatial arrangement of glucose units but 
has extremely different physical and nutritional properties. 

Starch is a mixture of amylose and amylopectin. These are broken down 
exclusively to the disaccharide maltose during digestion. When starch is 
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cooked it is often broken into smaller chains of branched and unbranched 
amylose and amylopectin called dextrin. Inulin, which is made up of chains of 
fructose, has very little nutritional value and is found in Jerusalem artichokes. 

Pectin, gums, celluloses. hemicelluloses, and lignin are polysaccharides 
that have low caloric value but a very significant physiologic role in the gut. 
Until recently, Western societies had processed these substances out of the 
diet because of their low caloric value. Recent evidence indicates they may be 
extremely important because of their physical properties, and hence their ab
sence may be related to the cause of degenerative disease (see Chapters 4 and 
14). Because of their low nutritional value, they have been poorly studied by 
recent scientific methods and little information is available. 

We do know that pectin is composed of many units of galacturonic acid, 
which is closely related to galactose. Cellulose is a long chain of glucose units 
whose glucose molecules are alternately linked in different spatial arrange
ments. Because of this, it is poorly digested in humans and hence remains 
relatively intact unless there is bacterial enzymatic breakdown while in the gut. 
Hemicelluloses and lignins will be discussed in detail in the chapter on fiber 
(Chapter 4). 

2.2.7. Digestion and Absorption of Carbohydrates 

When carbohydrates are ingested, they are first digested by the action of 
amylase from salivary secretions. Most studies indicate amylase has little ef
fect on the breakdown of small chains of saccharides, but attacks the longer 
chains of amylose and amylopectin present in starch. The major digestion 
occurs when the chyme enters the duodenum where pancreatic a amylase hy
drolyzes the l,4-Q-glucose-glucose linkages in amylose and the 1,6-Q-glucose 
linkages in amylopectin. The ultimate breakdown product of this enzymatic 
digestion is either maltotriose (three glucose molecules) or Q-dextrins. It does 
not release any free glucose or attack any of the disaccharide chains. 

After pancreatic amylase performs its function, short-chain saccharides 
are presented to the intestinal mucosal epithelium where oligosaccharidases 
located on the brush border membrane of the superficial and lateral intestinal 
epithelial cells are active. The oligosaccharidases are specific for disaccharides 
and dextrins. Lactase is specific for the disaccharide lactose. It is commonly 
deficient in humans and results in lactase deficiency that may be symptomatic; 
this is discussed in detail in Chapter 14. 

Once the disaccharidases lactase, maltase, and sucrase hydrolyze their 
respective disaccharide, the resultant hexose is absorbed through the intestinal 
cells from the brush border. Glucose and galactose are actively transported 
against a concentration gradient by a sodium-dependent mechanism. This re
quires an energy processor that is theorized to be a carrier mechanism. Fruc
tose is absorbed by simple diffusion, and although it appears to require carrier 
mechanisms, it does not require any energy. Once within the intestinal cells, 
these simple hexoses are transported into the portal blood for utilization in the 
liver and throughout the body. 23,24 
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Carbohydrate metabolism is discussed further under the specific disorders 
of pancreatic, small-intestine, and liver diseases. It is important to note that 
glucose is a major source of energy for nervous tissue and must be available at 
all times. Energy in humans is stored in phosphorus-rich bonds in fat, but a 
large source of carbohydrate is stored in the form of glycogen in the liver that is 
readily converted to glucose for rapid sources of the hexose to maintain 
homeostasis. 

2.2.8. Carbohydrate Requirements 

Because optimal protein and fat requirements are limited, the major en
ergy source of the total caloric intake should be in the form of carbohydrates. 
As noted in Section 2.1.5., there is no recommended intake for carbohydrates. 
Out of necessity it must make up at least 50% of the energy source, and the 
most recent recommendation of the United States Senate Select Committee 
studying nutrition was that carbohydrates should make up approximately 60 to 
65% of the optimal nutritional caloric intake.6 In order to perform this task, 
they should be in the form of cereals and vegetables, as was common prior to 
the glut of processed foods. 6 This implies that the Western diet that includes a 
very high intake of sucrose from refined sugar and beet cane is in some way 
harmful, as opposed to a diet rich in cereal and root carbohydrates that in
cludes starches and high fiber content. 25 

The minimal requirement of carbohydrate is not understood. However, 
humans require anywhere from 3 to 5 g of carbohydrate or else ketosis will 
result, regardless of the total caloric intake.26 

2.2.9. Carbohydrate Foods 

Table 2-11 lists the percentage of carbohydrates in a variety of food 
categories. 

Note that cereals are composed of anywhere from 70 to 85% carbohy-

Food 

Cereal grains 
Rice No. 1 
Wheat No. 2 
Rye 
Corn (maize) 
Oats 
Barley 

Fruits 
Vegetables 
Nuts 
Eggs 
Meats and fish 

Table 2-11 

Approximate % carbohydrate 

79 
72-78 
68-78 

75 
70 
79 

6--20 
3-35 
10-27 

o 
0-4 
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drates, whereas foods such as eggs, cheese, meats, and fish have relatively no 
carbohydrates. There is little information available on the type of carbohy
drates that are present in foods. The difficulties in chemical analysis and the 
variability among products are first being realized, and only recently studied in 
more detail. Such studies reveal that there is a great deal of variability in the 
carbohydrate content of plant foods depending upon the site and growth 
factors. 

In summary, humans use carbohydrates as the major source of food en
ergy. The most recent estimates are that the best carbohydrate sources are 
cereals, vegetables, and roots. These should make up approximately 60-65% of 
the energy source. The carbohydrates are digested relatively easily in the small 
intestine by pancreatic amylase and at the surface of the intestinal epithelial 
cells by disaccharidases. They are transported through the intestinal cells into 
the blood with glucose as a ready source of energy for nervous and muscular 
tissue. The optimal foods to supply this energy for humans are not completely 
understood, but it is apparent that polysaccharides are the best sources. It is 
also apparent that poorly digested and absorbed carbohydrates, commonly 
called fiber substances, are also important in the homeostasis of human gut 
ecology. 

2.2.10. Fats and Lipids 

Fats are important to man because of their high energy value (9 kcal/g as 
opposed to 4 kcal/g for proteins and carbohydrates) and because they are the 
form in which all energy is stored in the body. The use of fats in foods has 
varied greatly. Asian and African societies tend to derive as little as 20% of 
their total calories in the form of fat, whereas Western societies derive as much 
as 45%. Furthermore, in Western societies there has been a tremendous shift in 
the type of fats ingested. During the 1940s and 1950s as much as 25% was 
animal fat, whereas this has fallen during this decade to less than 15% (see 
Table 2-12). 

Table 2-12. Sources of Nutrient Fat in Fats and Oils Consumed per Capita per Day in the 
United Statesa 

Animal sources (g) Vegetable sources (g) 

Salad and 
Edible Marga- Short- cooking 

Period Butter Lard beef fats Total rine ening oils Total 

1947-1949 10.6 16.4 0.5 27.5 5.5 10.6 9.1 25.2 
1957-1959 8.2 14.5 1.8 24.5 8.7 9.7 13.5 31.9 
1967 5.5 11.1 3.0 19.6 9.7 13.2 18.8 41.6 
1971 5.1 9.4 3.0 17.6 10.0 14.9 22.4 47.3 
1973 4.7 7.2 2.8 14.7 10.6 15.6 25.5 51.7 

a Adapted from Mitchell et al.'" 
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Table 2-13. Classification of Lipids (Fats and Oils) 

1. Simple lipids 
a. Triglycerides-esters of fatty acids with glycerol 
b. Esters of fatty acids with high-molecular-weight alcohols 

Waxes 
Cholesterol esters 
Vitamins A and D esters 

2. Compound lipids 
a. Phospholipids-phosphorus-containing lipids 

Lecithins 
Cephalins 
Sphingomyelins 

b. Glycolipids-sugar-containing lipids 
Cerebrosides 
Gangliosides 

c. Sulfolipids-sulfur-containing lipids 
d. Lipoproteins-protein-containing lipids 
e. Lipopolysaccharides-polysaccharide-containing lipids 

3. Derived lipids (may be simple or compound lipid) 
a. Fatty acids 
b. Alcohols 

Glycerol 
High-molecular-weight alcohols 

c. Mono- and diglycerides 
d. Sterols 

Cholesterol 
Ergosterol 
Bile acids 
Steroid hormones 
VitaminD 

e. Hydrocarbons 
Squalene 
Carotenoids 
Aliphatic hydrocarbons 

f. Fat-soluble vitamins 
Vitamin A 
VitaminE 
VitaminK 

53 

The questions of what type and quantity of fat are correct in the diet 
remain a problem to Western societies. Due to their great satiating capacity, 
they continue to be popular. However, as research evolves and as important as 
fiber and polysaccharides may become, so unimportant or deleterious may fats 
become. The true value of fats may evolve to be a minimal essential basic 
requirement. 

2.2.11. Chemistry of Fat 

Table 2-13 is a classification of all lipids. The term "lipid" is preferred 
over "fats" in an encompassing classification system because it includes oils 
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and other substances that have physicochemical properties of being insoluble 
in water, such as sterols. 

Fats, solid at room temperature, and oils, liquid at room temperature, 
make up the major lipid content of foods and are in the form of triglycerides. 
Triglycerides are esters of glycerol in combination with three fatty acids: 

Triglyceride 

I 
H-I-O-fatty acid 

H-y-O-fatty acid 

H-t-O-fatty acid 

I 
H 

(position 1) 

(position 2) (~) 

(position 3) 

glycerol + 3 fatty acids 

Any of the fatty acids may be attached to the glycerol molecule in a variety 
of combinations. Foods contain a variety of combinations produced by animals 
and plants. 

An important property of fatty acids is the saturation of carbon atoms with 
hydrogen. Table 2-14 lists the number of carbon atoms and the number of 
unsaturated carbon bonds in the most common fatty acids. 

Figure 2-3 depicts palmitic acid, a 16-carbon chain that is totally saturated 
and commonly found in harder animal fats, and linoleic acid, which is an 
I8-carbon chain, four of which are not fully saturated. Both are commonly 
found in vegetables and polyunsaturated fats. Foods contain a variety of com-

Table 2-14. Common Fatty Acids 

Number of Number of 
Name carbon atoms unsaturated bonds 

Butyric 4 0 
Caproic 6 0 
Caprylic 8 0 
Capric 10 0 
Lauric 12 0 
Myristic 14 0 
Palmitic 16 0 
Stearic 18 0 
Oleic 18 1 
Linoleic 18 2 
Linolenic 18 3 
Arachidonic 20 4 
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PALMITIC ACID 

o H H H H H H H H H H H H H H H 
II I I I I I I I I I I I r t I I 

~-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-H 

I I I I I I I I I I I I I I I 
H H H H H H H H H H H H H H H 

LINOLEIC ACID 

I Iii iiI I I i 1 iii iii i 
~-C-C-C-C-C-C-C-C-C_C-C-C=C-C-C-C-C-C-H 

I I I I I I I I I I I I I 
H H H H H H H H H H H H H 

Figure 2-3. Palmitic acid and linoleic acid. 

binations of triglycerides and fatty acids. Table 2-15 lists the proportions of 
saturated, monosaturated, and polyunsaturated fatty acids in common animal 
and vegetable fats and oils in our diet. 

Many compound and derived lipids as listed in Table 2-13 are essential 
factors in metabolism, e.g., lecithin and lipoproteins. Those derived from the 
sterol skeleton (see Fig. 2-4), vitamin D, bile acids, cholesterol, and the steroid 
sex hormones estrogen, progesterone, and testosterone, are all pivotal in 
homeostasis. 

2.2.12. Digestion and Absorption of Fat 

There is virtually no digestion of lipid material in the mouth or stomach. 
Lipids do have a marked effect on gastric emptying, the stomach emptying 
slower when a rich lipid meal is eaten. Once lipids enter the duodenum, they 
stimulate it to secrete pancreozymin-cholecystokinin (CCK-PZ), which in turn 

Figure 2-4. Steroid skeleton. 
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Luminal phase 

Lipolysis ---..... ~ Micellar solubilization 

Upase Monoglycerides 
Triglycerides----I.~ + ----I.~ Micelles -----~~ 

BIIeac1d8 

fatty acids Phospholipids 

MUCOBaI intracellular phase 

Fatty acids [long) 
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Absorption at 
brush 

border of 
mUCOBaI cells 

+ 13-lipoprotein 
monogly:srides --------I.~ Triglycerides ----1:-----.~ Chylomicrons 

glycerol 

Cholesterol 
+ 

cholesterol esters 
+ 

phospholipids 

Figure 2-5. Fat digestion and absorption. 

stimulates pancreatic and biliary secretions. Intraluminal digestion occurs and 
rapidly progresses to mucosal cell absorption as outlined in Fig. 2-5.24 Trigly
cerides are hydrolyzed by the action of pancreatic lipase, which is secreted 
rapidly into the duodenum. The triglycerides are broken down into glycerol, 
fatty acids, and mainly j3-monoglycerides.with the fatty acid in the number 2 
position remaining. Some diglycerides and triglycerides remain, but they are 
estimated to be less than 2%. At the same time, bile acids are rapidly being 
secreted into the duodenum. CCK-PZ also stimulates the gallbladder to con
tract and release bile. The conjugated bile acids are most effective in joining 
with phospholipids and fatty acids to form micelles that act as a solubilizing 
agent. The bile acids act as a detergent and the entire micellar complex is now 
soluble. This complex is presented to the brush border, or microvillous mem
brane of the mucosal cells. In addition to fatty acids, some cholesterol and 
steroid substances may be engulfed in the micelles. The micellar complex 
permits the fatty acids and j3-monoglycerides to pass through the water layer of 
the microvillous membrane by passive diffusion. The mucosal cell also has a 
lipid cell membrane, but long-chain fatty acids and f3-monoglycerides easily 
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pass through this membrane. The conjugated bile acids are n6t absorbed during 
this phase and pass on down the jejunum to the ileum. Some bile acid may be 
absorbed in the jejunum, but the majority is absorbed further down in the ileum 
after it has been deconjugated by bacterial enzymes. 

Once within the cells, fatty acids and J3-monoglycerides are reformed to 
triglycerides in combination with newly formed glycerol. The new triglycerides 
are then coated with J3-lipoprotein to form a chylomicron. Chylomicrons may 
engulf small amounts of cholesterol, cholesterol esters, and phospholipids into 
the lipoprotein coating. 28-30 

The absorption of fat-soluble vitamins, A, D, E, and K, is similar to 
triglyceride absorption. All of the vitamins are hydrolyzed by pancreatic en
zymes to free vitamins and long-chain fatty acids, which are solubilized as 
micelles and transported through the microvillous membrane into the cells. All 
are absorbed by passive diffusion. Vitamins D, E, and K are not reformed 
whereas vitamin A is, and all are transported out of the cell as chylomicrons. 

2.2.13. Metabolism and Fatty Acids 

All stored energy in the body is in the form of fat. As outlined in Table 2-16 
fat that is absorbed into the gut through the small intestine circulates into the 
lymph in the form of chylomicrons and then into the systemic circulation. 
Short- and medium-chain fatty acids form triglycerides that pass directly 
through the portal blood to the liver. Once within the liver (see Chapter 10), the 
hepatocytes actively metabolize triglycerides, phospholipids, and cholesterol 
and coat them with lipoproteins of either high density, low density, or very low 
density. This complex is then circulated to tissues in the body. The entire 

Small-intestine cells 

1. Triglycerides 
Fatty acids 
f/-Monoglycerides 

2. Phospholipids 
3. Cholesterol 

Liver'l 

Table 2-16. Fat Metabolism 

Circulation 

>--------. chylomicrons (lymph and systemic) 
shon- + medium-chain 
triglycerides (liver via portal blood) 

1. Triglycerides 1. HDL 
2. Phospholipids +2. VLDL ---------l.~lipoprotein + fat 
3. Cholesterol 3. LDL 

Body adipose stores 
Nonesterified fatty acids + albumin ------•• Albumin-bound fatty acids = 

nonesterified fatty acid 

QHDL, high-density lipoprotein; VLDL, very-Iow-density lipoprotein; LDL,low-density lipoprotein. 
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physiology of lipoprotein combinations with fats is under intense study be
cause of its relationship to atherosclerosis.so,31 

Once the fat lipoprotein complex enters the circulation from the liver, it is 
then available to most cells in the body. A lipoprotein lipase exists on the 
surface of most cells that breaks the triglyceride bond and permits entry of the 
triglyceride into the cell, where it is broken down and again resynthesized into 
triglycerides for storage. When there is need for fatty acid as a source of 
energy, it is then released as a nonesterified fatty acid or as a free fatty acid, 
bound to albumin. When they are released into the circulation, they are very 
actively metabolized and taken up by the tissues. Consequently, serum levels 
are usually low. When there is an excess of free fatty acid, it is rapidly picked 
up by the liver, or it is hydrolyzed in tissues to form triglycerides and coated by 
the appropriate lipoprotein. 32 

Fatty acids are the long-term source of energy in humans. This can best be 
understood by the fact that 90% of all energy is held in fatty acids and 10% in a 
glycerol portion of the triglyceride. The fatty acids are first activated by acetyl 
coenzyme A. Then a series of l3-oxidations results in successive shortening of 
the fatty acid chain so that a two-carbon-unit acetyl coenzyme A is finally 
produced. Each acetyl coenzyme A is then metabolized so that there are 12 
ATPs produced for each acetyl coenzyme A. Therefore, for the cost of one 
A TP and coenzyme A, depending on the length of the fatty acid involved, there 
will be a multiple of 12 ATPs formed for 2 carbon atoms. Most fatty acids 
contain an even number of carbon atoms. However, there are a few that have r
chain carbon atoms, and those would yield one propionyl coenzyme A that 
enters into the metabolism by assisting in gluconeogenesis. Therefore, fatty 
acids with an odd number of carbon atoms may be helpful in preventing or 
treating ketosis.33 

The glycerol that is freed when triglycerides are hydrolyzed is converted 
to a-glycerol phosphate and may be reused in the formation of new triglycer
ides or enter into gluconeogenesis. This occurs primarily within the liver, al
though the process is very active in the intestinal mucosal cells. 

2.2.14. Minimum Daily Requirements 

The exact requirements of the body for fats are still not clear. Linoleic 
acid (Fig. 2-3) is defined as an essential fatty acid. It is the polyunsaturated 
fatty acid most prevalent in foods. It is totally effective in relieving the symp
toms of fatty acid deficiency. 34 More recently, fatty acid deficiency in infants 
has been confirmed in a series of subjects who required prolonged intravenous 
alimentation. The fat-free regimen induced deficiencies that were subsequently 
corrected by oral feeding of methyl linoleate. as Collins et al. 36 described the 
essential fatty acid deficiency in a male who had undergone massive intestinal 
resection and was maintained on intravenous fluids. Most recently, three pa
tients developed classic dry, scaly skin lesions while on total parenteral nutri
tion that was corrected when the patients were fed parenteral fat. 37 

The classic syndrome of essential fatty acid deficiency includes the devel-
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opment of a dry, scaly skin lesion that is most typical in body folds but may 
become generalized. In initial animal experiments, there was also associated 
loss of hair, emaciation, and impaired reproductive capacity with an associated 
increased intake of water and food. The syndrome resulted in the death of the 
rats.38 

From this available information, it appears that at least 1-2% of the kilo
calorie intake of infants must be in the form of polyunsaturated fats in order to 
prevent any deficiency. Although this may be of importance in malnutrition 
states and where supportive nutrition is necessary, it does not appear to be a 
problem in the average American diet and in most disease states. Quite con
trary, Western societies appear to consume excess amounts of fat. When one 
considers that a Western diet only required 1-2 g protein/kg body wt. for 
maintenance and that carbohydrate intake was limited, the major source of 
energy had to come from fats. Furthermore, excessive intake of saturated fats 
has been noted. Most recommendations recognize this and recommend that 
saturated fat be less than 10% of the total calorie intake and an additional 20% 
be in the form of polyunsaturated and monosaturated fats. 6 With this average 
intake, the requirement for essential fatty acids would certainly be easily 
realized. 

2.2.15. Fat in Foods 

Table 2-15 lists the saturated, monosaturated, and polyunsaturated fatty 
acid content of most common foods and vegetable oils. Evidence indicates that 
polyunsaturated and monosaturated fatty acids should be the major source of 
fat in the diet. The observer is still uncertain as to what the exact percentage of 
fat should be of the energy requirement and caloric intake. I believe the evi
dence will justify that the majority of calories should be from polysaccharides. 
However, in our present state of the art of nutrition, the recommendation is 
that energy intake from fats should make up approximately 30% of the calories, 
10% from each of the saturated, monosaturated, and polyunsaturated forms. 
Therefore, this would mean that a majority of fats eaten should be from se
lected vegetable fat oils as they contain mostly mono- and polyunsaturated 
fatty acids and can make up 20% of our energy source. 

It follows then that animal fats and dairy fats make up less than 10% of our 
daily energy intake. Consequently, foods that have been common in the West
ern diet, breakfast meats, pork, and heavy beef dinners, should be eliminated 
from our diet as a staple and substituted with foods that contain primarily 
mono- and polyunsaturated fats. 

Concomitant with the decrease in saturated fat intake is the recommended 
decrease in cholesterol intake. Table 2-17 lists the approximate cholesterol 
content of some common foods. The exact content is difficult to obtain because 
there is limited biochemical evaluation. Most figures are obtained from extrap
olation from a limited number of evaluations.39 The recommendation is that the 
cholesterol intake should be less than 300 mg/day. This observer feels that this 
is much too high and probably should be less than 100 mg/week. When one 
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Table 2-17. Cholesterol Content of Foodsa 

Weight Cholesterol 
Food Measure (g) (mg) 

Whole milk 80z 240 34 
Egg 1 50 242 
Meat, fish 10z 30 21 
Chicken (with skin) 10z 30 24 
Liver loz 30 131 
Sweetbreads 10z 30 140 
Shrimp 10z 30 45 
Lobster 10z 30 25 
Crab 10z 30 30 
Oysters, clams 10z 30 15 
Cheese, cheddar 10z 30 28 
Butter 1 tbsp 14 35 
Margarine (all veg. oil) 1 tbsp 14 0 

aCaiculated from Feeley et al. so 

considers that one egg contains roughly 240 mg of cholesterol and that it is 
common for westernized man to eat half a dozen eggs per week, one can easily 
say how the dietary habits of westernized man should be changed. (See Chap
ter 20 for more detail.) 
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3 

Facts about Vitamins and Minerals 

3.1. VITAMINS 

Ever since James Lynn observed in 1593 that orange juice can prevent scurvy, 
humans have gradually become more aware that there are noncaloric sub
stances in foods that are necessary for survival. Those substances that have 
enzymatic activity and are not synthesized by man are generally defined as 
vitamins. For the purposes of this book, the important facts concerning vita
mins are described in a simplified outline form. 

In each section the RDA (recommended dietary allowance) as listed in 
Table 2-6 is noted. Remember that some of these values are arbitrary, the 
classic example being vitamin C, for which the RDA was lowered from 60 mg 
in 1968 to 45 mg in 1974 and raised again to 60 mg in 1980, and yet many 
scientists have stressed the need for much higher doses of vitamin C. Nev
ertheless, the RDA is the reference point for most of us and the accepted value. 

The following 13 substances are considered vitamins and are divided into 
fat-soluble and water-soluble groupsl: 

Fat-soluble 

A 
D 
E 
K 

Water-soluble 

C (ascorbic acid) 
Biotin 
B12 (cyanocobalamin) 
Folacin 
Niacin (nicotinic acid) 

Pantothenic acid 
Bs (pyridoxine) 
B2 (riboftavin) 
Bl (thiamine) 

In Sections 3.1.1-3.1.13, which are in outline form, facts concerning each 
of the 13 vitamins are listed. Appropriate references are given for exact details 
concerning each vitamin. Characteristics of vitamins in general include the 
following: 

1. They are not synthesized by the body (except D). 
2. They are cofactors in reactions. 
3. A deficiency causes disease. 
4. An overdose may cause disease. 

63 
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5. Disease states may increase requirement (e.g., hyperthyroid, malab
sorption). 

6. Multiple deficiency may mask clinical findings. 
7. Cofactor substances are similar in action but not essential in diet and 

are not true vitamins: 
a. Carnitine (vs. Akee fruit poison). 
b. Lipoic acid (vs. mushroom poison). 
c. Inositol. 
d. para-Aminobenzoic acid. 
e. Pteridines. 
f. Bioftavonoids. 
g. Ubiquinone. 

3. 1. 1. Vitamin A2-9 

1. RDA: 1000 p.g retinol equivalent (R.E.) in males, 800 p.g in females. 
2. ~-Carotene in yellow vegetables, retinol in animal oils. 
3. Common sources: carrots, sweet potatoes, fish oils, liver, milk prod

ucts, eggs. 
4. Major source is absorbed ~-carotene; conversion stimulated by 

thyroxine. 
5. Absorption in small intestine aided by bile salts, lecithin, vitamin E. 
6. In small intestine one ~-carotene may be cleaved to two retinaldehyde 

molecules. 
7. Retinaldehyde converted to retinol by enzyme in small intestine. 
8. Preformed A is in diet as retinyl esters and may also be absorbed after 

conversion to retinol in brush border of small intestine. 
9. Retinol (vitamin A) converted to retinal or retinoic acid. 

10. Transported in lymph chylomicrons. 
11. Retinoic acid is 10% of retinol. 
12. Metabolic active form is uncertain. 
13. Retinyl esters stored in liver cells in fat and hydrolyzed to retinol 

before release. 
14. Transported from liver by retinal-binding protein. 
15. Liver stores depleted in 2 to 3 years. 
16. Normal serum retinol = 30-65 mg/lOO mi. 
17. Deficiencyl5-a 

a. More common in children in rural villages and in chronic parasito
sis or infection. 

b. Seen in malabsorption syndromes, excessive mineral oil use, alco
holic cirrhosis. 

c. Associated with hypoalbuminemia. 
d. Causes night blindness, xerophthalmia. 

18. Hypervitaminosis, A9 
a. Seen in food faddists, eaters of polar bear liver, infants fed fish oils 

daily. 
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b. Transient hydrocephalus in infants. 
c. Fatigue, weakness, anorexia, CNS SX. 
d. Rough skin, cortical thickening, liver damage. 
e. Symptoms disappear when intake cut but organ damage may 

persist. 
f. Carotene may accumulate in high intake but not converted to cause 

retinol overdose. 

3. 1.2. Vitamin o10-11S 

1. RDA: 10 JLg. 
2. Active compounds found only in dairy products, eggs, and fish. 
3. D2 (calciferol), Da (cholecalciferol). 
4. Ergosterol in fungi converted to calciferol by ultraviolet rays. 
5. Sterols in skin main source and converted to cholecalciferol by sun's 

ultraviolet rays; therefore, true vitamin status uncertain. 
6. Dietary and bile secreted; absorbed from small intestine like vitamin 

A; bile salts necessary. 
7. Liver hydroxylates Da to 25-0HDa. 
8. Kidney hydroxylates to 1,25-(OH)2Da + 24,25-(OH)2Da. 
9. 1,25-(OHhD activates Ca-binding protein for Ca absorption in small 

intestine. 
10. Promotes Ca and P absorption and mobilization from bone. 
11. Stored in fat. 
12. Normal plasma 25-0HDa = 10-45 ng/ml; plasma 25-(OH)2Da = 3-5 

ng/ml. 
13. Deficiency: rickets in children, osteomalacia in adults, biliary cir

rhosis, and small-bowel disease or resection. 
14. Hypervitaminosis by overfeeding can cause hypercalcemia and death; 

symptoms are lethargy, anorexia, and constipation; large stores can 
cause prolonged hypercalcemia. 

3.1.3. Vitamin E (Tocophero/)18-21 

1. RDA: 8-10 mg a-tocopherol. Expressed as vitamin E activity, 80% by 
a-tocopherol and 20% by other tocopherols. 

2. Common sources: vegetable oils derived from cereals, eggs, marga
rine, fruits. 

3. Antioxidant action protects polyunsaturated fats, vitamins A, C 
against rancid change. 

4. Absorption aided by bile salts and stored in liver. 
5. I3-Lipoprotein is carrier in circulation. 
6. Serum E is greater than 0.5 mg/toO ml. 
7. Measured by RBC peroxidase hemolysis. 
8. Deficiency is rare and seen in severe malabsorption and in infants. 
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9. Early depletion gives increase RBC-H.O. hemolysis + creatinuria, 
ceroid deposition (brown bowel). 

10. No known toxicity. 

3.1.4. Vitamin 1(22,23,238 

1. No RDA; estimated at 0.03 /Jog/kg/day. 
2. Found in dark green vegetables, seaweed, liver, kidney. 
3. Naturally occurring form is fat soluble. 
4. Kl occurs naturally but can be produced synthetically and is water 

soluble; approximately 60% activity of K. 
5. K. is produced by intestinal bacteria and available directly by 

absorption. 
6. Ka,~, Ka, Ke, K7 , K-S all produced synthetically. 
7. Absorption aided by bile salts and stored in liver. 
8. Stimulates appearance of coagulation proenzymes produced in liver 

for factors II (prothrombin), V, VII, and X. 
9. Prothrombin (11), V, VII, and X all dependent for maintenance levels. 

10. Numerous drugs interfere with its warfarin (coumarin) antagonist ac
tion (e.g., ethanol, aspirin, dilantin, etc.). 

11. Deficiency 
a. Not seen by diet. 
b. Seen in malabsorption and obstructive jaundice. 
c. Prolonged prothrombin time. 
d. Seen in infants under 15 months. 

12. Measure clotting factors to determine effective blood levels. 
13. Toxicity not seen clinically. 

3.1.5. Vitamin C (Ascorbic Acidj24-28 

1. RDA: 60 mg for adults. 
2. Common sources are fresh fruits, especially black currants, and fresh 

vegetables, especially tomatoes, fresh peas,potatoes and brussels 
sprouts. 

3. Absorbed by intestine. 
4. Destroyed by heat. 
5. Main function in hydroxylation reactions. 
6. In presence of oxygen it hydroxylates proline to collagen. 
7. Active in hydroxylation of other compounds such as norepinephrine, 

tryptophan, phenylalanine, and tyrosine. 
8. Assists in absorption of iron. 
9. Protects other vitamins; necessary for conversion of inactive folic 

acid to active folinic acid. 
10. 1.2 mg/l00 ml in plasma. 
11. Acidifying urine agent; when body stores loaded, excreted in urine. 
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12. Deficiency 
a. Scurvy. 
b. Impaired collagen formation, loss of connective tissue, and capil-

lary fragility. 
c. Infant (Barlow's disease) cartilage also involved. 
d. Adult depletion takes 4 to 7 months. 
e. Levels less than 0.3 mg are significant but may be zero for 3 months 

before symptoms. 
13. No evidence of toxicity but large doses may give diarrhea, acid urine 

hemolysis in glucose-6-phosphate deficiency. 
14. Large-dose (megavitamin) therapy for treatment or prevention of dis

ease is controversial. 

3.1.6. Biotin29-31 

1. No RDA; estimated at minute amount, 300j-Lg. 
2. Common sources: egg yolk, yeasts, nuts, chocolate, meats, cereal 

grains, mushrooms, soybeans, fish. 
3. Coenzyme for COl fixation (carboxylation). 
4. Manufactured by intestinal bacteria as well as readily available in small 

amounts; therefore, deficiency is rare. 
5. Raw egg white contains avidin, which binds biotin; therefore, defi-

ciency seen in raw egg faddists. 
6. Whole-blood levels 820 pg/ml. 
7. Urine biotin 14-100j-Lg/day. 
8. Deficiency 

a. Raw egg syndrome. 
b. Symptoms of seborrheic dermatitis, lassitude, and anorexia. 

3.1.7. Vitamin B12 (Cyanocobalamin)32-38 

1. RDA: 3j-Lg. 
2. In foods of animal origin only; highest in liver, kidney, clams. 
3. Gastrin-stimulated gastric intrinsic factor (IF) binds 2 moles of BII. 
4. If BII complex adheres to ileal mucosa and in presence of Ca + , it is 

released and absorbed optimally at pH 7.5. 
5. Transported by carrier protein, transcobalamin. 
6. Necessary for RBC maturation. 
7. Necessary for maintaining nerve myelination. 
8. Interrelated with B6 and folate metabolism. 
9. Possible inhibition by megadoses of ascorbic acid. 

10. Serum level of cobalamin (all active forms) less than 100 pg/ml indi
cates deficiency. 

11. Schilling test using radioactive BII with and without IF assists 
diagnosis. 
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12. Deficiency may produce megaloblastic anemia, demyelinating disease; 
seen in 
a. Pernicious anemia. 
b. Malabsorption disorders such as 

1. D. latum infestation. 
2. Tropical sprue. 
3. Gluten enteropathy. 
4. Postgastrectomy syndromes. 

13. No toxicity known. 
14. Injection of 100 I-lg is curative and monthly injection prevents any 

deficiency. 

3.1.8. Folacin (Folic Acid, Pteroylglutamic Acidj39-48 

1. RDA: 400l-lg. 
2. High in green vegetables, beans, nuts, eggs, yeasts. 
3. Dietary forms are various polyglutamates. 
4. Active absorption of pteroylglutamate in proximal jejunum. 
5. Monoglutamate absorbed best. 
6. Glucose enhances and starvation decreases absorption. 
7. Tetrahydrofolic acid (THF) intermediate form. 
8. N5-Methyl-THF storage in liver. 
9. Necessary for RBC maturation (DNA metabolism). 

10. Normal RBC folate greater than 140 ng/ml; normal serum folate 4-12 
ng/ml. 

11. Formiminoglutamic acid is formed from histadine and combines with 
THF. In folic acid deficiency, formiminoglutamic acid is increased in 
the urine and histidine load may increase its excretion. 

12. Assay with Lactobacillus casei or Streptococcus faecalis. 
13. Deficiency 

a. Due to poor intake. 
b. May occur with increased demand. 
c. Many drugs impair a~sorption or interfere with metabolism (i.e., 

oral contraceptives, methotrexate, dilantin, triamterene). 
d. Depletion occurs in 5 to 10 weeks. 
e. Malabsorption occurs in tropical sprue, drug interference, as well 

as specific absorption defects. 
f. Often associated with B12 or Fe deficiency. 
g. Produces progressive megaloblastic anemia; in rare cases small

bowel villi atrophy and malabsorption. 
h. Oral treatment: 250l-lg to 15 mg/day. 

14. No toxicity known. 
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3.1.9. Niacin (Nicotinic Acidj47-s0 

1. RDA: 18-20 mg males, 12-14 mg females. 
2. Niacin is pyridine 3-carboxylic acid; amide form is nicotinamide. 
3. Abundant in wheat bran, brown rice, wheat germ, wholemeal flour, 

meat, yeast, liver, kidney, fish. 
4. Absorbed in small intestine and transported to liver where incorpo

rated into nicotinamide-adenine dinucleotide (NAD) and NAD 
phosphate. 

5. NADP important in ATPformation. 
6. Tryptophan is precursor, Be necessary to convert to NAD; 60 mg 

tryptophan equivalent to 1 mg nicotinamide. 
7. Many bound forms found in foods, especially cereals. 
8. Deficiency: pellagra 

a. Seen with basic corn and low-protein diets. 
b. May occur with increased demand or decreased absorption. 
c. Onset may be insidious. 
d. Pathognomonic sunburn to dark skin lesion. 
e. Neurologic, mental, and functional symptoms such as anorexia 

may precede skin lesion. 
f. Oral or parenteral replacement therapy. 

9. Large doses cause vasodilation, may be hypocholesterolemic, and 
may cause abnormal liver function tests. 

10. Used to treat type II, IV, and V hyperlipidemia in doses of 1.5 to 3 g/ 
day. 

3. 1. 10. Pantothenic Acid51- s3 

1. No RDA but probably between 5 and 10mg/day. 
2. Widely distributed in foods in adequate amounts and stable. 
3. Absorbed in small intestine. 
4. Converted in liver to coenzyme A and essential in carbohydrate and fat 

metabolism. 
5. Acyl carrier protein is another active form. 
6. Deficiency: rare 

a. Lethargy, weakness, peculiar gait, burning feet syndrome, crossed 
leg position. 

b. Blood level less than 100f.1g/l00 ml. 
c. Seen in malnutrition; urine less than 1 mg/day (0.8-7 mg normal). 

7. No evidence of toxicity. 

3. 1. 11. Vitamin 86 (Pyridoxine)54-S9 

1. RDA: 2 mg/day. 
2. Pyridoxine is most common in plants; pyridoxal, pyridoxol, and pyri

doxamine are equivalent forms common in animals. 
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3. Common sources are meats, bran, vegetables, wholemeal flour, and 
many foods. 

4. Absorbed in upper small bowel. 
5. All forms converted to coenzyme PLP (pyridoxal-5-P04)' important in 

protein metabolism. 
6. Deficiency: rare 

a. Occurs with precipitous increased protein intake, when antagonists 
such as isoniazid and penicillamine are used, in multiple B deficien
cies, in uremia. 

b. Neuritis an early symptom. 
c. Later neurologic symptoms may cause convulsions. 
d. Anemia is microcytic, hypochromic, and responds to high doses and 

associated iron overload. 
e. Urine below 30--50 mg/day significant. 
f. Tryptophan load increased xanthurenic acid excretion. 
g. Prevented by 50--100 mg/day. 

7. Deficiencies also seen as a variety of inborn errors of metabolism. 
8. Corrects abnormal tryptophan metabolism induced by estrogens. 
9. No toxicity from large doses. 

3.1.12. Riboflavin (82)60-62 

1. RDA: 1.4-1.7 mg males, 1.2-1.3 mg females. 
2. Good sources: yeast extracts, liver, kidney, meat, wheat germ, cheese, 

spinach, eggs; less in vegetables. 
3. Absorbed in small intestine by site-specific saturable transport 

mechanism. 
4. Converted to flavin mononucleotide (FMN) in intestine and then to 

flavin adenine dinucleotide (FAD) in the liver. 
5. FMN and FAD cofactors of many enzymes important in metabolism of 

pyridoxine, RBC, xanthine, aldehyde, etc. 
6. Deficiency 

a. Three to eight months to deplete body stores. 
b. Common in alcoholics except beer drinkers. 
c. Photophobia, sore throat, angular stomatitis, glossitis, magenta 

tongue, and many vague symptoms; normocytic, normochromic 
anemia. 

d. Twenty-four-hour urine excretion less than 100 mg/day when 
deficient. 

7. RBC glutathione reductase test used for borderline deficiencies. 
8. No evidence of toxicity from large doses. 

3.1. 13. Thiamine (81) (Aneurine)63-68 

1. RDA: 1.2-1.5 mg males, 1.0--1.2 mg females. 
2. Good sources are brewer's yeast, wheat germ, peanuts, pork, kidney, 

whole wheat flour; some in meat, fish, eggs. 
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3. Removed from cereal when milled. 
4. Active and passive absorption from small intestine and transported to 

liver. 
5. Phosphorylation to thiamine pyrophosphate (TPP) occurs in intestine, 

liver, kidney. 
6. TPP acts as coenzyme in oxidative decarboxylation and many oxida

tion reactions. 
7. Important in nerve physiology. 
8. Thiaminase, an antivitamin, may be found in raw fish such as clams 

and carp. 
9. Deficiency: Beriberi 

a. Acute form can cause acute congestive heart failure and is seen in 
the Orient. 

b. Dry type gives neurologic symptoms with slow (1- to 2-week) 
onset. 

c. Wet type gives edema and effusions. 
d. High output cardiac failure may be lethal. 
e. In alcoholics, associated with Wernicke's encephalopathy. 
f. Seen in combination with riboflavin and niacin deficiencies. 
g. Most common form in children 3-10 months old is a cardiac type. 

10. Large doses are not toxic, but a rare form of "thiamine shock" is 
reported from even small doses. 

3.2. MINERALS 

The body consists of approximately 4% mineral elements. Table 3-1 lists 
the relative percentages of the more common minerals. Calcium and phospho
rus are the most abundant because of their integral roles in bone structure. 
Although some of the minerals are found in minute amounts in the body and 
consequently are referred to as trace elements, they nevertheless are essential 
to body function. Specific functions of the various minerals are demonstrated 
by the role of cobalt in vitamin Bl1 metabolism, iodine in thyroid function, and 
zinc in insulin metabolism. In addition to those minerals listed, zinc, iodine, 

Table 3-1 Relative Mineral Composition of Adult Bodya 

Element 

Calcium 
Phosphorus 
Potassium 
Sulfur 
Chlorine 
Sodium 
Magnesium 
Iron 

aModified from Mitchell .• 

Percentage of ash 

39 
22 
5 
4 
3 
2 
0.7 
0.15 
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fluorine, copper, chromium, selenium, cobalt, manganese, molybdenum, vana
dium, tin, silicon, and nickel are all thought to be essential components of the 
human body. No essential role has been yet described for cadmium, lead, 
mercury, arsenic, boron, lithium, or aluminum. 

A brief description of the important facts concerning each mineral follows. 
Wherever one of the minerals is a key dietary factor in a specific disease, it is 
mentioned accordingly in the following chapters. The details present in the 
literature concerning each of these minerals are described in appropriate 
references. 

3.2. 1. Calcium89-71 

This is the most abundant element in the human body. The RDA for males 
and females is between 800 and 1200 mg/day. Milk and milk products are the 
highest sources of calcium in the diet of the Western world. However, with the 
changing dietary pattern, it is important for the clinician to be aware of other 
foods that supply considerable amounts of calcium. Vegetables such as col
lards, turnips, kale, broccoli, cabbage, and carrots have moderate amounts. 
Some fish products such as salmon, clams, oysters, and shrimp are other 
sources. Both molasses and eggs also contain moderate amounts of calcium. 

Calcium is absorbed from the intestine by active transport against a 
concentration gradient. Passive absorption occurs throughout, but the main 
active process is in the duodenum. The level of calcium absorption is affected 
by parathyroid hormone, which stimulates the synthesis of 1,25-de
hydroxyvitamin D, which in turn activates a Ca-binding protein for calcium 
absorption in the intestine as well as reabsorption of calcium from bone.lo,n 
When the body is depleted, more parathyroid hormone is stimulated, and con
versely, when there is an excess of calcium, parathyroid secretion is de
pressed, vitamin D being an integral part of the feedback mechanism. Approxi
mately 600 mg is secreted into the gut during various absorptive processes. 
Depending on dietary intake, approximately 900 mg is lost in the stool per day 
and the remainder absorbed. The final calcium balance is regulated in conjunc
tion with the kidney, where approximately 100 mg is lost per day. The body 
retains approximately 100 mg for its function in its final balance. The cal-

Table 3-2. Factors Affecting Calcium Absorption 

Increase 

VitaminD 
Parathormone 
Hypocalcemia 
Acidity in intestine 
Growth hormone 
I-Lysine 
Citrates 
Lactose 

Decrease 

Alkalinity in intestine 
Phosphates in intestine 
Benzoic acid 
Excess fatty acids (LeT) 
Oxalates in intestine 
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cium:phosphorus ratio is important and is maintained in body homeostasis at a 
ratio of approxiII1ately 2: 1. The body attempts to maintain this ratio for normal 
bone structure. Table 3-2 lists the factors that increase and decrease calcium 
absorption. 

Calcium depletion is seen in severe malabsorptive disorders, pancreatitis, 
and malnutrition. It is described in more detail in those sections of this book. 
Associated with calcium depletion is osteoporosis, but the mechanism is poorly 
understood as it has been difficult to relate osteoporosis to calcium intake in 
man. 10 

Increased calcium uptake is noted with antacids. Hypercalcemia, seen in 
certain malignant diseases as well as sarcoidosis, causes symptoms of de
pressed neurogenic activity, contrasting to the hyperactivity and tetany of 
hypocalcemia. 

Severe depletion of calcium is treated by intravenous replacement ther
apy. Long-term calcium deficiency is treated by increased oral intake. 

3.2.2. Phosphorus IO ,72-75 

The RDA for phosphorus is between 800 and 1200 mg/day for both males 
and females. It makes up approximately 1% of the body weight and is the key 
element for almost all body functions. 

It is absorbed readily in the intestine and is affected by vitamin D, but the 
exact mechanisms are still unclear. Phosphorus is found in abundant amounts 
in dairy and meat products and in unprocessed cereals and grains, primarily as 
phytic acid. However, the availability of phytic acid for absorption is open to 
question as it may combine with calcium to form an insoluble product. Once 
absorbed, phosphorus has many significant roles in the body. It is essential in 
DNA and RNA, as part of phospholipids, in phosphorylation reactions, in all of 
the important energy-storage systems of ADP/ATP and. in the oxidation-reduc
tion system of NADP/NADPH. Furthermore, it is important as an organic 
phosphate in the body fluid buffering system. 

Hyper- and hypophosphotemia are largely caused and related to either 
renal disease or disturbances in vitamin D metabolism.lo,11 Phosphorus defi
ciency can be seen in severe weight loss and in alcoholics. Mild deficiency can 
be treated with milk. 

3.2.3. Magnesium7S- SO 

The RDA for males is 350 to 400 mg/day and for females 300 mg/day. It is 
found in a variety of foods such as beans, peas, soybeans, nuts, and green leafy 
vegetables. It is also found in moderate amounts in dairy products as well as in 
all cereals. The average diet contains 10 mmol. 

Approximately 55% of body magnesium is present in bone and about 27% 
in muscle. The body contains approximately 2000 meq. There appears to be a 
balance maintained between gastrointestinal absorption and renal secretion. 
Magnesium is passively absorbed throughout the small intestine, and its ab-
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sorption varies greatly depending upon intraluminal factors such as foods and 
precipitating elements. High calcium intake appears to increase the require
ment for magnesium. The kidneys actively excrete magnesium, and it is reab
sorbed by the renal tubule. Magnesium in feces represents nonabsorbed mag
nesium. It is apparent that magnesium, calcium, parathyroid hormone, and 
bone metabolism are all related. Hypermagnesia is rarely seen. Magnesium 
deficiency is noted in malabsorption disorders, severe cirrhosis, and in associa
tion with calcium-parathyroid disturbances. It is treated by oral or parenteral 
replacement. Normal serum level is between 1.5 and 2.1 meq/liter. 

3.2.4. Sodium81-89 

There is no RDA for sodium. Estimates at the present time indicate that 10 
to 60 meq of sodium or 600 to 3500 mg of sodium chloride would be an adequate 
intake to replace the amounts lost in feces, urine, and sweat. However, West
ern societies have grown accustomed to large amounts of sodium in the diet. 
This is clearly evident from the fact that foods such as cheese, bacon, corn 
flakes, ham, and corned beef have anywhere from 1500 to 5000 mg of sodium 
per 100 g of food. Fresh fruits, nuts, cereals, some fishes and meats have far 
less, ranging from 20 to 300 mg/100 ml. 

Sodium is absorbed throughout the small intestine and in the colon. It is an 
integral ion in the transfer of osmolarity in the small bowel and, as such, is in 
constant flux throughout the small bowel. Large amounts of sodium passing 
into the right side of the colon are reabsorbed. The details of sodium exchange 
will be discussed in the sections on the small intestine and diarrhea. 

Sodium deficiency certainly can occur in the presence of severe diarrhea, 
excessive sweating, and endocrinopathies. It is easily replaced, either orally or 
parenterally. 

Sodium excess may occur with heavy overloading. However, the true 
toxicity of sodium is yet to be determined as it is under great suspicion as the 
cause of chronic vascular and renal disease. For all we know at the present 
time, the 3000-mg figure for basic replacement may represent the upper limit of 
normal tolerance. 

3.2.5. Potassium81 ,82,87,90 

There is no RDA for potassium. As noted in Table 3-1, potassium is more 
plentiful in the body than sodium. Both ions are positively charged and have 
similar qualities, potassium being more plentiful in intracellular fluids and so
dium more plentiful in extracellular fluids. 

Good sources of potassium in foods are soy flour, fruits (dried fruits are 
very high), potatoes, nuts, beets, fish, and some green vegetables. 

The body contains about 5% of its ash in potassium and from 5 to 15 meq is 
lost per day in feces. There is a great range in urinary potassium loss depending 
on the intake. The average daily Western diet contains approximately 50 to 100 
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meq (3.7 to 7.4 g) of potassium chloride. Potassium fluxes back and forth in the 
small bowel, but much less so than sodium. Contrary to sodium, it is secreted 
in the colon rather than absorbed. Potassium appears to have some protective 
action against high sodium intake, but the relationship is not completely 
understood. 

Potassium excess rarely occurs except in the presence of drug intake or 
renal failure. Deficiency also rarely occurs except in the presence of certain 
endocrine disorders, marked diarrhea or vomiting where there is excessive 
loss, or due to diuretic therapy. Occasional renal potassium loss also occurs. 
Probably the most common cause of potassium deficiency today is exogenous 
diuretic therapy. Oral replacement is usually adequate, and intravenous re
placement is needed only where there is a rapid life-threatening depletion. 

3.2.6. Chlorine82 ,84-86,88,89 

Chlorine makes up 3% of body ash. There is no RDA for this anion. 
However, almost all of the sodium and potassium ingested in our diets is in the 
form of chloride. It is in a state of flux in the small bowel, and absorption 
closely parallels that of sodium. However, chloride can be absorbed against an 
electrical gradient; as a consequence, this can be helpful in certain diarrhea 
states. Chloride absorption probably occurs in exchange for bicarbonate. 

Chloride is absorbed in the colon, but approximately 2 meq is lost in the 
stool. It is also lost in the kidney. Hypo~hl~reniia occurs in severe vomiting, in 
diarrhea, and in renal disease. It is easily corrected by intravenous therapy , 
depending on the cause and the electrolyte picture. 

3.2.7. Sulfur91 

There is no RDA for sulfur, although it makes up 4% of body ash and 
approximately 0.25% of body weight. It is present in methionine and cystine. 
The exact daily requirements are unknown. 

In the body it is a part of thiamine and biotin and is present in connective 
tissue, skin, and hair. It is essential in certain amino acids and is an important 
part of body mucopolysaccharides. 

Sulfates are excreted in the urine and are increased in high-protein and 
decreased in low-protein diets. 

3.2.8. Iron92-99 

The RDA for iron is 10 to 18 mg for males and females per day. Major 
sources of iron are beets, deep-green leafy vegetables, and whole-grain or 
enriched cereals and breads. Although controversial, iron has been added to 
breads to increase its availability in foods. 

Iron is absorbed in the small intestine, primarily in the duodenum and 
jejunum. The ability of mucosal cells to absorb iron appears to be determined 
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by their iron content. Iron can be transferred through the intestinal cells or 
deposited in the form of ferritin. Ionic iron-specific receptors in the brush 
border actively transfer iron to amino acids in the cytoplasm where it is in 
equilibrium with iron-poor ferritin. The absorption increases when there is a 
shortage and decreases when the body is overloaded. Absorption is aided by 
vitamin C. Serum ferritin is an accurate measure of body iron. Iron circulates 
in the plasma attached to a ~-globulin, transferrin. Transferrin is usually 20 to 
40% saturated, so that free iron is measured in relation to the total iron-binding 
capacity. When there is marked iron loss or depletion, bound iron falls below 
15 to 20% and there is a relative rise in the total binding capacity. Most iron is 
found in the circulating red blood cell mass, but stored iron is in the form of 
ferritin in the marrow, intestine, and muscle. 

Males and postmenopausal women lose approximately 800 to 1000 mg of 
iron per day into the gut that is ordinarily reabsorbed. The menstruating female 
may lose on an average up to 2 mg of iron per day. Iron deficiency may occur 
when there is blood loss, or decreased absorption, or a relative increased loss 
as compared to decreased availability of nutritional iron. The resulting de
crease in iron causes a typical microcytic hypochromic iron deficiency anemia. 

Iron overload may occur for many pathologic reasons, or because of mas
sive increased intake in which the intestinal inhibitory system fails and permits 
an increase in absorption over the need. It is discussed in more detail in the 
chapter on liver disease. 

3.2.9. Zincl00-110,116 

The RDA is 15 mg/day. Adolescent females require at least 11 mg/day. 
Most of our foods have only small amounts of zinc, except for animal protein. 

Zinc is thought to be poorly absorbed from the small intestine. The ileum is 
the major site of absorption. Often, high calcium and phytate concentrations 
interfere with its absorption by forming insoluble compounds. High-fiber foods 
such as corn and black beans interfere with zinc availability. Zinc is an impor
tant part of many enzymes including alkaline phosphatase, alcohol dehydro
genase, carbonic anhydrase, lactic dehydrogenase, glutamic dehydrogenase, 
and carboxy dehydrogenase. Experimental zinc deficiency profoundly affects 
DNA and RNA metabolism. Zinc deficiency was thought to be extremely rare 
but has been documented, primarily in Iran, Egypt, and Central America, 
because of severe zinc-deficient diets. It is observed in malabsorption states, as 
in regional enteritis and post-bypass surgery for obesity. Zinc deficiency is also 
noted as a problem in alcoholism and cirrhosis. It has been established as an 
important factor in achrodermatitis enteropathica, where the disease is related 
to a hereditary defect in zinc absorption. Zinc deficiency can be corrected by 
oral or parenteral replacement. Experimental human deficiency is related to 
falls in serum levels, decrease in essential enzymes, weight loss, and an ad
verse effect on protein metabolism, 
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Zinc can be assessed by taste acuity and plasma, serum, RBC, hair, urine, 
and enzyme levels. From these available tests, it is obvious that no one test is 
preferred. Plasma zinc ranges from 75 to 120 #Lg/100 ml. 

3.2. 10. lodinell1 

The RDA for iodine is 150 f.Lg for males and females. Iodine is readily 
available in seafoods, vegetables, beef products , eggs, some dairy products, and 
bread. Variations are wide, depending on iodine content in the environment. 
Therefore, it is common for salt to be iodized with sodium or potassium iodide. 
Seafood contains 54 #Lg/1 00 ml and dairy products approximately 14 #Lgi 1 00 ml. 

Iodine is absorbed as inorganic iodides after being split from organic com
pounds in the small intestine. It is transported as free or protein-bound iodine 
in the circulation. The interested reader is referred to texts on thyroid function 
to understand the relationship of iodine and the thyroid gland. The cycle of 
pituitary thyroid-stimulating hormone-thyroid activity-thyroglobulin is the 
realm of iodine metabolism. Iodine is approximately 2500 times greater in 
concentration in thyroid tissue. There is approximately 25 to 50 mg in the 
thyroid gland. 

Iodine deficiency is reflected in endemic goiter and may result in hypothy
roidism. The iodine deficiency can easily be replaced by oral therapy, but the 
results of hypothyroidism or creatinism are not so easily corrected. 

3.2.11. Copperl02-105,112,117 

There is no RDA for copper. Food sources are usually meats, shellfish, 
nuts, and cereals, and the copper content is dependent somewhat on the envi
ronment. Approximately 2 to 5 mg is in the average diet. Approximately 40% of 
the daily intake is absorbed from the stomach and small intestine. The exact 
mechanisms and control of absorption are not clearly understood. Once in the 
circulation, it is bound to a protein, ceruloplasmin, which is synthesized in the 
liver. The normal concentration is 34 ±4 mg/lOO ml. Copper is primarily stored 
in the liver. 

It has a wide variety of functions in the body including involvement in 
collagen, the central nervous system, bone development, hemoglobin forma
tion, and several enzyme activities. 

Copper deficiency is seen in severe malnutrition but is not described fre
quently in clinical medicine. Copper overload is more commonly seen in Wil
son's disease and is discussed in the chapter on liver diseases. Excessive 
amounts of copper may be toxic and cause hemolytic anemia. 

Zinc and copper have been implicated as possible factors in the etiology of 
coronary heart disease. lOS A suspected imbalance of the ratio of these two 
elements results in hypercholesterolemia and increased mortality. The reason 
for the imbalance is not understood, and the work has yet to be substantiated, 
but it certainly is interesting. 
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3.2.12. Trace Elements102 ,112-115 

All of these elements are considered essential in humans because they 
serve some pivotal role in homeostasis or body function. 

Fluorine has a major role in preventing tooth decay. An overload can 
result in mottling of teeth when drinking water has more than 1.5 ppm. Tooth 
enamel can become dull and pitted, and certainly when fluorine is in excess of 
2.5 ppm the incidence of mottling increases. When there is a large excess in the 
water (over 8 ppm), bone deposition occurs and may be associated with arthri
tis. Most foods have a very small amount of fluorine. 

Manganese is present in the liver. It is important for normal growth and in 
bone, cartilage, brain, and lipid metabolism. In experimental animal studies, it 
has been shown to be a part of several enzymes. The minimum daily require
ment is as yet not understood. It is present in many foods, totally absent in 
milk, and high in tea. 

Selenium has been shown to be essential in experimental animals. Glu
thione is a seleno enzyme. When mammals are deficient, the enzyme is de
pressed. Selenium is, as gluthione peroxidase, protective against peroxide ac
tivity. This is similar to vitamin E activity, and it is estimated that combined 
activities are needed at times to protect body homeostasis. Selenium is also 
present in some body proteins. 

Cobalt appears in trace amounts in man and is essential for body function. 
Its role in cyanocobalamin (vitamin Btl) metabolism is well known and is 
discussed under that vitamin. Vegetarians may develop deficiencies as cobalt is 
present only in animal tissues and humans consume it only in the form of Btl. 

Molybdenum, vanadium, nickel, silicon, and tin also appear to be essential 
trace elements, but their true roles in human metabolism need to be further 
elaborated. 
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Fiber and the Intestinal Microflora 

4.1. FIBER 

During the past decade, the importance of fiber substances in the diet has been 
reawakened by epidemiologists. The theories and information brought forth by 
Burkitt and Trowell,l Cleave et at.,! Spiller and Amen,3 and Walker4 have 
postulated that fiber in the diet is essential in the prevention of a series of 
degenerative diseases that include constipation, carcinoma of the colon, diver
ticular disease of the colon, appendicitis, diabetes mellitus, hiatus hernia, cho
lelithiasis, varicose veins, and hemorrhoids. This is truly a diverse list that can 
only be tied together by the theories postulated by Birkitt and Trowell. There 
are four texts published within the past decade that contain almost all of the 
recent information regarding these theories and the factual information in the 
field. I -3,11 In this section we can only outline available and pertinent informa
tion. There is enough information available now to indicate that fiber in the diet 
is an essential factor for normal intestinal function, which in turn may be 
essential for the prevention of a whole series of degenerative diseases. Early in 
this century, Metchnikoff6 proposed that toxic products within the intestine 
caused much of our disease. The present work on fiber substances may well 
prove him correct within the coming decades. 

4. 1. 1. Definition of Fiber 

Scientists disagree on the definition of fiber. At the present time there is no 
definition that can fully cover all of the theories and information available on 
the subject. Several definitions are available, and needed, to understand the 
present field. 

Crude fiber is the residue of plant food that is left after extraction by dilute 
acids and dilute alkalis. 7 

Dietary fiber is the residue of plant food after hydrolysis by human gut 
enzymes.7 Dietary fiber is composed of cellulose, hemicellulose, and lignin. In 
human nutrition fiber can be thought of as foods of plant origin that are neither 
usually digested nor absorbed by humans in the upper gastrointestinal tract.3 

83 
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However, some studies do show slight digestion of both cellulose and hemicel
lulose in the small and large intestines, probably from bacterial action.8 

As chemical techniques develop, clearer definitions emerge. Southgate's9 
detailed techniques measure pectin, gums, hemicelluloses, and polysacchar
ides. The techniques developed by Van Soest and McQueenlO employ neutral 
detergents that measure more fiber substances in the residue than determined 
in Southgate's methods and are referred to as neutral detergent fiber (NDF). 
Others have developed enzymatic techniques that measure a similar amount of 
fiber substances.ll As yet, there is no clear-cut agreement among scientists as 
to which technique is to be adopted to assay foods. It is clear, though, that 
specific techniques will have to be employed to evaluate a specific fiber sub
stance. One technique may prove better for cellulose, another for lignin, an
other for pectin, etc. 

As chemical methods improve it is apparent that plant fibers can be classi
fied as follows12,lJ: 

Biological 
1. Structural fibers (cell walls, cellulose, hemicelluloses, lignins, and 

pectins). 
2. Gums and mucilages. 
3. Storage polysaccharides (usually digestible). 

Analytical 
1. Insoluble-NDF (method of Van Soest and McQueen): cellulose, hemi

celluloses, lignin. 
2. Soluble (method of Southgate): hemicelluloses, pectins, gums, muci

lages, polysaccharides (storage and algal). 

All fiber substances are a mixture of high-molecular-weight polymers. The 
basic structural unit of the carbohydrate is a variety of monosaccharides. Lig
nin is primarily a phenylpropane unit. Cellulose is composed of straight chains 
of approximately 3000 1,4-linked D-glucose molecules. The hemicelluloses can 
be grouped into those that do or do not contain uronic acids and usually contain 
two to four different sugars, a common xylose, and approximately 150 to 250 
pentose and hexose sugars. There are over 250 different polymers.12 Pectins 
are polymers of galacturonic acid with varying degrees of methyl or acetyl 
esterification. Ninety-five percent of all pectins are digested completely in the 
colon.15 ,12 Gums and mucilages are used by plants to repair their structure. 
They are complex sticky polysaccharides containing glucuronic and galactu
ronic acids in a branched structure with sugars.12 Table 4-1 lists the primary 
units of the common components of most fiber substances. 

4. 1.2. Fiber Content of Foods and Intake 

Table 4-2 is a comparison of the fiber content of some common foods 
based on different methods. 

Standard texts, such as Church and Church,18 have listed the fiber content 
of foods based on previous crude fiber analysis. Paul and Southgate'S book17 is 
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Table 4-1. Common Components of Dietary Fibefl 

Main group 

Carbohydrate 

N oncarbohydrate 

a Adapted from Cummings. to 

Class 

Cellulose 

Hemicellulose A 

Hemicellulose B 

Pectin substances 

Lignin 

Primary units 

Glucose 

Xylose 
Galactose 
Glucose 
Mannose 
Arabinose 

Half-uronic acid, 
also equals "acid" 
hemicellulose 

Mainly galacturonic acid 

Phenylpropane 

the latest listing of foods based on the newer analytical fiber methods (Chapter 
20, diet 26). By the time this text is in print, there undoubtedly will be newer 
lists. Although the exact analytical fiber content is needed, the important con
siderations are the physiologic effects that the various foods have on man. It is 
of academic and research interest as to what the actual fiber content of those 
foods is. If one uses the older definitions of crude fiber, then in the United 
States, particularly areas such as Connecticut, man ingests between 2 and 4 g 
of crude fiber per day, 18 while in Great Britain it is estimated that the intake is 
between 4 and 8 g of crude fiber per day.19,IO Using the same standards, 
vegetarian diets would contain between 12 and 24 g of crude fiber.ll A careful 
survey of British subjects revealed an average intake of 19.9±5.3 g of dietary 
fiber per day.11 The range was from 8 to 32 g/day with 41.3% of the intake from 
vegetables, 30.5% from cereals, and 28.2% from fruits and mixed sources. 
Chemical analysis revealed that intake of noncellulose polysaccharide, cellu
lose, lignin, hexoses, pentoses, and uronic acid were respectively 13.8,4.7, 1.4, 
3.3, and 3.0 g/day.11 As dietary patterns change with awareness of the benefits 
of fiber, it is easy to speculate that the Western diet will increase fiber intake. 

An intake of between 10 and 20 g of crude fiber should produce an optimal 
fecal output in order to correct the so-called fiber deficiency disease as postu
lated by Burkitt and Trowell;1 However, standardization is necessary. Appro
priate analysis and evaluation of foods for their physiological effects are 
needed before more stringent dietary recommendations can be made. We need 
to know the specific effects plant foods have in humans. 

In Western societies, bran is the main additive for bulk. In other countries, 
maize is the stable bulk former.1 Kelsay and associates13 have shown that a 
diet consisting of fruits and vegetables (citris fruits, dates, corn, pineapple, 
carrots, cabbage, blackberries, blueberries, squash, broccoli, raisins, apples, 
and peas) without whole grain but consisting of approximately 20 g of neutral 
detergent fiber will significantly increase the number of defecations and de-
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Table 4-2. Fiber Contents of Some Common Foods (gil 00 g) as Analyzed by Different 
MethodsO (see Chapter 20 for complete list) 

Southgate9 method Van Soest and McQueen10 method 

Crude Hemi Indigestible 
Food fiber Cellulose cellulose Lignin ADFb Lignin residue 

Apple 1.0 0.47 0.66 0.18 0.99 0.18 
0.66 1.15c 

1.7-2.4d 
0.67 0.52 0.40 

Banana 0.5 3.4d 
1.00 6.10 0.20 

Beans, 1.5 12.1c 
brown cooked 2.2 5.1d 

Cabbage 0.8 

1.04 0.92 0.24 1.19 0.14 
1.46 1.64c 

0.81 0.20 0.08 2.2-3.4d 
Carrot 1.0 

LOt 1.64c 
2.9-3.1d 

Celery 1.0 

0.91 0.65 0.16 0.91 0.16 
Lsd 

Rolled oats 1.2 
oats, dry 1.5 6.9C 

Peas 2.0 
0.57 5.2d 

3.06 1.42 0.33 

Turnip 0.9 
0.66 0.41 0.11 0.72 0.14 

0.98 1.3c 
2.2-2.sd 

Wheat bran 9.1 
9.3 21.7 4.3 12.1 2.8 

9.1 48.8c 

a Adapted from Kelsay.1lI 
b Acid detergent fiber. 
cEnzymatic determination. Values have been calculated for wet weight using figures for indigestible residue and 
J:.rcentage dry matter. 

Roughage "by difference," after subtraction of fat, available carbohydrate, and protein. 

crease bowel transit time while increasing fecal weight. Therefore, one can 
assume that it is not only the cereals but a broad intake of bulk formers that can 
effectively increase fecal weight.23 Chapter 20 (diets 23, 26, and 27 and Table 
20-7) lists the foods commonly used that have a relatively high fiber content. In 
addition, one should consult the standard references (crude fiber,16 neutral 
detergent fiber17) when more detail is desired. 
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4.1.3. Physical and Biochemical Properties of Fiber 

The physical and biochemical properties of fiber substances should be 
discussed for each specific fiber substance as the term fiber includes such a 
large number of chemical compounds. Research into the properties of fiber 
substances has been minimal. Therefore, we can only broadly group their 
properties as follows: 

1. Water holding 
2. Binding 

a. Minerals and electrolytes 
b. Bile salts 
c. Bacteria and toxins 

3. Metabolic-systemic effects 
a. Blood lipids, glucose metabolism, bile salt physiology 
b. Fecal nitrogen and fat loss 

4.1.3.1. Water-Holding Property 

The different polysaccharide structures of fibers found in foods vary in 
their ability to hold water. Most are capable of forming gels. Table 4-3 lists the 
weight of water that can be demonstrated in vitro to combine with acetone dry 
powder from various foods. Remember that each one of these foods contains a 
combination of fiber substances. At this point, there is little scientific data 
available on the water-holding physical properties of all of the various food 
polysaccharides. Nevertheless, it can be helpful clinically if we know the 
water-binding capacity of foods, and therefore Table 4-3 supplies realistic data 
for diet therapy. Foods such as turnips and potatoes will bind approximately 

Table 4-3. Approximate Weight of Water Held by Fiber from 100 g of Fruit or Vegetablea,b 

25-100 g H20 
Turnips, potatoes, rhubarb, banana, cauliflower, tomatoes, broad beans, cucumber, celery 

100-150 g H20 
Onion, pea, cabbage, lettuce, green bean, pear, orange, maize, aubergine 

150-200 g H20 
Oatmeal, brussels sprout, apple 

200-300 g H20 
Carrot 

300-400 g H20 
Mango 

400-500 g H20 
Bran 

a Adapted from McConnell.'" 
bKeep in mind results should vary greatly depending on where vegetable or fruit is grown. 
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one-tenth of the water that dry bran does.37 This information is used in the 
treatment of constipation, where the goal is to increase the bulk and wet con
tent of the stool. Cummings and associates2S fed bran foods to six healthy 
volunteers for 3 weeks, increasing their dietary fiber intake from 17 to 45 g of 
neutral detergent fiber per day. Concomitantly, the fecal weight increased from 
79± 6.6 g to 228±29 g/day. Both the stool solids and the stool size increased. 
In a similar series of experiments, Fuchs and colleagues28,27 demonstrated that 
fecal weight increased from an average of 103 g/day to 226 g/day in six subjects 
fed bran for 6 weeks. And although both fecal solids and water increased 
significantly, the percentage of water increased in direct relationship to the 
solids (Fig. 1). 

Kelsay et al.23 studied 12 men on a high-fruit and high-vegetable diet 
exclusive of bran in which neutral detergent fiber intake was increased from 3.6 
to 20 g/day. They were able to demonstrate an increase in wet fecal weight 
from approximately 90 to 200 g/day with the percentage of water remaining the 
same but increasing in proportion to the increase in the solid content of the 
feces. These studies clearly demonstrate that it is the total fiber intake as well 
as the quality of the fiber that can increase the water content of the stool and 
hence increase the effect of water binding in the human gut. Cummings et al.28 

used 20 g of concentrated dietary fiber in 19 healthy volunteers and reported 
that fecal weight increased approximately 127% with bran, 69% with cabbage, 
59% with carrot, 40% with apple, and 20% with guar gum. They correlated the 
stool with the pentose content of the fiber polysaccharide eaten. More studies 
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Figure 4-1. Bar graph demonstrates the increased size of stool produced on a high-bran (3 oz of All
Bran daily) diet. Note that the percentage of water remains insignificantly changed during control 
periods (C l and Cal, but the stool weight is greatly increased in the bran period. 



FIBER AND THE INTESTINAL MICROFLORA 89 

will be needed to establish the exact chemical makeup of each fiber substance 
that determines water-holding and gel-forming capacities. Even though the 
physics of these food properties are not yet clear, it is clinically valuable that a 
combination of cereals, vegetables, fruits, and fiber substances is capable of 
increasing the water and total fecal weight content of human excrement (see 
Chapters 14 and 20 for high-fiber treatment of constipation). 

4. 1.3.2. Binding of Minerals and Chemicals 

a. Minerals. Calcium, magnesium, zinc, phosphorus, and iron may all be 
significantly bound to fiber substances so that their absorption is decreased. 

Calcium deficiency has been associated with diets rich in oatmeal and 
whole-meal wheat bread.29-31 Furthermore, when cellulose is added to low- or 
high-fiber diets, calcium excretion may be increased.32 The work of James and 
colleagues33 reveals that both phytate and nonphytate components of fiber 
significantly bind calcium. The nonphytate calcium-binding fiber can be corre
lated with uronic acid content. Thus the amount of calcium expected to be 
bound and excreted in the stool can be calculated on the basis of the uronic acid 
millimol content of dietar.y fiber. In residents of Copenhagen who consumed 
17.2±5.1 g of dietary fiber per day that contained 12.3±4.1 mmol uronic acid, 
they were able to predict that 3.8± 1.3 mmol (l52± 15 mg of calcium) could be 
bound per day. From these data, one could expect societies that consumed 50 
to 150 g of dietary fiber could easily bind almost 800 mg of calcium per day and 
consequently be in negative calcium balance and become calcium deficient. 33 

But bacterial fermentation of fiber in the colon is primarily of the noncellulose 
polysaccharide, which results in fermentation of 80% of the uronic acid. This 
would free the calcium for potential absorption in the colon. In effect, Heaton 
and Pomare34 did show that a high-bran diet can actually be associated with 
lower serum calcium values. This correlates with the observation that bran 
increases calcium excretion.38 Magnesium excretion is also increased with 
high-fiber intake, but its metabolism has been less well studied. The demonstra
tion that high fiber intake decreases both calcium and magnesium absorption is 
potentially of great importance in nutrition and may indicate that calcium in
take would have to rise sharply if fiber intake is increased. Certainly, this 
aspect of increased fiber intake must be studied in more detail. (Chapter 20 lists 
foods associated with increased calcium excretion.) 

There appear to be only minimal increases in sodium, chloride, and potas
sium excretion with high-fiber diets:- But iron and zinc deficiencies have been 
attributed to high intake of breads made from flours of high extraction.35 One 
theory explains iron deficiency, while total intake of iron is adequate, on the 
binding of iron by phytate that leads to a decreased availability for intestinal 
absorption.35 Further studies employing wheat bran reveal that phytate is defi
nitely capable of binding as much as 72% of iron and 82% of zinc at a pH of 6.5 
to 6.8.35 Lignin and the cellulose fractions of wheat bran also have a high 
binding capacity with zinc. These authors postulate that bivalent metals bind to 
indigestible fiber components and become unavailable for gastrointestinal ab
sorption.31> Obviously, these observations have to be elaborated upon before 
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they can be fully accepted. Many societies have a high-fiber diet and yet iron 
and zinc deficiencies are not obvious. Although Iranian children eating home
made bread can develop iron and zinc deficiencies, this fact cannot be extrapo
lated to all societies.311,38 More study is needed in this area to determine which 
foods may have significant malabsorptive effect due to their binding capacities. 

b. Bile Salts. As noted in Chapter 11, bile acid excretion appears to be 
influenced by increased fiber intake. Diets containing wheat and vegetables, 
maize, bagasse, cholesterol plus cellulose, psyllium, or cellulose may increase 
bile acid excretion to varying degrees. 111 

Eastwood and associates37,38 have demonstrated that bile acids are ad
sorbed to dietary fiber. Dihydroxy bile acids are adsorbed more strongly than 
trihydroxy bile acids. Free bile acids are adsorbed more strongly than taurine 
or glycine conjugates. When food residues are added to bile salts in vitro, it can 
be shown that celery, corn, lettuce, potato, and string bean can potentially 
adsorb large amounts of bile salts, but hemicellulose alone adsorbs a small 
amount. 39 

Physiologically conjugated bile salts are present in the upper small intes
tine with fatty acids, mono-, di-, and triglycerides, lipase, cholesterol, and 
phospholipids. These components form micelles. Once bile salts are incorpo
rated into micelles, there is. less adsorption to fiber substances. The extent to 
which adsorption is diminished appears to be affected by the fatty acid concen
tration, chain length, and unsaturation. Therefore, adsorption should occur 
less in the upper jejunum when bile acids are out.of the micelle phase, such as 
occurs in the distal jejunum, more so in the ileum, and most in the colon.37 

Lignin has the greatest binding potential.37 The entire phenomenon of food 
binding bile salts is most complex when one considers the great variability in 
food intake.40 However, there may be dietary therapeutic implications in bile 
salt disturbances, such as cholelithiasis. This is discussed in detail in Chapter 
t t. It is possible that selected fiber diets may be able to cause increased excre
tion of selective bile salts and thereby have an effect on cholesterol and bile 
acid metabolism. Much more research is needed in this field before any definite 
clinical therapeutic benefit is established. 

c. Binding of Bacteria and Toxins. Bacterial reactions occur in four gen
eralareas: 

(I) Gas formation from fermentation of nonabsorbed carbohydrates with 
the production of carbon dioxide, hydrogen, and methane that may 
clinically produce more or less flatus and more or less noxious odors. 

(2) Acid production of lactic acid and volatile fatty acids from nonab
sorbed carbohydrates that clinically may cause an increase in secretion 
of fluid in the bowel and may result in diarrhea when increased 
amounts are present. 

(3) Enzymatic reactions by bacterial enzymes such as conversion of con
jugated to deconjugated bile acids and primary to secondary bile acids 
(in addition, the enzymatic assistance of food breakdown of proteins 
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into ammonia, the conversion of cholesterol to its breakdown products 
such as coprostanol, etc.). 

(4) Binding to bile acids by bacteria that may result in either entrapment of 
bile acid or control of bacterial populations. 41,42 

Dietary intake has variable effects on the colonic flora in man." Although 
the chemical nature of the diet should affect the flora, investigations into the 
quantitative and qualitative flora in man have not demonstrated clear results. 
When the theory of bacterial involvement in the production of carcinogens was 
brought forth, it was assumed that the ~ora varied in relation to dietary intake. 
The early evidence revealed that there was a difference in the broad spectrum 
of colonic bacteria of subjects living in underdeveloped countries compared 
with those living in highly developed countries consuming a diet consisting of 
more animal fat and less fiber. Studies in this field have yielded inconsistent 
results, as is discussed in carcinoma of the colon. Slight changes in the flora 
have been demonstrated with increasing intake of cellulose, bran, lactose, and 
high meat.26,27,"-4S Fluctuations in the flora have been demonstrated in sub
jects placed on chemically defined, fiber-free diets," and small but definite 
variations in flora and bacterial enzymes can be shown in vegetarians and 
Adventists.46 ,47 Little work has been done on studying the effect of selective 
dietary factors, rather than food groups, in man. Most studies have been in 
rats, and the species variation is too great to make any clear analogies. Such 
factors as the bile-salt-binding capability of lignin versus the digestion of pectin 
by bacteria must have an influence on the intestinal flora. Future studies em
ploying selective foods and food components should prove fascinating and may 
lead to therapeutic advances. 

Eastwood and co-workers37,38 found that hydrated fiber, after passing 
through the cecum, forms a cellular interior or mesh rather like a sponge. They 
suggest that conditions on the interior of the fiber create a different physio
chemical environment so that the bacteria inside, or outside, of the fiber matrix 
may act entirely differently. Little is known about the effects of fiber on bacter
ial physiology, but from in vitro experiments it is suspected that bacteria may 
well align themselves via adsorption on the surface of the fiber. If they are 
adsorbed onto the fiber, then it can be postulated that the variations in solutes 
and pH would have a great effect on bacterial metabolism, and hence bacterial 
populations. What clinical significance this has is not yet apparent. 

Although Metchnikoff's6 theories of intestinal toxins causing disease did 
not gain wide acceptance, the understanding that fiber can adsorb chemicals 
reawakens the possibilities that it might be protective when eaten in appropri
ate amounts in man. 

4.1.3.3. Metabolic-Systemic Effects 

Experiments on the systemic effects of fiber foods in human metabolism 
have been few and far between. The major contributions can be grouped into 
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the effects on (a) serum lipids including cholesterol, (b) glucose tolerance in 
diabetes mellitus, and (c) bile salts in cholelithiasis. 

a. Serum Lipids. Although there have been many experiments on diet and 
atherosclerosis in animals, there are few references concerning experiments in 
man. This is surprising considering the great interest in atherosclerosis and its 
proven relationship in our society to dietary factors. It is well accepted that 
high saturated fat intake, often associated with high cholesterol and high simple 
sugar intake, and elevated serum cholesterol levels are related to increased 
coronary artery disease. Societies that have low intakes of these substances 
tend to have lower serum cholesterol blood levels and concomitantly increased 
fiber intake. Jenkins and colleagues48 demonstrated that 36 g of pectin or guar 
gum given to healthy volunteers over a 2-week period resulted in a significant 
decrease in serum cholesterol levels. This work has been confirmed in experi
ments by Kay and Truswell,49 who demonstrated that 15 g of pectin added to 
the diet daily over a 3-week period resulted in a significant decrease in plasma 
cholesterol, while there was a significant increase in the fecal fat, neutral 
steroid, and fecal bile acid excretion. Both of these works confirm the original 
presentation on the effect of pectin in the diet by Keys and associates. so Al
though the work with pectin has been confirmed, there has been little done with 
guar. It is of interest in the United States that guar is readily added to some ice 
cream products, such as soft ice creams. 

The effect of bran intake on blood lipids has been controversial. 1S Several 
authors have found no significant effect with the use of bran,48,Sl but our own 
laboratory did find significant decreases in individual serum levels on a 3-week 
cereal-bran diet. Unfortunately, all of these experiments did not use similar 
amounts or types of bran.12 The difference in the origin of the cereal (wheat, 
oat, etc.) probably is significant, for several investigations have shown signifi
cant effects on serum cholesterol using a variety of cereals.12,S2,S3 Our own 
work included a larger amount than was employed in most other experiments. 
In any event, it does seem that substances such as pectin and guar may have a 
more dramatic response than bran. The reason for this is obviously in the 
chemical makeup of the food. From all of these experiments it appears that the 
systemic lipid effect is on serum cholesterol, as triglycerides appear to remain 
normal. This agrees with the observation that vegetarian subjects, when com
pared to controls, have a significantly lower mean cholesterol level. 54 Concom
itantly, they have lower low-density lipoprotein, lower very-low-density lipo
protein, and mean triglyceride levels and are thinner, but analysis reveals the 
lipid differences are related to food intake rather than to weight. 54 Obviously, 
there are multiple factors involved rather than simply the increased fiber intake 
that occurs in vegeterians. Clinical application of these observations has re
sulted in an attempt to treat type 2A hyperlipoproteinemia patients with a high
fiber diet. Eight subjects were treated with powdered cellulose or soy hulls or 
both for 6 months and compared to subjects treated with cholestyramine.ss 
Mean serum cholesterol levels decreased on all regimens although most signifi
cantly with the use of cholestyramine. In this clinical study, the authors felt 
that there was some benefit to the use of a high-fiber diet for their patients with 
hyperlipoproteinemia.ss 
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Although most epidemiologists and nutritionists attribute high animal fat 
intake to dietary hypercholesterolemia, there is some evidence to indicate that 
a shift from animal protein to vegetable protein has a serum cholesterol lower
ing effect that is greater than can be explained by a reduction of the intake of 
saturated fats and cholesteroJ.S6,1I7 Obviously, serum cholesterol can be af
fected by all dietary factors. Much more experimental work is needed in the 
field to clearly demonstrate which dietary factors are most important and which 
are protective, if at all, against elevated serum lipids that result in high risk of 
atherosclerosis. 

b. Glucose Tolerance in Diabetes Mellitus. The systemic effect of intake 
of fiber substances on glucose metabolism is discussed in the section on diabe
tes mellitus. Of note is that high carbohydrate fiber diets have been shown to 
improve glucose tolerance in diabetic subjects. Patients were able to do with
out sulfonylurea administration or decrease their requirements for insulin.1I8 ,1I9 
The effect on plasma glucose and serum insulin appears to be related to the 
consistency of the fiber food.60 Haber and associates60 showed that subjects 
fed whole apples as opposed to apple juice or applesauce had less of the 
rebound fall in plasma glucose and less of a rise in serum insulin. The reason 
for this is not clear. One could postulate that it is related to the important role 
of glucagon in diabetes, and its relationship with hormones such as somatosta
tin, which may be affected by dietary intake. More research is needed in this 
field to relate the diet to hormones related to diabetes mellitus and concomi
tantly to glucose tolerance.81 

c. Bile Salts in Cholelithiasis. The effect on bile salt metabolism is dis
cussed in Chapter 11, as is the effect of fiber substances on cholelithiasis. 

Of note concerning wheat bran administration, the size of the bile salt pool 
is not significantly changed, but bran supplements are capable of decreasing the 
cholesterol saturation of bile while increasing chenic acid synthesis and the size 
of the chenic acid pool and decreasing the size of the deoxycholic pool. This 
effect has not been tested clinically, but it holds great promise.62 

The metabolic effect of fiber can be related to its effect on absorption and 
digestion of other nutrient materials. This becomes clear from experimental 
works published by Cummings et al. 25,28 When healthy volunteers were given 
approximately 45 g of dietary fiber intake compared with their low fiber intake 
of 17 g, there was a significant increase in fecal fat, nitrogen, and calcium 
output. These chemical phenomena may be related to the binding effect, as 
discussed above, but probably have a significant long-term impact on total 
nitrogen and energy balance of the body. The increased excretion with high
fiber diets should then be related to systemic effects. What the meaningful 
effect in humans is, is not clear. Much more research is needed concerning the 
effect of specific fiber foods. 

4.1.4. Fiber and Colon Cancer 

As discussed previously, epidemiologic evidence reveals definite differ
ences in the distribution of the incidence of carcinoma of the colon. 1 One of the 
clear differences between the populations that develop carcinoma of the colon 
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and those that do not is the diet. Fiber and plant foods are eaten in large 
quantities in those societies that have a low incidence of carcinoma of the 
colon. Concomitant with this is the lesser consumption of animal fats and 
proteins. Some postulate the high intake of fiber protects against colon carci
noma, and the mechanisms for this can be outlined as follows. 

1. By holding onto water, fiber acts to dilute potential carcinogens within 
the gut. 

2. By decreasing transit time, fiber reduces the time potential carcinogens 
are exposed to the gut lining. 

3. By its influence on bile salt metabolism, fiber alters the availability of 
certain sterols for the formation of carcinogens. 

4. By its physical property of binding, fiber may bind potential carcino
gens or carcinogens themselves. 

5. And, finally, by its influence on intestinal microflora, fiber may alter the 
production of enzymes necessary to convert metabolites to carcino
gens. 

The evidence to indicate that fiber's bulking or water-binding effect has 
any influence on the cause of cancer of the colon is not strong. When Japanese 
men living in Hawaii were compared to Caucasian men living in Hawaii, it was 
found that there was a definite disparity in transit time, but both had the same 
risk of cancer of the colon,83,M whereas Japanese men in Japan do have a 
lower risk of carcinoma of the colon. This casts doubt on the effect of de
creased transit time as a preventive factor. This impression was verified in a 
study in Scandanavia that compared high-risk-colon-cancer Danish men on 
high-meat intake to low-risk Finnish farmers on high-fiber milk diets where risk 
was unrelated to transit time.85 This was further enforced by the work of 
Graham et al. 88 that compared the diets of 1182 rectal and colon cancer patients 
with 1411 matched normals and found no increased risk associated with meat 
intake, but a decreased risk in frequency of vegetable intake.88 The frequent 
intake of particularly cabbage, brussels sprouts, and broccoli was associated 
with decreased risk.88 

The theory that the bulking effect of fiber decreases the concentration of 
carcinogens in the gut is still open to question.87-89 It was postulated that 
subjects in England with a high risk for colon cancer had a higher concentration 
of fecal steroids. This was also confirmed in the United States.70 ,71 Patients 
with carcinoma of the colon and those with a high risk for carcinoma of the 
colon, such as ulcerative colitis and familial polyposis subjects, appear to have 
higher concentrations of fecal steroids. Depending on the study quoted, neutral 
(cholesterol metabolites) and/or acid (bile salts) steroids have been demon
strated to be increased in subjects with high colon cancer risk.87- 72 Our own 
laboratory studying carcinoma of the colon subjects in Connecticut who have 
poor fiber intake did not demonstrate an increase in either acid or neutral 
steroids. 73 

A very distinct possibility is that fiber has an effect on intestinal luminal 
steroid metabolism so that it will affect potential carcinogens or cancer metabo-
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Iism of steroids. The effect of fiber on bile salts by its binding phenomenon is 
clear. Experiments have been performed to determine whether fiber addition to 
so-called Western diets has an effect on the concentration of colon steroids. A 
study among varied Hong Kong socioeconomic groups again clearly revealed 
that fecal steroids are more highly concentrated in the stools of subjects with a 
higher risk for colon cancer. 74 But the results vary, as indicated in a review by 
HiII.75 It is clear that fiber has a definite effect on acid (bile salt) steroid metabo
lism. What relationship this has to cancer risk remains to be fully assessed. 

The binding effect of fiber has been discussed above. It is well to remem
ber that fiber can bind both bacteria and bile salts. As both of these are postu
lated as important in carcinoma of the colon, it is reasonable to suspect that this 
physical property will prove important in the final assessment of fiber's role in 
cancer of the colon. What is not yet known is how fiber can bind other potential 
carcinogens in vitro or in vivo. 

4.2. INTESTINAL MICROFLORA 

Finally, the role of the intestinal micro/lora in the production of carcino
gens appears to be extremely important. 87,74-78 Quantitative counts of micro
flora in the stomach are usually less than lOS or 10' and consist of lactobacilli, 
streptococci, and fungi. 89 Bacterial counts and flora in normal humans remain 
low in the proximal small intestine due to cleansing acid production by the 
stomach and normal motility. When these are disturbed, bacterial overgrow 
occurs (see Chapter 13). Colon bacterial flora begins to appear in the ileum, 
where anaerobic counts begin to match aerobic counts, and finally in the colon 
anaerobes outnumber aerobes 100--1000: 1 with total counts at 1011 to 1013 or
ganisms per gram of feces. There is great variability of flora species harbored 
by humans. Approximately 400 species and strains of bacteria have been iden
tified, the predominant ones from bacteroides, eubacteria, lactobacilli, kleb
siella, Escherichia, streptococci, and peptostreptococci. 89, 78 

Bacteria are the major contributors of enzymes within the gut lumen. 
These enzymes are assumed to be the major factor in the ab1lity to convert 
food products or metabolites to carcinogens. Bacteria produce 13-glucuroni
dase, nitroreductase, azoreductase, and probably most importantly 7a-dehy
droxylase, the dehydroxylase capable of converting most bile salts. Clostri
dium paraputri/icum does produce enzymes that are capable of introducing a 
double bond into the steroid nucleus as well as dehydroxylation. This meta
bolic transformation produces substances that can be carcinogenic for man.75 
On this note, Hill and associates78 have demonstrated that 44 patients with 
cancer of the large bowel had both increased fecal bile acid concentrations as 
well as a higher incidence of Clostridia able to dehydrogenate. Although the 
British have confirmed this repeatedly in their own laboratories, our study on 
cancer of the colon subjects did not confirm this finding,78 nor was it confirmed 
in the laboratories of Finegold et al. 79 studying high-risk colon cancer subjects. 

The relationship of diet to alterations in the microflora has also been noted. 
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Initial investigators suspected that a high-fiber diet was related to a decreased 
number of anaerobic organisms and consequently a decreased anaerobic to 
aerobic ratio.67 Our own studies reveal high-fiber (bran) intake tended to in
crease the anaerobic to aerobic ratio,26 and our most recent study on subjects 
with cancer of the colon similarly showed an increased anaerobic ratio.78 This 
area of study is further muddled by the finding that a high-meat diet (which 
would be contrary to a high-fiber diet) results in an increased number of ana
erobes.80 Although there is some controversy on alterations in the bacterial 
flora that are associated with carcinoma of the colon, there is no question that 
bacteria play an important role in metabolites within the colon lumen. If and 
when the carcinogen that produces carcinoma of the colon is identified, future 
research will tell us which bacteria are important. 

Although some may still doubt that these theories are important, animal 
experiments are adding further important strength to them. When bran is added 
to the diet of male rats, it has a definite protective effect against the production 
of colon carcinoma induced by subcutaneous dimethylhydrazine injection.81 

Although fiber is the most popular factor in theories on carcinoma of the 
colon, other dietary factors have received similar popularity in the past and 
have been reviewed by Alcantara and Speckmann.82 The amount and type of 
fat in the diet have been related to carcinoma. In animal experiments increasing 
the fat intake from roughly 5 to 20% increases the risk of tumor formation. 
Controversy has developed concerning the role of saturated and unsaturated 
fats in cancer risk. Some claim that unsaturated fats actually increase risk, 
while others claim they decrease risk.82 Similarly, there are conflicting reports 
on the relationship of serum cholesterol to colon carcinoma. Although it is 
clearly associated with increased risk for coronary artery disease, epidemio
logic studies do not reveal clear associations with colon carcinoma.82 Similarly, 
controversy occurs concerning the role of protein and amino acids in carci
noma. Although there is some epidemiologic evidence to indicate that in
creased animal protein does produce increased risk, there is animal experimen
tation to indicate that it does not have a definite association. Just as the 
evidence concerning fats and proteins is not clear, so the evidence concerning a 
variety of vitamins and minerals is similarly not clear. Thus, the composite 
picture reveals no definite role for dietary factors, but a contemporary theory 
that fiber and intestinal lumen metabolism have a relationship to colon 
cancer. 83 
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5 

Weight Loss and Nutritional Assessment 

5. 1. WEIGHT LOSS 

Weight loss occurs because of inadequate caloric intake. [Optimal body 
weights are described in Chapter 2 (Table 2-6).] Weight loss is a state of malnu
trition. However, malnutrition also includes obesity and disorders that result in 
overnutrition as well as undernutrition. Furthermore, malnutrition includes 
selective deficiencies in proteins,vitamins, and minerals such as described in 
Chapters 2 and 3. A simple lack of food supply remains the greatest cause of 
decreased caloric intake in the world. Consequently, starvation, kwashiorkor, 
and marasmus are the most common diseases resulting from inadequate food 
supply and are seen frequently in underdeveloped societies. Obviously, these 
are due to economic and sociologic factors rather than body disorders or diges
tive diseases. 

Table 5-1 outlines diseases associated with weight loss. Anorexia nervosa 
is the best example of a psychiatric disorder that results in severe weight loss. 
Any clinician will verify that depression, or simple anxiety associated with so
called "worry," will result in decreased food intake and weight loss. Neuro
logic disorders that interfere with the neuromuscular activity necessary for 
eating will result in weight loss. Examples of these are destruction of nerve 
supplies involved in swallowing, such as occur in cerebral vascular accidents 
involving the cranial nerves, or posttraumatic accidents that damage nerve or 
muscle tissue of the tongue, mouth, or pharynx. 

Addison's disease, chronic cardiac disease, neoplastic disease, and inap
propriate antidiuretic hormone secretion are systemic diseases that result in 
weight loss. Mechanisms such as decreased plasma osmolality and disturb
ances in circulating electrolytes have been postulated as causes of anorexia by 
decreasing activities of hypothalamic feeding centers. However, this is theo
retic and others have proposed circulating anorexigenic chemicals produced in 
chronic or neoplastic disease, but none have been identified. The exact cause 
of the loss in severe advanced endocrine and neoplastic disease remains 
unknown. 1 

In severe hyperthyroid disease, it is assumed that increased metabolic 
activity results in increased energy requirements. In diabetes mellitus, it is 
assumed that increased metabolic breakdown results in weight loss, yet mild 
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Table 5-1. Diseases Associated with Weight Loss 

A. Psychiatric 
Anorexia nervosa 
Depression or anxiety 

B. Neurologic 
Diseases interfering with neuromuscular activity of eating 

C. Endocrine and secondary to systemic disease 

CHAPTER 5 

Neoplastic ("cancer cochexia"), Addison's disease, diabetes mellitus, hyperthyroid, chronic 
renal, and cardiac disease 

D. Postsurgery 
Postoperative period 

E. Gastrointestinal 
Following surgical resection and blind loops 
Due to primary and secondary small-bowel disease, gluten enteropathy, etc. (Chapter 6) 
Due to pancreatic insufficiency (Chapter 7) 
Due to liver disease (Chapter 5) 

F. Starvation 
Kwashiorkor and marasmus 

diabetes mellitus is associated with hyperphagia and may actually result in 
weight gain. The exact mechanisms of weight loss and weight gain are not 
completely understood in this disorder. These endocrine disorders appear to be 
associated with increased appetite, although it may well result in weight loss. 1 

The weight loss that occurs during the postoperative period is obviously 
due to decreased intake, but yet it is closely associated with increased energy 
demands of the stress of surgery. 

The causes of weight loss associated with digestive diseases are outlined in 
Table 5-1, "Gastrointestinal." Those due to surgical resection of the gut, surgi
cal complication such as blind loop, either primary or secondary small-bowel 
disease, pancreatic insufficiency, or liver disease will be discussed elsewhere in 
the text under those organs. 

Evaluations of hospital patients have revealed a dramatic incidence of 
malnutrition in both surgical and medical patients.2-8 Seventeen to forty-five 
percent of medical service patients had findings below the lower limits of 
normal for serum albumin, levels of vitamins A, C, and E, hemoglobin, hema
tocrit, and body weight when compared to hospital employees and patients 
hospitalized for vocational rehabilitation.2 Thorough evaluations by Bistrian et 
al. 4 in the United States and by Hill et al. 15 in England reveal that there is a high 
incidence of malnutrition in patients· on general medical services as well as pre
and postoperative patients. Butterworth and colleagues3 ,8 have stressed this 
fact in a prospective evaluation of 134 consecutive admissions to a general 
medical service. They evaluated 8 nutrition-related parameters: serum folate, 
vitamin C, triceps skin fold, weight/height, arm muscle circumference, lym
phocyte count, serum albumin, and hematocrit. It was found that on admission 
to the hospital, 48% of the patients had a high likelihood of malnutrition, which 
increased with the hospital stay and correlated with an increased mortality 
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rate.S It was found that the longer the patient remained in the hospital, the 
greater the likelihood of malnutrition. a,s Although it is obvious that the sicker 
patient will require longer hospitalization and that the illness causing the sick
ness may well be causing the malnutrition, it is of utmost importance for the 
clinician to remember that nutritional support may limit weight loss and en
hance recovery from the illness. 

5.2. FINDINGS ASSOCIA TED WITH WEIGHT LOSS 

Anorexia is the loss of appetite or lack of desire for food. It is different 
from satiety, which is the loss of desire for food after ingestion of food. 
Appetite and satiety are discussed in detail in Chapter 2. Anorexia occurs 
commonly in chronic illnesses, and exact causes are unknown. It occurs com
monly in depression and psychiatric disorders and is thought to be functional or 
psychogenic in these cases. Its cause in chronic systemic illness is thought to 
be physiologic, although the exact mechanism is not understood. Anorectic 
circulating substances as well as physiologic mechanisms such as hyperosmo
lality have been sought to explain anorexia. 1 One has only to look at the vast 
amount of research funds expended by drug companies to find an anorectic 
drug to understand the scientific feeling that there exists some chemical to 
produce anorexia. Certainly amphetamines do have a pharmacologic anorectic 
action, but their physiologic role is not understood. 

Although exact mechanisms are uncertain, recent work has suggested that 
intermediary metabolites (peptides and oligonucleotides) produced by cancers 
may be responsible for the genesis of severe anorexia. 7 

Nausea and vomiting are most often due to organic causes. Those asso
ciated with diseases resulting in weight loss will be discussed in subsequent 
chapters. However, nausea and vomiting may be due to psychologic causes. 
When nausea is present for long periods of time and there is no associated 
physical finding, it is assumed that it can be due to psychologic causes. At times 
patients will vomit recurrently from so-called functional or psychiatric cause. 
Often this type of patient has multisystem complaints characteristic of hypo
chondriasis.8 These patients may actually not lose weight, which is always 
puzzling in relation to the symptomatology, or they may deteriorate and lose 
significant amounts of weight. Psychiatric management is most often necessary 
when the problem becomes severe. 8 

Voluntary regurgitation is a clearer form of psychogenic vomiting. It oc
curs in retarded humans and may result in severe weight loss. Modified feeding 
techniques and forced feedings that result in satiation have stopped the vomit
ing and increased weight in selected cases. 9,10 

Sanders and colleaguesll have described a patient with recurrent nausea 
and vomiting for 1 year that resulted in a lOO-lb weight loss in whom they 
demonstrated increased gastric motor activity and suggested that it was related 
to increased producti('n of prostaglandin E2. These initial observations are not 
substantiated as yet, and the search for the systemic cause of nausea and 
vomiting continues. 
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The physical signs indicating weight loss and poor food intake are numer
ous. Hair may become dull, dry, thin, or sparse. The hair will feel fine or silky 
and may lose its natural curl. Color changes occur that may be referred to as a 
so-called flag sign. When severe deficiency occurs, there is overt,hair loss. The 
conjunctivae may become pale or red and inflamed. The corners of the eyelids 
may become fissured and red, and the cornea may be affected depending upon 
selective vitamin deficiency so that it is dull, soft, or actually scarred. The lips 
may become swollen and red so that there is a cheilosis, or they may become 
fissured at the corners so that there is an angular stomatitis. The tongue may 
also present a varied appearance. It may become swollen and hyperemic with
out loss of papillae so that there is a glossitis, or it may become smooth with 
atrophic papillae. In severe malnutrition teeth may be missing or markedly 
retarded. In fluorosis there are actually gray or black spots. The gums sur
rounding the teeth may become recessed, or may be soft and bleed easily. The 
general appearance of the face will vary with the findings in the hair, eyes, lips, 
tongue, teeth, and gums. At times in the markedly malnourished patient there 
will be the so-called sunken facies with increased pigmentation around the eyes 
and over the cheeks. At other times with selective vitamin deficiencies, the 
face may appear swollen and be erythematous or red. 

The skin will vary in weight loss. With minor loss, there will be no obvious 
defects or there may be selective abnormalities such as dryness of skin (xe
rosis), or a rough feeling such as noted in follicular hyperkeratosis. In marked 
niacin deficiency there will be actually swollen or pigmented skin. Eventually 
when severe weight loss occurs, the skin can easily be lifted off the muscular 
and bony structures with obvious deterioration of the fat. 

The hands may demonstrate brittle or ridged nails. In selective type defi
ciencies, e.g., iron, the nail may become spoon shaped. As weight loss prog
resses, there is a wasted appearance and the small muscles of the hand will 
decrease so that spaces between the tendons of the hand are markedly de
pressed. As weight loss progresses, all of the muscles of the body may waste 
and lose tone so that the face appears skull-like and the extremities thin. Ends 
of bones may swell so that bumps may appear on the chest wall due to swelling 
of the ends of the ribs. Ends of long bones may swell so that the body becomes 
further distorted. 

Systematic findings of severe weight loss might cause internal organs to 
become affected so that there is enlargement of the heart, hepatomegaly with 
or without splenomegaly, obvious tachycardia, and then the findings of mental 
confusion with marked neurologic defects such as loss of reflexes and loss of 
position and vibratory senses. 

5.3. NUTRITIONAL ASSESSMENT 

With acknowledgment that malnutrition may exist in as many as 20-60% of 
hospitalized patients, it becomes important to fully assess the nutritional status 
of almost all patients entering the hospitaI.2-6 ,12 Although the average clinician 
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has not adopted nutritional assessment in practice, the awareness that malnu
trition is so high in the pre-hospitalized patient should create a situation where 
nutritional assessment becomes more readily used for the ambulatory pa
tient. 13 Blackburn and associates13 published the first clear outlines on a full 
assessment of the nutritional status of the hospitalized patient. 

Table 5-2 lists the more common clinical laboratory parameters that can be 
used in assessing patients. 

Ideal height and weight is listed in Table 2-6 as set by the Metropolitan Life 
Insurance standards. These heights and weights relate to body frame. The 
clinician must take into consideration the mesomorph, endomorph, and so
faIled variations in bony structure when he decides upon the ideal body weight 

Table 5-2. Clinical and Laboratory Nutritional Parameters 

Anthropometrics 
Height 
Weight 
Frame-small, medium, large 
Ideal body weightG 
Weight as percentage of ideal weight 
Triceps skin fold (TSF) 
Arm circumference (AC) 
Arm muscle circumference in cm = AC - (0.314 x TSF x 10) 
Triceps skin fold as percentage of standardb 
Arm circumference as percentage of standardb 
Arm muscle circumference as percentage of standardb 

Laboratory 
Serum albumin 
Total iron-binding capacity (TIBC) 
Serum transferrin in mg/l00 ml = (0.8 x TIBC) - 43 
Lymphocytes (L) 
White blood cell (WBC) count 
Total lymphocyte count = (L x WBC)/I00 
From 24-hr urine collection: 

Urine urea nitrogen (UUN) 
Urinary creatinine (UC) 
Creatinine height index (CHI) as percentage of standardC 

e.g., male, ht = 177.8 cm; UC = 1436 mg; 
expected creatinine from table = 1596 mg; 
CHI = 1436/1596 x 100 = 90%. 

Diet and nutrition 
Protein intake (PI) (g) 
Caloric intake (kcal) 
Nitrogen Balance in g = (PI/6.25) - (UUN + 4) 

Skin test results in mm 
Normal = greater than 5 mm in diameter in 24 or 48 hr 

aTable 5-3. 
bTable5-4. 
cTable 5-5. 
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Table 5-3. Ideal Average Weight for Heighra 

Height Weight Height Weight Height Weight 
(em) (kg) (em) (kg) (em) (kg) 

Males 

145 51.9 159 59.9 173 68.7 
146 52.4 160 60.5 174 69.4 
147 52.9 161 61.1 175 70.1 
148 53.5 162 61.7 176 70.8 
149 54.0 163 62.3 177 71.6 
150 54.5 164 62.9 178 72.4 
151 55.0 165 63.5 179 73.3 
152 55.6 166 64.0 180 74.2 
153 56.1 167 64.6 181 75.0 
154 56.6 168 65.2 182 75.8 
155 57.2 169 65.9 183 76.5 
156 57.9 170 66.6 184 77.3 
157 58.6 171 67.3 185 78.1 
158 59.3 172 68.0 186 78.9 

Females 

140 44.9 150 50.4 160 56.2 
141 45.4 151 51.0 161 56.9 
142 45.9 152 51.5 162 57.6 
143 46.4 153 52.0 163 58.3 
144 47.0 154 52.5 164 58.9 
145 47.5 155 53.1 165 59.5 
146 48.0 156 53.7 166 60.1 
147 48.6 157 54.3 167 60.7 
148 49.2 158 54.9 168 61.4 
149 49.8 159 55.5 169 62.1 

aThis table corrects the 1959 Metropolitan Standards to nude weight without shoe heels. Adapted from Jelliffe 
DB: The Assessment of the Nutritional Status of the Community. WHO. Geneva. 1966. 

(Table 5-3). The percentage of ideal body weight can then be calculated. In the 
malnourished patient, the height and weight are often enough of a clinical 
evaluation to begin therapy. 

A full assessment of the patient may be more helpful when there is a 
marginal picture or when it is necessary to follow the course of nutritional 
therapy. When this is necessary, anthropometric measurements may be eluci
dative (Table 5-4). This becomes evident in evaluations of hospitalized patients 
who were not suspected of malnutrition from gross appearance. I! It is also of 
help when managing nutritional therapy in the severely ill patient.13,14 The 
triceps skin fold and arm circumference measurements are obtained and the 
arm muscle circumference is derived by formula (Table 5-2). These measure
ments can be matched against accepted standards to assess relative nutritional 
status. The standards have been set in accordance with optimal weights. Fri
sancho15 reported measurements in 12,396 white subjects between the ages of 0 
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and 44 years living in the United States between 1968 and 1970. Table 5-5 lists 
the arm circumference and triceps skin fold for the various percentiles at the 
various ages, and Table 5-6 lists the derived arm muscle circumference for the 
5th through 95th percentiles for those same ages. These tables can be of help in 
assessing the nutritional status of a puzzling patient. They have been of clear 
value and proved both sensitive and specific when used as indicators in identi
fying a malnourished population.18 Although the arm circumference and arm 
muscle circumference have been little used by physicians, it is obvious from 
the widespread interest that they can be helpful diagnostic'ally and certainly can 
prove helpful in measuring the therapeutic response. Often it may be difficult to 
obtain a weight, but it is certainly easy to measure the arm circumference. 

It should be kept in mind that arm circumference is determined at the 
midpoint of the upper nondominant arm, between the acromial process of the 
scapula and the olecranon process of the ulna. The triceps skin fold is meas
ured on the same arm with calipers. 

Laboratory tests that may be of value in assessing a patient are listed in 
Table 5-2. Upon occasion the clinician may miss a deficiency but be alerted by 
a low serum albumin and a low lymphocyte count. Of importance in assessing 
the patient's course are determination of the nitrogen balance and estimation of 
the lean body mass. The creatinine height index is most helpful (Table 5-7). 
Creatinine excretion is very stable, and when calculated against the standard 
height, an index is obtained that is valuable in assessing the muscle mass. When 
the lean body mass as determined by the creatinine height index falls below 
60%, it becomes urgent to vigorously treat the patient with nutritional 
replacement. 13 

Estimations of the nitrogen balance are simple to determine when protein 
intake is calculated. A 24-hr urine specimen is necessary. The urea nitrogen is 
obtained, and by simple formula (Table 5-2) positive or negative nitrogen bal-

Table 5-4. Standards of Adult Arm Circumference, Triceps Skin Fold, and Arm Muscle 
Circumference 

90% 80% 70% 60% 
Sex Standard Standard Standard Standard Standard 

Arm circumference (cm) 

Male 29.3 26.3 23.4 20.5 17.6 
Female 28.5 25.7 22.8 20.0 17.1 

Triceps skin fold (mm) 

Male 12.5 11.3 10.0 8.8 7.5 
Female 16.5 14.9 13.2 11.6 9.9 

Arm muscle circumference (cm) 

Male 25.3 22.8 20.2 17.7 15.2 
Female 23.2 20.9 18.6 16.2 13.9 
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Table 5-5. Percentiles for Upper Arm Circumference and Triceps Skin Fold for Whites of 
the Ten-State Nutrition Survey of 1968-197(J1l 

Arm circumference Triceps skin fold 
Age percentiles (mm) percentiles (mm) 

Age midpoint 
group (yr) Number 5th 15th 50th 85th 95th 5th 15th 50th 85th 95th 

Males 

0.0-0.4 0.3 41 113 120 134 147 153 4 5 5 12 15 
0.5-1.4 1 140 128 137 152 168 175 5 7 9 13 15 
1.5-2.4 2 177 141 147 157 170 180 5 7 10 13 14 
2.5-3.4 3 210 144 150 161 175 182 6 7 9 12 14 
3.5-4.4 4 208 143 150 165 180 190 5 6 9 12 14 
4.5-5.4 5 262 146 155 169 185 199 5 6 8 12 16 
5.5~.4 6 264 151 159 172 188 198 5 6 8 11 15 
6.5-7.4 7 309 154 162 176 194 212 4 6 8 11 14 
7.5-8.4 8 301 161 168 185 205 233 5 6 8 12 17 
8.5-9.4 9 287 165 174 190 217 262 5 6 9 14 19 
9.5-10.4 10 315 170 180 200 228 255 5 6 10 16 22 

10.5-11.4 11 294 177 186 208 240 276 6 7 10 17 25 
11.5-12.4 12 294 184 194 216 253 291 5 7 11 19 26 
12.5-13.4 13 266 186 198 230 270 297 5 6 10 18 25 
13.5-14.4 14 207 198 211 243 279 321 5 6 10 17 22 
14.5-15.4 IS 179 202 220 253 302 320 4 6 9 19 26 
15.5-16.4 16 166 217 ·232 262 300 335 4 5 9 20 27 
16.5-17.4 17 142 230 238 275 306 326 4 5 8 14 20 
17.5-24.4 21 545 250 264 292 330 354 4 5 10 18 25 
24.5-34.4 30 679 260 280 310 344 366 4 6 11 21 28 
34.5-44.4 40 616 259 280 312 345 371 4 6 12 22 28 

Females 

0.0-0.4 0.3 46 107 118 127 145 150 4 5 8 12 13 
0.5-1.4 1 172 125 134 146 162 170 6 7 9 12 15 
1.5-2.4 2 172 136 143 155 171 180 6 7 10 13 15 
2.5-3.4 3 163 137 145 157 169 176 6 7 10 12 14 
3.5-4.4 4 215 145 150 162 176 184 5 7 10 12 14 
4.5-5.4 5 233 149 155 169 185 195 6 7 10 13 16 
5.5~.4 6 259 148 158 170 187 202 6 7 10 12 15 
6.5-7.4 7 273 153 162 178 199 216 6 7 10 13 17 
7.5-8.4 8 270 158 166 183 207 231 6 7 10 15 19 
8.5-9.4 9 284 166 175 192 222 255 6 7 11 17 24 
9.5-10.4 10 276 170 181 203 236 263 6 8 12 19 24 

10.5-11.4 11 268 173 186 210 251 280 7 8 12 20 29 
11.5-12.4 12 267 185 196 220 256 275 6 9 13 20 25 
12.5-13.4 13 229 186 204 230 270 294 7 9 14 23 30 
13.5-14.4 14 184 201 214 240 284 306 8 10 15 22 28 
14.5-15.4 15 197 205 216 245 281 310 8 11 16 24 30 
15.5-16.4 16 187 211 224 249 286 322 8 10 15 23 27 
16.5-17.4 17 142 207 224 250 291 328 9 12 16 26 31 
17.5-24.4 21 836 215 233 260 297 329 ,9 12 17 25 31 
24.5-34.4 30 1153 230 243 275 324 361 9 12 19 29 36 
35.5-44.4 40 933 232 250 286 340 374 10 14 22 32 39 

"Taken from Frisancho.IS 
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Table 5-6. Percentiles for Upper Arm Diameter and Upper Arm Circumference for Whites 
of the Ten-State Nutrition Survey of 1968-197oa 

Arm muscle 
Age circumference percentiles (mm) 

midpoint 
(yr) 5th 15th 50th 85th 95th 

Males 

0.3 81 94 106 125 133 
100 108 123 137 146 

2 III 117 127 138 146 
3 114 121 132 145 152 
4 118 124 135 151 157 
5 121 130 141 156 166 
6 127 134 146 159 167 
7 130 137 151 164 173 
8 138 144 158 174 185 
9 138 143 161 182 200 

10 142 152 168 186 202 
11 150 158 174 194 211 
12 153 163 181 207 221 
13 159 169 195 224 242 
14 167 182 211 234 265 
15 173 185 220 252 271 
16 186 205 229 260 281 
17 206 217 245 271 290 
21 217 232 258 286 305 
30 220 241 270 295 315 
40 222 239 270 300 318 

Females 

0.3 86 92 104 115 126 
I 97 102 117 128 135 
2 105 112 125 140 146 
3 108 116 128 138 143 
4 114 120 132 146 152 
5 119 124 138 151 160 
6 121 129 140 155 165 
7 123 132 146 162 175 
8 129 138 151 168 186 
9 136 143 157 176 193 

10 139 147 163 182 196 
11 140 152 171 195 209 
12 150 161 179 200 212 
13 155 165 185 206 225 
14 166 175 193 221 234 
15 163 173 195 220 232 
16 171 178 200 227 260 
17 171 177 196 223 241 
21 170 183 205 229 253 
30 177 189 213 245 272 
40 180 192 216 250 279 

aTaken from Frisancho.llI 
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Table 5-7. Ideal Urinary Creatinine Values 

Height Ideal creatinine Height Ideal creatinine 
(em) (mg) (em) (mg) 

Mena Womenb 

157.5 1288 147.3 830 
160.6 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 1240 

aCreatinine coefficient (men) = 23 mg/kg ideal body weight. 
bCreatinine coefficient (women) = 18 mg/kg ideal body weight. 

ance can be determined. It is, best to assess this over a several day period so 
that errors in measurements can be evaluated and a trend established. When 
negative nitrogen balance exists, it is a clear indication to add nutritional sup
port. The nitrogen balance is also an effective method of following therapy. 

When malnutrition is obvious and the patient is in a marginal immunologic 
state, it may be helpful to perform skin tests to assess immunologic responsive
ness. Skin test antigens that are commonly used are candida, mumps, strepto
kinase-streptodornase, OPT, and trichopytin.17-20 The antigen is injected in 
the forearm and a positive response to one or more of the antigens as measured 
by an induration of at least 5 mm in diameter within 24 to 48 hr is considered 
adequate immunologic responsiveness. 

Depending on the compulsiveness of the physician and the availability of 
certain tests, the nutritional assessment will vary. There are all too few studies 
available to tell us which test may be the best indicator of successful therapy or 
prognosis in disease. Therefore, it still remains for the clinician to determine 
which group of tests he will use; a few or the entire spectrum in either evaluat
ing a patient or following patients for effective therapy. Most nutritionists do a 
study that will be sure to include at least a serial evaluation of weight, arm 
muscle circumference, lymphocyte and white blood counts, serum albumin, 
and intermittent evaluation of nitrogen balance. Whenever immunity is in ques
tion, skin tests can easily be performed. This seems like a minimal battery of 
tests when a nutrition problem exists. The physician should be encouraged to 
use them as one would in any organ or system evaluation. 
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Mild malnutrition results in weight loss. The characteristics of weight loss and 
its nutritional assessment are described in Chapter 5. The loss of weight in the 
hospitalized patient or in association with mild chronic disease is often not 
severe, but it is significant. The weight loss that is seen with starvation in such 
clinical entities as anorexia nervosa and childhood marasmus and kwashiorkor 
is described in more detail in this chapter. 

6.1. ANOREXIA NERVOSA 

Anorexia nervosa is a disorder characterized by restriction of food intake, 
amenorrhea, and weight loss. It is relatively rare and occurs most commonly 
between the ages of 13 and 20.1 The cause is unknown; however, most clini
cians and scientists agree that is probably a psychiatric disorder. Epidemiologic 
and genetic investigations tend to indicate no clear pattern other than an envi
ronmental family association. 

Clinical presentation varies, but there is always progressive weight loss 
associated with amenorrhea. The incidence ranges from 10: 1 to 20: 1 predomi
nantly in females. 1 The average age of onset is 17, but most often it begins just 
after puberty. The patient is often chubby or obese and progresses from a 
pattern of mild dietary restriction to severe dietary restriction. There are two 
rather typical presentations. The patient may be a young model child from a so
called "good" family, but slightly obese. She is often active and begins volun
tary diet restriction with an excellent knowledge of caloric values of foods. The 
family frequently is unaware of the onset of the illness, which progresses 
insidiously until it becomes obvious that the child has lost more weight than is 
desired. At this point, the family becomes upset. All urging to eat results in a 
rather cold response from the child. Starvation continues, with an obvious 
defiance by the child, until she is almost literally dragged to the physician for 
help. The second characteristic presentation is the fad eater and dieter. In this 
situation, the child tends to be obese but will go on a regulatory diet, alternated 
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by periods of binge eating. During one of the diet periods, weight reduction is 
accomplished but continues into a clear disease pattern of severe weight loss. 

As weight loss progresses, menses cease. In addition, the patient might 
become intensely active although appearing thin and drawn. The child's behav
ior pattern and relationship to the family may become bizarre. As the child 
becomes emaciated and thin, the family becomes more and more disturbed. 
The relationship between the child and the mother at onset is often not a good 
one2 and becomes aggravated. Abnormal behavior of the patient is often noted 
with peculiar habits of hiding food, eating and perhaps vomiting food after 
eating, and all sorts of "shenanigans. " 

The early onset of the disease is seen in a chubby child who has been 
teased by the family, in a child who has a poor relationship with one of the 
parents, or in a child who is a food expert or calorie counter. However, these 
sociologic settings are so common and the disease is so rare that it is difficult to 
accept any of these clinical settings as predictive of the onset of the disease. 

The physical findings may be varied once the patient has had severe weight 
loss. There may be evidence of vitamin deficiency, such as angular stomatitis 
or thinning of hair. Peripheral edema may be present. Blood pressure may be 
extremely low and there might be mild hypothermia. The patient should be 
evaluated to make sure that there is no underlying intestinal disease, such as 
regional enteritis or gluten enteropathy, and that no endocrinopathy is present. 
Routine tests, including barium studies of the gut, will easily rule out these 
disorders. 

A detailed clinical and endocrine evaluationS of 101 anorexia patients (95% 
females) at the Mayo Clinic has been reported. In 94% of the patients, the 
anorexia nervosa began before age 30. Evidence of gonadal dysfunction was the 
predominant manifestation. Amenorrhea occurred before or with the onset of 
weight loss in 65% of the women. The average weight loss was 28% before the 
illness began. In 11 % the disease began before menarche. The mean age of 
menarche in patients with secondary amenorrhea was 13 yr. Urinary excretion of 
pituitary gonadotropin was undetectable in 44 of 65 patients and was below 19 rat 
units/24 hr in the remaining patients. Serum luteinizing hormone level was 
below 8 f.Lg/dl in 15 of 27 patients studied and serum follicle-stimulating hor
mone was below 10 f.Lg/dl in 7 of 27 patients studied. Mean serum and/or urinary 
estrogens were low in more than 50% of the patients, and elevation of serum 
corticosteroids and/or loss or reversal of diurnal variation were noted in 50%. 
Fasting serum growth hormone levels were elevated in 45%. Mean total and free 
serum thyroxine, thyroid-stimulating hormone, and triiodothryonine levels were 
low.3 

Similar endocrine evaluations at Montefiore Hospital revealed subnormal 
plasma triiodothryonine concentrations and decreased 11-hydroxysteroid de
hydrogenase and Sa-reductase enzyme activity. 4 This results in the hypothy
roidlike abnormalities of cortisol and androgen metabolism. The Mayo and 
Montefiore studies suggest nutritional hypothalamic-pituitary hypofunction as 
an adaptive mechanism against chronic starvation. 

When self-induced vomiting is part of the clinical syndrome, alkalosis may 
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be severe. Often, with severe weight loss, hypokalemia and hypoglycemia may 
be noted. 

The prognosis depends on the success of the treatment. The extent and 
length of the weight loss may vary from a situation where it is mild and almost 
goes undiagnosed to that of death. Mortality statistics vary from 5 to 20%.1,2 

Once the diagnosis is made, it is best to obtain psychiatric consultation to 
help determine the best course of treatment. In mild disease, treatment may be 
accomplished as an outpatient. Once severe weight loss ensues with evidence 
of metabolic disturbance, an authoritative approach is best adopted and the 
patient admitted to the hospital.s,8 Once admitted, the patient cannot be forced 
to eat, but often the threat of tube feedings results in a return to eating. If 
eating begins, then diets are gradually increased to demonstrate that there is 
adequate weight gain. The patients begin to gain weight at the rate of approxi
mately 5 lb/week when they consume in the area of 4000 to 4500 cal/day. 

If food intake does not begin in the hospital, then hyperalimentation can be 
started. Depending on the patient, tube feeding or TPN is employed. Because 
the gut is functioning, it is best to consider tube feeding first (see Chapter 18). It 
is a rare patient who will need long-term TPN. Remembering that the disease 
can be fatal, TPN can be a lifesaving measure (see Chapter 19). If the patient is 
absolutely resistant to tube feeding, TPN should be used and can be lifesaving 
by reversing the course of the disease. 

Once the course is reversed and menses return, the prognosis is relatively 
good and relapses are relatively rare.8 However, it often requires some family 
therapy. Surprisingly, psychoanalysis has not been extremely helpful.8 The 
entire process, from beginning to either recovery or death, is most destructive 
to the family situation and often requires psychotherapy for members of the 
family. An approach of both behavior modification of the patient and family 
therapy has been tried and recommended as successful. 

When the course has not been reversed by hospitalization and the patient 
has not begun to take in food, death occurs. It also occurs when the course of 
the disease has not been interrupted by hospitalization. 

If recovery occurs, the patient frequently goes on to have a very fruitful 
and productive life, although there are few long-term studies that follow up on 
these patients. A study of 100 females with anorexia nervosa, followed for 4 to 
8 yr after the onset, revealed that 48 had an excellent outcome, 30 an intermedi
ate outcome as evidenced by continued nutritional, mental, or socioeconomic 
problems, 20 a very poor outcome, and 2 died. 7 

With the advent of enteral and parenteral nutrition, the short-term out
come should be improved, but advances in the psychiatric component of the 
disease must be made in order to improve the long-term outcome. 

6.2. MARASMUS 

Marasmus is severe malnutrition resulting from decreased total caloric 
intake. This decrease also includes protein malnutrition; as a result, marasmic 
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children have protein malnutrition. Marasmus is distinguished from kwashior
kor in that the latter is primarily protein malnutrition. 

Protein-calorie malnutrition can be classified into two types: The primarily 
caloric-deficient subjects, who are usually nonedematous, and the primarily 
protein-deficient subjects, who are edematous. Clinically, there is a great over
lap between these two groups. The grade of protein deficiency varies so that 
there may be mild edema in relationship to the grade of total caloric starvation. 

The classic marasmus is a worldwide disease. It usually occurs in infants, 
who appear to adapt to stress and infection but respond poorly to treatment, 
and the prognosis for a long life is only fair. This apparently occurs because of 
the long-term effects of poor mental and physical development. 

The typical clinical picture is one of thin hair, hepatomegaly, and severe 
wasting of muscular tissue. Anemia is common and often severe. Edema and 
dermatologic disease are rare. 

Laboratory studies reveal few abnormalities in serum protein, but de
creased insulin and glucose levels, and a low or normal growth hormone level. 8 

The treatment of the marasmic child includes adequate total caloric re
placement, including protein, vitamins, and minerals. As mentioned above, 
once growth retardation has begun, the institution of adequate nutritional re
placement does not guarantee a complete recovery. If the deleterious adaptive 
changes to malnutrition have not taken place, total caloric replacement may 
result in complete recovery. 9 

Marasmus is a rare disease in the United States, but it is seen in children 
deprived of food intake and, unfortunately, it is still present in underdeveloped 
countries of the world. 

6.3. KWASHIORKOR 

Kwashiorkor is protein-calorie malnutrition with edema as its primary 
symptom. It can occur when adequate calories are derived from carbohydrates 
but protein intake is extremely low. It is most commonly seen in infants be
tween the ages of 1 and 3 yr in Asia and Mrica. 

In contrast to marasmus, children suffering from kwashiorkor respond 
poorly to stress, but usually very well to nutritional treatment. There may be 
retarded growth, but once treatment begins, there is little long-term mental or 
metabolic damage. The cardinal sign of the disease is edema, which may be 
deforming. Although the infant may be malnourished, the edema gives a char
acteristic appearance, is associated with frequent skin lesions, thinning of the 
hair, hepatomegaly, and a variety of symptoms relating to vitamin deficiencies 
(see Chapter 3). 

Laboratory results reveal impairment of a variety of functions resulting in 
depleted body potassium, malabsorption, liver function abnormalities, bone 
loss, and renal malfunction.8- 13 The serum albumin level becomes strikingly 
low, as are most of the enzymes. Surprisingly, the ratio of nonessential to 
essential amino acids, as well as growth hormone in the serum, is high. Serum 
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transferrin may be helpful in differentiating protein-calorie deficiency, 12 and is 
a good indicator of the prognosis. The dietary management of this disease is 
one of adequate protein and caloric replacement. Administration of anyone of 
many protein foods, flour, skim milk, etc., can adequately correct the defi
ciency. The replacement should be slow and cautious so that the body is not 
overwhelmed. Often, there is a dangerously low level of serum potassium. In 
these children it is advisable to replace minerals first, and slowly, so that vital 
circulatory and cardiac functions are maintained. It has been shown that vigor
ous iron therapy may cause death when there is low serum transferrin. 12 It has 
also been shown that adequate doses of magnesium can initially cause a re
markable clinical improvement. It is therefore wise to replace the vital miner
als, such as potassium, calcium, and magnesium, before one approaches vigor
ous nutritional replacement. 12,14 
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Esophagitis and Esophageal Disease 

7.1. ACUTE ESOPHAGITIS 

Acute esophagitis is a rare disorder due either to irritating agents or viral 
inflammation. The course may vary from a few days' duration in viral inflam
mation to one of life-long treatment after a caustic burn. 

The dietary treatment is limited at first to antacids. If these are tolerated, 
liquid, nonirritating foods are then prescribed. Soft, bland foods are given as 
soon as the patient can tolerate them. (See Chapter 20, diet 2.) 

During the healing phase, which may be anywhere from a week to months, 
the diet is gradually increased toward regular intake. The liquid foods em
ployed during the acute phase are usually bland and include skim milk, whole 
milk, noncitric juices, and only slightly warmed soups. All irritating hot and 
cold liquids that contain any alcohol or orange, grapefruit, pineapple, or tomato 
juice should be avoided. As the esophagus heals from the acute insult, feeding 
as in chronic esophagitis should be employed. 

Usually, healing of mild viral or idiopathic esophagitis is rapid and the 
patient will rapidly learn what can and cannot be tolerated. After the liquid 
phase, soft foods may be consumed, once again avoiding all irritating agents as 
mentioned above, and limited to mashed or pureed foods that require less 
mastication. Large boluses of food and those foods requiring chewing, such as 
meats and dry breads, should be avoided at the onset of eating solid foods. 

Tube feeding may be required in severe caustic burns of the esophagus, 
and intravenous feeding if the burn is severe and the esophagus occluded. In 
these cases it is probably wise to start TPN early as the course of the disease 
will be prolonged. If there is any doubt, peripheral vein amino acid therapy can 
be started until the course of the disease is clearer. 

7.2. CHRONIC ESOPHAGITIS AND REFLUX 

7.2.1. Pathophysiology 

Although common knowledge associates hiatus hernia with esophagitis, 
the pathophysiology of chronic esophagitis is clearly related to reflux from the 
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stomach. Reflux correlates well with the competence of the lower esophageal 
sphincter. 1 Normally, the basal sphincteric pressure is 10 to 35 mm Hg higher 
than the intragastric pressure. As described in Chapter 2, after swallowing, the 
lower esophageal sphincter pressure falls to permit the bolus of food to pass 
into the stomach. Following passage of the food into the stomach and cessation 
of eating, the lower esophageal sphincter pressure should remain high enough 
to prevent gastric contents from passing back up into the esophagus. When the 
sphincteric pressure is low, then reflux can occur. When reflux is chronic, 
chronic inflammation and disease of the esophagus can occur .1-5 It is not clear 
whether chronic ingestion of irritating substances such as alcohol can, in them
selves, cause chronic esophagitis. However, it is clear that such agents are 
associated with an increased incidence of carcinoma of the esophagus. 

Neurogenic, hormonal, and drug factors that affect the lower esophageal 
sphincter (LES) are listed in Table 7-1. The relative significance of all these 
factors is not clear. There is no question that there is a marked interplay of 
neurogenic and hormonal influences in control of the sphincter. However, 
which are physiologically paramount at any given moment is not certain. In all 
probability, further research will reveal that all of these factors are important 

Table 7-1. Substances That Alter Lower Esophageal Sphincter Press urea 

Action 

Increase in LES 
pressure 

Decrease in LES 
pressure 

Autonomic drugs 

Cholinergic (muscar-
inic) agents (beth-
anechol,b metha-
cholin&) 

Anticholinesterase 
(edrophoniumb) 

Q-Adrenergic agents 
(norepinephrine, 
phenylephrine) 

I3-Adrenergic blocking 
agents 

Ganglionic stimulants 
(nicotineb) 

Atropin~ (large 
doses) 

j3-Adrenergic agentsb 
(epinephrine, iso-
proterenol) 

I3I-Adrenergic agents 
(salbutamol) 

a-Adrenergic blocking 
agents 

Dopamine 

aModified from Goyal. 2 

bEtfects demonstrated in human subjects 
cUnpublished data. 

Hormones Others 

Gastrin,b pentagas- Metoclopramid& 
trinb Betazol& 

Caeruleinc Histamine (Hi 
Bombesin receptor) 
Motilin Serotonin 

Prostaglandin FloP 

Secretinb Smooth muscle relax-
Cholecystokininb ants (dipyridamole; 
Glucagonb nitrites: nitrogly-
Progesterone and cerinb 

estrogen" Theophylline 
Vasoactive intestinal Ethanolb 

peptidec Histamine (HI 
receptor) 

Prostaglandins E1, E.l, 
AI 
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Table 7-2. Foods That Alter Lower 
Esophageal Sphincter Pressure 

Increase LES 
Proteins: skim milk 

Decrease LES 
Fats: whole milk 
Chocolate 
Orange juice 
Tomato juice 
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and that when an excess of anyone factor occurs, dysfunction of the LES may 
then occur, resulting in reflux or spasm. 

Knowledge of the hormonal factors helps explain some of the effects of 
various foods. Table 7-2 lists the effects of foods on the LES.8-10 By testing the 
ingestion of various foods on human subjects while simultaneously measuring 
the pressure in the lower esophageal sphincter, workers have established that 
liquids containing fats and chocolate reduce the pressure in the lower esopha
geal sphincter significantly. Decreased pressures occur from whole milk versus 
skim milk and from chocolate. This work has led to the recommendation that 
persons suffering from reflux limit the intake of fats. Protein foods most signifi
cantly stimulate the production of acid and therefore gastrin.9- 11 Although the 
physiologic role of gastrin is still in question, most agree that gastrin does have 
some effect on the lower esophageal sphincter; consequently, increased protein 
intake would, if anything, have a beneficial effect on maintaining LES pres
sure. 11 ,12 Antacids also have been observed to increase the LES, with the 
mechanism thought to be hormonaI.2 

The mechanism by which protein increases lower esophageal pressure is 
not clearly understood at the present time, but it is postulated that it relates to 
an increased production of gastrin. 

The mechanism by which fats reduce the lower esophageal sphincter pres
sure is also uncertain at this time. It is postulated that fats increase the produc
tion of cholecystokinin, and perhaps that hormone has a negative effect on the 
LES. Why chocolate reduces the sphincteric pressure is also unclear but could 
be explained on the basis of its fatty acid content. 

Tomato juice causes a direct symptomatic effect in the esophagus, even 
when it does not cause a drop in the LES.13 

The experiments of Babka and Caste1l8 are a clear demonstration of how 
protein may be beneficial and fat harmful. Both skim milk and whole milk may 
initially cause a slight drop in the LES basal pressure, but after 0.5 hr the skim 
milk, whose content is primarily protein, will cause a rise in LES whereas the 
whole milk, which contains significant amounts of fat (4%), will cause a drop in 
the LES. This raises the question of the effect of mixed meals on the LES. 
When there is a low basal LES, meals should contain small amounts of fat and 
very significant amounts of protein if one is to adopt the physiologic approach 
to the treatment of this disease. The addition of protein to fat helps protect 
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against the lowering of the LES by the fat. 7 Therefore, some might assume that 
a mixture of protein with fat will maintain normal basal sphincter pressures. 
However, in dealing with a patient who starts with a low LES, the clinician 
should assume that increased amounts of protein and decreased amounts of fat 
are of benefit. 

7.2.2. Clinical Picture 

The patient with esophagitis most often presents with retrosternal pain. It 
may be characterized as burning in nature and consequently vividly described 
as heartburn. Others may merely feel a dull ache, while others may experience 
a severe oppressive retrosternal pain that is readily confused with cardiac pain. 
The pain may be aggravated by intake of citric juices or alcohol. At times the 
patient will describe a classic water brash in which there is reflux of acid 
contents felt in the throat. Rarely will esophagitis present with bleeding. Once 
severe dysphagia occurs, the complications of stricture are often present, and 
treatment of this will be discussed below. 

The clinical impressions are usually confirmed by barium contrast studies, 
esophagoscopy, and physiologic evaluation by esophageal manometric studies 
and either pH monitoring for reflux or acid perfusion evaluation to demonstrate 
the pain. 

Once the diagnosis is confirmed, the clinician is challenged in the attempt 
to make his patient asymptomatic. The patient should also be serially observed 
for the development of stricture or carcinoma, both of which occur with in
creased incidence in chronic esophagitis. 

7.2.3. Treatment 

7.2.3.1. Dietary 

Table 7-2 lists the foods that affect the lower esophageal sphincter pres
sure. On the basis of that information the following dietary recommendations 
are in order. 

1. During the acute phase the diet should be limited to liquid and soft 
foods, as described in Section 7.1.1. This stage may be transient. (See Chapter 
20 for detailed diets.) 

2. During the chronic phase, if there is no stricture, solid foods may be 
ingested providing there is careful mastication. The following are recom
mended (also see Chapter 20 for detailed diet plans): 

a. Low fat intake. 
b. High protein intake. 
c. Elimination from the diet of chocolate, orange juice, grapefruit juice, 

other citric juices, tomato juice. 
d. Elimination of all alcoholic beverages and alcohol-containing foods. 
e. As yet, there is no experimental evidence that sharp spices such as 

those in garlic and pepper are harmful to persons with esophagitis. 
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However, caution in using these substances is in order. All one has to 
do is keep one of these spices on the buccal mucosa for a few seconds 
to see how irritating it can be. Therefore, I caution against their use by 
chronic esophagitis patients. 

f. Most observers caution against the use of coffee and tea. However, the 
work of Cohen and Booth14 raises a question as to whether coffee and 
caffeine are actually helpful or harmful. 20 

7.2.3.2. Supportive15 

Antacids have been shown to be helpful. It is recommended that they be 
given hourly during the acute phase in significant amounts so that the patient 
receives 1 oz/hr while awake. 

The patient should be urged not to bend or slouch so that intraabdominal 
pressure is not increased. Concomitantly, if the patient is obese, optimal 
weight should be an objective of the therapeutic regimen. Furthermore, during 
sleeping hours, when the lower esophageal sphincter pressure is lowest, the 
patient should be in a position where the chest is above the level of the stom
ach, i.e., not slouching. The best way to achieve this is to eliminate the use of 
several pillows and elevate the head of the bed on either wooden blocks or 
bricks. 

The patient should be cautioned against the use of nicotine, which de
creases the LES pressure. This means smoking should be eliminated. 

If these modalities do not succeed, the use of drugs to strengthen the LES, 
such as bethanechol and metoclopramide, are recommended. 10 Twenty-five 
milligrams of bethanechol can be tried three to four times a day. However, 
there have been only scattered reports of these drug regimens being successful. 

Atropine and anticholinergics actually decrease the LES. Consequently, 
they are contraindicated when esophagitis is present. 1-5 

The treatment of mild esophagitis is most often successfully accomplished 
by the patient without physician referral. However, once esophagitis becomes 
chronic and the patient seeks physician assistance, the treatment can often be 
difficult. It may require repeated visits with repeated reassurance. The exact 
causes for the beginning and prolongation of symptoms have always been 
obscure. When an emotional, stressful situation can be ascertained, treatment 
of that situation can often be helpful. Most often, when severe chronic eso
phagitis is symptomatic, the treatment must be vigorous and it taxes the pa
tience of both patient and physician. When symptoms are not under control 
within a reasonable amount of time, or when episodes of symptoms recur so 
that they cannot be managed by the patient, surgical repair of the LES must be 
considered. Surgery has had limited success, but in selected cases it may be 
very beneficial. The exact type of repair depends on the surgical experience at 
the institution in which the physician practices. Surgery should be a last resort 
in the treatment of this disease as postoperative recurrences are common. 

In summary, treatment of reflux esophagitis entails cessation of all offend
ing factors and use of a low-fat, high-protein diet with elimination of chocolate, 
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citrus juices, tomato juice, nicotine, and anticholinergic agents. If necessary, 
drugs such as bethanechol and metoclopramide may be added and surgery 
employed as a last resort. 

7.3. ESOPHAGEAL STRICTURE AND LOWER ESOPHAGEAL RINGS 

When a stricture of the esophagus develops, the dietary management is 
similar to that used in chronic esophagitis, but dilation of the esophagus is 
necessary. 

Lower esophageal mucosal and muscular rings are diagnosed once the 
symptom of dysphagia occurs, or as an incidental finding of barium studies. 
This similarly requires dilation; once accomplished, the patient can often eat a 
regular diet. Dilation is essential in relieving the symptoms and the clinician 
should not have the patient believe that dietary management will cure the 
symptom when dilation is actually necessary. 

Esophageal spasm requires drug therapy and is also not readily managed 
by diet therapy. However, the patient who does suffer from esophageal spasm 
may often induce an episode by eating hurriedly or by indulging in excessive 
amounts of alcohol or other irritating factors. Consequently, they should be 
cautioned against dietary indiscretion and hurried eating. 

7.4. CARCINOMA OF THE ESOPHAGUS 17 

Carcinoma of the esophagus is usually of the epidermoid type and rarely 
adenocarcinoma (less than 5%). The latter occurs primarily at the cardioeso
phageal junction. The incidence of the disease varies throughout the world. It 
is most common in Asia and least common among certain ethnic groups.1S In 
the United States the incidence is relatively low. The disease is associated with 
certain predisposing factors such as chronic alcoholism, the Plummer-Vinson 
syndrome, previous lye strictures, and possibly with smoking. The disease may 
be localized to the esophagus, spread through the wall, or have distant 
metastases. 

The clinical presentation is dysphagia associated with weight loss. Rarely, 
a delayed visit to the physician may cause the patient to present with a fistula 
through to the respiratory tree, and consequently coughing or an aspiration 
pneumonia. Early in the disease, examination reveals little; late into the dis
ease, the obvious malnutrition is present. The diagnosis is made by barium 
contrast radiographic study followed by esophagoscopy with mUltiple biopsies 
and cytology. The combination of these tests yields an accuracy of over 98%. 

Once the diagnosis is made, the appropriate therapy for adenocarcinoma 
involving the distal third is surgery if there are no obvious metastases. If the 
lesion is in the upper or middle third, then the decision to resect or to treat with 
radiation depends on the patient's age, any signs of spread, and the expertise 
that exists in the hospital staff. The prognosis for life is not good because less 
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than 10% survive 5 yr and most are dead within 1 yr. If there is any sign of 
fistulization, or fistulization occurs with therapy, then therapy must be a tube 
bypass and possibly gastrojejunostomy for feeding. However, it should be 
stressed that all patients should be treated. An obstructing lesion of the esopha
gus leads to inability to swallow, coughing, and a horrible choking existence. 
Treatment does permit a more comfortable life. The nutrition of these patients 
has been neglected in the past. Modern modalities of hyperalimentation are yet 
to be thoroughly tested in their ability to make life more bearable. 

The nutritional status of the patient should be assessed at each stage of the 
disease, that is, prior to treatment, during treatment, and terminally. 

7.4.1.. Diet Prior to Treatment 

While the decision for medical or surgical treatment is being made, if the 
patient has lost weight he should immediately be placed on some form of 
supplementation. As described in Chapters 18 and 19, intravenous amino acid 
therapy or hyperalimentation will reverse the negative nitrogen balance and 
permit more rapid postoperative healing. If the patient can tolerate oral feed
ings, then soft foods or elemental diets should be instituted with appropriate 
documentation of intake and of weight. Vitamins and minerals should be added 
to the diet. Remember, the cancer patient requires more calories because of the 
disease. The weight is essential to determine whether there is adequate energy 
intake. A patient who ordinarily requires 2000 cal/day may well require double 
that amount in order to maintain weight during the treatment phase. If the case 
is seen late and is totally obstructed, then certainly hyperalimentation may be 
considered so that adequate energy and body requirements can be maintained 
until some form of therapy can be instituted. However, once therapy has been 
concluded, controversy exists as to whether TPN should be used to prolong 
life. 

7.4.2. Diet during Treatment 

If surgery is to be performed, intravenous supplementation is in order. 
However, one of the most accepted forms of therapy is radiation. Four thou
sand to six thousand radians will melt away most lesions. If a fistula, which is 
rare, does not develop due to radiation, the patient's esophagus can be 
cleansed of the tumor. Unfortunately, radiation has not proven to prolong life, 
although it makes it much more manageable. During the radiation or immedi
ately after, the patient may experience difficulty in eating because of the result
ing edema. During this phase the patient can be placed on oral elemental 
supplementation if liquids can be tolerated (see Chapter 18) or may do well with 
merely eating blended or soft foods. This period of treatment may last from a 
week to a month. Once it is over, the patient can usually tolerate feedings, and 
nutrition is not much of a problem. If a fistula develops, radiation must be 
stopped and, consequently, a celestine tube19 or some form of gastric tube may 
be placed in the esophagus to bypass the fistula. 
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7.4.3. Diet after Treatment 

Following radiation a stricture may develop. It is essential that contrast x
ray and endoscopy be used to thoroughly evaluate the patient in order to 
maintain adequate nutrition. If it is a recurrence of tumor, then dilatation may 
be of temporary assistance; but if it is a stricture, dilatation by either mercury
weighted bougies or metal dilators will give marked relief. Strictures are not an 
uncommon complication. If it is recurrence of disease, dilatation may be a 
temporary help, but invariably a tube will be necessary. Patients who reach a 
terminal stage following radiation surprisingly do not expire from obstruction. 
The cause of their demise is often uncertain. 

Celestine tubes are employed occasionally to give the patient relief for long 
periods of time. 19 Success depends on the experience of the physician. Once 
there is total obstruction and neither surgery nor radiation is any longer possi
ble, or once a fistula has developed, a tube for feeding can be placed in the 
esophagus by one of the many techniques available. This relief, naturally, is 
only temporary and may vary from weeks to as long as a year. However, it 
does permit the patient to swallow. 

With the advent of intravenous hyperalimentation (TPN), the use of gas
trotomous feeding has decreased. Nevertheless, at times a patient may be a 
good candidate for gastrotomy and the feeding of foods through a gastroto
mous tube is feasible when cooperative patients are involved. 

The use of long-term, home TPN in these patients has not yet been fully 
evaluated. However, this technique may be able to give nutrition and add 
comfort and a better life situation to the debilitated, malnourished patient who 
is not deteriorating rapidly. The techniques for oral supplementation and intra
venous hyperalimentation are described in Chapters 18 and 19. 

While the patient is undergoing evaluation or during therapy or the post
therapy period, some observers have stressed that nasogastric tube feedings 
may be of help. In these instances a fine tube is passed into the stomach 
through the nose. Number five French polyethylene tubes are of small size and 
readily available from various companies. Once the tubes are in the stomach, 
feeding can be accomplished with various formulas. Relatively large amounts 
can be given by drip or machine-regulated monitoring. These patients must be 
watched because of the danger of aspiration. The patients should be tube fed 
while in at least a 30° upright position. They should not lie down until the 
stomach has been given a chance to empty. In our own experience, we have 
had little success at prolonging a comfortable life with nasogastric tube feed
ing. Using this as a long-term method of therapy is still questionable. Short
term use in debilitated elderly people often results in aspiration or prolongs the 
misery of their existence. 

In summary, carcinoma of the esophagus is a debilitating disease with poor 
prognosis that involves severe weight loss and often obstruction of the esopha
gus. Depending upon the phase of the disease and the treatment phase, the 
nutritional supplementation will vary. The physician must be ready to prescribe 
oral or intravenous supplementation. Furthermore, the diet will have to be 
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pureed or soft during the various phases of the disease. Nasogastric tube 
feeding is difficult to employ and often unrewarding. However, the clinician 
will often have a more comfortable patient and a happier family if the various 
aspects of nutritional support and maintenance of energy sources are closely 
observed so that weight is maintained. Therefore, some form of oral or intrave
nous nutritional support should be prescribed during the various phases of the 
course of the disease. For more details on the use of supplementation, see 
Chapters 18, 19, and 20 (diets 2 and 3). 
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Gastric and Duodenal Diseases 

These diseases are probably the cause of the major amount of epigastric dis
tress experienced by humans. The reason the word "probably" must be 
stressed is that academicians still remain confused concerning the significance 
of abnormalities observed on both endoscopic and histologic evaluation of 
gastric mucosa in patients suffering from the symptoms. The clinician attempt
ing to treat these diseases should understand some of the pathophysiology. 

B.l. GASTRITIS 

B. 1. 1. Pathophysiology 

Injury to the mucosa can occur due to a direct irritating factor such as 
caustic and corrosive agents, drugs (e.g., aspirin), and food irritants. It is not 
possible in this text to discuss all of the causes of acute injury to the gastric 
mucosa and the interested reader is referred to inclusive discussions in the 
textbook by Bockus.1 Whether foods cause injury to the mucosa is open to 
question. Surprisingly, there are very few studies on the subject. Tea has been 
associated with gastritis, but the injury to the mucosa in the chronic reaction 
has been attributed to the high temperatures at which the tea is ingested.2 

Animal studies show that a minimal exposure of 10 sec to temperatures above 
122°P injures the mucosa.3 

There is some controversy as to whether spices increase gastric secretion. 
The work of Solanke4 showed red pepper induced significant acid secretion. 
The classic work of others such as Lennard-Jones and Babouris5 revealed no 
significant difference in acid secretion between duodenal subjects who eat 
foods of their own choice and those who eat so-called bland foods. However, 
the experiments5 did not test the effect of individual foods. 

Anyone who has held a hot spice in his mouth can testify that it causes 
erythema and local irritation. Although academia has not accepted this as the 
cause of injury to the stomach, there have been gastroscopic demonstrations 
that hot pepper, chili, and mustard will cause erythema, edema, and damage of 
the gastric mucosa. 8, 7 Surprisingly little work has been done in this field, and 
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much more research will be needed to determine which foods, if any, cause 
possible chronic damage to the mucosa. 

The actual mechanism of injury to the mucosa, and its breakdown to cause 
either acute or chronic ulceration (and possibly chronic inflammation), has 
been demonstrated. Bile salts and certain pharmacologic agents, such as aspi
rin and antiinflammatory drugs, will break the so-called "gastric mucosal bar
rier" (glycocalyx) and permit hydrogen ions that are present within the mucosa 
to enter epithelial cells and glands in a reflux manner so that the mucosa 
becomes injured. The classic demonstration of this8 ,9 reveals that when hy
drochloric acid is instilled into the stomach, it is ordinarily removed with no 
loss. However, when "mucosal-barrier-breaking substances" are exposed to 
the mucosa, there is a net loss of hydrogen ion, indicating that it is reabsorbed 
into the stomach after exposure to the irritating factor (Fig. 8-1). 

No discussion of injury to the mucosa is complete without mention of 
alcohol. Because as much as 7% of the calories consumed in the United States 
are derived from alcohol, and because alcohol does break the gastric mucosal 
barrier, one can appreciate the extent of injury to the gastric mucosa in our 
society. 

Inflammation follows injury to the mucosa and results in acute or chronic 
gastritis. Acute gastritis can be caused by· the ingestion of pharmaceutical 
agents or chemicals, corrosive agents, thermal or food irritants, radiation, 
associated with infectious disease, allergic disorders, or so-called central nerv
ous system diseases and stress. Acute gastritis can result in acute ulceration of 
the stomach with erosions that can even cause massive hemorrhaging of the 
stomach. 

Chronic gastritis can be the result of repeated insults by the agents causing 
acute gastritis, or it can be of idiopathic origin. When inflammation involves the 
superficial mucosa, the disease is called superficial gastritis. As the inflamma
tion continues, it is associated with atrophy of specific cellular elements of the 
mucosa, parietal and chief cells. Partial atrophy may progress over years so 
that it becomes almost complete and results in decreased acid, pepsin, and 
intrinsic factor production. Gastric atrophy can be so-called type A and heredi
tary, as seen in classic Anderson's pernicious anemia, or it can result from 
prolonged inflammation. 

The clinical symptomatology in acute and chronic gastritis will dictate the 
therapy. The patient with mild acute gastritis or chronic gastritis may be rela-

Bile or drug (e.g., ASA or alcohol) 
~ 

Gastric mucosal barrier broken 
~ 

Free H + enters gastriC epithelium 
~ 

Local histamine release 
and 

Inflammation and/or ulceration 

Fig. 8-1. Mechanism causing gastritis or ulcer. 
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tively asymptomatic, or may complain of epigastric burning pain. Food often 
may relieve the pain or may actually aggravate the symptoms. Certainly, the 
patient with significant gastritis cannot tolerate large amounts of food. The 
inflamed stomach rebels against distension. Physical examination reveals little 
information except when there is massive erosive gastritis that results in hem
orrhage. In that instance, hospitalization is required, and all treatment is di
rected to control the upper gastrointestinal bleeding. 

A diagnosis of acute gastritis is most often made clinically and substan
tiated by gastroscopy. Establishing the diagnosis of chronic gastritis is difficult 
and clinically controversial. Because gastritis is a diffuse inflammation of the 
stomach, one must have a histologic specimen to substantiate the diagnosis. 
Whenever gastric atrophy is suspected, the diagnosis should be substantiated, 
as treatment for vitamin B'2 deficiency is essential to prevent neurologic com
plications. All too often the clinician suspects gastritis, or the academician 
slights clinical significance of the diagnosis, and the patient continues on in 
intermittent misery and is potentially vitamin Bl2 deficient if gastric atrophy 
evolves from chronic gastritis. A simple suction biopsy of the gastric mucosa 
can reliably confirm the diagnosis.lo,n 

Treatment of acute gastritis depends on the cause. Chemical and corrosive 
gastritis must be treated specifically in accordance with the agent causing the 
disease. The other acute gastridides are treated by removal of the agent causing 
the break in the mucosal barrier and then neutralization of the acid production 
by antacids and H2 inhibitors (cimetidine). 

8. 1.2. Dietary Management 

Dietary management should include elimination of any irritating foods, 
such as those containing alcohol or spices. In addition, the patient should 
receive an hourly feeding. There are several regimens that are acceptable. A 
typical feeding regimen alternates antacids and milk (see Chapter 20, diet 4). 
Depending on the severity of the gastritis, the patient may rapidly progress to 
more-solid foods. However, the foods should not include substances difficult to 
digest, e.g., fatty foods that are retained for long periods of time in the stom
ach, hot beverages that may produce thermal injury, or spicy or alcohol-con
taining drinks. The acute stage of the gastritis may heal within 5 to 7 days and 
the diet progress to traditional bland diets (see Chapter 20, diets 1-3). 

Treatment of chronic gastritis is less well understood. Actually, when an 
etiologic agent can be demonstrated, it should be removed. However, most 
often there is no definite etiology and in these cases corticosteroid therapy has 
been successful in reversing a chronic gastritis with elements of atrophy. How
ever, long-term corticosteroid therapy is not recommended. l2,l3 

Patients should be observed for the development of atrophy once gastritis 
has been documented. It is important to remember that Bl2 stores may take 2 to 
3 yr to become depleted; consequently, the clinician should warn his patient to 
remain in follow-up care. 

Dietary management of chronic gastritis is not clear. Patients who com
plain of epigastric distress and distension following large meals should be Iim-
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ited to smaller feedings and, as in acute gastritis, avoid the intake of greasy 
foods, hot beverages, harsh spices such as pepper, mustard, chili, and alcohol 
(see Chapter 20, diets 1-3). They should also be cautioned against the use of 
pharmacologic agents that can cause gastritis. As secretory studies have shown 
that red pepper can increase acid secretion,4 there is some rationale to avoid 
these foods. However, in the often quoted study of Lennard-Jones and 
Babouris,5 bland-diet feeding appears to have little effect in relation to ad lib 
food feeding. The scientific approach to dietary management of chronic gastri
tis remains controversial. Nevertheless, the patient should be counseled and 
instructed to eliminate any potential sources of inflammation to the stomach as 
well as any foods the individual determines to be irritants. 

Eosinophilic gastroenteritis14,15 is often associated with allergies. How
ever, allergic testing for these patients has not resulted in methods of success
ful therapy. The patient with eosinophilic granulomas involving the pylorus 
may require surgery if the granuloma forms a polyp that is large enough to 
obstruct the pylorus. The patient with intermittent symptoms due to eosino
philic infiltration of the stomach and small intestine may benefit from intermit
tent corticosteroid therapy. Most often, these patients have acute exacerba
tions of eosinophilic gastroenteritis and then spontaneously, or after 
corticosteroid therapy, will become asymptomatic. Diet therapy during the 
acute phase should be as in acute gastritis and any obvious allergens removed 
from the diet or environment. As symptoms abate, patients can be returned to a 
regular diet with care to avoid any food they feel is an offending agent. 

B.2. GASTRIC ULCER 

Although the dietary treatment of peptic ulcer does not differentiate be
tween gastric and duodenal ulcer, there is no question that each of these dis
eases has its own characteristics. Consequently, peptic ulceration in each area 
will be discussed separately,' and the dietary management for both will be 
discussed in Section 8.4. 

B.2. 1. Incidence 

The incidence of gastric ulcer is less than duodenal ulcer when the diagno
sis is based on clinical findings, but equal at autopsy studies. The incidence is 
slightly higher in men and in those past middle age. It appears to be higher in 
those with type A blood. Other predisposing factors from epidemiologic evalu
ations appear to be smoking,16,17 alcohol in large amounts, intake of significant 
amounts of aspirin, 18,19 and dietary factors. 

B.2.2. Food Associations 

A rough association of decreased incidence of gastric ulcer in subjects 
eating high-fiber diets suggests that fiber foods may be protective.20,21 AI-
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though high fiber may be protective, peptic ulceration does occur in certain 
high-fiber-diet societies. This may be associated with an increased intake of 
highly spiced foods such as is observed in South Nigeria,5 where red pepper is 
used to excess, and in areas of the world where the Japanese pickle is asso
ciated with severe gastritis.22 

8.2.3. Pathophysiology 

Advances in the understanding of gastric physiology have led to hypothe
ses that are now often accepted, explaining the pathophysiology and cause of 
gastric ulcer. 23 One suggests there is damage to the gastric mucosa that disrupts 
the mucosal barrier so that back-diffusion of hydrogen ions can occur. The 
diffusing hydrogen ions cause histamine release and damage to the mucosa 
(Fig. 8-1). This hypothesis has gained strength with the finding that bile reflux 
can occur. 24 The breaking of the mucosal barrier can be caused not only by bile 
salts, but by many other agents including aspirin, butazolidin, indocin, and 
other antiinflammatory agents.25 Following a break in the barrier and damage 
to the mucosa, either an ulcer or the inflammation and small erosions of chronic 
gastritis can occur. Chronicity of the inflammatory response may even advance 
to atrophy. The decreased acid production often noted in gastric ulcer patients 
is explained either by the mild atrophy or by a loss of hydrogen ion for collec
tion due to its back-diffusion if the mucosal barrier is broken.26 Although this 
theory of general mucosal damage may explain the cause of benign gastric 
ulcer and is popular today, it does not explain the reason for deep localized 
ulceration without the presence of an associated gastritis. 

Another hypothesis to explain gastric ulcer that is less well accepted is that 
of chronic motility disturbance associated with a low~grade pyloric obstruc
tion.27 The obstruction results in distension of the antrum, which in turn causes 
increased gastrin excretion, which causes increased acid production and gastric 
ulcer. Pyloric obstruction is difficult to demonstrate in all patients with gastric 
ulcer. Hypersecretion is rarely demonstrated in these subjects, whereas hy
posecretion is common. Consequently, this theory is less widely accepted. 

The diagnosis of gastric ulcer is established by barium contrast radi
ographic study or fiberoptic endoscopy. In this day of the "golden" fiberscope, 
almost all gastric ulcer patients are evaluated by endoscopy to ensure that the 
ulcer is benign. However, a barium contrast study is statistically accurate in 
young females so that it is reassuring for initial observation and therapeutic 
management. However, the radiographic criteria for benignity must be clearly 
present. If there is the slightest doubt, then endoscopy should be performed 
with cytology and biopsy to clearly rule out any potential malignancy. Cer
tainly in countries where the incidence of gastric carcinoma is so high, there is 
no excuse not to use endoscopy and establish firm histologic criteria for a 
benign ulcer. Acid secretory studies are of little value except when there is a 
suspicion of an endocrine tumor. In these cases, both serum gastrin and secre
tory studies should be obtained to thoroughly evaluate the patient. 
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8.2.4. Treatment 

1. Dietary management is discussed in Section 8.4. 
2. There has been some initial evidence that patients placed at rest heal 

more quickly. 28 In addition, there is benefit from decreased smoking.23 ,29 
3. At this time, cimetidine (H2 inhibitor) appears to be the drug of choice 

in the acute attack as it has the fewest side effects. Long-term use is still under 
study.3o,32 

4. Carbenoxolone sodium is apparently an effective treatment for gastric 
ulcer. Its action is not completely understood, but it does have side effects due 
to an aldosteronelike action that can result in fluid retention and renal damage. 
Although it is an effective drug, it must be used cautiously.29,31 It cannot be 
used in the United States, but it is used effectively in other countries.30 It is 
synthetically derived from glycyrrhitinic acid, which is extracted from licorice. 
The side effects of sodium and fluid retention may be counteracted by Aldac
tone. Deglycyrrhizinated licorice does not appear to be an effective agent.30 

5. The patient with gastric ulcer should be taken off all drugs that have an 
effect on the mucosa, such as aspirin, phenylbutozone, indomethacin, and 
alcohol. Corticosteroids and ACTH have been shown to decrease epithelial cell 
turnover and possibly increase acid production. However, ulcerative disease 
heals while patients continue to take these medications, and if they are abso
lutely necessary, the ulcer is not a contraindication.33 

6. Antacids are almost always recommended. However, their effective
ness for gastric ulcer treatment is still controversial. 34,35 Although they appear 
to be of great help to the clinician treating the ambulatory patient, there is a 
serious question as to whether they are any help in the hospitalized patient 
under close observation. One study has shown that they appear to have no 
effect over placebo.35 

Hemorrhage, pyloric obstruction, or malignant ulcer must each be treated 
as complicated gastric ulcer. Malignant ulcer is a separate disease and will be 
discussed elsewhere; hemorrhage and pyloric obstruction most often require 
surgical consultation. Bleeding ulcer may often spontaneously stop and not 
require surgery, whereas a patient who has developed obstruction due to a 
pyloric ulcer rarely escapes some surgical procedure. 

8.3. GASTRIC CANCER 

Cancer of the stomach remains a frustrating challenge to the clinician and 
a mortal diagnosis for the patient. The field of nutrition holds great promise for 
a potential preventative triumph while being an important aspect of therapy. 
Approximately 8% of the cancers of the stomach are superficial spreading, and 
the rest are more focal lesions involved with ulceration or mass formulation. 
For a more detailed analysis of all of the factors in gastric carcinoma, the 
interested reader is referred to the latest in gastroenterologic texts.33 
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8.3.1. Incidence 

The incidence of gastric cancer has been falling in Europe and the United 
States. Where it was previously 20 per 100,000 it is now 8 per 100,000. The 
reason for this is not apparent. In countries such as Japan, where the disease 
appears to have some different characteristics and responds much more to 
surgical therapy, the incidence has been stable and it accounts for 60% of all 
cancers in men and approximately 50% of all cancers in women. In Japan, the 
death rate for cancer of the stomach is five times that of the United States. 

8.3.2. Etiology 

The cause of cancer of the stomach is unknown, but the changes in inci
dence have been strong indications that environmental factors are involved. 
There have been some genetic trends, i.e., persons with type A blood may be 
more susceptible to the disease. However, most recent epidemiological sur
veys strongly implicate environmental factors. The modality most readily im
plicated in the environment is diet. Even in Japan, where it was thought that the 
incidence of stomach carcinoma was stable, a downward trend has been sug
gested and attributed to the change in the dietary patterns of the Japanese.36 
Although no specific factor has appeared, there is no question that the Japanese 
have tended to Westernize their diet and have significantly increased milk, milk 
products, and egg intake. Oiso,37 who analyzed the dietary habits and nutri
tional trends of the Japanese, pointed out that rice and salty foods have been 
the staple diet. White rice (that with the husk removed and the bran layer taken 
off) makes up 40% of the Japanese diet. It was pointed out that large amounts 
of rice frequently distend the stomach and has an influence on digestion. In 
parts of Japan the morning meal consists of hot rice gruel with soybean sauce 
that has 18% salt as a condiment. This hot gruel, referred to as chagayu, has a 
definite correlation with stomach cancer. Surprisingly, there also has been an 
increase in the Japanese consumption of animal fats and a decrease in their 
traditional foods. It may all prove to be ironic in that the change in the Japanese 
diet may decrease cancer of the stomach but increase the incidence of cancer 
elsewhere in the body so that mortality is not affected. A brief report from 
Mexico City shows that the incidence of stomach cancer is related to ethnic 
and economic factors.38 Stomach cancer was high in the poor, who have a low
protein high-fiber diet, and low in the affluent, who have a high-protein low
fiber diet. But the incidence of colon cancer rose sharply in the latter groUp.38 
These reports indicate nutritional factors may yet be isolated that could selec
tively be removed from the diet for cancer prevention. 

The fact that alkyl nitrosamides can produce gastric cancer in different 
species of animals offers another hypothesis to explain the relationship of 
dietary factors to gastric cancer. Nitrates are readily available in drinking 
water, foods, and the soil, particularly in areas of the world such as Japan, 
Latin America west of the Andes, and some parts of the Caribbean and eastern 
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Europe where carcinoma of the stomach is very high.39 The theory proposes 
that nitrates are converted to nitrites, and that nitrites, in the presence of a 
corresponding amine or amide, form a nitrosamine or a nitrosamide in the 
stomach that is carcinogenic.39 Weisburger and Raineri39 postulate that sub
jects susceptible to cancer are readily exposed to a high volume of nitrates that 
are converted to nitrites, then ingested, and converted by bacterial action to 
nitrosamines or nitrosamides. Their work also points out that ascorbic acid 
tends to inhibit the formation of nitrites and that the conversion of nitrates 
to nitrites does not occur at 2-4°C. Therefore, the hypothesis includes the 
evolution of the refrigerator as an important preventive modality in some socie
ties. The refrigeration of food thereby prevents the formation and ingestion of 
large amounts of nitrites, whereas certain societies that do not refrigerate food 
would have ready conversion at room temperature and thereby be more sus
ceptible to cancer. This is a fascinating and interesting theory that may prove 
true. It certainly seems wise at this point in our understanding of gastric cancer 
to eliminate consumption of any significant amounts of nitrite. The significance 
of the small amount that is in foods as a preservative is still open to question. 
Most believe that the insignificant amount does not cause malignancy. 39 

The clinical picture is all too often typical. The patient will present with 
abdominal pain, weight loss, anorexia, and less commonly anemia. On evalua
tion, there may already be evidence of malnutrition, or the screening radi
ographic study may reveal the classic lesions of malignant gastric ulceration, a 
mass, or linitus plastica. It is rare for an early cancer to be detected, but this 
does occur. In Japan, where the incidence of cancer of the stomach is high, the 
diagnostic acumen of the physicians is so' sharp that early lesions are picked up 
with facility. 

It is the endoscopist today who demonstrates the lesion and, via cytology 
or biopsy, confirms the barium contrast radiographic findings. Once the diagno
sis is made, the all too often horrendous prognosis follows. Five-year survival 
rates vary tremendously between 4 and 21%. Smaller lesions apparently do 
better than larger lesions, and the infiltrating lesions do the worst. Possibility of 
survival is best with tumors that are resectable without evidence of metastasis. 
Lymphomas of the stomach do respond to radiation and chemotherapy and are 
not usually included in these statistics. If the lesion is resectable (small or large) 
and there is no metastasis or spread, then the patient can be treated nutrition
ally as described in Chapter 9. However, in the wide majority of patients, if no 
surgery is feasible, or if surgery is performed and the lesion spreads (which 
most often occurs within months to a year after surgical exploration), then the 
experience of a painful starvation follows. These patients can be made more 
comfortable by adequate nutrition. All too often they starve to death. In the 
present milieu of intravenous alimentation, it is possible to give them calories if 
one pursues the feeding with diligence. Patients who are in extreme pain with 
widespread metastases cannot be adequately helped. Patients who do not suf
fer severe pain and in whom the metastases do not seem to be overwhelming 
can benefit from assisted nutrition. Remember that all too often the only hope 
the patient has for comfort is the physician's approach to his treatment. When 
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surgery, chemotherapy, and all other treatments fail, if the patient is to be 
treated further it is essential to keep the patient comfortable and help maintain 
adequate nutrition. The physician should not attempt to support a meaningless 
survival, but he is obligated to keep his patient comfortable, and adequate 
nutrition assists that goal. 

Cachexia is seen in the cancer-riddled patient. Regardless of the physiol
ogy, these patients can benefit from nutritional supplementation, either oral or 
intravenous. Some suffer from a loss of taste. Recent demonstrations that zinc 
deficiency can correct the loss of taste and, consequently, mild anorexia and 
thereby increase food intake have been encouraging. Therefore, zinc supple
ments should be tried.40 More research is needed in this particular aspect of the 
cancer-riddled patient. Why aversions to certain foods such as meat occur and 
how to correct them might well help the patient survive more comfortably. 

8.3.3. Dietary Treatment 

The following may prove helpful in the most difficult situations. 
I. The patient who has no functional stomach and widespread metastases 

and is not responding to any therapy should be made comfortable. Adequate 
sedation and pain relief should be supplied. Some of these patients may be 
helped by fluid and electrolyte replacement. Few may be helped by TPN. The 
use of the latter depends on the philosophy of the family and the physician and 
the chance for a comfortable survival. When there is such, TPN should be 
instituted and can be maintained at home according to one of the courses 
outlined in Chapter 19. TPN can be expected to slow weight loss, but it is a rare 
patient who will gain weight in this situation. 

2. The patient who still has a functional stomach and can adequately 
absorb and digest will benefit from a bland diet. All too often irritating foods 
such as spices and alcohol will further irritate a chronic lesion and increase the 
symptomatology. Therefore, a bland diet is recommended with mild spices. If 
the stomach is small in size, then frequent feeding can be of help, as opposed to 
large feedings. The patient should be watched closely for weight loss. Nutri
tional assessment by weight and N2 excretion can be done. If weight loss 
ensues, then nutritional supplements in the form of liquid feedings may be tried 
(see Chapter 18). If these succeed in reversing weight loss, they can be main
tained until weight loss again ensues and then TPN may be begun depending on 
the factors as described in (1). 

3. Protein-losing gastropathy is often associated with gastric carcinoma or 
lymphoma. These patients have low serum protein levels. This is further aggra
vated by poor intake, which results in inadequate protein synthesis. These 
particular patients may be helped by albumin transfusion. Certainly, if oral 
protein intake is inadequate, TPN or intravenous amino acids may help syn
thesis. Nevertheless, if protein loss to the gut is significant, increased supple
mentation will be necessary to keep up with the loss. 

4. Electrolyte and fluid balances must be maintained when there has been 
persistent vomiting or vomiting secondary due to metastasis. In a stomach that 
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is capable of producing hydrochloric acid, the associated vomiting will cause a 
hypochloremic alkalosis and replacement of adequate amounts of chloride and 
potassium is often necessary. However, the vomiting associated with an 
atrophic mucosa may merely require mixed electrolyte solutions. This type of 
patient is particularly best monitored by serum and urine electrolyte evaluation 
and replacement depending upon the findings. It is impossible to evaluate such 
a patient without adequate serum electrolyte determinations; however, the 
physician should not become compulsive. All too often, preterminal patients 
with this disease receive a daily bloodletting so that their condition is aggra
vated. Baseline electrolyte evaluation followed by fluid replacement and then 
frugal laboratory studies are often adequate to maintain the patient. 

Once again, it is important to stress that these patients can benefit from the 
physician's therapeutic acumen. Antiemetics, encouragement, and nutritional 
supplements can create a more comfortable situation. Tumors require a great 
deal of energy, and additional caloric supply to the armamentarium may well 
help the patient to be more comfortable. Naturally, the use of nutritional sup
plement must be weighed against the chance of prolonged suffering. When that 
is the case, the physician and family and patient must accept the reality of the 
situation. However, when it is the desire of the patient or there are signs of 
potential improvement, vigorous nutritional supplementation should be 
considered.41 

8.4. DUODENAL ULCER 

Both gastric and duodenal ulcers are often included in discussions of pep
tic ulcer. However, ulceration in the duodenal bulb and postbulbar area has 
distinct characteristics. For the first half of this century, clinicians and the 
public have always associated duodenal ulcer with stress and have treated it 
with diet therapy. The decrease in the incidence of peptic ulcer and the addition 
of an effective acid inhibitor, cimetidine, may completely revolutionize our 
thinking about duodenal ulcer disease. Although cimetidine use has increased 
greatly, diet therapy and antacids have not become obsolete. There is the entire 
question as to the correct diet for the peptic ulcer patient between attacks. The 
old dictum "once an ulcer, always an ulcer" seems to be true for at least 50% 
of the patients. Therefore, their diet therapy, even should there be medication 
to cure the acute ulceration, may remain of importance. 

8.4. 1. Incidence 

At the present time there is a decline in the incidence of peptic ulceration 
of the duodenal bulb. Until the 1950's, there was a gradual increase, and since 
that time there has been a rather rapid and persistent decline.42 ,43 The cause for 
this is not certain, although I feel that it is partially due to a much more 
accurate diagnostic approach by practicing physicians, who now do not accept 
the radiologic report of duodenal irritability as evidence of duodenal ulcer. 
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Furthermore, the advent of the duodenoscope has greatly increased our ability 
to diagnose the disease. Nevertheless, epidemiologists do claim that the decline 
in incidence is real regardless of increased diagnostic acumen.33,42 There also 
appears to be marked difference among certain racial and geographic groups 
and a marked decline in the complications of duodenal ulcer, such as perfora
tion.4,43 These facts all indicate a changing trend in the disease. 

8.4.2. Etiology 

Along with a poor understanding of the changing incidence of the disease, 
there is still no understanding of the cause of peptic ulceration of the duodenal 
bulb. There are family trends, which raise the importance of inheritance. Pa
tients with duodenal ulcer are more than likely to have type 0 blood as well as 
be nonsecretors of blood antigens. 

For ages, duodenal ulceration has been associated with increased stress. 
Yet how can we explain the declining incidence in these times when stress and 
the so-called hectic pace of society have increased? Although stress ulceration 
can be reduced in animal studies and emotional tension can increase physio
logic factors that aid in the development of ulceration, it is clear that this is not 
the only element involved in the development of a peptic ulcer. The so-called 
mucosal barrier has been demonstrated to be important in the prevention of 
gastric ulceration. However, this protective effect of mucus is not a clear factor 
in the duodenum. Along this line, Hollander and Harlan34 suggested that pa
tients suffering from duodenal ulceration had inefficient buffering of acid by 
mucus, but this hypothesis has never been substantiated. 

There is one clear physiologic requirement for duodenal ulcer-the pres
ence of gastric acid secretion. As a group, patients with duodenal ulcer appear 
to have both higher basal and maximal acid secretions, whereas patients with 
gastric ulcer tend to have low acid secretion as compared to normal subjects. 
Therefore, it is assumed that the presence of increased amounts of acid in the 
duodenum is the major part of the pathophysiology of ulcer development. 
Although gastrin is the major stimulant for the production of acid, surprisingly 
it is not increased in patients with simple duodenal ulcer. It is increased only in 
subjects with recurrent ulceration due to gastrin-producing tumors as occur in 
Zollinger-Ellison syndrome.44 ,45 If gastrin is not the cause of increased acid 
secretion in these subjects, then it would seem vagal-neurologic mechanisms 
are at cause, although this has not been clearly demonstrated. The entire role of 
gastrointestinal hormones in this disease is not completely understood. For 
example, secretin has an inhibitory effect on the gastric acid response to food, 
but this effect is not defective in duodenal ulcer patients." Subjects with 
duodenal ulcer have abnormally rapid gastric emptying, especially for meals of 
high-energy density," an interesting fact that has some therapeutic and dietary 
importance and may have etiologic importance. Studies that demonstrate in
creased and rapid emptying of the stomach correlate with a history of hunger in 
ulcer subjects. Along with the increased emptying of the stomach, there is an 
abnormally prolonged gastric secretory response to a meal that continues into a 
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latent postprandial period. This acid response is usually quickly inhibited in 
healthy persons but not in subjects with duodenal ulcer. 48,49 The failure of the 
mechanism of normal inhibition is not understood. In duodenal ulcer patients 
there is also a concomitant increase in peak postprandial secretory rates with 
increased emptying of the stomach so that more acid is delivered more rapidly 
to the duodenum. Therefore, there is a dual defect in duodenal ulcer subjects. 
They cannot retain food as long, and they appear to secrete acid for a longer 
period postprandially. 

The diagnosis of duodenal ulcer is often made on clinical grounds. The 
adult patient presents with the classic symptoms of epigastric pain, often ra
diating to the right or to the back, awakening the subject several hours after 
falling asleep, or being relieved only by eating, and often aggravated by irritat
ing foods. In children, the clinical presentation may be that of vomiting or 
gastrointestinal hemorrhage. Physical findings are often not characteristic. The 
diagnosis today is established by barium contrast studies but when X-rays are 
in doubt, it is established by fiberoptic duodenoscopy. Every patient with 
chronic ulceration should have a serum gastrin level to rule out hormone
producing tumors. 

8.4.3. Treatment 

The traditional therapy for peptic ulcer remains the use of antacids. When
ever the cause of a disease is not apparent, the therapy usually is controversial. 
Scientists attempting to evaluate the most effective means of treating peptic 
ulcer remain confused. The effects of cimetidine are initially not dramatically 
more significant than vigorous antacid therapy. 32 Antacid therapy has been a 
proven treatment of acute peptic ulcer. 34 Antacids are effective in neutralizing 
acids and consequently, when used judiciously, can have a therapeutic effect. 50 
However, recent comparison to placebo indicates that antacids do not appear 
to relieve pain on the basis of their neutralizing effect. 51 

The H2 inhibitor cimetidine is gaining wide acceptance as an inhibitor of 
acid production and consequently is of great use in treating duodenal ulcer. 30,32 
However, the experience in Europe has shown that it is not the panacea hoped 
for. Although of great help, the results of the wide use the drug will receive in 
the United States remain to be evaluated. There is no question that anyone with 
duodenal ulcer today should be treated with cimetidine. The question is, how 
effective will the drug be in long-term use? 

A careful evaluation of random clinical trials52 reveals that antacids, anti
cholinergics,53-57 and giving up smoking all have significant effects on the treat
ment. Certainly, cimetidine will be added to these three. Both carbenoxo
lone58,59 and deglycyrrhizinated licorice80 ,81 have been proven to heal ulcera
tion. These medications are used effectively in Great Britain, but they have not 
been approved for use in the United States because of their potential for 
sodium retention and its resultant complications. 
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8.4.4. Diet Therapy 

Controversy still exists as to the benefits of diet therapy in acute and 
chronic peptic ulcer disease. Such noted clinicians as Spiro33 and Bockus· 
support the clinical value of a bland diet therapy, while Peterson and Ford
tran63 and Palmers point out the uncertainty of the benefit of diet therapy. 
Nevertheless, approximately one-half of all clinicians employ diet therapy in 
the treatment of ulcer disease." 

Table 8-1 is the position paper of the American Dietetic Association on the 
use of bland diets and the treatment of chronic duodenal ulcer disease and 
summarizes the present diet approach among clinicians. 

Table 8-1. American Dietetic Association Position Paper on Bland Diet in the Treatment of 
Chronic Duodenal Ulcer Disease 

I. [The ADA) recognizes that the rationale (chemically and mechanically nonirritating) for the 
bland diet is not sufficiently supported by scientific evidence. 

A. Spices, condiments, and highly seasoned foods are usually omitted on the basis that they 
irritate the gastric mucosa. However, experiments have indicated that no significant irrita
tion occurs, even when most condiments are applied directly on the gastric mucosa. 
Exceptions are those items which do cause gastric irritation, including black pepper, chili 
powder, caffeine, coffee, tea, cocoa, alcohol, and drugs. 

B. Milk has been the basis of diets for duodenal ulcer for many years. One of the primary aims 
in dietary management of duodenal ulcer disease is to reduce acid secretion and neutralize 
the acid present. While milk does relieve duodenal ulcer pain, the acid-neutralizing effect is 
slight. Its buffering action could be overweighed by its ability to stimulate acid production. 
Most foods stimulate acid secretion to some extent; protein provides the greatest buffering 
action and is also the most powerful stimulus to acid secretion. The use of milk therapy has 
been greatly reduced over the past decade, owing to a better knowledge of its side effects 
and allergic reactions. The controversy regarding the use of milk still continues. There are 
those who still advocate the regular use of milk, primarily during the active stage of acute 
duodenal ulcer; however, strict insistence on its use during remission is unwarranted. 

C. Roughage, or coarse food, has been excluded from the diet on the basis that it aggravates 
the inflamed mucosal area. There is no evidence that such foods as fruit skins, lettuce, 
nuts, and celery, when they are well masticated and mixed with saliva, will scrape or 
irritate the duodenal ulcer. Grinding or pureeing of foods is necessary only when the teeth 
are in poor condition or missing. 

D. The effect of a bland diet on the healing of duodenal ulcer has been studied extensively. 
Investigations have compared various bland diets with regular or free-choice diets. The 
results indicate that a bland diet made no significant difference in healing the ulcer. One 
such study demonstrated that the acidity of the gastric contents was frequently lower when 
a free-choice diet was taken. Many foods have been incriminated as the cause of gastric 
discomfort and are subsequently eliminated from a patient's diet. Studies done on patients 
with and without documented gastrointestinal disease indicate that those with gastrointes
tinal disease cannot be distinguished by food intolerance. Symptoms of intolerance were 
more related to individual response than to intake of specific food or the presence of 
disease. 

(continued) 
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Table 8-1 (Continued) 

II. Believes that scientific investigation supports the validity of frequent, small feedings in the 
management of patients with duodenal ulcer disease. These have been found to offer the most 
comfort to the patient; additionally, acidity of the gastric contents is lower with small-volume, 
frequent feedings. It must also be recognized that rest, preferably in bed, rapidly reduces 
duodenal ulcer symptoms. This is a specially important factor in the healing of the ulcer. 

III. Believes the following points should be of major consideration in developing a dietary plan for 
duodenal ulcer patients. 

A. Individualization of the dietary plan, since patients differ as to specific food intolerances, 
living patterns,life-styles, work hours, and education. 

B. Utilization of small-volume, frequent feedings. 

C. Provision of educational materials relative to dietary support. 

IV. Advocates the continued pursuit of current research and recommends that valid information 
be utilized in updating dietary regimens. 

V. Suggests that dietetic practitioners be cognizant of the possible harmful effects of a milk-rich 
bland diet in patients who have a tendency toward hypercalcemia and/or atherosclerosis. 

In a review of hospitals in the United States, bland diets were commonly 
used for peptic ulcer disease in 77% of the hospitals, milk routinely given in 
55%, a very restricted bland diet in 72%, and patients discharged on a less 
restrictive bland diet in 50%. Of significant note was the tremendous variation 
of the "bland" diet. Some institutions actually included citric juices and caf
feine-containing beverages, while others eliminated such bland foods as veget
ables. This great variation in what is called a bland diet reflects the confusion 
that exists in diet therapy. Probably the greatest reason for maintaining diet 
therapy in the treatment of ulcer disease is the fact that eating helps relieve the 
acute symptoms. A clinical trial comparing antacids to placebos revealed that 
there was no difference between the two in relieving acute pain associated with 
the ulcer. 51 This well points to the fact that any bland substance in the stomach 
will help relieve ulcer pain, a fact known by clinicians for ages. 

The placebo employed in the above-named study contained cellulose. It 
would seem that if merely filling the stomach helps relieve symptoms, then 
perhaps fiber-containing foods may have some beneficial effect. This has also 
been suggested by epidemiologists, who noted that the incidence of duodenal 
ulcer tends to be lower in underdeveloped countries where subjects eat high
fiber or unrefined-carbohydrate diets. Although rice, bran, and unrefined-car
bohydrate foods tend to buffer acid in vivo, they also increase acid production. 
What the role is in preventing chronic disease, or acute symptoms, is not 
completely understood.88 

The question as to the effect of diet on the healing of duodenal ulcer also 
remains an enigma. The story told repeatedly in gastroenterologic circles is that 



GASTRIC AND DUODENAL DISEASES 145 

of Dr. Eddy Palmer, who treated his in-patient military duodenal ulcer subjects 
with chili sauce and their ulcers healed. What we do not know is whether the 
subjects would have healed if they were not removed from their environment. 
Other studies such as performed by Buchman and colleagues87 have shown 
that duodenal ulcer heals as well with unrestricted as with bland diets. How
ever, when one looks carefully at such studies, patients received antacids and 
were hospitalized, isolated from their environments. Almost all recent studies 
reveal no conclusive evidence concerning diet therapy. 87-72 Certainly, a bland 
diet does no harm, and, if anything, it is helpful in maintaining the patient under 
clinical observation and control. Most clinicians insist that their patients do 
better and are less symptomatic when placed on a bland diet. There is evidence 
to indicate that spices such as red pepper increase acid secretion4 and that 
foods differ in their ability to stimulate acid production in duodenal subjects. S 

If this is so, then it is only reasonable to accept that certain foods will be less 
acid stimulating and consequently help limit the amount of acid delivered to the 
duodenum. 

One of the reasons most clinicians insist on using a bland diet is that it 
gives good results. Very often, patients complain of an intolerance to spicy 
foods. Surprisingly, this complaint does not stand up statistically in peptic 
ulcer studies72 because as many patients without ulceration complain of intol
erance as do those with ulceratipn. Gastritis and duodenitis should be related to 
these intolerances, but there have not been studies that correlate the clinical 
picture with histologic findings. Bland diets eliminate foods that are supposedly 
irritating because of their mechanical effect or chemical or physical composi
tion. Caffeinated beverages are usually eliminated because of their ability to 
stimulate acid production. However, it has been demonstrated that decaffein
ated coffee can be as strong a gastric stimulant as regular coffee.73 Facts such 
as this have caused confusion among nutritionists and, as a consequence, is 
reflected in the tremendous variation of so-called bland diets in hospital diet 
manuals. Perhaps the use of cimetidine will obviate the need for a bland diet, 
but that seems unlikely as epigastric distress associated with the history of 
peptic ulcer will move physicians and patients toward restriction of the diet 
when they are less acute and off the medication. Consequently, it behooves the 
clinician interested in nutrition to have the bland diet regimen available in his 
armamentarium of treatment for peptic ulcer. 

The basic treatment eliminates gastric stimulants, foods that because of 
their physical or biochemical composition are locally irritating and any direct 
gastric secretory stimulants. The bland diet regimen should also be graded. One 
can then follow the very rigorous hourly feeding protocols outlined by Bockus 
or plan to use the more liberal approach professed by Fordtran. 

The use of cimetidine3o ,32 will modify the approach. If it is used, the 
clinician may elect to go directly to step 2 or 3, depending on the individual 
patient. For those interested in using the traditional diet therapy, the following 
outline may be of help (see Chapter 20, diets 1-3). 

I. During the acute episode the aim is not to stimulate gastrin production, 
and therefore not to distend the stomach, and to keep acid neutralized as well 
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as sufficient calories available. Consequently, it is recommended that the pa
tient receive hourly feedings of milk. Depending on the patient, this could 
range from skim milk to whole milk to half-milk/half-cream. These should be 
alternated with 30 ml of a palatable antacid. Magnesium antacids frequently 
cause diarrhea; therefore, during the acute phase it is recommended that the 
patient take an antacid containing aluminum hydroxide or calcium carbonate. 
For the cardiac patient, one should employ low-sodium antacids (such as Rio
pan). Depending on the patient's cooperation, he will be taking either an ant
acid or milk every hour while awake. This regimen can be quite rigorous, and it 
is much easier to employ in the hospital. For those who work, it can be difficult. 
Nevertheless, some compulsive patients do maintain the regimen while active. 
After relief of pain is obtained, step 2 is established. 

2. The patient has six small but satisfying feedings per day, continuing to 
adhere to a bland diet. Antacids can be given. If the patient is feeling well after 
several weeks, step 3 follows. 

3. Three regular meals of bland feeding with between-meal snacks are 
recommended for approximately 1 month until the patient is totally asympto
matic. A regular diet can then be instituted. As indicated above, subjects who 
have had repeated episodes of peptic ulceration will never return to a so-called 
regular diet and will always have to maintain bland feedings. These subjects 
should always avoid spicy, irritating meals. 

Depending on the clinician and the patient's symptoms during steps 2 and 
3, antacid may be added approximately 45 to 60 min following each feeding. It 
is important to remember that the major difference between steps 2 and 3 is the 
amount of feeding. In a bland diet there is an attempt to eliminate all spices that 
may act as gastric irritants or stimulants. It is also important to reiterate that 
scientific evidence is meager concerning the benefits of a restricted bland diet 
in peptic ulcer therapy. Nevertheless, clinicians interested in nutrition have 
successfully employed this modality of therapy for decades. It is also impor
tant to stress that they have succeeded in treating and healing peptic ulceration 
with a bland-diet therapy after failure has occurred with an unrestricted-diet 
therapy. 

The virtues of bed rest, elimination of smoking, alcohol, aspirin, and 
antiinflammatory agents, and reassurance along with sedation are all important 
in the treatment. Naturally, their use depends on the individual patient and on 
the judgment of the physician. 

If diet therapy fails, and there is failure with new agents such as cimeti
dine, and there is resultant intractable pain, bleeding, or obstruction from the 
ulcer, then surgery is necessary. Postoperative dietary management is dis
cussed in Chapter 9. 

8.4.5. Milk-Alkali Syndrome33 ,63 

Patients who drink significant amounts of milk in conjunction with absorb
able antacids such as sodium bicarbonate and calcium carbonate may develop 
the symptoms and complications of the milk-alkali syndrome. The acute form 
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may occur a few days after taking large amounts of absorbable antacids and 
consists of an acute alkalosis with temporary renal insufficiency, which is 
reversible when antacids are discontinued. There is a subacute form that is 
associated with hypercalcemia and elevated serum bicarbonate and low serum 
chloride levels. This form is also transient. 

The more classic milk-alkali syndrome (Burnett's syndrome) may be irre
versible. Following long-term ingestion of milk and antacids, the patient devel
ops symptoms of hypercalcemia. There may be anorexia, ulcer pain may be
come intractable, and there may be evidence of calcinosis with band 
keratopathy and conjunctivitis. The laboratory will reveal high serum calcium, 
normal alkaline phosphatase, normal or slightly elevated serum phosphorus, 
and radiologic evidence of increased calcification. Often it is very difficult to 
differentiate this patient from the one who has hyperparathyroidism with asso
ciated duodenal ulcer. 

Once the diagnosis is suspected, the patient should be taken off all absorb
able antacids and placed on a low-calcium diet (see Chapter 20, diet 6). If the 
azotemia persists and elevated serum calcium persists after 1 month, the pa
tient must be thoroughly evaluated for hyperparathyroidism. It is wise to re
member that elevated calcium increases gastric stimulation and consequently 
aggravates any peptic ulceration. How these patients will be treated now that 
H2 antagonists are available in the form of cimetidine is uncertain at this 
printing. Potentially, it should be helpful in treating hyperacidity that results 
from hypercalcemia. Once intractable renal disease occurs, that must be 
treated in itself. 

The physician employing absorbable antacids should be aware of this 
milk-alkali syndrome and at the first sign of any symptoms a careful evaluation 
should be made. 
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Nutritional Problems Following Gastric and 

Small-Bowel Surgery 

9 

Weight gain is often difficult following gastric surgery. Many patients never 
regain their preoperative weight, and others have significant weight loss. Still 
others develop selected deficiencies that may result in anemia or osteoporosis. 
Many types of gastric surgery have been employed for peptic ulcer, neoplastic, 
and traumatic disorders. 

Total gastrectomy entails total removal of the stomach. A loop of small 
intestine is anastomosed to the distal esophagus. This procedure is rare and is 
most often used for carcinoma of the stomach or severe traumatic damage to 
the stomach. 

In subtotal gastrectomy 50 to 75% of the stomach is removed and the 
remaining stomach sutured directly to the duodenum. This is referred to as a 
Billroth I procedure. When the remaining stomach is sutured directly to the 
jejunum with closure of the duodenal stump, the procedure is referred to as 
Billroth II. Many variations of Billroth I and II procedures are employed and 
include anastomosing the jejunum to the anterior or posterior wall of the stom
ach in either an anterior or retrocolic position. 

Esophagogastrectomy is employed to bypass or remove benign or malig
nant lesions of the proximal half of the stomach. This leaves the distal part of 
the stomach intact. 

Vagotomy in conjunction with gastric resection, or drainage of the stom
ach, has become more widespread in the treatment of peptic ulcer disease. It 
may be truncal, which divides the two main vagal trunks; proximal, which 
interrupts only the branch to the acid-secreting part; or selective, which in
volves tedious section of all gastric fibers and maintenance of the celiac and 
hepatic innervation. A truncal procedure always needs an associated 
"drainage" (pyloroplasty). 

The type of surgery employed for peptic ulcer disease varies with surgical 
experience and the present vogue. Consequently, the patient who presents with 
a nutritional problem after gastric surgery may have had anyone of a variety of 
procedures. It is important to establish which surgery has been done as the 
symptoms and type of treatment may vary. For example, weight loss asso-
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ciated with dumping syndrome is treated differently than mild anemia and little 
weight loss. At present, more vagotomies are done than surgical resections of 
the stomach. Nevertheless, patients with surgical resection are plentiful in our 
population. Naturally, the patient who has had surgery for carcinoma will have 
resection as needed to remove the tumor plus all of the potential problems of 
weight loss from the primary disease. It is not within the scope of this text to 
describe all of the gastric surgical procedures, and the interested reader is 
referred to the latest surgical textbooks or monographs on the subject.1 

After subtotal gastrectomy, the following problems may arise that can 
result in nutritional deficiencies which can be treated by diet management: 

1. The dumping syndrome 
2. Weight loss (decreased caloric intake or absorption) 
3. Selective deficiencies due to absorption defects 

a. Steatorrhea 
b. Protein malnutrition 
c. Osteoporosis and osteomalacia 
d. Anemia-vitamin B12 deficiency 

Anemia-iron deficiency 
e. Hypoglycemia 
f. Vitamin A deficiency 

4. Diarrhea 
5. Appearance of latent diseases 
6. Postoperative anatomic complications1 

a. Anastomotic ulcer 
b. Afferent loop syndrome 
c. Intussusception 

7. Vagotomy 

9.1. THE DUMPING SYNDROME 

The dumping syndrome is the complex of intestinal and vasomotor symp
toms that occur in a postgastrectomy patient after rapid passage of a hyperos
molar meal from the gastric pouch to the intestine. 

The term "dumping" was first applied by Mix2 in 1922 and merely refers to 
postgastrectomy rapid transit of food. Krieger et al.3 and Abbott et al." cham
pion this definition and insist that dumping per se occurs frequently when the 
stoma size is greater than 2 cm. However, the term "dumping syndrome" is 
applied only when symptoms occur. Although dumping occurs frequently, the 
symptoms of the syndrome do not necessarily follow. 

Machellas demonstrated that the syndrome could be caused by intrajejunal 
administration of hyperosmolar and hypertonic solutions. His work was con
firmed by Roberts et al. 6 and Fischer et al., 7 who also showed that a concomi
tant drop in plasma volume occurred with symptoms and that this could also be 
produced in normal people. Weidner et al. 8 and Scott et al. 9 further elaborated 
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the etiology by showing that (1) the type of gastric resection is not related to the 
syndrome, (2) large quantities of hypertonic solution will produce the syn
drome in all postgastrectomy patients, and (3) normal people develop the syn
drome when these hypertonic solutions are fed directly into the jejunum, but 
not when given orally. 8,9 This syndrome occurs in anywhere from 1 to 75% 
(overall 25%) of sub-total gastrectomy patients regardless of age or sex. 

The typical sequence of events is as follows. The susceptible patient eats a 
meal composed of hyperosmolar food (usually highly concentrated simple car
bohydrates). The food rapidly enters the jejunum where it causes a sudden 
shift in fluid so that there is a measurable fall in plasma volume. Hyperperistal
sis, bloating, and diarrhea may occur associated with varying degrees of va
somotor symptoms including weakness, dizziness, sweating, pallor, and tachy
cardia. At this stage the patient is usually hyperglycemic, but rebound 
hypoglycemia and hypokalemia have been recorded. Although most of the 
symptoms may be explained as vasomotor effects, disturbances of intestinal 
adaptation to food rapidly entering the jejunum or duodenum may be at fault. 
Ordinarily, food enters the duodenum slowly and permits appropriate motility 
and hormone activity to occur. Dumping into the proximal intestine may cause 
distension and inappropriate or inadequate release of intestinal hormones. It 
has been shown that patients with dumping syndrome do have significantly 
higher levels of enteroglycagon.10 

The hypoglycemia is often referred to as the late aspect of the dumping 
syndrome. It is thought to occur because of the rapid rise in blood sugar 
followed by a rapid fall that may cause dizziness, fainting, nausea, and 
sweating. 

Although most postgastrectomy patients may dump food into the intestine, 
symptoms may not develop. However, when challenged with hypertonic sim
ple carbohydrate solutions, these same patients may develop symptoms of the 
dumping syndrome.8 ,9 

Careful dietary management may prevent the dumping syndrome. 11-13 The 
recommended diet is usually limited simple-carbohydrate and fluid intake dur
ing meals (see Chapter 20, diet 8). This type of regimen is 80% successful. It 
was previously believed that patients who could not be controlled required 
surgical resection; however, high dietary fiber (poorly digested polysacchar
ides) may be of great help in preventing both the early and the late type of 
dumping symptoms.13 Jenkins and colleagues have demonstrated that 10 g of 
pectin per day prevents recurrent postprandial hypoglycemic attacks in the 
most severe dumping syndrome patients. Whether other nonabsorbable poly
saccharides will be helpful is not known. However, Jenkins and associates 
have demonstrated that 5-g sachets of pectin twice a day are an effective 
regimen in preventing the symptoms of the syndrome. Therefore, the present 
recommendation would be limited fluid and simple-carbohydrate intake during 
meals. If this does not prevent the symptoms, then pectin is added to the 
regimen. Foods high in pectin are listed in Chapter 20, diet 9. A protein dietary 
supplement consisting of casein and soy14 has also been reported to be effec
tive in combating severe exacerbations of the dumping syndrome. The results 
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claimed for both dietary fiber and protein dietary supplement have not yet been 
reproduced by other investigators, but the rationale is good and they should 
prove effective for some patients. Should all of these regimens fail, then surgi
cal correction or conversion is indicated.4 ,15 

9.2. WEIGHT LOSS AND STEATORRHEA 

The incidence of weight loss after gastric resection is reported to be any
where from 10 to 50%.18-21 The weight loss may be as much as 10 to 20% of 
body weight. It may occur rapidly after gastric surgery and then stabilize, or it 
may be a chronic problem. The degree of nutritional depletion is in some way 
related to the degree of surgical resection. Weight loss after total gastrectomy 
is always a problem, but nutritional problems after a partial gastrectomy vary. 
Some observers believe better results are obtained for ulcer surgery when the 
stomach is left intact.22 Others believe there is no specific relationship to the 
type of operation, but rather to the extent of the resection.2O,21 

Weight loss is also related to postgastrectomy steatorrhea.20 The loss of 
weight or the inability to maintain weight is related both to decreased caloric 
intake, which may be the result of decreased stomach size, and to malabsorp
tion. The steatorrhea is clear evidence of malabsorption. 

The reasons for steatorrhea are mUltiple. When the gastric stump is con
nected to the jejunum, it bypasses the duodenum. As described in Chapter 1, 
the food, or chyme, entering the duodenum is a pivotal point in digestion and 
absorption. It stimulates the production of gastrointestinal hormones and, con
sequently, maximal electrolyte and enzyme secretion. There are degrees of 
decreased absorption and resultant steatorrhea and nitrogen 10ss.23-25 The poor 
mixing of duodenal contents with chyme that enters the jejunum results in 
defective absorptive mechanisms, including deficient micelle formation due to 
decreased bile and lipase, and actual decreases in the amounts of enzymes.25 

In addition to poor mixing, there is occasional bacterial overgrowth in the 
jejunum due to decreased acid production by the stomach and, consequently, 
decreased cleansing of the chyme. The bacterial overgrowth in the upper small 
bowel can further add to the malabsorption.28,27 The increased colonization of 
bacteria can be demonstrated both by direct counts from aspirates and by the 
breath-hydrogen test.27 Once bacterial overgrowth occurs, the patient is sub
ject to many of the problems that are seen in the so-called blind loop syndrome. 

Treatment of this condition challenges the physician's clinical acumen. 
One maneuver which may be helpful is to start the hormonal processes and gut 
secretion 30 min before the major meal by having a small snack. If this does not 
work, it is wise to supplement the patient's food with enzymes. When bacterial 
overgrowth is demonstrated, treatment with antibiotics may be helpful. Most 
patients will stabilize and maintain a steady body weight on regular diets. 
However, those who do not can be aided initially by frequent small feedings, 
or, as a last resort, by the use of simple-protein foods such as may be found in 
elemental diets (see Chapter 18). 
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9.3. SELECTED DEFICIENCIES 

Iron deficiency anemia is common following gastric resections. Hobbs28 
found that 50% of 242 subtotal gastrectomy patients developed it. When strict 
criteria of anemia are employed, statistics reveal that almost all females and 
half of the males will develop iron deficiency following subtotal gastrectomy. 

The cause is usually a combination of initial blood loss (rarely continued 
blood loss), poor nutrition, and poor absorption of iron. In the female, these 
factors are superimposed on small iron stores that are unusual in a healthy 
male. The small bowel can absorb iron normally in postgastrectomy pa
tients,29,3o but poor absorption does occur due to bypass of the duodenum and 
rapid passage through the small bowel. It is not due to a mucosal malfunction. 
The iron deficiency anemia is usually mild and responds easily to oral iron 
replacement. Easily dissolved forms of iron should be employed because there 
is rapid transit and duodenal bypass. The presence of food in some subjects 
may decrease iron absorption and therefore iron supplements should be given 
between meals.31 Vitamin C may be helpful in these patients. Consequently, 
some physicians add orange juice not only for its C content but also for its 
effectiveness in promoting iron absorption. 

Megaloblastic anemia due to B12 or folic acid deficiency will develop after 
total gastrectomy12 and may also occur after subtotal gastrectomy. 

There are two mechanisms in the development of B12 deficiency: (1) lack 
of intrinsic factor (IF) and (2) competitive bacterial absorption in a blind loop 
of the intestine or with associated bacterial overgrowth. Intrinsic factor is 
produced in the neck cells of the stomach. After a total gastrectomy, all IF 
production ceases. However, after a subtotal gastrectomy, IF mayor may not 
be absent depending on the integrity of the gastric stump. Radioactive B12 
studies correlate well with the structural integrity of the stomach. With atrophy 
of the stump, mucosal B12 absorption is impaired and eventual development of 
megaloblastic anemia should occur.33,34 Depletion of B12 stores may take as 
long as three years. The Schilling test is used to evaluate B12 absorption. If IF 
is absent no B12 is absorbed. When the test is repeated with added IF, absorp
tion and secretion of B12 are normal, proving that the defect is not B12 absorp
tion but absence or depletion of an intrinsic factor. 

B12 depletion and megaloblastic anemia may occur because of bacterial 
overgrowth in an afferent loop, blind loop, or contaminated jejunum.34,35 That 
the stagnant loop causes the anemia has been demonstrated by both surgical 
repair and antibiotic therapy. 

Treatment of B12 deficiency megaloblastic anemia caused by lack of IF is 
easily corrected by a monthly dose of B12. It should be anticipated in all 
gastrectomies and is certain following total gastrectomy. Whenever achlorhy
dria is present in any subtotal gastrectomy, the physician should be on guard 
for potential B12 deficiency. The problem of a blind loop or afferent loop 
megaloblastic anemia is more difficult. Although parenteral B12 and antibiotics 
will correct the anemia, overgrowth syndromes are troublesome and surgical 
correction may be necessary if a blind loop is demonstrable. 
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It is vital to discover any B111 deficiency as not only anemia but also 
irreversible neurologic complications may develop. Weir and Gatenby86 
demonstrated subacute combined degeneration of the cord after partial 
gastrectomy. 

In one study, 8 of 13 patients with postsurgical megaloblastic anemia were 
definitely folic acid deficient and 3 had total folic acid depletion.37 Conversely, 
in some patients with bacterial overgrowth, folic acid levels may be extremely 
high due to production of folic acid by some species of bacteria.38 Treatment of 
deficiency requires folic acid replacement. Apparently, the small bowel is capa
ble of absorbing folic acid when there is no latent celiac disease. Oral replace
ment doses should correct the deficiency. 

Blood lipids appear to be lower in subjects following gastrectomy, and this 
leads to interesting epidemiologic theories. Japanese-American men between 
the ages of 45 and 69 with previous partial gastrectomies were compared to a 
control nongastrectomy population. They had significantly lower cholesterol 
and triglyceride serum levels in association with weight loss and decreased 
blood pressure. The depressed lipid and blood pressure values could not be 
entirely explained by the reduced weight. None of these differences appeared 
related to diet or living habits. Those operated on for gastric ulcer had, on the 
average, lower systolic pressures than duodenal patients and those with gastro
jejunal anastomosis had lower cholesterol levels than patients with a gastro
duodenostomy.37 These findings need further elaboration as to their clinical 
significance, but they certainly correlate with observations on abnormal 
absorption. 

The incidence of osteomalacia following gastrectomy is approximately 
15%.40 Fine cortical analysis studies indicate there may be a higher incidence 
of very subtle bone changes, which can be attributed to vitamin D deficiency. 
Bordier et al. 41 report that in several patients with no obvious vitamin D defi
ciency, early bone changes were nevertheless corrected by administration of 
vitamin D. It is difficult to determine whether the osteoporosis and osteomala
cia that develop after gastrectomy are due to vitamin D deficiency, poor cal
cium absorption, or would have been present in any event. However, it is clear 
that these subjects do absorb calcium less readily42 and also tend to have 
vitamin D deficiency. This may merely be nutritional depletion and needs fur
ther clarification. 

Nevertheless, the patient with elevated serum alkaline phosphatase fol
lowing gastrectomy is suspected of having a defect in bone metabolism and 
should be treated with appropriate vitamin D and calcium replacement therapy. 
Serum alkaline phosphatase and 5-nucleotidase are the best screening guides 
for a possible bone problem. When they are normal, it is highly unlikely that 
osteomalacia is developing in the patient. When it is abnormal, it is a distinct 
possibility, and therapy should be instituted unless the physician is ready to 
perform a bone biopsy to ensure that there is no impending lesion. As dis
cussed elsewhere, the average diet of patients requiring gastrectomy is often 
deficient in calcium because of their age, and these patients in particular re-
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quire more calcium and vitamin D in their dietary management. (See Chapter 
20 for high-calcium foods.) 

Hypoglycemia may be a problem following gastrectomy. It may be part of 
the so-called latent dumping syndrome. Shultz and colleagues43 carefully stud
ied glucose metabolism in nine postgastrectomy patients and demonstrated 
early hyperglycemia and late hypoglycemia after glucose ingestion. Insulin 
secretion was exaggerated. All of their data suggested that postgastrectomy 
hypoglycemia is caused by an inducible gastrointestinal factor that potentiates 
glucose-mediated insulin release. Since the enteroglucagon-producing cell has 
been located in the intestinal mucosa, Bloom and associateslO have been able to 
demonstrate that levels of enteroglucagon are significantly higher in subjects 
who developed hypoglycemia following gastrectomy. 

Treatment of the hypoglycemia is accomplished by dietary management, 
as mentioned above in the dumping syndrome, and should not require further 
surgery (see Chapter 20, diets 8 and 9). 

Vitamin A may become depleted in total gastrectomy patients and is ab
sorbed poorly after subtotal gastrectomy. 44,45 The deficiency is related to an 
increase in cholinesterase, poor pancreatic secretion, and steatorrhea. One 
should be on guard for vitamin A deficiency and oral supplements should be 
supplied. 

9.4. DIARRHEA 

Diarrhea following gastric resection is a nonspecific symptom and can be 
due to several mechanisms, some of which are clearly associated with subtotal 
gastrectomy. The dumping disorder and steatorrhea are causes of diarrhea. 
Furthermore, these patients are more prone to develop Salmonella infections. 
Complications such as gastrocolic fistula, anastomotic ulcer, blind loop syn
drome with malabsorption, and latent diseases such as gluten enteropathy and 
lactose intolerance are all more common in the patient who has undergone 
gastrectomy than in the average population. Naturally, treatment of the diar
rhea is dependent on the cause. If one of the above is found, then it must be 
treated accordingly. 

Some subjects will develop diarrhea following subtotal gastrectomy with
out any apparent cause. These must be handled symptomatically. Nutritional 
variations may help at times. Studies such as those performed by Jenkins et 
al.,13 where pectin is added to the diet, may prove to be of some benefit for 
these patients. 

9.5. POSSIBLE LATENT INTESTINAL DISEASE 

Shiner and Doniach" have demonstrated intestinal mucosal atrophy and 
inflammation in postgastrectomy patients. It was suggested that some of these 
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patients were suffering from latent gluten enteropathy. Whether these lesions 
preceded or followed surgery is not clear, but the relationship of an intestinal 
lesion to steatorrhea and malnutrition is important. Therefore, when steator
rhea is discovered following subtotal gastrectomy, it is important that a small
bowel biopsy be performed so that gluten enteropathy can be ruled out. It 
would be most unfortunate to treat a postgastrectomy weight loss symptomati
cally when there is a specific cause such as gluten enteropathy. The usual 
workup for malabsorption in these patients will delineate the various specific 
causes. 

Milk intolerance due to lactase deficiency is a common finding. It may not 
be apparent prior to sub-total gastrectomy. Following surgery, there is a small 
gastric reservoir. The lactose that is present in dairy products enters the small 
intestine rapidly and lactase deficiency may become more evident and cause 
more symptoms.47 ,48 This is treated by decreased lactose intake or by the 
addition of lactase to foods prior to oral intake. (See Chapters 13 and 20 for 
lactose intolerance and low-lactose and lactose-free diets.) 

9.6. OTHER POSTOPERATIVE COMPLICATIONS 

Complications of subtotal gastrectomy such as the afferent loop syn
drome, anastomotic ulcer, and jejunogastric intussusception do not readily 
concern the nutritionist, but they should be carefully analyzed by the clinician 
before the troubled postgastrectomy patient is subjected to lengthy treatments. l 

The incidence of cancer of the stump is increased. Whether it is due to reflux of 
bile irritation or increased nitrites is not yet clear. 65,66 

9.7. VAGOTOMY 

Today, surgery for peptic ulceration more commonly employs vagotomy, 
selective or otherwise, in association with a simple drainage or pyloroplasty 
procedure due to the decreased incidence of complications. But some persist. 
Diarrhea following vagotomy is often a problem, and the mechanism remains 
unknown. Although Temple et al. 49 have demonstrated hypertonicity and ex
cessive osmotic loads in the small bowel are a possible cause of diarrhea, this 
has not been substantiated by others. Gastric emptying is actually slowed after 
vagotomy. Decreased emptying time from the stomach permits more efficient 
digestion and results in more efficient absorption so that less steatorrhea or 
malabsorption is seen in the vagotomy/pyloroplasty patient than in the subtotal 
gastrectomy patient. 50 Subtotal gastrectomy with gastrojejunostomy results in 
more rapid emptying and abnormally low concentrations of trypsin and bile 
salts in the intestinal lumen. This should not occur with vagotomy/pyloro
plasty. Therefore, the latter procedure is preferred by some.51 

Selective vagotomy, so-called proximal gastric vagotomy, or parietal cell 
vagotomy, has become popular as a procedure for decreasing acid production 
and therefore as a treatment of peptic ulcer. Although vagotomy and vagoto-
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my/pyloroplasty have less complications than subtotal gastrectomy, they do 
show evidence of causing disturbances in digestion. Proximal vagotomy has 
been shown to cause decreased sensitivity of the pancreas to secretin; conse
quently, low doses of secretin were able to produce increased bicarbonate 
secretion by the pancreas. Such increased sensitivities have not been demon
strated to produce any clinical syndrome as yet. However, alteration in vagus 
function will require much more study to determine whether there are any 
nutritional consequences. 52 Although myriad papers have been written on the 
subject of vagotomy, there is little that is of use to the nutritionist in the present 
state of the art. 

9.8. TOTAL GASTRECTOMY 

Total gastrectomy is performed because of severe injury to the stomach or 
the presence of malignancy. Incapacitating nutritional debilitation may result 
from the procedure. A small bit of retained stomach may prevent nutritional 
crisis. Bradley and associates53 studied ten patients who had undergone total 
gastrectomy without evidence of malignancy. They documented that the sub
jects had mild steatorrhea and increased nitrogen loss; in a controlled hospital 
situation, however, they consumed large amounts of calories and maintained 
body weight. But in their home environments, they did not consume enough 
calories to maintain weight. Careful nutritional support was needed to maintain 
the patients adequately. In a discussion of this presentation53 Dr. Zollinger 
reported that 85% of his patients having total gastrectomy for Zollinger-Ellison 
syndrome maintained their optimal weights. Moore and colleagues53 reported 
that several pediatric patients requiring total gastrectomy grew and developed 
normally. Although difficult, careful guidance can help the total gastrectomy 
patient. The program should include caloric intake assessment and use of food 
supplements as needed. 

9.9. SMALL-BOWEL RESECTION 

Patients with small-bowel resection are relatively rare. Until 1950, only 
250 cases were reported and tabulated. 53-58 The greatest percentage of these 
are due to infarction of the small bowel. Reports of massive resections with 
surprisingly long survivals are beginning to accumulate. 54-59 For example, a 
patient studied by Linder and colleagues56 survived 3.5 yr with only 7 in. of 
small intestine. And a patient of Levin and colleagues58 survived 6 yr with little 
more than a duodenum. 

Because the small bowel is the site of both digestion and absorption, the 
problems that evolve after resection are primarily nutritional deficiencies. The 
degree and type of deficiency that develops vary directly with the extent of the 
surgery and whether the jejunum or ileum is resected. It logically follows that 
patients with small resections will have less nutritional problems than those 
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with more extensive resection. 57 It is possible to remove 1 to 2 ft of bowel with 
little or no consequence. 

Booth and colleagues80,81 showed that specific problems arise when cer
tain sites are resected. For example, fat is absorbed more efficiently in the 
upper bowel; as a result steatorrhea is greatest when the duodenum and je
junum are lost. Similarly, B12 is best absorbed in the ileum. If the ileum is lost, 
megaloblastic anemia develops readily. 81 

When a significant length of bowel is resected (usually more than 3 ft), 
some degree of malabsorption occurs. In order to establish this, the patient 
must be observed for weight and deficiencies. However, when malabsorption is 
only minimal, then little need be done other than to ensure no vitamin deficien
cies occur. 

In massive resection, the problems are mUltiple and call for frequent sup
portive nutrition. Electrolyte depletion occurs and potassium nephropathy is 
encountered. 58 Blood chemistries should be checked for latent depletions; 
when present, supplements of potassium, calcium, and magnesium are pre
scribed. Management of a massive resection is a challenge to the physician, 
and it has been shown that these patients can survive for many years if care
fully managed. Treatment of a primary illness must be concomitantly provided. 
For example, in small-bowel infarction, if cardiac disease exists, treatment of 
an arrhythmia and possible anticoagulant therapy may be needed. 

The small bowel can adapt to a certain extent. Clayton and Cotton82 re
ported a case of a ten-month-old infant where the entire jejunum and half of the 
ileum were resected. However, the child had subsequent normal growth and 
development. It was their impression that the prognosis of massive intestinal 
resections is better in the child than in the adult because natural growth permits 
better adaptation.a Actual increased cell populations of the small intestine can 
occur as well as adoption of function by the remaining bowel. 83,84 

The patient with massive resection of the small bowel should be under 
regular nutrition management. During the early postoperative stages, there 
need be weekly and then monthly analyses of weight, dietary intake, and all 
nutritional factors as noted in Chapters 2 and 3. The patient's diet should be 
adjusted with supplements to maintain adequate nutrition. Medium-chain trig
lycerides may help initially, but as the bowel adapts, patients can often tolerate 
regular foods. Vitamin and mineral supplements are often needed and their 
replacement should be guided by serum biochemical evaluations. Serum K, 
Mg, and Ca should be evaluated until maintenance therapy is established. 
Similarly, body proteins such as albumin and transferrin should be stable on 
the accepted dietary intake for the patient. 

Initial management may require TPN and also home management on TPN 
(see Chapter 19). Long-term TPN should only be needed in massive, almost 
total resections. If the jejunum is present, enteral supplements (Chapter 18) 
will be helpful, but rapid progression to foods is advised. Each patient must be 
assessed carefully and managed individually as the degree of resection and the 
primary disease will modify each situation. (Therapies such as the binding of 
bile salts, for bacterial overgrowth, and the blind-loop syndrome will be dis
cussed in Chapter 13.) 
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10 

Liver Diseases 

The liver is a pivotal organ in human nutrition. It modifies much" of the nutrient 
material it receives through the portal circulation, it adds significantly to the 
intraluminal digestive process through bile secretion, and it has an important 
hormonal or humoral effect via feedback mechanisms such as exist in choles
terol and bile acid metabolism. There are undoubtedly many other nutritional 
systems it affects that are yet not fully understood. When the liver becomes 
diseased, these functions may be affected. A full text would be required to 
describe completely the biochemical role of the liver. In this chapter, an at
tempt is made to describe some major biochemical phenomena that are affected 
by disease and treatable by diet modifications. 

10.1. NORMAL CARBOHYDRATE METABOLlSMl 

The liver is probably the main organ site in the control of human carbohy
drate metabolism. Monosaccharides are absorbed from the small intestine and 
passed directly to the liver through the portal vein. Glucose is the pivotal 
monosaccharide as fructose and galactose are converted in the liver to glucose. 
Both can be converted to glycogen or used as glucose. Glucose is stored pri
marily as glycogen; when the stores are filled or there is a demand for other 
products, glucose can be converted to fatty acids or amino acids. Conversely, 
when there is a demand for glucose or glycogen storage, fatty acids or amino 
acids can be utilized to supply adequate carbohydrates. The following is a 
simple outline of these biochemical steps (PEP = phosphoenolpyruvate): 

liver cell 
membrane 

glycogen + t ---'" acetyl CoA ~fattyacid 
GI lc~( ===t) Glc6P ~( ==~) PEP 

"'-..lactate, amino acid 

The major enzymes important in this system are glucokinase, which converts 
glucose (Glc) to glucose-6-phosphate (Glc6P), and glucose-6-phosphatase, 
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which converts glucose-6-phosphate to glucose. Glucokinase catalyzes the 
same reaction as hexokinase and is present in the liver, but it is not inhibited by 
glucose-6-phosphate. The interrelations of these enzymes provide a sensitive 
regulatory mechanism for control of glucose release and storage in the liver.1 
Also involved in the system, as described in Chapter 1, are portal blood levels 
of glycogen, rates of glycogen synthesis, and probably hormonal levels of 
insulin and glucagon. The mechanism is extremely complex and as yet not 
completely understood. However, glucagon and insulin essentially exert oppo
site effects on glucose uptake and release by the liver. Insulin increases the 
maximal rates of glucokinase and glycogen synthesis and reduces that of gluco
neogenesis. Glucagon increases glycogen breakdown and gluconeogenesis. As 
a final effect, glucose release is aided by low insulin or high glucagon levels.2 

Through its glycogen storage mechanism and release of glucose into the 
blood, the liver has the primary role in maintaining adequate blood glucose 
levels. When a patient is starved or malnourished, glycogen stores are depleted 
and the liver then enters into body homeostasis by gluconeogenesis. It converts 
fatty acids and amino acids into glucose. Gluconeogenesis is also another 
mechanism for the removal of lactate from the blood.3 There is evidence of a 
definite relationship between carbohydrate metabolism and fatty acid and pro
tein metabolism. This is particularly evident during starvation, when carbohy
drate stores are depleted and fat stores must be used to supply glucose for brain 
utilization. It is also evident during starvation that ketone bodies are used and 
produced in the liver by partial oxidation of fatty acids.· 

10.2. ABNORMAL CARBOHYDRATE METABOLISM 

When serious hepatocyte disease occurs, any of the above mechanisms 
may become disturbed. Impaired glucose tolerance occurs in patients with 
active and chronic viral hepatitis, fatty liver, and all forms of cirrhosis. 5-8 It has 
been proposed that this occurs due to a disturbance in the glucose uptake 
regulation in the liver and is associated with abnormal insulin and glucagon 
levels. 

Patients with severe liver disease may also suffer from hypoglycemia due 
to-their inability to adequately release glucose or to rapidly avail themselves of 
gluconeogenesis. This may be particularly evident in a liver patient who has 
syncope after not eating well and starves for a 24- to 36-br period.1 It is also a 
definite problem in liver disease patients undergoing surgery. 

Patients with severe disease are also prone to lactic acid acidosis caused 
by their inability to remove lactic acid from the bloodstream through normal 
carbohydrate mechanisms.3 Studies of patients with portocaval anastomosis 
reveal that there is definite resistance to endogenous insulin, which probably 
plays a major role in glucose intolerance. It was believed an increased islet cell 
response caused elevated blood insulin levels.9 ,lO However, the finding that 
there is decreased insulin degradation in the cirrhotic liver helps explain ele
vated insulin levels. 11 
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10.3. DIET THERAPY FOR CARBOHYDRATE DISTURBANCES 

Glucose intolerance is rarely a severe problem in acute or chronic liver 
disease. In the acute state, the physician need not worry about it as a major 
problem. In chronic liver disease, the intolerance is most often controlled by a 
diabetic diet (see Chapter 20). Rarely is insulin needed in glucose intolerance 
due simply to liver failure. When insulin is needed, this usually is due to a 
concomitant diabetes mellitus or hemochromatosis associated with diabetes. 

There is a particular need for glucose when a patient is starving. Further
more, the need is urgent preceding and during surgery in the patient with liver 
disease so that the important limited glycogen stores of the liver are not 
depleted. 

10.4. NORMAL FA T METABOLISM 12 

Within the hepatocyte, fat metabolism is a constant, dynamic process so 
that at any given time there are fatty acids, cholesterol, phospholipids, and 
triglycerides in flux. The fatty acids are increased in the liver due to (1) dietary 
fat, (2) adipose tissue fat, and (3) synthesis of fatty acids. 

Fatty acids are removed from the liver by (1) esterification, (2) very-low
density lipoprotein formation, and (3) oxidation of fatty acids. Fats are ab
sorbed through the intestine as described in Chapter 1. Long-chain fatty acids 
form triglycerides that are passed into the lymph and bloodstream as chylomi
crons, arriving at the liver through the systemic circulation. Short-chain and 
medium-chain fatty acids form triglycerides that pass directly to the liver 
through portal blood. Fat that is mobilized from body tissues arrives at the liver 
through the circulation. Glucose and amino acids from the systemic circulation 
are also used by hepatocytes to form fats. 

Triglycerides are reformed in the microsomes of the hepatocyte, pass into 
the smooth endoplasmic reticulum, where they are esterified, and are then 
coated with a l3-apoprotein in the rough endoplasmic reticulum along with 
cholesterol and phospholipids to form very-low-density lipoproteins. 

Fatty acids are oxidized in the mitochondria of the hepatocyte-liberating 
ketone bodies, which are not metabolized by the hepatocyte. 

10.5. ABNORMAL FATMETABOLlSM12 

Plasma-free fatty acids are elevated in almost all liver diseases. Serum 
triglyceride levels are elevated in obstructive jaundice but are not elevated 
when hepatocytes are severely damaged, as in fulminant hepatitis. 

The major disturbance of fat metabolism relating to the liver is fatty liver. 
Fat deposition occurs within hepatocytes. Fatty acids collect within the cyto
plasm to distort the cell and push the nucleus to one side in alcohol-induced 
fatty liver, severe malnutrition such as kwashiorkor, severe obesity, following 
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intestinal resection for obesity, and diabetes mellitus. A fine intracytoplasmic 
vacuolar distribution of fat without displacement of the nucleus occurs in fatty 
liver of pregnancy, drug toxicity (e.g., tetracycline), Reye syndrome, and in 
cholesterol storage disease. 

Fatty liver also occurs in significant amounts in congenital disorders such 
as abetalipoproteinemia, Tangier disease, Wolman disease, and Niemann
Pick, Gaucher, and Hurler syndromes. Fatty liver may be seen in almost all 
hereditary metabolic disorders. The increase of fat in the liver occurs either 
due to an increase in anyone of the processes that delivers fatty acids to the 
liver or to a decrease in anyone of the processes that removes fatty acids from 
the liver. In each specific disease there appears to be a predominance of one of 
the defects. For example, in increased ethanol there is a major impairment of 
the oxidation of fatty acids even though there is an increased inftux of fatty 
acids to the hepatocytes. In obesity the mechanism of increased fat in the liver 
still remains obscure although it seems to be related to increased storage. In 
diabetes there appears to be increased production of fat from carbohydrates as 
well as increased mobilized fat stored in the liver. The following list character
izes the mechanisms in specific diseases: 

Effectively decreased very-low-density lipoprotein formation: kwashior
kor, tetracycline toxicity. 

Increased mobilization of fat and carbohydrates: obesity, diabetes. 
Decreased oxidation of fatty acids with some increased production: 

alcohol. 

The increased fatty liver that occurs in severe malnutrition such as kwa
shiorkor is most fascinating. One would expect that the liver would become 
depleted. However, the mechanism that appears to cause this incongruous 
effect of malnutrition is a protein deficiency of the hepatocyte that does not 
permit very-Iow-density lipoprotein formation and subsequent release from the 
cell. 

Treatment of fatty liver requires treatment of the disease responsible for 
its cause; for example, the feeding of a high-protein diet in kwashiorkor, or the 
removal of a toxin such as tetracycline. However, when the exact cause is not 
apparent or there is no specific treatment, symptomatic therapy is in order. In 
diabetes and obesity a low-sugar, high-protein diet and maintenance of optimal 
weight were considered essential to remove fat from the liver. However, theo
ries of high polysaccharides in diabetic diet therapy need to be tested. 13 In 
severe morbid obesity the fatty liver is corrected if there is weight reduction. 
However, if jejunoileal bypass is the procedure to correct weight, fatty liver 
invariably develops, so that in reality there is no help for the fatty liver of 
obesity. In all conditions of fatty liver, a high-protein, low-sugar diet (see 
Chapter 20), with caloric intake established to maintain optimal body weight, is 
the diet of choice. At present, there is no definite evidence to indicate that a 
very-low-fat diet is of help in any of these conditions except in the acute fatty 
liver of alcoholism. The theories of high carbohydrates (polysaccharides) need 
to be tested.13 (See Chapters 12 and 20 and diets 23 and 24.) 
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10.6. CHOLESTEROL AND BILE ACID METABOLISM 

The details of steroid metabolism are discussed in Chapters 1 and 11. 
Cholesterol is absorbed from the small intestine into enterocytes where it may 
be secreted, synthesized, or passed on to the systemic metabolism. The major 
amount of endogenous cholesterol and its esters are formed in the liver. Simi
larly, primary and secondary bile acids are absorbed from the small intestine 
(small amounts from the colon) into the portal circulation and passed to the 
liver where they are conjugated and along with newly synthesized primary bile 
acids, cholic and chenic, are passed into the small intestine to continue the 
enterohepatic circulation. Synthesis of cholesterol in the liver is determined by 
levels of bile acid in the small bowel as well as by the amount of dietary 
cholesterol. 

10.7. NORMAL PROTEIN METABOLISM 

The normal requirements described in Chapter 2 hold true for normal liver 
function. However, in a patient with severe liver disease, protein metabolism 
becomes more complicated and is less well understood. The importance of 
adequate protein intake is emphasized by its protective action against hepato
toxins such as chloroform and its importance in the treatment of the cirrhotic 
patient. l4,l5 However, there is not complete agreement that food protein is a 
key protective factor in alcoholic liver disease. ls Amino acids and polypeptides 
are absorbed from the small intestine and pass into the systemic circulation 
where, as part of the amino acid pool, they are presented to the hepatocyte for 
its use. 

The synthesis of serum proteins is one of the key homeostatic functions of 
the liver, producing albumin, fibrinogen, prothrombin, haptoglobin, and a 
whole series of protein complexes important in body metabolism, such as 
transferrin and ceruloplasmin. Its production of clotting factors is essential; in 
severe liver disease their deficiency becomes of paramount clinical importance. 

10.7.1. Albumin 

Albumin is probably the best studied of the proteins produced by the liver. 
A normal serum level of 3.5 to 5.0 g/l00 ml is the result of a balance between 
synthesis, distribution in different body compartments, and degradation. l7 It is 
a major regulator of osmotic pressure and serves as the carrier protein for 
almost all important circulating chemicals (hormones, drugs, iron, and meta
bolites), and assists in the transport of substances for degradation. ls ,l9 

Albumin is diffuse throughout the body. Forty percent is distributed in the 
plasma and 60% in extraplasma tissues, with skin and muscle the largest store
house and small amounts in the gut and liver. Albumin is secreted in bile, but it 
can be detected in all body secretions, e.g., feces, sweat, bronchial secretion, 
tears, exudates, and transudates.7 ,2o 
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Albumin is distributed rapidly through the intravascular compartments and 
becomes equilibrated after two or three circulations. Movement through the 
extravascular pools is much slower, and equilibriation between the intravascu
lar and extravascular pools may be as long as 7 to 10 days. Furthermore, there 
appears to be differential equilibration of albumin depending on its location. 
Major amounts of extravascular albumin are in the interstitial spaces and small 
lymphatic radicals, whereas a small amount exists in the larger lymphatic 
ducts. 17 ,21 

Albumin is synthesized within the hepatocyte. Amino acids are delivered 
to the small ribosomal subunits. A polysome, consisting of mRNA and rRNA, 
forms the albumin molecule, which is transported through larger ribosomal 
units into the endoplasmic reticulum. After synthesis is terminated, it is trans
ported to the Golgi apparatus to be used and passed into the plasma of the liver. 
The entire synthesis occurs in approximately 15 to 20 min. Normal albumin 
synthesis varies between 150 and 200 mg/kgJday. Table 10-1 details normal 
human metabolism (modified from Ref. 17). 

Albumin synthesis is dependent on adequate protein and nitrogen in
take. 19,22 Starvation will decrease albumin synthesis, and a decreased amino 
acid supply will increase RNA breakdown. In all probability, the level of amino 
acids is the basic regulator of RNA metabolism and consequently of albumin 
synthesis. Adequate protein intake is therefore essential for adequate albumin 
synthesis. 

Another regulating factor of albumin synthesis is osmotic pressure. When 
exogenous albumin or serum expanders are infused in vivo, there is a marked 
decrease in albumin synthesis.17 Studies of the ability of the cirrhotic to syn
thesize albumin reveal that patients with ascites have elevated exchangeable 
albumin pools. In severely ill subjects, there is no apparent reduction in albu
min metabolism. 17 ,23 Of note also is the fact that both normal thyroid and 
cortisol metabolism are essential in maintaining RNA metabolism. 17 Hormones 
and insulin appear to have a lesser effect. 

The exact site and mechanism of albumin degradation are poorly under
stood. It probably occurs somewhere in the intra- and extravascular spaces, 

Table 70-7. Normal Albumin Metabolism 

Serum albumin Albumin Albumin degrada- Exchangeable Intra-
Subject level synthesis tion (% plasma albumin pool vascular 
of study (gfl00ml) (mgfkgfday) albumin pool/day) (g/kg) albumin(%) 

Adults 
Male 3.5-4.5 120-200 ~10 4.5-5.0 38-45 
Female 3.5-4.5 120-150 ~10 3.5-4.5 38-45 

Children 
13 days-
14 months 3.3-4.3 180-300 10-11 6.0-8.0 33-43 
3-8yr 4.2-5.0 130-170 ~9 3.0-4.0 4~51 
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Table 10-2. Protein Requirement for Maintenance of Nitrogen Balance in Cirrhosisa 

Days of 
Protein intake study per 

(g/day) patient 

0 6 
10-25 6-9 

50 6--12 
75 6-12 
75 15-30 

85-100 6-12 

aModified from Gabuzda and Shear. 15 

bpatients with ascites. 

Nitrogen balance Number of patients 
(g/day) Total Negative 

-4.7 to -2.2 6 6 
-4.2to-3.1 2 2 
-1.6 to +3.8 11 2 
+1.9 to +6.1 10 0 
+ 1.6 to +6.8 17b 0 
+4.3 to +9.5 6 0 

but there is no proof as to exactly where degradation occurs and in which 
organ. Although large amounts can be lost in disease of the intestine or kidney, 
the mechanism and site of normal degradation are poorly understood. 

The misuse of intravenous albumin replacement therapy in chronic liver 
disease is common. It may be indicated when a transient rise in oncotic pres
sure is desired, or pre- or postoperatively, when it may be urgent. However, 
most often low albumin levels should be corrected by encouraging endogenous 
synthesis24 ,25 through correct nutrition. 

10.7.2. Pathophysiology 

In patients with severe liver disease, such as cirrhosis, studies reveal that 
protein requirements are normal for maintenance of nitrogen balance. Cirrhotic 
subjects were fed varying amounts of protein in diets providing adequate calor
ies (1600 to 3500) daily.15 Patients fed 75 g had a positive balance and the 
overwhelming majority fed 50 g maintained a positive nitrogen balance. This 
study is of marked significance when one considers the diet treatment of the 
severely ill patient with liver disease. The data of the study (Table 10-2) show 
that patients with an intake below 25 g will definitely be in negative balance 
even though there is sufficient caloric intake. 

70.7.3. Protein Diet Therapy 

Treatment of severe liver disease with diet protein varies widely-from 
increased intake to marked restriction to selective supplementation. From our 
present understanding of the pathophysiologic processes, it would seem that 
protein restriction is indicated in hepatic encephalopathy; however, it is essen
tial to maintain positive nitrogen balance in order to maintain normal hepato
cyte RNA activity and its resultant maintenance of the hepatocyte and produc
tion of essential serum proteins. The protein minimum required by a patient of 
average body build to achieve positive nitrogen balance ranges from 35 to 50 g/ 
day and would be guaranteed with I g/kg/day. In a patient without hepatic 
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coma and showing no signs of deterioration, adequate caloric and protein in
takes should be maintained in order to treat any form of severe liver disease. 
Specific variations of severe liver disease diets in relation to other factors such 
as sodium intake will be discussed. 

Concerning specific amino acid therapy, there is too little information 
available. However, it does appear that branched-chain amino acids, when 
infused or eaten, will ameliorate encephalopathy.26-28 The ratio of branched
chain to aromatic amino acids is markedly decreased in chronic liver disease.29 
Although this theory is promising, it needs more confirmation. 27 

Some foods have a higher ammonia content than others and are therefore 
detrimental to the patient with hepatic encephalopathy. 30 The foods highest in 
ammonia content are primarily cheeses, meats, and some vegetables such as: 
domestic blue cheese, salami, cheddar cheese, lima beans, egg yolk, and ba
con. They were noted out of a spectrum of 64 foods tested. 

There has also been controversy in the literature concerning the differen
tial hyperammonemia levels and clinical effects produced by foods. 31 ,32 Some 
work showed milk and casein less harmful in hepatic encephalopathy than 
certain meats.32 Another detailed study in these patients revealed that vegeta
ble-protein diets were less encephalopathic than animal protein.32 The authors 
could not identify the exact reason but felt that the explanation resided in the 
lower amounts of such amino acids as methionine and other such materials in 
vegetable proteins. Much more work is needed to ascertain which foods, con
taining which amino acids, are more beneficial or less harmful to the patient 
with severe liver disease. (Low-protein diets and the ammonia content of foods 
are listed in Chapter 20.) 

10.8. VITAMINS 

The normal human physiology of all water- and fat-soluble vitamins has 
been described in Chapter 3. In early studies of liver disease, several vitamin 
deficiencies were incriminated as possible etiologic agents of cirrhosis. How
ever, these deficiencies are now understood to be part of the chronic liver 
disease process. Deficiencies occur because of poor intake,33,34 malabsorp
tion,3S-37 abnormal conversion in the liver,38,39 decreased hepatic storage, and 
concurrent diseases, such as chronic pancreatitis.40 ,41 

Because of the importance of coagulation in chronic liver disease, defi
ciencies of fat-soluble vitamins are often most worrisome. In the study of 
Leevy et al. 42 of alcoholics, fat-soluble vitamin deficiencies were actually less 
common than water-soluble vitamin deficiencies, whereas a study of nonalco
holic subjects by British scientists revealed just the opposite.43 Poor absorp
tion of fat-soluble vitamins may be due to a decreased bile acid pool size. When 
steatorrhea is present, it may also cause decreased absorptive efficiency of fat
soluble vitamins. 

Measurements of plasma vitamin A levels show a decrease that is partially 
due to a defect in the synthesis of transport protein." 
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Vitamin K deficiency results in prolongation of the prothrombin time. The 
deficiency may occur due to poor intake or poor absorption; the latter is most 
common in obstructive jaundice. Decreased prothrombin production in the 
liver also results in prolongation of the prothrombin time. Decreased produc
tion of prothrombin may be differentiated from decreased vitamin K absorp
tion by a simple vitamin K parenteral administration. One or two doses will 
correct a deficiency of vitamin K, whereas it will be useless in a damaged liver 
that cannot produce prothrombin. 

It is generally agreed that water-soluble vitamin deficiencies are common 
in chronic liver disease. Ascorbic acid, cyanocobalamin, folic acid, nicotinic 
acid, pantothenic acid, pyridoxine, riboflavin, and thiamine are reported to be 
significantly decreased in both alcoholic and nonalcoholic patients with chronic 
liver disease.33 ,42,43 Thiamine has oft.en been incriminated in chronic alcoholic 
liver disease as the cause of many symptoms that are correctable by replace
ment therapy. 

Folic acid deficiency is manifested often in chronic liver disease as mega
loblastic anemia. Patients may become deficient because of poor intake, malab
sorption, or concurrent disease.34,36,37 Alcoholics may absorb some synthetic 
folate polyglutamates, but may be unable to digest and absorb some polygluta
mates that are in foods. 39 In the latter study by Baker et ai., water-soluble 
vitamin absorption of 37 alcoholic patients with liver disease was compared 
with normal nonalcoholic subjects. All alcoholics absorbed riboflavin and pan
tothenic acid, but had decreased absorption of thiamine and pyridoxine. How
ever, they were able to absorb synthetic pyridoxine and synthetic folylmono
glutamate. It was clearly suggested from this work that folic acid, pyridoxine, 
and thiamine deficiencies in alcoholic liver disease were due to poor absorption 
of these substances from dietary products. Although most evidence indicates 
deficiencies in folic acid and cyanocobalamin in alcoholics, there are some 
studies that indicate these substances may be increased in selected alcoholic 
subjects.45 ,46 

10.9. COAGULATION FACTORS 

Factors are decreased in subjects with severe liver disease.47,46 When 
these deficiencies become clinically apparent, hemorrhage is often present. 
The acute situation is best treated by intravenous fresh frozen plasma, which 
corrects most of the deficiencies. We have found that at least 3 units are needed 
to have any effect on coagulation tests. 

Platelet counts may be low and often are due to the effect of alcohol. 
Platelet transfusion is not usually necessary. 

If the hemorrhaging liver disease patient survives an acute insult, all coag
ulation factors usually improve with appropriate protein nutrition. If not, the 
liver disease is usually terminal. 
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10.10. MINERALS ASSOCIA TED WITH LIVER DISEASE 

10. 10. 1. Magnesium 

Magnesium deficiency is often noted in patients with portal cirrhosis.49,50 

Although approximately one-half of all magnesium is present in bone, severe 
liver disease appears to be associated with deficiency. Clinical features of the 
deficiency are signs of increased neuromuscular excitability, including hyper
esthesia, carpopedal spasm, muscular cramps, tetany, and even convulsions. 51 

The exact reason for the deficiency in hepatic disease is not clear. It may be 
due to poor intake or increased excretion. 

10.10.2. Zinc 

Vallee and associates52 ,53 have clearly demonstrated low serum zinc levels 
in patients with cirrhosis of the liver, which are corrected by increased oral 
zinc intake. One study shows that zinc deficiency is associated with chronic 
alcoholism more often than with chronic liver disease.~lO Plasma zinc levels have 
a significant diurnal variation, but they remain low in patients with cirrhosis of 
the liver, as well as for those with malabsorption. 54 Fasting levels were 71 and 76 
J1.g/100 ml and postmeallevels 60 and 64 J1.g/100 ml in cirrhotic and malabsorp
tive subjects, respectively, compared with fasting levels of 97 J1.g/100 ml and 
postmeallevels of 81 J1.g/100 ml in control subjects. There is a close correlation 
of plasma zinc and plasma albumin levels, sUfiesting that the low zinc levels are 
related to albumin deficiency in the cirrhotic. Urinary zinc excretion appears to 
be increased in cirrhotics but not in patients with malabsorption.54 

10.10.3. Copper 

Normal humans ingest approximately 2 to 5 mg of copper daily and absorb 
approximately I to 2.5 mg. Balance is maintained by excretion of an equal 
amount in the bile and feces. In Wilson disease there is a defect of the mecha
nism of copper excretion through the biliary system. Associated with this 
retention of copper is a deficiency in the liver's synthesis of serum copper
binding protein, ceruloplasmin. Patients have serum ceruloplasmin levels less 
than 20 mg/IOO ml (normal: 20 to 40 mg/IOO mI). Urinary copper excretion, 
however, is greatly increased (normal: less than 50lJ-g/24 br). Increased deposi
tion of copper occurs due to decreased transport in the liver, brain, kidney, and 
other organs.55 ,56 There is limited success in treating the disease by chelation 
with D-penicillamine. The removal of copper from tissues is slow, but this can 
delay organ damage and in some cases reverse the course of the disease.56,57 

Copper may be increased in the liver of biliary cirrhosis or chronic active 
hepatitis and correlates in these diseases with the duration of cholestasis. 
Chronic active hepatitis may then be confused with Wilson disease.55,57 
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10. 10.4. Iron 

Some patients with chronic liver disease develop gastrointestinal lesions 
that bleed, such as hemorrhagic gastritis or esophageal and gastric varices. 
Chronic blood loss leads to iron deficiency and resultant microcytic, hypoch
romic anemia. It should not be forgotten that most often patients with chronic 
alcoholism and cirrhosis have macrocytic indices due to low folic acid and/or 
BI2.58 The cause of bleeding should be corrected and the anemia, if chronic, 
treated by oral or parenteral iron replacement. 

More dramatic in liver disease is the association of iron storage disorders. 
Grace and Powell59 have developed the following classification: 

1. Idiopathic (familial hemochromatosis). 
a. Latent or precirrhotic stage. 
b. Cirrhotic stage. 

2. Cirrhosis of the liver with secondary iron overload. 
3. Liver disease associated with certain anemias (thalassemia, pyridoxine

responsive anemias, hereditary spherocytosis). 
4. Liver disease associated with dietary iron overload (as seen in South 

African blacks using iron cooking utensils). 
5. Liver disease associated with increased transfusion. 
6. Congenital transferrin deficiency. 

Increased iron storage results in hemochromatosis. With increased iron 
deposition in parenchymal cells, fibrosis of the liver occurs. Other organs of 
the body, such as the pancreas, endocrine glands, and heart, are similarly 
affected. The increased iron in the body may be due to increased absorption or, 
more commonly, increased intake associated with increased absorption. Trans
fusions are obvious reasons for increased intakes. 

In most cases, it is related to increased intake often associated with alco
holism. South African blacks brew their alcoholic beverages and beers in iron
containing pots, resulting in an extremely high intake of iron.80,SI Other signifi
cant factors are that alcohol by itself can increase iron absorption62 and a low
protein diet enhances iron overload.A 

Idiopathic familial hemochromatosis is a rare autosomal-recessive disor
der.64 Serum ferritin may be helpful in early identification of susceptible mem
bers of a family.65,66 This becomes increasingly important with the Scandina
vian observation that iron-fortified foods have increased the occurrence of high 
serum iron levels.S? Certainly, the patient susceptible to hemochromatosis 
should receive a low-iron diet. 

10.11. WATER AND ELECTROL YTES 

Water and electrolyte balance becomes a problem occasionally in acute 
hepatic failure, and more frequently in chronic hepatic insufficiency, when the 
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body begins to hold on to water and sodium. In cirrhosis of the liver, total body 
water and Na are usually increased. The clinician most often does not have a 
hint of this until peripheral edema or ascites develop,88,89 at which point there 
is usually peripheral hyponatremia,70 though total body Na is high or normal. 
In the chronic ascites patient the serum sodium will usually be recorded at 
around 120 meq/liter and is regularly below 130 meq/liter. The serum potassium 
will be normal or low. Measurements of total body potassium are usually low in 
the cirrhotic.71 ,72 When azotemia develops, serum potassium may be high and 
replacement therapy is no longer indicated. The mechanisms for potassium 
disturbances will be discussed but hypochloremia is less clearly understood. It 
may occur but is often complex due to alkalosis.73 

In the patient who develops ascites due to acute and chronic liver disease, 
several factors are working at the same time, anyone of which may be more to 
blame than the others; all must be treated, however, because in a given patient 
it is virtually impossible to determine which factor is paramount. The following 
are all pathologic mechanisms contributory to the development of ascites: 

1. A rise in hydrostatic venous pressure. 
2. A fall in plasma osmotic pressure (decreased serum albumin). 74 
3. Increased hepatic lymph formation with decreased reabsorption of 

lymph.75 
4. Retention of sodium and water by: 

a. Hyperaldosteronism due to liver inability to inactivate aldosterone. 
b. Possible intrarenal vasoconstriction with poor renal perfusion. 78 
c. Possible renal tubular defects.77 
d. Possible other humoral influences. 78 

The dietary treatment of the liver disease patient retaining water and so
dium is essential in the successful control of either peripheral edema or ascites. 
Most often, it is also necessary to add an aldosterone antagonist or intermittent 
diuretic therapy. 

The first step is restriction of sodium intake. The diet should contain 
between 500 and toOO mg of sodium (see Chapter 20, diet 12). The second step, 
which is more severe and difficult to maintain, is a restriction of total fluid 
intake to less than 1 liter/day (see Chapter 20, diet 15). The third step requires 
the use of increasing doses of aldosterone antagonists to offset the effect of the 
hyperaldosteronism. The fourth step of therapy is the use of sodium-excreting 
diuretics. A mild case treated early may be controlled by steps one and two, 
whereas a severe case, dyspneic and distended, may require all four. The 
clinician must be judicious in the use of these four steps to control ascites. 

If the severely ill and hypoalbuminemic patient has required previous 
paracentesis or has been malnourished, one may have to add a fifth step to 
commence diuresis. This would be either administration of albumin if the pa
tient is hypoalbuminemic, in order to increase plasma osmotic pressure, or 
initial removal of some ascitic fluid to increase renal perfusion. 

The patient on strict fluid oral restruction often becomes extremely thirsty. 
This can be counteracted by the addition of small sugar candies to the diet. It is 
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extremely difficult to manage a restricted protein intake as well as restricted 
sodium and water intakes. This will be discussed under hepatic failure. 

In azotemia there may be marked ascites and yet restriction of water may 
not be indicated. In this situation, the clinician is often faced with the possibil
ity of the hepatorenal syndrome, which is poorly understood. However, when 
azotemia develops, and is increasing, with a rising BUN or creatinine, it is most 
helpful to perfuse some water. A prerenal azotemia may be present in these 
cases. Increased perfusion of water permits better renal function. Once di
uresis begins, BUN and creatinine begin to fall. As they return toward normal, 
one can restrict fluid intake in order to further continue diuresis. However, this 
sequence of clinical events may take days to weeks and requires the greatest 
sophistication in fluid balance therapy. 

Most often, ascites and peripheral edema can be controlled by these meas
ures. However, at times a shunt procedure is necessary. Many institutions 
have now found the peritoneojugular (Le Veen) shunt a safe and effective 
method to reduce intractable ascites. 79,80 A tube is inserted into the peritoneal 
cavity. A one-way valve is placed extraperitoneally and deep to the abdominal 
muscles and is connected to a venous tube placed subcutaneously that is in
serted into the jugular artery. This is reserved for the patient in whom the 
above fails, and it can be most successful. A last resort is to proceed to a 
portocaval vascular shunt procedure. This is a drastic step, for if the patient is 
cooperative, ascites usually can be controlled by diet and diuretic management 
on the LeVeen shunt. 

10.12. DIET THERAPY OF LIVER DISEASE 

10. 12. 1. Acute Liver Disease 

There are three common clinical acute liver disease states seen in the 
adult: Acute viral hepatitis, toxic hepatitis, and alcoholic hepatitis. 

At the present state of knowledge, there is no specific diet therapy for any 
of these conditions. The principles of diet therapy that hold for any acute 
illness, or for chronic liver disease, are used in acute liver disease. During any 
acute illness, spicy or so-called "rich" (very fatty) foods may be difficult to 
tolerate. Therefore, a bland diet is most easily digested and absorbed. The only 
concern is avoidance of high-fat intake (see discussion on alcoholic fatty liver). 
In most situations, if the patient's appetite is not affected, he should have an ad 
lib diet. Patients with acute and chronic liver disease do have an increased 
incidence of dysosmia, dysgeusia, and disordered gustatory acuity. 81 As a 
consequence, the patient with acute disease may have a loss of appetite, which 
decreases proper intake. The ad lib diet should be encouraged so that the 
patient will eat food he enjoys. There is absolutely no concrete evidence to 
indicate that high intake of carbohydrate, fat, or protein increases morbidity. 
There is some evidence suggesting that a high-fat diet may increase fat deposi
tion in the liver. Therefore, it may be wise to avoid high-fat intake. The patient 
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should receive at least 4 to 5 g of carbohydrates per kilogram body weight to 
maintain adequate energy. This type of intake can be maintained early in the 
course of the disease with hard candy, carbonated beverages, fruit juices, and 
sweets that are easily tolerated. If the acutely ill patient cannot tolerate this 
level of carbohydrates after a few days of illness, he should be placed on 
intravenous therapy to maintain adequate cellular physiology. It is also impor: 
tant to avoid excessive water loading with carbohydrates if intravenouslher
apy is started; consequently, it may be necessary to use 10% glucose rather 
than 5% to maintain adequate carbohydrate intake. 

Some evidence indicates that some alcoholic hepatitis patients do better if 
there is adequate essential amino acid intake.82 Intravenous amino acids are 
available for peripheral vein administration without the use of central vein 
hyperalimentation (see Chapter 19). If the patient is without adequate protein 
intake for more than 5 to 7 days, it should be considered for reversal of 
nitrogen loss, which may be important in the final outcome. Some studies of 
chronic liver disease stress the importance of adequate protein intake,14,15 
while others suggest too much may be harmful.18 Studies of American soldiers 
in Asia and Asians in Singapore showed no benefit from maintaining protein 
intake early in the course of acute hepatitis.M ,85 Therefore, protein intake for 
acute liver disease is still controversial. There is little in the literature on the 
effects of specific amino acids and other food products in toxic and other 
hepatitides in humans, but a large literature on animals, which has been re
viewed in detail by Schiff and Klatskin.88 

10.12.2. Chronic Liver Disease 

The major chronic liver disease problem that presents for treatment is 
cirrhosis of the liver. Varying with societies, the etiology may be infectious, 
congenital, idiopathic, or alcoholic-associated cirrhosis. The first step is to 
remove all toxins, alcohol or others, from the diet. The next step presents a real 
challenge to the clinician. Because cirrhotic liver complications are so varied, 
the diet recommendation must depend on the clinical status. Judicious juggling 
of the various factors is important in assisting the patient through the various 
complications. Dietary intake of water, sodium, protein, energy, and vitamins 
will depend on the complication and status of the disease. At times, each of 
these factors should be increased, decreased, or maintained constant. The 
following are recommended. 

10. 12.2. 1. The Stable Cirrhotic 

This patient requires no specific dietary management, feels well, has no 
gastrointestinal complaints, no evidence of peripheral edema or ascites, a nor
mal white blood count, and only minor abnormalities in liver chemical tests. He 
should be encouraged to maintain an adequate diet, with maintenance nutrition 
as outlined in Chapter 2. However, I do encourage this type of patient to take a 
general vitamin tablet daily. The stable cirrhotic is cautioned about total so
dium intake, as are all persons. 
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10.12.2.2. The Development of Peripheral Edema 

This clinical finding heralds the increase of total body water and sodium. 
Consequently, the diet must become restrictive in salt intake (see Chapter 20, 
diet 12). It is often difficult to restrict the patient to 200 to 500 mg of sodium; 
therefore, if there is only minimal peripheral edema, a I-g sodium diet should 
be tried at the onset. If it is not successful, the total sodium intake should be 
dropped to 10 to 20 meq (200 to 500 mg). With the restriction of sodium intake, 
caution, and instruction on fluid intake, restriction should begin. However, the 
patient need not be as strict as the ascitic. 

10. 12.2.3. The Ascitic 

This patient is most difficult to manage and requires not only rigid restric
tion of sodium intake (200 to 500 mg), but an absolute limit of total water intake 
(see Chapter 20, diet 15). The patient who is compulsive about his diet most 
often can control the ascites. However, there are some who develop intractable 
fluid retention and aldosterone antagonists must then be added to the regimen; 
if these are unsuccessful, more vigorous diuretics follow. Often, it is impossi
ble to fully assess whether the patient is restricting sodium and fluid. An excel
lent method is evaluation of urine water and sodium excretion. However, the 
patient may not be cooperative and outpatient facts are difficult to establish. 
The ascitic often suffers other complications of the cirrhosis, such as hyper
splenism or encephalopathy. If there are no significant complications and so
dium and fluid restriction in addition to diuretics fail, shunting procedure 
should be considered for control of the ascites. 

10.12.2.4. Hepatic Encephalopathy 

The earliest sign of encephalopathy is a minor personality change, fol
lowed by weakness, somnolence, or slight confusion. Physical findings, elec
troencephalography, and serum arterial ammonia levels confirm the clinical 
impression. It mayor may not be associated with fluid retention and hence the 
diet will vary. However, in our experience, once encephalopathy develops, the 
patient does require at a minimum some sodium and fluid restriction. The 
degree of encephalopathy varies and the tolerance to protein varies accord
ingly. Some patients are extremely sensitive to small amounts of protein. Al
though they may tolerate 20 to 40 g, they can go into significant clinical ence
phalopathy with 50 or 60 g. Once the diagnosis of hepatic encephalopathy is 
established, the clinician must establish the amount of optimal dietary protein 
the patient can tolerate. Rudman et at. 30,87 have established that different 
amino acids and foods have different hyperammoniacal effects. Diet 14 of 
Chapter 20 lists increased ammonia content and relative ammonia-producing 
effects of certain foods. Arginine, aspartic acid, glutamic acid, and tryptophan 
are the least ammoniagenic amino acids.87 This has great potential in the diet of 
the encephalopathic patient. Milk contains fewer ammoniagenic amino acids 
than eggs or meat and therefore appears to be the best basic food for the patient 
with severe liver failure (see Chapter 20, diet 10). Beriyne and Epstein89 have 
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demonstrated that dialyzed milk may be employed in patients requiring strict 
sodium management. 

Fischer's theory of "false neurotransmitters" as a primary cause of ence
phalopathy includes the thesis that aromatic amino acids (AAA, phenylalanine 
and tyrosine) are increased and compete with branched-chain amino acids 
(BCAA, valine, leucine, and isoleucine) in crossing the blood-brain barrier. 
The BCAA are supposed to be protective. Whether diets increased in BCAA or 
IV BCAA therapy prove to be effective remains to be determined, but they 
now are recommended.2s-29 (See Chapter 20, diet 13.) 

10.12.2.5. Hypoalbuminemia 

The patient with ascites, or hepatic encephalopathy and coma, or follow
ing gastrointestinal hemorrhage, will often have a serum albumin level below 
3.5 mg/IOO mI. This may aggravate fluid retention by lowering osmotic pres
sure. Adequate protein caloric intake is necessary to reverse the low serum 
albumin level caused by nutritional deficiency. At least 50 g/day are needed to 
keep a cirrhotic in positive balance and at least as much is needed to synthesize 
albumin. 

During hepatic encephalopathy the patient may not tolerate protein; con
sequently, the vicious cycle of poor intake and resultant low serum albumin 
ensues. In these instances parenteral feeding of calories or of salt-poor albumin 
becomes necessary. One should not use intravenous albumin unless the low 
serum protein level appears to be definitely contributing to uncontrolled fluid 
retention.M ,2s When this occurs, at least 2 to 4 units of albumin is needed. Use 
of i. v. amino acids and TPN has gained wide acceptance. However, there is no 
experience yet in treating the severely cirrhotic patient. But it is clear in other 
stress situations that amino acid infusion can improve albumin synthesis.90 

10. 12.2.6. The B leedi ng Patient 

The cirrhotic subject may begin to bleed and consequently will require 
either simple iron replacement, when the bleeding does not require blood trans
fusion, or blood replacement, when the bleeding is massive. This patient often 
has abnormal coagulation. If the condition is one of hypersplenism and low 
serum platelets, fresh blood or component platelet transfusion is necessary. If 
it is one of all coagulation factors, then fresh frozen plasma may be adequate. 
However, at least 3 to 4 units of fresh frozen plasma is often necessary to 
correct coagulation defects. Theoretically, the patient with obstructive jaun
dice can be corrected with vitamin K therapy; however, this does not work in 
the usual chronic cirrhotic patient. 

10. 12.2.7. Mental Confusion 

On occasion it is difficult to establish whether the patient is in mild hepatic 
encephalopathy or there are vitamin and mineral deficiencies. Therefore, in the 
confused state, the patient should have adequate thiamine replacement, as well 
as a check for serum magnesium and other electrolyte replacement. 
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The following checklist is used for the chronic liver disease patient: 

1. Establish fluid and electrolyte status. 
a. Possibly restrict sodium. 
b. Possibly restrict water intake. 

2. Establish the need for vitamins. 
a. Vitamin K, thiamine. 
b. General replacement. 

3. Treat hepatic encephalopathy if present. 
a. Control gastrointestinal bleeding. 
b. Limit all sedation. 
c. Correct any electrolytic imbalance, hypokalemia, or alkalosis cre-

ated by diuretics. 
d. Control any infection. 
e. Manage protein restriction. 
f. Use antibiotics or lactulose for bowel cleansing. 

4. Establish adequate caloric and protein intake. 

10.12.2.8. Lactulose 

Lactulose91 is a synthetic disaccharide that is not metabolized in the upper 
gastrointestinal tract of man. It is degraded by the action of bacteria in the 
lower gut to its component monosaccharides, which are hydrolyzed to lactic 
and acetic acids. These may produce an osmotic diarrhea and concomitantly 
lower the pH of the stool. It is reported as effective as neomycin. The sug
gested dose is anywhere from 100 to 200 ml/day. 

10. 13. ALCOHOL 

One gram of alcohol contains approximately 7 cal. Despite a high energy 
yield, alcohol is one of our greatest social hazards. It is at least the fourth 
leading cause of death; nobody knows how many deaths are caused because of 
accidents related to the neurologic phenomena caused by the drug. Its chronic 
use is associated with the development of cirrhosis of the liver and all of its 
fatal complications. No book on nutrition could be published without some 
discussion of alcohol, although it is not a recommended nutrient. 

Alcohol or ethanol is produced by the fermentation of glucose by yeast 
enzymes. It requires no modification in the gut and can be absorbed passively. 
In the gastrointestinal tract, it is a direct irritant to the mucosa, causes ery
thema, relaxes the cardioesophageal sphincter, and sends the ampulla of Vater 
into spasm. Once absorbed, it enters the circulation and is primarily metabol
ized by the liver, where alcohol dehydrogenase converts it to acid aldehyde. 
Nicotinamide adenine dinucleotide is also required for the reaction. The inter
ested reader is referred to reviews by Lieber16,92 for all of the hepatic and 
metabolic effects of alcohol. 
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A continuous excess of alcohol (more than 5 to 6 oz of whiskey per day for 
several weeks) causes fatty liver.92 Why one subject will develop alcoholic 
hepatitis or cirrhosis of the liver and another subject will merely be plagued by 
im:reased deposition of fat in the liver is still not clear. Animal studies and 
some human studies reveal that injury is associated with malnutrition and 
particularly protein deficiency. Cirrhosis caused by alcohol has been attributed 
to choline deficiency in animals, but that relationship, although present, is not 
the cause in humans.93 ,94 

Alcohol may have a deleterious effect on absorption.95 It may impair ab
sorption of D-xylose, thiamine,98 B12,97 folic acid,98 and ascorbic acid.99 

The effect on the small bowel is related to dose and duration of intake and 
may decrease carrier-mediated absorption, alter the physical properties of en
terocytic membranes, or induce intestinal secretion of water and electrolytes 
by its effect on the cyclic AMP system. 100 Nutritional deficiencies in alcoholics 
may occur not only due to poor intake but simultaneous poor absorption as 
well. 100 

Metabolism of the fatty liver is discussed above. Alcohol is one of the 
main causes of fatty liver. Diet fat is known to be deposited in the liver of 
alcoholics, and a high-fat diet can increase the amount deposited. However, fat 
composed of medium-chain triglycerides is more beneficial than long-chain 
triglycerides: Alcoholic subjects consuming medium-chain rather than long
chain triglycerides have a less fatty liver. Naturally, this is relative and it is 
difficult to suggest that someone imbibing harmful amounts of alcohol assist 
their liver by simultaneously taking medium-chain triglycerides. Nevertheless, 
it is of some help to note that the patient with fatty liver can decrease the 
amount of fat in the liver by substituting medium-chain triglycerides for long
chain triglycerides. l01 

Chronic alcoholism is also associated with mineral deficiencies such as 
magnesium and zinc. Those have been described above in the dietary treatment 
of patients with chronic hepatic disease. 

10.14. MYCOTOXINS 

Aflatoxin is a toxin produced by the fungus Aspergillus flavus. OettlelO 

has reported epidemiologic evidence that aflatoxins are associated with hepa
toma of the liver in Africa. His thesis is now fairly well accepted. Several 
episodes of hepatitis have also been demonstrated after ingestion of products 
contaminated with toxins produced by A. flavus. Study of a West Indian epi
demic caused by contaminated maize revealed that consumption between 2 and 
6 mg of aflatoxin daily over a period of months produced hepatitis. The hepati
tis was severe enough to cause portal hypertension and many deaths. 102 
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10.15. CONGENITAL DISEASES OF THE LIVER 

10.15.1. Galactosemia 

Galactosemia, a deficiency of galactose-I-phosphate uridyl transferase, is 
life threatening for the infant. Symptoms occur in the first few days of life, and 
unless galactose is totally removed from the diet, extensive liver damage 
causes death. 104,105 

10.15.2. Fructose Intolerance 

Fructose intolerance is somewhat similar to galactosemia. Fructose
I-phosphate aldolase is deficient due to an autosomal recessive trait. A similar 
condition involving fructose-I, 6-diphosphatase deficiency has also been de
scribed. Serious damage can occur to the liver with resultant cirrhosis. The 
disease can be controlled by strict elimination of both fructose and sucrose 
from the diet. l06,IO? (See Chapter 20, diet IS.) 

Detailed lists of genetic factors in liver disease and other congenital abnor
malities, such as tyrisonemia, can be found in recent monographs. 106,108,109 

10.15.3. Congenital Hyperammonemic Syndromes 

Congenital hyperammonemic syndromes are caused by deficiencies of 
urea cycle enzymes, by some disorders of ornithine and lysine metabolism, and 
by some inborn errors of branched-chain amino acid metabolism. Ammonia 
toxicity produces a pathophysiology similar to that of hepatic encephalopathy. 
Early effects of the disorder are reversible. The exact biochemical diagnosis is 
made with esoteric diagnostic methods. Treatment is the restriction of protein 
intake and prevention of constipation. However, treatment may fail even with 
the additional use of agents such as lactulose, and hyperammonemia in the 
newborn can be fatal. Genetic counseling is wise once a diagnosis is made in a 
newborn. 109 

10. 15.4. Fasting and Dietary Effects on Serum Bilirubin 

Fasting increases the plasma bilirubin concentration. The effect is greater 
in patients with chronic nonhemolytic unconjugated hyperbilirubinemia than in 
normal subjects; it is also more obvious in patients with liver disease and 
hemolytic anemia. Dietary factors can also increase the level of unconjugated 
bilirubin. There are complex interrelationships that affect the level of serum 
bilirubin. Carbohydrate feeding tends to increase bilirubin levels and appears 
to be associated with lipid withdrawal. Infusion of both glucose and amino 
acids in normal males causes a twofold increase in plasma bilirubin; in other 
experiments, however, an increase of dietary lipid to 9% of the energy intake 
results in a stable serum bilirubin level. 
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Gallbladder Diseases 

11.1. NORMAL FUNCTION OF THE GALLBLADDER 

The gallbladder is the site of concentration of biliary secretions so that hepatic 
bile is converted to gallbladder bile. Due to the action of cholecystokinin
pancreozymin (CCK-PZ) and complex neurogenic reflexes, it contracts during 
feeding. The major stimuli of CCK-PZ are fat-containing foods. When they 
enter the duodenum, the hormone is secreted and the gallbladder contracts, 
secreting its contents through the common duct into the duodenal sweep, 
where it mixes with the bolus of food to help form micelles for absorption of 
fats and cholesterol. Postcholecystectomy patients secrete bile at a continuous 
rate, but they adapt so that there is adequate secretion of bile during feeding, 
preventing malabsorption. The gallbladder and its contents and functions are 
described in more detail in Chapter 1. 

11.2. ACUTE CHOLECYSTITIS 

11.2. 1. Etiology 

The exact incidence is not clearly understood, but one would suspect that 
it is probably the same as cholelithiasis. The cause of acute cholecystitis in 
highly industrialized societies most often is cholelithiasis. However, in less 
developed areas of the world, it might be more commonly of infectious origin, 
and in rare cases it is idiopathic. In either event, the gallbladder becomes 
inflamed, which results in the following clinical picture. 

11.2.2. Clinical Picture 

The patient experiences acute right upper quadrant pain, which is often 
associated with nausea and vomiting. The pain is persistent and unrelenting. 
The stoic patient may weather the attack without medical aid, but most often, 
in the acute episode, the physician's help is sought. 

The right upper quadrant is often tender and there may be guarding. The 
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temperature is usually low grade but may be elevated markedly. There is 
usually no sign of chronic disease, except when the attack occurs in the post
operative period, where it is more common than usual, or in association with 
some chronic disorder, as cirrhosis. 

The diagnosis is usually confirmed by the clinical picture, elevated white 
blood count, normal pancreatic enzymes, non visualization of the gallbladder 
on oral or intravenous opaque dye X-ray study or HIDA scan, and by ultrason
ography to visualize either a distended gallbladder or one filled with stones. 

11.2.3. Treatment 

The treatment in optimal conditions is surgical.1 However, where the diag
nosis is delayed, or where the patient's condition indicates that surgery may be 
treacherous, a medical approach may be adopted. In these cases and in prepa
ration for surgery, the patient is given adequate analgesia and anticholinergic 
medication. The dietary management should be no feeding, or if vomiting is 
prevalent, nasogastric suction during the acute onset. Once the patient can 
tolerate some liquids, fat-free foods should be fed. Although controversy ex
ists concerning the significance of a low-fat diet in chronic disease, there is no 
question that significant amounts of fats do induce contraction of the gallblad
der and, consequently, should be eliminated in the acute stage. (See Chapter 
20, diets 20 and 21.) 

11.3. CHRONIC CHOLECYSTITIS 

11.3.1. Etiology 

As with acute cholecystitis, this disorder is most common in the United 
States and Europe, where the incidence of cholelithiasis is high. The role of 
diet in the etiology of this disease will be discussed under cholelithiasis. 
Chronic cholecystitis is most often associated with chronic inflammation of the 
gallbladder and relative degrees of scarring. Scarring and chronic inflammation 
may be so severe that the gallbladder actually can become nonfunctioning and 
self-destructive. 

11.3.2. Clinical Picture 

The clinical picture presents a varied spectrum. Classically, it is recurrent 
right upper quadrant pain following meals. However, the pain, in cases, may be 
atypical and refer to the epigastrium, or left upper quadrant, or to the subsca
pular areas. One would suspect that the pain would be most common after fatty 
meals, but that is not substantiated by clinical studies. Actually, most clinical 
studies indicate the pain is acute, and chronic cholecystitis is not clearlyasso
ciated with fatty foods.! In a study of 1000 patients who were referred for oral 
cholecystography because of symptoms, it was found that bloating, belching, 
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and so-called dyspepsia were no more common in patients with abnormal radi
ographs than in tho,se with normal studies.' Another study evaluated 146 
women, employing careful symptoms and cholecystogram correlation. The 
results revealed that food intolerance occurred in 53% of those with normal 
oral cholecystograms and in 50% of those with abnormal studies.4 Further
more, the groups with normal gallbladders had a 28% incidence of fried and 
fatty food intolerance, whereas those with the abnormal chc;>lecystograms had 
only a 4% incidence. The picture is further confused by the study of Taggart 
and Billington,5 who fed 12 subjects complaining of fatty food intolerance 
prepared foods containing disguised fats unrecognizable by the subjects. The 
study revealed that 92% of the subjects could not correlate their symptoms 
with the fatty foods, although they had given such an initial history. From all of 
these observations it must be concluded that fried or fatty foo4 intolerance is 
not clearly associated with symptoms in patients with cholelithiasis or chronic 
cholecystitis.II- 5 

The diagnosis of chronic cholecystitis is confirmed by the presence of an 
abnormal oral or intravenous cholecystogram or abnormal gallbladder 
ultrasonography. 

11.3.3. Treatment 

Preferred treatment is removal of the gallbladder. However, research is 
developing rapidly in the treatment of so-called lithogenic bile and dissolution 
of gallstones by the administration of bile salts (specificlilly, chenic acid) or bile 
salts and dietary factors. As of this time, it is not clear whether this is a 
preferred or acceptable long-term treatment. However, studies are actively 
progressing and it is assumed that this mode of therapy may become readily 
acceptable, especially for the patient who is not a surgical candidate. The 
medical and dietary treatments of chronic cholecystitis are now controversial. 
Most clinicians and authors of long-established texts, such as Bockus,· remove 
all high-fat intake from the diet. As mentioned above, this is controversial in 
the literature. Nevertheless, it is a well-accepted form of therapy, and both 
clinicians and patients attest to its merit.· However, others do not profess the 
use of a low-fat diet. 7 I still prefer to keep the patient who experiences repeated 
episodes of acute classic clinical colic on a low-fat diet. However, the patient 
who merely experiences so-called dyspeptic symptoms of bloating and upper 
abdominal discomfort is advised to eat what he or she can tolerate. A low-fat 
diet is included in Chapter 20. 

11.4. GALLSTONES (CHOLELITHIASIS) 

11.4. 1. Pathophysiology 

Cholesterol and mixed gallstones are different from pigment stones. Pig
ment gallstones are associated primarily with other diseases, such as chronic 
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hemolytic states, alcoholic cirrhosis, chronic infection of the biliary tree, and 
are more common in the Orient.8 The cholesterol gallstone is commonly asso
ciated with cholecystitis and symptomatic disease in Western societies. Analy
sis of the composition of stones from eight countries reveals the cholesterol 
composition varies from 60 to 94% with varying amounts of calcium and other 
coinpounds. The composition of the stones varies with sex and age. Female 
patients have more cholesterol in their stones, while males have much more 
calcium.9 

There can be no question that gallstones are related to diet. The question 
that does arise is, how significant is the diet in preventing the formation or 
assisting in the dissolution of gallstones? Approximately one-third of a million 
gallbladders are removed each year in the United States, the overwhelming 
majority containing gallstones. Because cholecystectomy is such a common 
procedure in the Western world, and because it is almost invariably due to 
cholelithiasis that has caused symptoms, it behooves everyone to carefully 
understand the future role of diet in the treatment of this disorder. The discus
sion concerning diet is related primarily to the cholesterol gallstone. 

Burkitt and Trowellll have stressed that cholelithiasis is one of the degen
erative diseases of Western society. 8 They have emphasized that the disease is 
little seen in underdeveloped countries and that the cause is related to the 
differences in diet between underdeveloped and developed societies. 

There are ethnic and racial differences in gallstone formation. Blacks liv
ing in Western societies have as high an incidence of cholelithiasis formation as 
whites,11 but they do not have a high incidence when living in Mrica.ll Groups 
such as the Pima Indians of Arizona have an incidence of 73% in females 
between the ages of 25 and 34.18 Physiologic bile acid balance studies in these 
subjects revealed a difference in their ability to maintain cholesterol solubility 
that may not be due to diet, but rather to genetic variation. 

Autopsy studies in Uganda and other underdeveloped areas have revealed 
an almost miniscule incidence of cholelithiasis. In one study of 4395 autopsies 
done between 1923 and 1955, there was not one documented gallstone, and in 
another survey there were only 27 small stones noted in a 5-yr period.1,,15 
Similar observations have been reported by many surgeons and clinicians 
working in Mrica. In rural areas in the Far East, there also appears to be a very 
low incidence of cholesterol gallstones. IS 

Of further interest is the fact that populations from underdeveloped areas 
that undergo so-called Westernization, which includes many social and eco
nomic factors, but also definite changes in diet, appear to show a markedly 
increased incidence of cholesterol-containing gallstones. This can be noted 
from observations in the southern United States, where it was rare to see a 
gallstone in the black population,17 but now the incidence in blacks in northern 
cities is the same as that in whites.11 Similarly, the previously very low inci
dence of cholesterol stones in Japanese subjects living in rural areas has 
evolved so that the incidence of cholesterol stones in the people of Japanese 
cities has increased, while pigment stones still remain high in rural areas. IS All 
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of these facts suggest that cholesterol gallstones are as much due to environ
mental factors, such as dietary intake, as they are due to genetic factors. There 
is no question that certain groups of peoples do have a greater chance of 
developing cholesterol gallstones, such as the Pima Indians, although the epi
demiologic evidence implicating the diet is very strong. 

A diet survey that compared 91 cholelithiasis subjects and 86 control sub
jects revealed that women with gallstones had a significantly decreased intake 
of crude fiber from bakery products.18 This study was based on diet recall. A 
more sophisticated research effort is needed to relate specific diet factors to 
stone formation. The following discussion on lithogenic factors details what is 
known about bile and the diet. 

11.4.1.2. Lithogenic Bile and Gallstone Formation 

The sequence of cholesterol gallstone formation is saturation of bile with 
cholesterol, precipitation or crystallization of cholesterol in the bile, and 
growth of a stone. 

The saturation of bile with cholesterol depends on the lithogenicity of the 
bile. Three factors are important: cholesterol, lecithin (phospholipid), and bile 
salt content.8 ,21 

The solubility of cholesterol in bile depends on the ratio of bile acids and 
phospholipids to cholesterol. The lithogenic index refers to the saturation of 
cholesterol in bile. When bile is supersaturated with cholesterol, the index is 
greater than one, and when cholesterol is fully soluble in the bile, it is less than 
one.19,20 Figure 11-1 shows the triangular coordinates that graphically plot the 
ratios of the three factors responsible for cholesterol saturation. Bile that 
forms in the so-called metastable zone (shaded area) is subject to other specific 
factors causing slow stone formation; bile that forms above the metastable 
zone precipitates cholesterol rapidly. 21 Although stone formation occurs pri
marily in the gallbladder, it is readily apparent that hepatic bile can have as 
much cholesterol as gallbladder bile. The liver has a primary role because 
cholesterol, bile acid, or lecithin can be increased or decreased by liver produc
tion. However, the liver is influenced greatly by systemic metabolic factors as 
well as by dietary intake. 

In persons with a high percentage of cholesterol in the bile, resulting in a 
lithogenic index greater than one, the bile becomes supersaturated with choles
terol, which precipitates and forms cholesterol stones. So-called cholesterol 
stones are most often mixed, and stone formation will relate to other factors in 
the bile such as calcium and pigments. When the bile is supersaturated with 
cholesterol, cholesterol crystals form, and these crystals may precipitate on 
bile pigments, protein matter, and foreign bodies such as bacteria or intestinal 
contents that reflux into the biliary tree. Once they precipitate, the nidus is 
formed. It may continue to grow as the factors that permitted the original 
precipitation of cholesterol continue.22,23 

Bile saturated with cholesterol of high lithogenic index occurs in many 
subjects living in developed societies and is associated with risk factors such as 
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Figure 7 7 -7. Cholesterol, phospholipid, and bile acid relative molar proportions plotted on a trian
gular coordinate. (e---e) Admirand and Small line; (~) Holzbach line.1II Cross-hatching 
indicates metastable-labile zone (see text). Cholesterol crystallization occurs above top line. 

obesity, high caloric intake, clofibrate therapy, chronic diseases causing bile 
acid malabsorption, and female sex hormones.8 Of note is that lithogenic bile is 
not seen in subjects living in countries with low incidences of gallstones.24,25 

11.4.1.3. Bile Acids and Foods 

Bile acids are produced in the liver, as described in Chapter 1. Bile acid 
synthesis is controlled by a negative feedback mechanism. The rate of produc
tion by the liver varies inversely with the rate of return of bile acids to the liver 
in the enterohepatic circulation. 

The size of the bile acid pool is important. Measurement of bile acid pools 
in subjects with gallstones has shown that most have a decreased total bile acid 
pool compared to subjects without stones.25-28 The fact that the bile acid pool 
is small in female Indians, where the incidence is so high,21i leads some observ
ers to believe this represents a defect in the synthesis by the liver. Decreased 
pool size is noted in other systemic disease states where bile acids may be lost 
from the gut. The evidence clearly indicates that a decreased bile acid pool is 
associated with increased cholesterol gallstone formation. Of even more im
portance may be the bile acid flow rate.8 At low flow rates, such as during 
fasting, hepatic bile may become saturated. Prolonged fasting is now clearly 
associated with increased attacks of acute gallbladder disease. 
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The diet and bile acid metabolism are interrelated, even if the significance 
of the relationship is not clear. 29 The definite relationships that exist between 
the bile acids, cholesterol, and phospholipids complicate the study of the effect 
of dietary factors on bile acid synthesis and pool size turnover. All three 
factors are so interrelated that it is difficult to study anyone in relation to foods 
without the others.29 

Animal experiments reveal diets low in fiber and high in simple sugars or 
starch cause a significant reduction in bile salt synthesis.80,31 In studies con
ducted on Rhesus monkeys with chronic exteriorized enterohepatic circula
tions, safflower oil and triolein supplements increase bile salt synthesis and 
pool size but do not alter the relative proportions of all three factors.12 The 
same workers found that medium-chain triglycerides actually decrease bile salt 
synthesis and pool size but do not alter the saturation of cholesterol, whereas 
fasting and a fat-free diet tend to decrease bile acid synthesis and pool size and 
increase the lithogenicity of the bile. These experiments clearly point out the 
importance of studying all three components of bile when evaluating dietary 
factors. The bile acid pool size may change, but its relationship to cholesterol 
and phospholipids is most important when studying gallstones. This has been 
further emphasized by studying the synthesis rates of bile acid and cholesterol 
in Rhesus monkeys.33 Interruption of the flow of either factor to the liver has a 
marked effect on the synthesis rate. The circulation to the liver from absorbed 
dietary and enterohepatic circulating factors must exist and, consequently, 
playa primary role in keeping cholesterol soluble.33 Different bile acids appear 
to have different inhibitory feedback effects. Deoxycholic acid inhibits choles
terol synthesis as well as absorption, while chenic does not.34 Much more 
experimental data are needed in humans to fully understand these complex 
relationships. 

Increased intake of fiber is associated in animal experiments and in hu
mans with increased fecal bile salt excretion.315-37 Increased excretion has been 
shown to occur with cellulose,- bengal gram,- maize and wheat,39 and ba
gasse.4O However, some of the evidence is controversial;&l and more con
trolled studies on this subject are clearly needed. 

Of interest are the experiments42,43 of feeding bran to volunteers that 
reveal a reduction in the amount of deoxycholate in the bile. The circulating 
pool of deoxycholic acid was reduced and there was a concomitant increase in 
the chenic pool, which was probably the result of increased hepatic production 
of chenic acid to compensate for the decreased deoxycholic acid. This would 
have the same effect as feeding chenic acid. These studies suggest the interest
ing possibility that a high-fiber diet that would bind deoxycholic acid in the 
colon would have the same beneficial effect as chenic acid administration. 

Eastwood and Boyd" have shown that significant quantities of bile acids 
are bound to nonabsorbable foods in the small intestine of the rat. Eastwood 
and Hamilton4S found lignin to be a very potent binder, and other vegetable 
fibers can perform a siplilar function. 4S The greatest binding occurs in the 
colon, where deoxycholic acid is most abundant. Other investigators have 
shown that pectin," alfalfa, sugar cane pulp, sugar beet pulp, bran, and a 
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variety of foodstuffs are capable of binding bile salts under various physical 
conditions.47-49 From these works it is apparent that a wide variety of fiber 
substances can bind bile salts within the intestine. It is postulated that the bile 
salt binding effect is related to the hypocholesterolemic effect and one could 
then postulate that this also is a mechanism for increasing cholesterol solubility 
in the bile. 

11.4. 1.4. Phospholipids 

The phospholipid concentration in the bile is a second factor of great 
importance in maintaining cholesterol solubility. Bile acids appear to increase 
the synthesis and secretion of biliary phospholipids.50,51 Lecithin, the major 
phospholipid in human bile secretion, is actually stimulated by bile salts. It is 
not increased by lecithin feeding. 51 However, experiments indicate that choline 
feeding may stimulate biliary lecithin synthesis and have a greater effect on 
phospholipid secretion than bile salts. 52 

11.4.1.5. Cholesterol 

Bile acids have been shown to inhibit the hepatic synthesis of cholesterol 
by directly acting on hepatocytic cholesterol synthesis and indirectly by affect
ing intestinal absorption of cholesterol. 8,34,sa There can be no question that 
cholesterol metabolism is closely related to bile salt physiology. Anything that 
will affect bile salt physiology may well have an effect on cholesterol metabo
lism. It also appears that the reverse may be true-that anything that will affect 
cholesterol metabolism may have an effect on bile salt metabolism. 

Although many studies have been performed on the effect of diet on serum 
cholesterol, little has been reported on the effect of diet on the cholesterol 
content of the bile. One study has shown increasing cholesterol intake results 
in saturation of the bile with cholesterol, but subjects tested were also eating a 
diet rich in sucrose and very low in fiber. 54 Conversely, it has also been shown 
that a low-cholesterol diet, which is primarily unsaturated fat, has seemed to 
increase gallstone formation. 55 However, all of the components of a high- or 
low-cholesterol diet are important in evaluating the effect on gallstone forma
tion and cholesterol saturation of bile. As pointed out by Hofmann and asso
ciates,58 in the patients who followed a low-saturated-fat diet that increased 
cholesterol saturation, the unsaturated fat did contain increased amounts of 
plant sterols. Further observations of the effect of chenic acid on gallstone 
patients placed on low-cholesterol diets, with or without high plant sterols, 
revealed that the low-cholesterol diet potentiated the effect of chenic acid in 
reducing the lithogenicity of bile, but a high-plant-sterol diet did not potentiate 
this effect. 57 

Studies correlating the effect of the general diet with cholesterol formation 
reveal that there is increased gallstone formation and lithogenesis of bile when 
there is increased caloric intake.8 ,58,59 Patients with gallstones have a statisti
cally significant increased intake of calories irrespective of dietary composition 
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compared to patients who do not have gallstone formation. 58 These observa
tions have further been emphasized by the fact that overnutrition causes a 
hypersecretion of cholesterol, which is probably explained by the fact that 
obese subjects have increased production of cholesterol by the liver. 80 

Although there are limited studies correlating cholesterol level in bile with 
dietary intake, there have been numerous studies correlating serum cholesterol 
levels with dietary intake. Keys and associates were the first to demonstrate 
that serum cholesterol levels were significantly lowered by increased ingestion 
of pectin.81 This work has been confirmed by numerous investigators.82-85 
Other fiber substances have also been shown to decrease serum cholesterol. 
This is true for guar,85legumes,87,88 oats,87 beans,82 and bran.89 The results of 
bran are controversial, and many authors have reported that bran had no effect 
on serum cholesterol level. 70-73 The studies with bran and wheat vary tremen
dously in the amount of bran fed. Some researchers believe large amounts of 
bran are required to have an effect. Other substances such as bagasse, maize, 
and cellulose have also been shown not to have a lowering effect on serum 
cholesterol.40 ,41,82,74 Munoz et aP5 fed ten healthy men, aged 19 to 54,26 g of 
soft white wheat bran, corn bran, soybean hulls, textured vegetable protein, 
hard red spring wheat, apple fiber, or carrot fiber for 28 to 30 days in a well
controlled study. They found red spring wheat lowered serum cholesterol and 
low-density lipoprotein cholesterol and raised high-density lipoprotein choles
terol. Corn bran also raised the percentage of high-density lipoprotein choles
terol. The other substances had little effect, except a lowering of plasma cho
lesterol by soybean hulls. 75 

All of these data indicate that there is an effect of diet on serum choles
terol, but the effect on the bile cholesterol is not yet clear. The diet may well 
have an effect on it, and the effect might be either positive or negative, depend
ing on the dietary intake. Studies employing chenic acid to dissolve gallstones78 
in association with dietary factors have also indicated that the effect of chenic 
might be enhanced by dietary factors such as a low-cholesterol diet57 or the 
addition of lecithin when cholic acid is used.77 

11.4.2. Treatment 

The accepted treatment is surgical removal of gallstones. However, there 
are situations in which the patient is either not a good candidate for surgery or 
refuses surgery. In those instances, medical treatment is indicated. 

At the present time, diet therapy for gallstones is a very active research 
field. Although there are definite implications that gallbladder bile can be al
tered by the diet, there have been no controlled studies or protocols to demon
strate that diet has a significant effect on gallstones (as already discussed). 
However, these should be forthcoming as initial evaluations do reveal that 
dietary factors have an influence on the three components of bile associated 
with maintaining cholesterol solubility, that is, cholesterol itself, bile acids, and 
phospholipids. 
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The most exciting advance has been the use of oral administration of 
chenodeoxycholic acid (chenic) to dissolve gallstones.78 From most evalua
tions it is apparent that a dose of chenic acid of about 15 mg/kg/day or more has 
an excellent chance of causing dissolution of gallstones if it can be tolerated. 
Diarrhea or side effects may be a problem, necessitating a decrease in dosage. 
There appears to be no definite liver toxicity from long-term use of this bile 
acid, as was seen with the use of other bile acids.21 ,78-8o Use of the drug 
decreases the concentration of cholesterol in the bile, while there is a concomi
tant increase in biliary chenic acid with no evidence of any unusual bile acid 
formation. The major factor to influence the response, providing the patient 
can take an adequate dose, is the type of gallstone being treated. Common duct 
stones are as responsive to dissolution as gallbladder stones.78 ,79 An epimer of 
chenic acid, ursodeoxycholic acid, also appears capable of causing dissolution 
of cholesterol gallstones when administered orally. This new drug needs fur
ther testing to determine its long-range effects.81 

The Food and Drug Administration has still not cleared chenic acid for use 
in the dissolution of gallstones, although it has been cleared in 25 countries 
throughout the world. The results of a national cooperative gallstone study in 
the United States are awaited. 

Of interest are reports that dietary factors may moderate oral bile acid 
(chenic) administration. In one study dietary fiber, in conjunction with choles
tyramine, decreased the lithogenicity of bile.82 In another, lecithin, when 
added to cholic acid, helped the dissolution of gallstones.77 Other investigators 
have also found that addition of f3-sitosterol to chenic acid may be effective in 
the treatment of cholesterol gallstones. Three grams of -sitosterol was added 
to the dosage of chenic acid in a double-blind study, and complete dissolution 
of stones was higher in the group that took the. sitosterol. 83 Begemann and 
colleagues84 have also shown that f3-sitosterol can decrease biliary cholesterol 
saturation, but some of their experimental subjects were postcholecystectomy. 
These studies are somewhat in conflict with a previous study using plant ster-
01s.57 This field requires more research so that one can be sure of the effect of 
plant sterols alone as well as in conjunction with chenic acid therapy. 

It is important to stress to patients either prone to forming cholesterol 
stones or who have cholesterol stones that both fasting84 and certain drugs 
such as clofibrate88 increase the lithogenicity of bile.85 It is also important to 
remember that patients on a strict low-cholesterol dietary regimen for the 
treatment of complications of atherosclerosis had a higher incidence of 
gallstones. 55 

In summary, one can state that the medical treatment of gallstones is not 
clear. Some clinicians feel strongly that there is no role, as yet, for diet, and 
that the clinician should merely advise avoidance of indiscretion. There are 
others who feel strongly that a low-cholesterol, high-fiber diet will help reduce 
gallstone formation. And, finally, early results of treatment with chenic acid 
indicate that the lithogenicity of bile can be decreased with the administration 
of this naturally occurring bile acid (see Chapter 20, diet 26, for low-choles
terol, low-saturated-fat, high-fiber diets). 
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Pancreatic Diseases 

Although the pancreas is the major site of production of enzymes necessary for 
digestion of fats and proteins, information concerning its role in human nutri
tion has gathered slowly. The nutritionist, physiologist, and gastroenterologist 
have all been intrigued by its role, but because of its anatomic position it has 
remained an organ difficult to study. 

Specific social and economic problems weigh heavily in pancreatic dis
ease. Examples are the excessive use of alcohol in Europe and the United 
States and malnutrition in Asia. These factors are related to the incidence of 
acute and chronic pancreatic disease and their resultant morbidity and 
mortality. 1 

12.1. ACUTE PANCREA TlTIS 

12. 1. 1. Etiology 

The most common predisposing factors in highly developed societies are 
biliary tract disease and alcoholism. Biliary tract disease is claimed as an ante
cedent factor in anywhere from 10 to 70% of the cases and alcoholism any
where from 0 to 75%. Gallstones are the most commonly associated biliary 
tract disease. Their presence always raises the question of transient pancreatic 
duct obstruction. Depending on the area of the world, approximately one-third 
of the pancreatitis cases are associated with the following factors: trauma; 
drugs, su·ch as corticosteroids, furosemide, thiazides, azothiaprine, and estro
gens; viral infections; vasculitis and ischemia; pregnancy; types I and V hyper
Iipoproteinemias; heredity factors; and a variety of endocrine and metabolic 
disorders.2 

12.1.2. Pathophysiology 

The exact mechanism by which these associated factors initiate acute 
inflammation of the pancreas is not clear. However, the pathology is thought to 
occur because of the activation of proteolytic enzymes of the pancreas that 
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escape into surrounding pancreatic tissues and the pancreas itself. Freed tryp
sin activates other proenzymes. Lecithinase (Phospholipase A) is capable of 
converting lecithin to lysolecithin, which is extremely toxic to tissues. Another 
enzyme, elastase, is capable of digesting connecting tissue. Many of the sub
stances increased in pancreatitis, such as histamine, kinins, kallikrein, and a 
myocardial depressant factor, have all been demonstrated in experimental 
studies to cause systemic cardiovascular effects. a Large amounts of fluid, par
ticularly plasma, may I escape into the peritoneal and retroperitoneal tissues. 
There is resultant systemic shock and fat necrosis of tissues within and around 
the pancreas. This explains the severe morbidity and the possible mortality. 
Associated medical complications may be either renal or respiratory failure. 
The most severe cases of pancreatitis are often labeled hemorrhagic or nec
rotic. Of prognostic significance is the rapid fall in serum calcium, which is due 
to the formation of calcium salts as well as to a metabolic disturbance of 
calcium metabolism. A rapid fall is associated with a poorer prognosis. 

12.1.3. Diagnosis 

The diagnosis of pancreatitis is usually easy to establish when there is 
severe abdominal pain associated with elevation of pancreatic enzymes. When 
shock is present, the prognosis is guarded. When only pain is present, it is 
helpful to have early elevation of serum amylase, followed by a later elevation 
of serum lipase. Mild pancreatic pain can be epigastric and usually radiates 
under the ribs or through to the back. The urine amylase may be of help when 
the blood levels, are not elevated. Amylase may be cleared more rapidly 
through the kidney during disease.4 ,5 Often noted during the acute disease are 
hyperglycemia and/or hyperlipemia. These are usually transient phenomena 
that are resolved once the disease subsides. 

12. 1.4. Treatment 

In the mild form of the disease, characterized by pain without severe 
vomiting and no evidence of a shocklike state, the patient can be treated with 
analgesics, bed rest, a fat-free diet, and antacids. 

However, when there is any evidence of vomiting and pain is severe, 
with the threat of shock, the following therapy outline should be considered. 

1. There must be absolute relief of pain by the use of narcotics and, if 
necessary, nerve block. 

2. If shock is at all present, there must be adequate replacement of fluids 
intravenously. This may require large amounts of fluids. If it is not readily 
controlled by fluid replacement, there must be consideration for peritoneal 
dialysis to remove free enzymes and vasoactive substances. 

3. The use of nasogastric suction is controversial.8 However, most clini
cians use it with effectiveness. This author particularly believes in nasogastric 
suction because it removes all gastric and acid secretions from the stomach, 
which are the primary stimulants of pancreatic secretion in the fasting patient. 
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4. Administration of drugs, e.g., anticholinergics, cimetidine (H2 inhibi
tor), should be considered to reduce gastric and pancreatic secretions. 

5. Controversy exists concerning the use of antibiotics, corticosteroids, 
trasylol (aprotinin), and glucagon.7-e In scattered reports, all of these yielded 
varied results. Some authors approve of their use, and others disapprove. 

6. In our own experience, peritoneal dialysis has been extremely helpful 
in the acute case. This therapy is now available in most hospitals with excellent 
expertise. The rationale for its use is that it removes the vasoactive substances 
and enzymes that are liberated in the peritoneal cavity. 10 Of course, peritoneal 
dialysis does not get into the retroperitoneal space and, consequently, is of no 
definite help in that area. In our limited experience, this has been of some 
assistance. 

7. Finally, there have been scattered reports that surgical intervention can 
be of help, but this entire field still remains controversial. 11,12 

Dietary Therapy. The patient without vomiting should first be observed; if 
there is no sign of significant temperature elevation, no recurrent pain, and no 
significant abdominal abnormalities, then fat-free food intake may be permit
ted. (Fat-free diets are outlined in Chapter 20, diets 20 and 21.) A liquid fat-free 
diet is prescribed for the first day, followed by progression to more semisolid 
foods. 

If the patient is vomiting, nasogastric suction may be started and no food 
intake allowed until signs of the active disease have subsided. 

A new approach to the management of severe pancreatitis has been nutri
tional support via oral or intravenous amino acid and glucose feeding. When 
the disease is protracted, Blackburn and colleaguesl3 have found this form of 
nutritional support helpful in maintaining and bringing the patient through the 
critical stages of the illness. This is a more aggressive approach to sustaining 
nutrition in acutely ill patients who may have a protracted course of the dis
ease. These authors found that by sustaining the patient on intravenous protein 
and glucose (Chapter 19), they could carry the patient through the protracted 
stage of the illness, resulting in a better candidate for surgical correction of 
such complications as abscess or pseudocyst. Controlled studies are needed on 
the effectiveness of this form of therapy. 

12.2. CHRONIC PANCREA TlTIS AND PANCREA TIC INSUFFICIENCY 

12.2.1. Etiology 

As with acute pancreatitis, the etiologies of the chronic disease are multi
ple. Debate exists concerning the correlation of the variety of pathologic ab
normalitiesl4 and the variety of clinical forms of the chronic disease. IS There 
may be repeated episodes of the disease that simulate repeated acute attacks. 
Unless a pathology is available, some feel this is merely acute recurrent pan
creatitis. When pathology specimens are available, it is possible to demonstrate 
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chronic disease of the organ, which mayor may not result in calcification.1" 

There are forms of painless pancreatitis as well. IS 

The most common etiologic association in Europe and America is with 
alcoholic disease. Gallstone-related pancreatitis usually tends to display nor
mal histology of the pancreas and, consequently, no true chronic form of the 
disease. IS The overwhelming number of cases are associated with chronic 
alcohol intake and nutritional and metabolic diseases. 

12.2.2. Clinical Picture 

The presentation of chronic pancreatitis is most often either recurrent 
abdominal pain or the consequences of pancreatic endocrine or exocrine insuf
ficiency .1" The type with recurrent pain may be debilitating and cause addiction 
to narcotics, or result in surgery for the destruction of nerves leading to the 
pancreas. Pancreatic insufficiency may present as diabetes or steatorrhea, or 
both. Less frequently, chronic pancreatitis may present with jaundice or 
bleeding. 

The diagnosis is often difficult. Endogcopic retrograde cannulation may 
demonstrate abnormal ducts with saccular formation. In a patient with the 
clinical symptoms, this is excellent evidence of the disease. The diagnosis can 
also be readily established when this cannot be demonstrated if there is evi
dence of pancreatic insufficiency and a normal small-bowel mucosa. The gas
troenterologist and clinician usually have no difficulty in making the diagnosis 
in a serious case. The patient with chronic pain and no signs of insufficiency or 
debilitation can be a diagnostic dilemma that taxes the clinician's acumen. 
However, the nutritional aspects of the disease are most important in chronic 
pancreatitis that results in pancreatic insufficiency, and this usually is easily 
diagnosed. 

Other tests employed with varying success in different institutions are 
secretin stimulation with collection of duodenal materials and the so-called 
Lundh test meal. I have found both to be of relatively little use, but many 
institutions profess their accuracy. 15 Naturally, once there is evidence of calci
fication of the pancreas, this is absolute evidence that the pancreas has under
gone damage. 

12.2.3. Pathophysiology 

Because the pancreas is the major site of production of enzymes for the 
digestion of fat, protein, and carbohydrate, injury to the pancreas results in 
decreased production of enzymes, diminished digestion and absorption, and 
finally malabsorption. 

The endocrine functions of the pancreas are also decreased, and glucose 
intolerance ensues with resultant mild diabetes. The diabetes is often very mild 
and does not require supplementation with insulin. The functions of the exo
crine pancreas are discussed in detail in Chapter 1. 
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Diabetes occurs in approximately 25% of all patients with pancreatitis and 
in 75% when calcification is evident. IS The degree of fat and nitrogen loss with 
chronic pancreatitis is less clear. However, once it develops, it is often dra
matic. The steatorrhea in these patients may be mild or massive. As much as 30 
to 50 g of fat is readily seen in a 24-hr stool. 

Vitamin B12 malabsorption is also recorded in chronic pancreatic insuffi
ciency.17-19 Studies have indicated that a factor elaborated by the pancreas 
assists in normal vitamin B12 absorption. However, it is rare to see severe B12 
deficiency or megaloblastic anemia associated with pancreatic disease.20,21 

12.2.4. Treatment 

It is essential that any known cause of pancreatitis be removed or else the 
disease will progress and therapy will become impossible. Of particular note is 
the use of alcohol. Some patients are susceptible to small amounts, inducing 
progression of the disease. However, with others, the severity of the disease is 
related to the amount of intake. 22 The best approach is to attack the cause, and 
the removal of alcohol will be a major factor in permitting adequate treatment 
and nutrition. 

The treatment of pancreatic diabetes is usually simple. Insulin therapy is 
most often not required, for most patients show no evidence of ketosis or 
angiopathy. However, if severe hyperglycemia persists, oral hypoglycemic 
agents may be of help. The rare patient will require insulin replacement. The 
use of dietary management for diabetes will be discussed separately under that 
topic below. 

12.2.4. 1. Enzyme Replacement 

Table 12-1 lists the various pancreatic enzyme products available and the 
manufacturer's recommended dose. We have found it most useful to adminis
ter either the capsules, granules, or tablets with the meal and with all snacks. 
At least two tablets are usually required with each meal and with snacks. It is 
not unusual for patients to require three or four tablets with moderate-size 
meals in order to increase their efficiency of absorption. This is a direct addi
tion of enzymes to those secreted into the duodenum, increasing the level of 
active digestion in order to assist in absorption. Success in the use of replace
ment enzyme therapy depends on the cooperation of the patient. Several au
thors have proposed hourly replacement therapy; others readily find success 
when the enzymes are given with meals and snacks.20 

Table 12-2 shows the results of a careful analysis of all of the pancreatic 
extracts on the market. It is seen that some supplements have far greater 
activity than others, and that two have virtually no amylase. I have found 
Cotazym@ most reliable, and apparently it does have twice as much enzyme 
activity as the other preparations.2t 

There has been a report that the addition of cimetidine to the regimen 
increases the effectiveness of enzyme replacement, and consequently de-
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Table 12-1. Some Common Pancreatic Preparations Q 

Product and 
manufacturer 

Pancreatin N.F. 

Pancreatin (Lilly) 

Panteric (Parke 
Davis) 

Ilozyme (Warren 
Teed) 

Viokase (Viobin) 

Pancrealipase 

Cotazyme (Organon) 

Composition 

Whole hog pancreatic 
extract 

Triple strength, 
Pancreatin N.F. 

Triple strength, 
Pancreatin N. F. 

Quadruple strength, 
Pancreatin N.F. 

Quadruple strength, 
Pancreatin N.F. 

Whole hog pancreatic 
extract, lipase 
enriched 

CaCa., 50 mg added 
to preparation 

QAdapted from Taubin and Spiro.1O 

bEnteric coated. 
eNot enteric coated. 

Preparation 

Tablet, 325 mgb 

Capsule, 325 mgb 
Tablet, 325 m-i' 
Granulesb 

Tablet, 400 mgc 

Manufacturer's 
recommended dose 

1-2 with meals 

1-2 after each meal 
1-2 after each meal 
1 tsp after each meal 

1-3 with meals 

Tablets, 325 mgc 1-3 with meals 
Powder, 111 tsp = 750 111 tsp with meals 

mg 

Capsule, 300 mg 
Packet, 800 mg 

1-3 prior to each meal 
1-2 packets prior to 

each meal 

creases the amount of steatorrhea.23 The rationale for this therapy is that a 
decrease in acid production by the stomach will permit better pancreatic en
zyme replacement without destruction of the enzymes. 

12.2.4.2. Diet Therapy 

When diabetes is a problem, simple sugars should be restricted, as in any 
other diabetic regimen. However, in the absence of diabetes, simple sugars can 
be used readily in the diet as a good source of calories. Weight loss is prevalent 
in most patients with chronic pancreatitis; consequently, good sources of calor
ies are urgently needed. The problem of carbohydrate intake also exists with 
fat intake. Fats are a good source of calories, but large amounts can increase 
pancreatic activity in an already sick gland and potentially increase any active 
inflammation. Furthermore, increased fat intake with marginal fat absorption 
will increase steatorrhea. The increased amounts of undigested fats in the stool 
may result in diarrhea and perhaps aggravate absorption of calcium and other 
electrolytes. 

Proteins appear to be handled more easily by the patient with pancreatic 
insufficiency. It is also important to note that when there is poor protein intake 
and protein malnutrition, the mucosa of the small intestine may be negatively 
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affected and further absorptive inefficiency may develop. IC,15 Therefore, it is 
important to replace protein stores as early as possible. 

It is necessary to deliver as many calories as possible to increase weight 
and ultimately to maintain adequate energy and weight. At the present state of 
our knowledge, the diet indicated is one of high protein and high carbohydrate 
if there is no evidence of diabetes, and one of high complex carbohydrate if 
there is evidence of diabetes, and fat maintained at a moderate level (see 
Chapter 20, diets 23 and 26). 

Note should be taken of the use of oral elemental and parenteral alimenta
tion. Patients with pancreatic insufficiency have benefited from the addition of 
such therapy to the diet, particularly patients with complications of pancreati
tis, such as infected pseudocysts or fistula (see Chapters 18 and 19 on elemental 
diets and hyperalimentation).28-29 Elemental diets can deliver large amounts of 
protein to the gut. These may be particularly helpful early in the treatment of 
chronic pancreatic insufficiency. Further studies are needed in this area. 

The use of medium-chain triglycerides is also of importance. These trigly
cerides are easily absorbed, will not add to the steatorrhea or help cause diar
rhea, as occurs with ordinary triglycerides, and can be an added source of 
energy and calories for the patient with pancreatic insufficiency (see Chapter 
1).30 Long-term use of medium-chain triglycerides is sometimes difficult for 
patients. In a cooperative patient, it can be accomplished when they are made 
palatable (see Chapter 20, diet 7). 

12.3. CARCINOMA OF THE PANCREAS 

Carcinoma of the pancreas has become the second most common gastroin
testinal cancer of Western societies, but it remains rare in underdeveloped 
countries. The cause for its rapid increase in highly industrialized countries is 
not clear. 

The disease may progress rapidly after onset and only in rare cases is there 
a surgical cure. Chemotherapy to date has offered little prolongation of life. 
Relief of pain and malnutrition is most important to make the patient 
comfortable. 

Diet treatment of carcinoma of the pancreas is limited to pancreatic insuf
ficiency and is the same as described in Section 12.2.4.2. Proper nutrition with 
home hyperalimentation29 is now undergoing trials in patients with incurable 
cancer. It is hoped that this will make their limited time more comfortable and 
perhaps enable them to function at an acceptable level. 

12.4. CYSTIC FIBROSIS 

Cystic fibrosis is one of the most common gastrointestinal disorders of 
infants. With our increased ability to treat the disorder, children now survive 
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and live to adulthood. It is an autosomal recessive disorder that results in 
abnormal functioning of exocrine glands. The disturbance in glandular secre
tion may affect a multiplicity of organs including the pancreas, lungs, and sweat 
glands. Its incidence in whites is approximately one in 1500 live births. It is less 
frequent in blacks.31 

12.4.1. Pathophysiology 

The cause of the disorder is still unknown despite much research on the 
effect of abnormal biochemical synthesis and resultant disturbances of glandu
lar secretions. It is obvious that multiple glands are affected. Of interest are the 
observations by several groups of a disarrangement of fatty acid metabolism 
and related altered prostaglandin production.33,34 This mechanism of the dis
ease process is suggested by the fact that growth patterns of children signifi
cantly improved with intravenous administration of essential fatty acids, in the 
form of Intralipid®. 33,35 

Patients with cystic fibrosis have very low levels of linoleic and arachi
donic acid in their blood lipids. Linoleic acid is metabolized to a by-product, 
which is then oxidized to a prostaglandin. It is suggested that the deficiency in 
prostaglandins could be related to an increased sensitivity to cyclic AMP, 
which is seen in cystic fibrosis patients. Similarly, it is suggested that prosta
glandin deficiency could explain alterations of skin electrolyte secretion. What 
is not clearly understood is whether essential fatty acid deficiency is the pri
mary defect of the disease, or whether it is merely due to the malabsorption 
that occurs with the disease. 

12.4.2. Diagnosis 

The clinical picture is one of an infant ill with respiratory disease or se
verely malnourished. One of the classic presentations in infancy is meconium 
ileus, which occurs in approximately 10% of the cases. In these infants, an 
intestinal obstruction due to inspissated meconium occurs because of the dis
turbed secretion of small-bowel glands. When the disease is mild, or progresses 
into childhood and adolescence, the most common presentations are those of 
repeated upper respiratory infections and huge stools due to malabsorption. 
Less frequent presentations in adulthood are failure of reproductive or
gans,38 chronic liver disease, and even portal hypertension.3T 

The diagnosis can be established by the abnormal excretion of sodium in 
the sweat in conjunction with the clinical picture. A confirmatory sweat test 
using 9u-ftuorohydrocortisone can be employed. Other tests that have been 
used are rectal biopsy, which reveals dilated rectal glands, stool for fecal fat, 
and stool for protein digestion such as can be done on a gelatin strip. However, 
most of these tests are superfluous if a significantly abnormal sweat electrolyte 
can be demonstrated38 in conjunction with the above clinical picture. 
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12.4.3. Treatment 

1. It is important that there be careful management of all respiratory 
infections. 

2. It is essential that any evidence of any organ failure be treated 
vigorously. 

3. Nutritional supplementation and pancreatic enzyme replacement are 
essential for maintaining adequate growth and development. (a) Pancreatic 
enzyme replacement is employed as described for pancreatic insufficiency. (b) 
Nutritional support may be important at various degrees and stages of the 
disease. Allan and associates89 have improved the growth of severely malnour
ished children by using a nutritional supplement of protein hydrolysate, a glu
cose polymer, and medium-chain triglycerides. Berry and co-workers,40 using 
the same supplementation, were also able to demonstrate a significant weight 
gain and an increase in serum albumin in their patients. Any oral-supplementa
tion diet should ensure that essential fatty acids are present, as essential fatty 
acid deficiency can occur when there is prolonged use of elemental diets defi
cient in essential fatty acids.41 

There have been suggested complications of treatments. Some researchers 
hav~ noted hyperuricosuria42 with the increased use of pancreatic enzymes. It 
has also been reported that patients with cystic fibrosis tend to have lithogenic 
bile, which accounts for an increased incidence of gallstones, but in patients 
treated with pancreatic enzymes, bile became less lithogenic.48 

In summary, it is of utmost importance to ensure that proper nutrition is 
maintained. Simple enzyme replacement may accomplish this goal; however, 
when there is a recorded decreased growth rate, supplementation with some 
form of diet, as recommended by Allen et al.39 and Berry et al., 40 is essential 
(see Chapter 20, diet 22). 

12.5. DIABETES MELLITUS 

12.5.1. Definition and Pathophysiology 

Diabetes mellitus is the loss of homeostatic control of blood glucose levels 
associated with a deficiency of insulin secretion and a probable abnormality in 
glucagon secretion, which result in abnormal metabolism of carbohydrates, 
fats, and proteins. When the disorder is severe, multiple organ systems are 
affected pathologically. Blood glucose is regulated by the liver, which stores 
excess glucose as glycogen and releases it when the blood glucose level is too 
low. Organs such as the adrenal and thyroid glands also affect blood glucose. 
The organ that principally maintains glucose stability is the pancreas, via its 
insulin secretion. The purpose of this text is to discuss the relationship of 
diabetes to the gut and the role of the diet. The interested reader is referred to 
the latest text on diabetes mellitus for more detailed information on the 
pathophysiology.44 



PANCREA TIC DISEASES 213 

12.5.2. Etiology 

The etiology of mild diabetes mellitus remains uncertain in many cases. In 
severe diabetes mellitus, which requires insulin, there is an inherited insulin 
secretory deficiency." Similarly, there is decreased insulin production, with 
severe damage to the pancreas such as may occur with pancreatitis or violent 
infections. There may be, as yet, undescribed disturbances in glucagon produc
tion, either inherited or acquired. 

Epidemiologists have begun to accumulate a large amount of data, which 
is substantiated by some experimentation, that suggests glucose intolerance 
and the mild form of diabetes, which requires minimum dietary management or 
insulin coverage, may be due to environmental factors. Several reviews"-47 of 
epidemiologic trends reveal that certain native populations in underdeveloped 
societies have much lower incidences of diabetes mellitus and its complica
tions. Trowell" and Cleave,- working in Great Britain, have postulated that 
this is clearly due to dietary factors."'- Their evidence incriminates the high 
use of refined carbohydrates concomitant with the decreased use of complex 
carbohydrates, primarily fiber. Review of the literature reveals there had been 
no experimental design to test this hypothesis until Jenkins and associates",49 
and Kiehm and associates50 showed that the addition of guar flour and/or 
pectin to a test meal or a high-polysaccharide diet can decrease postprandial 
glycemia and raise serum insulin. Jenkins and associates" added 10 g of pectin 
to breakfast marmalade and/or fed guar-rich bread and demonstrated signifi
cant drops in postprandial blood glucose and insulin levels. In a more clinical 
application to diabetic patients, they were able to show that the addition of 16 g 
of guar and 10 g of pectin to a controlled meal containing 106 g of carbohydrate 
significantly decreased the rise in blood glucose and insulin levels in three 
insulin-dependent diabetic subjects.49 This hypothesis has further been tested 
in eight insulin-dependent patients who were given alternating diets containing 
either 3 g or 20 g of fiber for a to-day period while total caloric intake was 
maintained. 51 The mean plasma glucose level on the high-fiber diet was 121 mg/ 
ml, while on the low-fiber diet it was 169 mg/mt. In addition, glucagon levels 
fell in the high-fiber-diet period, and patients maintained on the same insulin 
had more hypoglycemic episodes.51 High-fiber diets, which are high-polysac
charide carbohydrate, also have been shown by others to decrease insulin 
requirements in diabetics,50 stabilize insulin responses to carbohydrate,52 and 
ameliorate carbohydrate hyperlipidemia. 52 Studies of the effect of fiber on 
normal subjects revealed definitely improved carbohydrate tolerance, but no 
change in insulin receptor numbers and affinity, 53 and also that the dietary form 
in which carbohydrate is fed rather than glucose chain length is important in 
changing the insulin response. 54 These initial experiments clearly implicate 
high-fiber intake as an important dietary mechanism for controlling glucose 
intolerance. It further emphasizes the points made by Trowell concerning the 
role of low-fiber intake in the cause of mild diabetes mellitus. Epidemiologic 
evidence, such as demonstrated in Table 12-3, reveals changes in diet among 
ethnic groups correlate with changes in incidence of diabetes. These observa-
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Table 12-3. Incidence of Diabetes in Relation to Diet in South Africansa 

Crude 
Diabetes fiber Sugar Fat 

Known discovered Total mean mean mean 
Group Number (%) (%) (%) (g/day) (g/day) (g/day) 

Transvaal 2015 1 case 24.0 30-60 65 
Bantu 

Cape Bantu 1027 0.9 2.7 3.3 6.5 55-85 85 
Cape White 1650 0.8 2.4 3.2 4.3 80-140 110 
Cape Indian 1520 4.3 4.2 8.5 4.0 70-90 80 

aModified from Trowell.46 

tions are important and should be stressed in future research and probably in 
the control and treatment of the disease in our society. 

12.5.3. Gastrointestinal ManifestationsSS ,58 

Most patients with severe diabetes mellitus have some form of gastrointes
tinal manifestation, as described below. 

12.5.3. 1. Gallbladder 

There is an increased incidence of cholelithiasis in subjects suffering from 
diabetes mellitus.55 Concomitant with the cholelithiasis is an increased inci
dence of acute and chronic cholelithiasis and all of the complications that occur 
from these diseases. Diabetic subjects will have a greater problem with infec
tions in general, and, consequently, any site that becomes infected, such as the 
gallbladder, will result in more serious complications. There also appears to be 
a correlation between obesity and cholelithiasis in these subjects. 

12.5.3.2. Esophagus 

It has been reported that the esophagus may also be involved in the disease 
process.1I6 Manometric studies57 reveal generalized atony of the esophagus in 
patients with associated neuropathy. It may be a decreased force of contrac
tions and an increased number of nonperistaltic contractions. This could be 
associated with symptoms of esophageal disease, although there is no study, as 
yet, that demonstrates an increased incidence of ordinary esophagitis or its 
complications in diabetic subjects. 

12.5.3.3. Stomach 

Although various studies indicate that disturbances of the mucosa, such as 
gastritis, occur, it is not clear that this is a specifically associated disorder. 
However, so-called gastroparesis diabeticorum is a definite clinical entity. It 
may occur in as many as 20% of all diabetics. In this condition, the stomach 
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empties poorly and at times may become acutely dilated. The condition may 
cause vomiting or severe epigastric pain. The diagnosis can be made by barium 
study of the stomach. It will empty poorly and appear dilated.15,M,M It is best 
managed by adequate diabetic control and symptomatically. 

12.5.3.4. Small Intestine 

More common gastrointestinal manifestations of diabetes mellitus occur in 
patients who have some form of involvement of the small intestine. Minor to 
severe degrees may be present and are manifested by either diarrhea, nocturnal 
or daytime, or some form of malabsorption. The symptoms are often referred 
to as diabetic enteropathy. 

The involvement of the small intestine may be due to neuropathy, mi
croangiopathy, episodes of stress associated with hypoglycemia or electrolyte 
imbalance, or disturbances in hormone production such as occur with insulin 
and glucagon.15,sa,s9 A certain percentage of diabetic subjects will have adult 
onset of gluten enteropathy.80 Therefore, it is essential to conduct a thorough 
evaluation of any diarrhea malabsorption in these subjects and obtain a peroral 
small-bowel biopsy to rule out gluten enteropathy. 80 

Probably the most common cause of diabetic diarrhea is the neuropathy 
associated with the interneuronal pathways in the pre- and paravertebral sym
pathetic ganglia. Whalen and associates81 carefully evaluated 13 diabetic pa
tients suffering from diarrhea and found 5 had a mild degree of steatorrhea, but 
intestinal biopsy specimens and pancreatic exocrine function studies were nor
mal. The studies left no other explanation than a disturbance in sympathetic 
and parasympathetic pathways, as has been noted in autopsy studies on such 
patients.81 

When steatorrhea is associated with diarrhea in diabetes mellitus, many 
etiologic factors have to be considered. It is generally agreed that a deficiency 
in pancreatic secretion is not responsible, and most cases, as mentioned above, 
are associated with an autonomic neuropathy. 81 The usual symptomatology in 
neuropathy is associated with decreased sweating, postural hypotension, im
potence, and bladder dysfunction. Radiographic studies of the small bowel 
reveal abnormalities of gastrointestinal motility such as rapid transit or a pro
longed transit time with disturbed motility. When this occurs, the causes of 
malabsorption syndromes must be ruled out. Celiac disease should be consid
ered, and in its absence, bacterial overgrowth becomes a possibility. Increased 
growth of colonic bacteria has been recorded in diabetics and attributed to 
abnormal bowel motility. 82-84 Some of these patients benefit from antibiotic 
therapy," and some do not.80 For all of these reasons, the diabetic who pre
sents with diarrhea, with or without steatorrhea and malabsorption, is a chal
lenge to the clinician and must be thoroughly evaluated and managed correctly 
according to findings, whether they be abnormal small-bowel mucosa (celiac, 
necessitating a gluten-free diet), bacterial overgrowth (necessitating antibiotic 
therapy), or neuropathy, requiring rigid glucose metabolic control. 
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12.5.4. Diagnosis 

The diagnosis of diabetes mellitus is established by the demonstration of 
significant glucose intolerance in relationship to the clinical picture. The glu
cose intolerance may be related to many clinical entities. All possible associa
tions should be evaluated and the severity of the disease then established. 
Glucose tolerance, symptoms of polyuria, polydipsia, and weight (mainte
nance, loss, or obesity) are extremely important in establishing not only the 
diagnosis but also its severity. When an estimate is accurately made, therapy 
can be approached. 

12.5.5. Treatment 

Treatment of the diabetic revolves about three factors: (1) The diet; (2) 
when necessary, the addition of glucose stabilization drugs such as the sulfony
lureas or insulin; and (3) careful education so that factors (1) and (2) succeed. 

Most diabetic patients are of two types: The young patient with a severe 
case that definitely requires long-term insulin management, and the older pa
tient who has only recently developed diabetes. The older patients usually 
comprise two groups: those who are obese and can be controlled by manage
ment of their diet and obesity, and those who require the addition of drugs to 
manage glucose homeostasis. 

It is not the purpose of this text to discuss the use of sulfonylureas or 
insulin. The interested reader is referred to the latest diabetes textbooks on the 
subject. 85-87 

Diet management and the appropriate education to maintain that manage
ment are essential factors in controlling the disease. The objective of the diet 
should be to maintain optimal weight as well as to maximize utilization of 
nutrition. 

It is important to assess the appropriate necessary total caloric intake for 
each subject. The recommended caloric intake according to age, sex, body 
build, and activity are recorded in tables in Chapter 2. A very sedentary older 
patient will require far fewer calories than a very vigorous young athlete, such 
as a baseball pitcher. The tables in Chapter 2 should be helpful in establishing 
optimal caloric intake. The maintenance of the appropriate weight level is the 
final common denominator to what the caloric intake should be. For this rea
son, the patient must be followed carefully during an extended period of time 
to evaluate the caloric intake in conjunction with weekly or monthly weight. In 
this way, the clinician or dietician can establish the correct caloric intake for a 
given individual, taking into account that individual's activity and metabolism. 

It is also of great importance to distribute the caloric intake over the 
waking hours. Diabetic patients tend to easily become hypoglycemic; this oc
curs even more so while they are on insulin coverage. Therefore, it is recom
mended that the caloric intake be divided evenly over the day. Such division is 
demonstrated in Table 12-4.87 Various diets will alter carbohydrate availability 
during the day. Of specific note has been the fact that although high-carbohy-
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Table 12-4. Examples of Recommended Daily Distribution of Caloric Content of Energy 
Intake a 

Time of day and fraction of total calories 
Break- Mid- After- Bed-

Type of diabetic patient 

Stable insulin-requiring 
Labile insulin-requiring 
Stable. non-insulin-requiring 

fast 

aModified from Skillman and Tzagournis .... 

morning Noon 

2/7 
1/10 2/10 

2/7 

noon 

1/10 

Supper 

2/7 
3/10 
3/7 

time 

1/7 
1110 

drate polysaccharide diets are of help in decreasing insulin requirement, as well 
as lowering fasting glucose levels, they tend to cause more hypoglycemia, 
especially in patients who are on insulin.51 ,88 Therefore, caution should be 
used in a given individual when changing the pattern of caloric intake, both in 
the quantity and in the type. 

12.5.5. 1. Carbohydrates 

It has been traditional in many clinics to carefully limit the amount of 
carbohydrate intake. The main concern was the hyperglycemic effect of simple 
sugars. As described above, investigators have found that when high carbohy
drate, composed primarily of polysaccharides and oligosaccharides, is used, 
fasting blood glucose levels can be controlled and insulin requirements de
creased.48-52 

In several institutions, high-carbohydrate diets are the treatment of choice 
for diabetic patients who require sulfonylureas, or less than 30 units of insulin 
per day. One series of experiments documented a statistically significant de
crease of insulin requirement, as well as lack of need of sulfonylureas in 
subjects requiring these drugs after they had been on a 2-week diet consisting 
of 75% carbohydrates in which the crude dietary fiber intake averaged 14.2 g/ 
day. 50 Diabetologists working with children have also reported that they do 
much better on a high-oligosaccharide diet.89 Consequently, review of the most 
recent experimentation indicates that a high-fiber, high-polysaccharide diet 
(approximately 75%) is of benefit to the patient with diabetes mellitus (see 
Chapter 20, diet 23). Although this is relatively new information, it seems 
significant. However, the traditional low-carbohydrate diet is still the choice of 
some clinicians and may still be tolerated by a significant number of patients 
(see low-carbohydrate diabetic diet, Chapter 20, diet 24). 

12.5.5.2. Fats and Proteins 

If one recommends a 65 to 75% caloric intake of high carbohydrates, then 
the remainder of calories should be derived from fat and protein. The neces
sary daily requirement of protein, as outlined in Chapter 2, should be main
tained. This leaves little for higher-fat intake. The limitation of saturated fat 
and cholesterol intake in a diabetic seems extremely important considering the 
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Table 12-5. Strategies for the Two Main Types of Diabetic Patients 

Non-insulin-dependent 
Dietary strategy obese patients 

Decrease calories Yes 

Protect or improve fJ -cell function Very urgent priority 

Increase frequency and number of feedings Usually no 

Day-to-day consistency of intake of cal- Not crucial if average 
ories, carbohydrate, protein, and fat caloric intake re

mains in low range 

Day-to-day consistency of the ratios of 
carbohydrates, protein, and fat for each 
of the feedings 

Consistency of timing of meals 

Extra food for unusual exercise 

Use of food to treat, abort, or prevent 
hypoglycemia 

Not crucial 

Not crucial 

Not usually appropri
ate 

Not necessary 

Insulin-dependent 
nonobese patients 

No 

Seldom important be
cause ~ -cells are 
usually extinct 

Yes 

Very important 

Desirable 

Very important 

Usually appropriate 

Important 

high incidence of atherosclerosis in this group of patients. It is particularly of 
importance in the obese and the diabetic with hyperiipoproteinemia. These 
patients should be on restricted saturated-fat and cholesterol intake (see diet 
for type 4 hyperiipoproteinemia, Chapter 20, diet 25). 

The maintenance of optimal weight in these patients cannot be over
stressed. The undernourished diabetic needs calories, while the obese diabetic 
will improve greatly merely by loss of weight. To accomplish the goal of 
optimal weight, patient education is essential. Table 12-5, as adopted from 
West," lists important strategies in handling the two types of diabetic patients. 
The education must be accomplished either through the physician, the diabetic 
counselor, or the dietician. However, it is a waste of time to hand a diet to a 
diabetic patient without a careful educational program and observation through 
the treatment period to ensure that the diet plan is being followed. 
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Malabsorption and Small-Intestine Diseases 

The small intestine is the most important organ relating to nutrition. Humans 
need at least the duodenum and part of the proximal jejunum to survive by 
eating. With the advent of intravenous hyperalimentation, life can be main
tained by intravenous feedings. However, to lead a normal life, the small 
intestine must function adequately". Until 1956 the small intestine had occupied 
a minor, but interesting, role in medicine. In that year, Drs. Margot Shiner1 and 
William H. Crosby and H. W. Kugler2 independently developed instruments to 
obtain peroral biopsy specimens from human small bowel, which made the 
study of intestinal mucosal pathology on fresh specimens possible. It led to the 
discovery of mucosal lesions in tropical and nontropical sprue, exudated enter
opathy, and many other diseases. There occurred a reawakening of interest in 
the role of the small intestine in metabolism. The addition of the triple lumen 
tube to the peroral biopsy technique permitted careful correlation of histology 
and chemistry and opened new vistas for study that has resulted in a vast 
amount of information on man. 

13.1. ANATOMY AND HISTOLOGY 

The small intestine is a convoluted tube ranging from 16 to 30 ft in length 
and extending from the gastric pylorus to the ileocecal valve. It is contained in 
the central and lower part of the abdominal cavity, but a portion extends below 
the superior opening of the pelvis and the front of the rectum. It has three 
divisions, the duodenum, jejunum, and ileum. 

The duodenum is the shortest and most fixed part of the intestine. It has a 
"C" shape extending from the pylorus of the stomach and is divided into four 
segments, the superior, descending, horizontal, and ascending portions, often 
referred to as the bulb, second, third, and fourth parts of the duodenum. Its 
nervous supply is from the celiac plexus. Its very rich blood supply is from 
both branches of the hepatic and superior mesenteric arteries. It joins the 
jejunum at the ligament of Treitz, at which point the intestine is fixed. The 
jejunum is 8 to 10 ft long. It is wider, thicker, more vascular, and deeper in 
color than the ileum, although there is no definite landmark that separates the 
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two. The ileum is smaller in diameter than the jejunum and its walls are thinner 
and less vascular. Its aggregate lymph nodules (Peyer's patches) are more 
numerous and larger than those found in the jejunum. The terminal portion of 
the ileum usually lies in the pelvis, from which it ascends to end in the medial 
side of the large intestine. Both the jejunum and ileum are attached by a fold of 
peritoneum, the mesentery, to the posterior abdominal wall. The junction with 
the posterior abdominal wall is fan-shaped and about 15 cm long, but the width 
from base to intestinal wall is longer and allows the freest motion so that each 
coil can accommodate itself in changes of form and position. 

The very rich arterial blood supply of the small intestine is derived mainly 
from the superior mesenteric artery, which leaves the aorta at almost the level 
of the first lumbar vertebra, courses downward and forward , crosses the third 
portion of the duodenum to enter the root of the mesentery, and then curves 
downward toward the right into the right iliac fossa . Numerous branches to the 
small intestine, 10 to 16 in number, arise from the convex left side of the 
curving vessel. These mesenteric or intestinal arteries run obliquely downward 
and forward within the mesentery and divide and redivide to form a series of 
arches. A series of straight arteries arise from the final arches (see Fig. 13-1). 

'--~.-=-*li~~::-=~-~~~"" ___ Ri(JhI Colic 
Arlery 

--~~~~i~~F~~~~"eOCO/iC Ar/ery Mesenteric ArterIes 
(tntestinol Arteries) 

StrOlght Arteries 

Figure 13-1. Arterial supply of the small intestine. Note the arched arteries arising from the 
mesenteric arteries. These arches give off straight arteries that encircle the wall. All this forms a 
very rapid and rich flow of blood to the villi. 
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Figure 13-2. Villus arterial, venous, and lymphatic supply and drainage, which runs through the 
lamina propria, to offer rapid circulation to the epithelium. 
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The straight arteries then branch to either side of the gut and encircle it; hence, 
the small bowel is encircled throughout its length by arterial rings. In turn, the 
arterial circles give off branches of diminishing size that penetrate the muscular 
layer of the intestinal wall and supply the costs of the bowel. Inside the intes
tinal wall the penetrating artery branches in anastomosis. Small arterial twigs 
shunt into the center of every villus and capillaries project outward toward the 
periphery of the villus (see Fig. 13-2). This very rich blood supply permits the 
small bowel to perform its function of rapid absorption and adaptability for 
fluid exchange from the gut lumen to the intravascular circulation. A reverse 
network of venous drainage accompanies the arterial structure. Also asso
ciated is a rich lymphatic drainage that begins in the villus as a central lymph 
vessel. Solitary lymph nodules may be found in the jejunum. Aggregate lymph 
nodules, known as Peyer's patches, are found in the mucosa and submucosa of 
the ileum. Larger lymph vessels emerge from the intestinal wall and enter the 
mesentery . In this area, the lac teals are often visible as whitish strands. They 
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pass through various nodes and finally drain into a cluster of nodes known as 
the superior mesenteric glands. This group of nodes is situated in the origin of 
the superior mesenteric artery. Large lymph channels emerge from here and 
from the gastrointestinal lymph trunk that empties into the cisterna chyli. 

Both sympathetic and parasympathetic fibers innervate the small bowel. 
The sympathetic fibers derive from the fifth to ninth segments of the spinal 
cord. The fibers from these segments pass through corresponding ganglia of the 
sympathetic chain and emerge to form the greater splanchnic nerves to the 
celiac ganglia. Parasympathetic innervations stem from the vagus nerve. 
Branches from the celiac plexus continue to the small bowel in conjunction 
with sympathetic fibers to the superior mesenteric plexus and hence into the 
small bowel. 

The wall of the small intestine is subdivided into four layers: serosal, 
muscular, submucosal, and mucosal (Fig. 13-3). The serosa is derived from the 
peritoneum and comprises the outer coat. The muscularis consists of an inner 
circular layer and an outer longitudinal layer. The submucosal coat connects 
the mucosa and muscularis layers and contains the larger blood vessels, lym
phatics, and nerves in a network of loose areolar tissue. 

S 'Seroso 
LM' Longitudinal Muscle 

CM.: Circul ar Muscle 

S M = Submucoso 

M. : Mucosa 

JEJUNUM 

Figure 13-3. The four layers ofthe wall of the small intestine. The circular folds (valvulae conni
ventes) are evident in the mucosal layer. 
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Figure 13-4. Dissecting microscope (x 10) photograph of human intestinal villi . The fingeriike 
villi and their vascular network can be seen. 

The mucosa constitutes the inner lining of the small intestine. It is a thick 
layer separated from the submucosa by the muscularis mucosae, which is 
composed of an outer longitudinal and an inner circular layer of muscle fibers. 
Internal to the muscularis mucosae is the lamina propria, which forms the core 
of the villi. The intestinal mucosa is distinguished by the presence of the 
structures described below. 

The mucosal surface is thrown into a series of folds that project into the 
lumen of the bowel. These circular folds are often referred to as the valvulae 
conniventis (plicae circulares or valves of Kerckring). These folds are com
posed of reduplications of the mucous membrane, the two layers of the folds 
being bound together by submucosal tissue. Unlike the gastric folds , these are 
prominent and do not disappear when the lumen is distended. They do not 
occur in the ileum and are most prominent in the duodenum and jejunum. 
Usually, they run transversely across the bowel surface, while others form 
complete circles. Larger folds often alternate with smaller ones. They are 
longer in the jejunum, but midway through the segment of the small bowel they 
begin to diminish in size and almost disappear from the lower ileum. As a 
result, the ileum is thinner than the proximal small bowel. The circular folds , 
like the villi, add to the absorptive area and they serve to retard the passage of 
food. 

The intestinal villus, like the nephron of the kidney, constitutes the func
tional unit of the small bowel (Fig. 13-4 to 13-7). In the jejunum, the individual 
villus measures between 320 and 575 ~m in height and between 110 and 135 /.lm 
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Figure 13-5. Low-power photomicrograph (X 1(0) of normal human duodenal mucosa. Note the 
long, thin villi. Brunner's glands are evident in submucosa. 

in thickness. The average thickness of the glandular portion is 250 /.lm. The villi 
are highly vascular structures that project from the mucosal surface into the 
lumen, usually rising in height from one to two-and-a-half times the total width 
of the mucosa. They are largest and most numerous in the duodenum and 
jejunum and undergo rhythmic contractions that serve to pump the contents of 
the central lacteal into the lymph channels of the submucosa. The appearance 
and shape of the villi may vary in different patients and at different levels of the 
small intestine. Figure 13-4 is a low-magnification photograph of villi and their 
fingerlike projections. Figure 13-5 reveals a cross section of the villus structure 
and Fig. 13-6 the appearance of the tips of the villi and their columnar epithelial 
cells. The villi are usually long and slender. However, a certain proportion (up 
to 20%) may be leaf or tongue shaped. Essential parts of the villus are the 
lacteal vessel, the blood vessels, the surface epithelium, the basement mem
brane, the striated border, and the muscular tissue. All of these structures are 
supported and held together by connective tissue in which are scattered various 
types of cells-lymphocytes, eosinophils, histiocytes, fibroblasts, plasma cells, 
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and endothelial cells .3,4 All of these structures are contained within the lamina 
propria, which forms the core of the villus and which is surrounded by the 
basement membrane. This membrane is a stratum of endothelial cells upon 
which the epithelial cell rests. 

The epithelial cell, or enterocyte, has been the subject of intensive investi
gation . It is the site of absorption , digestion, and maintenance of major fluid 
and electrolyte balance. A normal functioning epithelium is essential for main
tenance of human nutritional and fluid homeostasis. Each cell possesses a clear 
oval nucleus situated toward the base of the cell. On the luminal surface of the 
cell, there is a highly refractive striated or brush border made up of microvilli 
(Figs. 13-6 and 13-7) . The enterocyte (Fig. 13-8) is contained within a continu
ous membrane that behaves as'if it were fenestrated by tiny water-filled chan
nels or pores, too small to be seen, but yet large-enough to permit free permea
bility of water, monovalent ions, and hydrophilic solutes of small molecular 
size, such as urea.s The electron microscope reveals the "brush" border con-

Figure 13-6. High-power photomicrograph (X 4(0) of normal jejunal villi. Note the brush border 
along lumen side of epithelial cells and orderly arrangement of nuclei along basement membrane 
side of epithelium. Few round cells can be seen in central lamina propria. 
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Figure 13-7. Electron micrograph of brush border seen vaguely in Fig. 13-6. Note the thin 
"matchstick-like" microvilli that line the epithelial cells on their lumen side. 

sists of rodlike structures projecting off the cell into the lumen. They contain 
receptors important in absorption. The inside of the cell contains fine orga
nelles, mitochondria, Golgi apparatus, etc. The interested reader is referred to 
the literature for a more detailed evaluation of these intensely studied struc
tures. 6-8 Goblet ceIls are occasionaIly interspersed between enterocytes, are 
filled with mucus that distends the upper half of the cell, and secrete the mucus 
into the lumen. The bases of the villi form crypts lined by epithelial cells that 
resemble those seen in the middle and tips of the villi, but are less differen
tiated. The epithelial cells originate in the crypts and migrate to the tips of the 
viIIi, where they are finally extruded as dead cells . The cell turnover ranges 
from 3 to 5 days.s,lo 

Situated within the crypt areas are other cells, such as the enterochromaf
fin cells of KuItschitsky (argentaffin or endocrine cells) and the Paneth cells. 
The Kultschitsky cells have been shown to contain serotonin. Carcinoid tu
mors are assumed to arise from this cell. The Paneth cell contains very large 
eosinophil, periodic acid-Schiff staining granules that are secretory in nature. 

The lamina propria contains the entire spectrum of peripheral circulating 
leukocytes, lymphocytes being the most common. There may be selective 
increase of lymphocytes, plasma cells, polymorphonolean cells, or eosinophils 
when pathology occurs. Those will be described under individual disease 
entities. 

Lymphocytes and plasma cells of the intestine playa very specific role in 
normal immunology. Histologic and immunofluorescent studies reveal that 
both T and B lymphocytes are present in the small intestine. The T-cells are 
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more predominant in young animals, and B-cells are more predominant in adult 
animals . The sources of these T and B lymphocytes appear to be Peyer's 
patches and the appendix. The lymphocytes are mobile and easily extend into 
the lamina propria. Very immature lymphocytes are converted to plasma cells 
within the lamina propria,1l,12 making the intestine a lymphoid organ that 
produces a great amount of immunoglobulins. IgA makes up approximately 80 
to 85% of the globulin produced within the gut, with IgM next, and then IgG. 
Very small amounts of immunoglobulin E and IgD are present in the normal 
intestine, less than IgG.12 The role of the gut in immunology remains to be fully 
explained, although selective diseases associated with both deficiency and in
crease of immunoglobulins are reported. 

Peroral small-bowel biopsy has enabled the clinician to verify and clarify 
his diagnostic impressions concerning the function and the presence of dis
eases in the small bowel. The usefulness of the technique as it correlates with 
disease will be discussed below. 

Microvilli 
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figure 13-8 . Schematic representation of the enterocyte demonstrating relationships of brush 
border, nucleus, and cytoplasmic structures. 
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13.2. ABSORPTION AND DIGESTlON13,14 

Fats are absorbed primarily in the duodenum and proximal jejunum, but 
they may be absorbed throughout the small bowel. The absorption of simple 
triglycerides depends on intraluminal micellar formation. Pancreatic secretion 
of lipase into the duodenum is an essential factor for partial digestion of trigly
cerides to glycerol, monoglycerides, and diglycerides before normal micelle 
formation and absorption. The micelle is a physiochemical complex of lipids, 
cholesterol, and bile salts whose formation is dependent on the presence of 
normal intraluminal amounts of conjugated bile acids and phospholipids. Once 
micelles are formed, the anatomic and functional integrity of the intestinal 
enterocyte are essential to complete absorption. Triglyceride components are 
absorbed, reformed within the enterocyte, become coated with protein to form 
chylomicrons, and pass primarily into the lymphatics. The integrity of the 
lymphatic system is important in assisting with this process. Medium-chain and 
short-chain fatty acids are similarly reformed to triglycerides, but they pass 
primarily into the portal blood. They are handled more expeditiously than long
chain fatty acids. Absorption of cholesterol occurs through the enterocyte. 
More details of the absorption of fats are discussed in Chapter 1. 

Simple and complex carbohydrates (mono-, di-, and polysaccharides) and 
starch are absorbed primarily in the proximal small bowel. The digestion of 
starch requires salivary and pancreatic amylases to break chemical bonds to 
release maltose, maltotriose, and dextrose. The major action of disaccharides 
is on the brush border of the enterocytes, with peak activity probably in the 
distal jejunum. Disaccharides are broken down into monosaccharides in the 
lumen and along the microvilli. Succrose, lactose, and maltose are the primary 
disaccharides in our diet. A deficiency in anyone of the corresponding disac
charidase enzymes results in malabsorption of the corresponding sugar. The 
one most seen in our society is lactose malabsorption (see Chapter 1 for further 
discussion of the absorption of simple carbohydrates). The digestion and ab
sorption of more complex c,arbohydrates, such as storage and algyl polysac
charides, fiber, etc., are less well understood. These are discussed in Chapter 
4. 

Protein digestion occurs primarily in the lumen of the proximal small 
bowel. Some whole undigested protein molecules may be absorbed intact. 
Pepsin may produce minimal protein hydrolytic digestion in the stomach, but 
the majority of protein breakdown occurs in the proximal small bowel by the 
action of pancreatic trypsin, chymotrypsin, elastase, and carboxypeptidase, 
which digest complex proteins into polypeptides, peptides, and amino acids. 
Proteins that are not broken down prior to absorption may be digested in the 
brush border. Active transport occurs through the enterocyte into the blood
stream (see Chapter 1 for more details on protein absorption), 

The absorption of vitamins and the relationship of gastrointestinal hor
mones produced in the small intestine are discussed in detail in Chapter 1. 

One of the major functions of the small intestine is the maintenance of 
fluid and electrolyte balance. la- 16 It is integral to the digestive and absorptive 
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processes as well as maintenance of systemic cellular and intravascular ho
meostasis. Anywhere from 5 to 10 liters of water enter the small intestine 
during a given day of a healthy eating adult. Approximately 3 liters are derived 
from the diet, and 1 liter from saliva, 2 from gastric juice, 1 from bile, 2 from 
pancreatic juice, and a certain amount from the small bowel itself. It is esti
mated that absorption of 30 to 50% of the total fluid load occurs in the jejunum, 
20 to 40% in the ileum, and 10% in the colon. 

Enterocyte membranes are lipid and therefore water, electrolytes, and all 
water-soluble substances must pass through the intestinal membrane by car
rier- mediated transport mechanisms or through so-called "pores," which are 
revealed by electron microscopy to be water-filled spaces. 

Carrier transport can simply be thought of as the acceptance of the solute 
by some part of the cell membrane, which then transports it across to the 
interior of the cell. This mechanism can be active-when electrolytes or other 
substances, such as glucose and amino acids, are transported against an elec
trochemical gradient or concentration gradient. There is also a carrier exchange 
mechanism for electrolytes. This active process can occur down an energy 
gradient and is then referred to as facilitated diffusion. 14 

Noncarrier transport occurs through the intercellular junctions where wa
ter can pass back and forth depending on osmolality in order to maintain 
isotonicity. Electrolytes can also pass with the water through these' 'pores." It 
is a passive diffusion in response to a concentration gradient. Electrical and pH 
gradients also cause movement of electrolytes and weak acids and bases. 
These movements of simple compounds are summarized in Table 13-1. The 
average output of fluid leaving the intestine is approximately 600 ml/day, the 
concentration of sodium being 125 meq/liter, potassium 9 meq/liter, chloride 60 
meq/liter, and HC03 44 meq/liter. 14 This can be measured in subjects with 
ileostomies. 

Although there is a net absorption of water and electrolytes from the small 
bowel. it is important to remember that there is a concomitant great flux of 
water and electrolytes across the cell wall membrane during digestion and 
absorption. The system has tremendous adaptability in accommodating all 
sorts of concentrations of foods and chemicals presented to it. Lymph flow 
also increases as water is absorbed. The greatest flow occurs during the absorp
tion of isotonic saline. 13 

The net absorption of sodium results from the difference between the two 
opposing fluxes. The major net absorption occurs in the jejunum and decreases 
down the gut. Some absorption is active through a carrier mechanism, and 
passive via diffusion when the electrochemical gradient is in the direction from 
the intestinal lumen to the cytoplasm of the cell.13,15,16 Sodium and potassium 
absorption also occurs during active glucose and galactose absorption by sol
vent drag. However, active absorption of sodium readily occurs in the ileum 
against a concentration gradient (see Table 13-1). Potassium absorption also is 
a result of the difference between two opposing fluxes. Potassium absorption in 
the jejunum occurs primarily by electrochemical gradient to maintain 
equilibrium. 
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Table 13-1. Na and H20 Transport Characteristics of Different Regions of the Intestine 

Permeable to 
Water 
NaCI, small solutes (xylose, urea) 

Carrier-mediated transport 
Absorption 

Secretion 

Major mechanism of NaCI 
absorption 

8Modified from Breberdorf.'· 

Duodenum and jejunum Ileum 

Permeable 
Permeable 

Na+ , glucose, galactose, 
fructose, amino acids 

Passive (solvent drag) 

Permeable 
Relatively impermeable 

Na+, CI-, glucose, 
galactose, fructose, 
amino acids 

H+, HC03 

Active transport via 
"carrier" 

Chloride and bicarbonate absorption and secretion follow sodium ex
change, but they also have very separate and active processes. The efforts to 
understand the pathologic fluid phenomenon, such as occurs in cholera, led to 
the understanding that the active absorption of anions occurs in the ileum, 
which is stimulated by cyclic AMP. When chloride is absorbed, bicarbonate is 
secreted. Chloride absorption is against a concentration gradient; to maintain 
neutrality of solutions, it will carry cations along with it. 

Bicarbonate is readily absorbed in the jejunum. The ileum maintains a 
luminal bicarbonate concentration of approximately 45 mM and will absorb or 
secrete it in order to maintain that concentration. Usually, there is an exchange 
of chloride for bicarbonate, but either may be absorbed or secreted as a pri
mary function. 13 

13.3. MALABSORPTION 

Malabsorption may be due to primary small-bowel or pancreatic disease of 
idiopathic, congenital, inflammatory, or infectious origin, or it may occur sec
ondary to many systemic diseases. It may be very selective, as occurs in B12 or 
trehalose malabsorption,17 or it may be very broad, with mUltiple absorption 
defects such as occur in pancreatic enzyme deficiencies and celiac sprue. Mal
absorption is not a disease, but the result of the failure of nutrient or mineral 
absorption due to a disease or disorder. 

In order to correctly treat the afflicted patient, one must understand the 
clinical and pathophysiologic presentations of malabsorption and identify the 
disease causing it by laboratory tests. In mammals, the small intestine is the 
only organ that absorbs nutrients. However, malabsorption is not synonymous 
with small-intestine disease and may occur readily because of systemic disease 
that secondarily affects the small bowel. The following broad pathophysiologic 
working classification may be employed: 
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1. Defects of gastric function 
Due to mucosal deficiency such as secretion of intrinsic factor 
Due to surgical resection 

2. Defects of digestion 
Due to biliary or hepatic deficiencies 
Due to pancreatic secretory deficiencies 

3. Defects of small-intestine absorption 
Due to primary mucosal disease 
Due to surgical disease 
Due to vascular lesions, both small or large vessels 
Due to neoplastic lesions 
Due to infectious or parasitic diseases 
Due to drugs or chemotherapeutic agents 
Due to selective enzyme deficiencies 
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4. Systemic diseases causing defects of gastric function or small-intestine 
absorption. 

The historical and physical presentation of a patient with malabsorption 
will vary greatly depending on the disease at fault and its severity. The physi
cian's approach to evaluation and differential diagnosis will also be influenced 
by the area of the world in which he is working or from which the patient 
comes. For instance, a physician seeing an adult patient in cold temperate 
climates would first think of idiopathic steatorrhea, pancreatic disease, or ma
Iignancy, but when evaluating a patient with malabsorption in semitropical 
climates, early consideration would be given to parasitosis, infection, and trop
ical sprue. 

Diseases causing malabsorption can occur at any age. Statistics of a differ
ential diagnosis on the basis of age are not available. The classic syndrome of 
gluten enteropathy or celiac disease, for example, can be seen in children or in 
adults. Between 20 and 30% of all individuals with celiac disease will have 
symptoms during childhood.1s Infectious diseases are seen at all ages. Neo
plastic disease and chronic pancreatitis are usually seen in older patients' and 
rarely in childhood; lymphoma is an exception. 

A careful history of exposure to chemicals, drugs, and travel is essential. 
Chronic use of neomycin and exposure to chemotherapeutic agents. may cause 
mucosal defects in the small intestine. Giardia lamblia and tropical sprue are 
classic examples of diseases contracted during travel. 

A family history of celiac disease is reportedly present in only 8 to 24% of 
celiac patients.19 Consequently, the diagnosis of gluten enteropathy is fre
quently made without any family history. 

The incidence of signs and symptoms in gluten enteropathy and tropical 
sprue is listed in Table 13-2. 

Weight loss is one of the cardinal symptoms of malabsorption and occurs 
in 50 to 100% of patients, depending on the groups of patients and diseases 
analyzed. It results from the loss of nutrients as well as anorexia. Some pa
tients with selective malabsorption disorders, such as lactose intolerance (lac-
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Table 13-2. Comparison of Symptoms and Signs in 100 Patients with Idiopathic 
Steatorrhea and 100 Patients with Tropical Sprueaa 

Symptoms and signs 

Lassitude 
Weight loss 
Diarrhea 
Flatulence 
Glossitis 
Nausea and vomiting 
Abdominal discomfort 
Skin lesions 
Tetany 
Purpura 

aFrom Floch." 

Idiopathic steatorrhea (%) 

96 
97 
80 
59 
90 
37 
31 
20 
50 
10 

Tropical sprue (%) 

97 
96 
95 
98 
90 
15 
90 
60 
o 

tase deficiency) or trehalose intolerance (diarrhea from mushrooms), may not 
have weight loss. Certain subjects may have a moderate degree of malabsorp
tion without weight loss because of compensating adequate caloric intake. 
Others may present with the symptoms of selective absorption defects, such as 
osteomalacia related to calcium and vitamin D deficiencies or anemia from a 
selective iron or B12 deficiency before weight loss. The very astute clinician 
should suspect a malabsorption syndrome without the presence of weight loss. 
Keeping these facts in mind, it is still the rare patient who does not eventually 
show weight loss. 

Diarrhea is the other major symptom of malabsorption. It was present in 
80-97% of all patients with celiac disease in three different studies. 18 In our 
experience with tropical sprue, diarrhea occurred in 97% of all patients. 3 Most 
physicians have great difficulty in making the diagnosis of a malabsorption 
syndrome without the presence of diarrhea. However, diarrhea may be totally 
absent even in the presence of severe steatorrhea. 

The character of the diarrhea is often the first hint that a malabsorption 
syndrome is developing. The patient will complain of a change in bowel habits. 
The stool becomes softer, movements become more frequent, with or without 
a foul odor, and the stool has a greasy or foamy appearance. Because of 
increased amounts of gas within the stool, the fecal material floats. Some 
patients may complain of a greatly increased amount of stool in addition to 
increased frequency. Others may simply complain of increased frequency and 
not increased amount. The character of the stool may vary with the disease 
causing the malabsorption. The stool seen in pancreatic insufficiency is often 
grayish and pasty, whereas the stool in sprue is often yellowish brown. Patients 
with malabsorption will rarely complain of being awakened at night to have a 
bowel movement or of perianal complications of hemorrhoidal or fistulous 
disease, as is seen with inflammatory bowel disease. 



MALABSORPTION AND SMALL-INTESTINE DISEASES 237 

Abdominal discomfort is often a part of the symptomatology. Patients 
note a bloating sensation after eating. This can be correlated with dilated loops 
of the small bowel and disturbed motor activity from radiographic study.14 
Abdominal distension may limit food intake and aggravate weight loss. This is 
often manifest by the male who unbuttons his belt and the female who loosens 
her tight garments. Nausea is much more common than vomiting, which is not 
copious when it occurs. 

Aphthous ulcers and burning tongue (glossitis) occur in up to 50% of all 
patients. The aphthous ulcer is a characteristic "punched out" ulcer of the 
mouth mucosa. The glossitis ranges from painful erythema, to swelling of the 
tongue, to atrophy of the papillae. 

The physician must consider malabsorption diseases when secondary 
manifestations cause atypical presentations. Bone pain as a result of osteoma
lacia can be the presenting picture of idiopathic steatorrhea. Skin manifesta
tions are very common in all types of malabsorption disorders, from the very 
small lesion of dermatitis herpetiformis,2O-22 to the flushing noted with the 
carcinoid syndrome, to the deep ridging or spooning of nails noted with iron 
deficiency anemia of hookworm disease. 

The physical findings will vary with the disease at fault and its severity. 
Often the patient will present with obvious weight loss and muscle wasting, and 
occasionally with emaciation, while some may lose weight and look relatively 
well. Others lose weight precipitously. Depending on their weight before the 
malabsorption developed, they may literally look starved. 

Few physical abnormalities may be present, or the total syndrome may be 
seen. The hair may be thinned, from a loss of texture as well as actual loss of 
hair follicles. The skin of the face may become pigmented in some disorders. In 
specific disorders such as carcinoid syndrome, flushing might be seen; in mast 
cell disease, pigmentation may also occur. Aphthous ulcers of the mouth may 
be seen in their characteristic form. The tongue may be reddened and "beefy" 
or actually white with total loss of papillae. Numerous types of skin lesions 
may be associated and vary from those seen in dermatitis herpetiformis to that 
of psoriasis and pityriasis rosacea. 20-22 The nails may be ridged or spooned, 
depending on the severity of iron deficiency anemia. Clubbing of the fingers 
may also be noted. Peripheral edema may occur due to nutritional or renal 
failure. 22 The abdomen may be distended, with mild tenderness. Depending on 
the etiology of the disease, osteomalacia or osteoporosis with associated bone 
tenderness may be present. With chronic poor absorption of vitamin D and 
calcium, there may be deformities of the extremities and evidence of pathol
ogic fractures. If the malabsorption results from cirrhosis, the complications of 
that disease-ascites, increased abdominal peripheral circulation, and the 
splenomegaly of portal hypertension-may be seen. Peripheral edema is found 
occasionally in mild malabsorptive states and frequently in severe malabsorp
tion associated with hypoproteinemia. When there is neurologic involvement, 
peripheral neuropathies may be evident on physical examination. 

The literature has become replete with simple and complex tests to 
diagnose malabsorption of materials. Almost all of these have remained re-
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search tools employed by selective institutions, and only a few have been 
evaluated by many. The actual diagnosis of a disease that produces malabsorp
tion may require one or many laboratory tests, the number depending on the 
disorder and not a random "battery." 

All studies of absorption are based on establishing either the biochemical 
or the anatomic integrity of the small bowel. 

Normal absorption of fats, carbohydrates, proteins, and hematologic fac
tors is dependent on the specific functions within the bowel. Absorption studies 
are based on these functions. 13 ,23 An understanding of the basic processes of 
absorption, as described above, is necessary in employing the correct tests. Of 
selective clinical importance are the facts that (a) absorption of calcium occurs 
primarily in the upper small bowel, but may occur throughout the bowel if 
necessary, and (b) magnesium, whose depletion is being recognized regularly 
of late, is absorbed primarily in the ileum. Deficiency of either of these miner
als leads to marked symptomatology. 

Hematologic factors are important in malabsorption studies as malabsorp
tion is often first manifested by anemia.2o,24,25 Iron is absorbed throughout the 
intestinal tract and requires selective processes of uptake and then transfer 
through the enterocyte. There is a rate-limiting process of absorption through 
the small-bowel mucosa that is dependent on body iron store levels. 

Folic acid is absorbed primarily in the jejunum,26 and the efficiency of 
absorption depends on the enterocyte. The absorption of vitamin B12 which 
occurs in the distal ileum, depends first on binding by the intrinsic factor 
produced in the stomach and then on receptors on the enterocyte. 25 The vita
min B12 intrinsic factor complex is absorbed into the enterocyte and converted 
to transcobalamin. Defects in gastric function, the integrity of the ileal cell, 
bacterial competition for vitamin B12 and autoimmune mechanisms may all 
interfere with normal absorption, resulting in anemia. Naturally, iron defi
ciency produces a microcytic anemia, whereas folic acid and vitamin B12 
deficiencies produce megaloblastic anemias. A combined deficiency of iron and 
one of the other factors may produce a dimorphic anemia with individual 
characteristics not apparent until one factor is corrected. 

Depending on the clinical presentation, the physician may progress rapidly 
to perform confirmatory tests, or may be inclined to merely screen for some 
parameter of malabsorption in order to decide if he should go on to a more 
expensive or complicated examination. Table 13-3 lists common, useful screen
ing tests and more detailed confirmatory tests. 

13.3.1. Screening for Malabsorption 

13.3.1.1. Hematologic 

The total white blood count may be normal. However, after folic acid or 
vitamin B12 deficiency develops, white blood cell maturation becomes affected 
and more mature white blood cells may be noted in the bone marrow or on the 
peripheral blood smears. When anemia develops, the total red blood cell count 
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Table 13-3. Tests Used in Screening for and Confirming the Presence of Malabsorption 

Screening tests 
Hematologic 

White cell, red cell, hemoglobin, hematocrit, serum vitamin B12 , serum folic acid 
Biochemical 

Fats: serum carotene, serum cholesterol 
Carbohydrates: xylose tolerance test (urine), lactose tolerance 

Radiographic 
Small-bowel barium X-ray examination 

Confirmatory tests 
Hematologic 

Schilling test with and without intrinsic factor 
Biochemical 

72-hr stool chemical fat 
Breath tests 

H2 excretion, lactose intolerance 
Bile salt malabsorption 

Parasitic 
Stool and duodenal aspiration analysis 

Peroral biopsy 
Pathology 
Enzyme analysis (lactase) 

may fall. Depending on whether the anemia is due to a deficiency of iron, folic 
acid, or vitamin Bl2 , the type of peripheral red blood cell will vary. Iron 
deficiency will produce microcytic hypochromic cells, whereas the other types 
produce macrocytic hyperpigmented cells.25,26 

Serum vitamin B 1225 and serum folic acid levels26 are easily determined and 
can be of great value in assessing the deficiency. Similarly, serum iron levels 
may be of some help, but one must always be cautious in interpreting serum 
iron levels as they may reflect a blood loss rather than nutritional deficiency or 
malabsorption. 

13.3.1.2. Biochemical 

Determination of serum carotene and serum cholesterol can be of value in 
screening for malabsorption.20-23 Because both of these blood levels reflect 
intake as well as malabsorption, they are merely screening tests. The serum 
carotene level has been of value when markedly depressed. Specifically, a 
serum level of less than 20 Jj.g is rarely seen except in gluten enteropathy and 
severe tropical sprue. The serum carotene level is spuriously high in diabetes 
even if malabsorption is present. Low serum cholesterol levels are seen in 
hyperthyroid patients, and while rarely of diagnostic value in malabsorption 
syndromes, they may arouse clinical suspicion. 

The serum albumin level reflects stores, and a drop to abnormal levels 
indicates malabsorption, loss, or liver disease (see Chapters 5 and 10). 
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Carbohydrate tolerance tests are of value. The xylose tolerance test,20,23 
which is performed by oral ingestion of 5 or 25 g followed by a 5-hr urine 
collection, has gained worldwide acceptance. In Asian countries it is used for 
massive screening. It correlates well with small-bowel malabsorption despite 
the facts that false-negative tests occur and false-positive results are occasion
ally seen in pancreatic diseases. It is useful as a screening test when small
bowel biopsy is premature in the diagnostic work-up. 

Xylose is absorbed completely from the upper small bowel and only small 
amounts are metabolized. The majority is excreted in the urine. Any patient 
unable to excrete at least 20% of the ingested dose within 5 hr is suspect of 
having a malabsorption syndrome. Technical factors are important in perform
ing the test. There should be adequate fluid intake and adequate urine output. 
Renal function must be normal, as poor clearance will result in false-negative 
results. 

The lactose tolerance test 27-29 is of importance in diagnosing both primary 
and secondary lactose malabsorption (also see Chapter 17). The primary syn
drome is hereditary, while the secondary form is associated with all types of 
small-bowel disease. Therefore, once lactose intolerance is demonstrated, at 
least a small-bowel barium study should be done. The easily performed test 
requires the ingestion of 50 g of lactose and serial blood samples. It is important 
that a blood sample be taken within 15 to 30 min after ingestion, as the peak rise 
occurs most often in that period. It should be at least 20 mg higher than the 
fasting sample. The rise may occur early and consequently should not be 
missed. A 2-hr test is more than adequate to diagnose lactose intolerance. As 
some patients will show almost normal rises in blood glucose but still have 
symptoms from the disaccharide, most observers feel that this test's greatest 
value is in its correlation with symptoms. The majority of patients who do have 
an adequate rise in blood sugar will not have symptoms, and those who have 
lactose malabsorption will have abdominal distension, discomfort, or diarrhea 
from the lactose. However, the clinician must keep in mind that there is a group 
of patients in whom no symptoms develop even though they have flat blood 
levels, and a group in whom symptoms are produced even though there is an 
adequate rise in blood sugar. If I find no symptoms after a lactose load, I do not 
make a diagnosis of lactose intolerance or obtain blood levels, for it would be 
meaningless clinically. The purist will perform a small-bowel biopsy and have it 
assayed for lactase, but this is hardly necessary in routine diagnostic work, for 
it is the symptom complex induced by lactose that is important. 

The hydrogen breath analysis test has been described in the assessment of 
lactase deficiency and lactose intolerance.30,31 After the administration of only 
12.5 g of lactose, which is the amount present in a glass of milk, six hourly 
breath analyses determine whether hydrogen has been absorbed from the intes
tine in significant amounts and excreted in the breath. With a negative baseline 
this would occur only after bacterial production of hydrogen after the ingestion 
of the lactose. The same principle is employed in the diagnosis of sucrase 
deficiency32 and intestinal bacterial overgrowth with resultant malabsorption.33 
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The glucose tolerance test is essentially useless in a differential diagnosis 
of the malabsorption syndrome. On occasion, a flat test may raise suspicion, 
but false-negative results are so frequent that it is useless alone. 

13.3.1.3. Radiologic (Figs. 13-9 and 13-10) 

The only reliable radiologic technique for examining the small bowel is the 
oral ingestion of barium. Details of this examination and its interpretations are 
described elsewhere. 3,34 Several simple facts are important in the interpreta
tion of the barium study. There should not be any significant obstruction at the 
gastric outlet, and a significant amount of barium should be ingested orally. 
There has been controversy over whether 8 oz or up to 24 oz is important, but 
interpretations can readily be made with at least an 8-oz barium meal. 

The important findings are a loss of change of the folds of the small bowel, 
flocculation of the barium, puddling and segmentation of the barium medium, 
and dilatation of the lumen in the bowel. The exact causes of these phenomena 
in small-bowel disease are not clear. Many observers feel that they result from 
a change in the luminal contents of the small bowel. Regardless of the cause, 
the findings are present when there is significant malabsorption and absent 
except when there are selective singular absorption defects. The use of very 
refined barium media may create false-negative tests. I have seen complete 
masking of the malabsorption pattern. Consequently, a negative small-bowel 
finding is no longer reassuring if refined micronized barium is used. If standard 
barium mixtures are used, it is very helpful. 

The classic pattern of malabsorption does not often differentiate the cause 
of the malabsorption; any disease causing malabsorption may give the same 
appearance on barium evaluation. Filling defects or stenosis of the small bowel 
noted from the barium study point to malignancy or inflammatory bowel dis
ease. Carcinoma, lymphoma, or inflammatory disease may merely give a dif
fuse malabsorption pattern, but when filling defects or stenotic areas are noted, 
then these disorders should be suspected. This is of importance because the 
physician may often be forced to employ an open surgical pathological diagno
sis when those findings are present. 

13.3.2. Confirmatory Tests 

13.3.2.1. Hematologic 

The Schilling test,25 or radioactive vitamin B 12 absorption study, is of 
importance in identifying diseases causing vitamin B12 malabsorption. In clas
sic pernicious anemia, intrinsic factor (IF) is absent. When vitamin B12 is 
ingested in the absence of IF, the test is abnormal, but when IF is added, the 
test result is normal. However, when diffuse small-bowel disease is present, 
there is abnormal absorption with or without IF. The exact diagnostic figures 
will vary in different isotope laboratories. 
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Figure 13-9. Photograph of barium-filled normal small intestine. Stomach is outlined at top. Note 
the feathery filling of the jejunum on the right with one loop filled (arrow) outlining the valvulae 
conniventes. Note the numerous contractions in the normal partially filled ileum at the head of the 
barium meal on the left (arrow). 
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Figure 73-70. Photograph of barium-meal X-ray of a patient with tropical sprue taken 15 min after 
ingestion ofthe barium. Compared to Fig . 13-9, note the loss of normal markings , the puddling and 
segmentation of the barium, and the dilated loop of jejunum in the center with loss of the normal 
folds . 
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13.3.2.2. Biochemical 

Determination of steatorrhea by the chemical measurement of fecal fat is 
the only universally accepted test.20 ,23 It is confirmatory of nonspecific malab
sorption and essential in making a diagnosis. In a normal individual at least 94% 
of ingested fat is absorbed. Therefore, a subject eating 100 g of fat per day will 
have less than 6 g of fat in the stool per day. Because bowel patterns and habits 
are so varied, the test is most reliable when a 3-day stool excretion is measured. 
In some laboratories a I-day test has been found effective; others have stressed 
the need for 5-day collections. However, it is well accepted that a 72-hr collec
tion of stool correlates best with disease. Excretion of between 6 and 8 g/day is 
considered a marginal value, but over 8 g/day is abnormal. The finding of 
abnormal excretion of fat indicates steatorrhea and is clinically synonymous 
with a malabsorption syndrome. In selective malabsorption entities such as 
carbohydrate or vitamin malabsorption syndromes, steatorrhea is not present, 
but in all diffuse malabsorption disorders the chemical stool fat is elevated. 

Stool nitrogen may also be an indicator of malabsorption, but it is a difficult 
test and rarely employed in a differential diagnosis of malabsorption disorders. 

Breath tests are the most recent addition to the armamentarium of absorp
tion studies. Isotopically labeled compounds can be measured in expired gas as 
a result of malabsorption due to bacterial breakdown in the intestine, or as the 
result of normal absorption due to normal enzymatic digestion. Abnormal 
gases also can be measured. 

The appearance of hydrogen in expired air is abnormal. It can be used as a 
measure of lactase deficiency and lactose malabsorption, as was first reported 
by Levitt and Donaldson35 and Calloway and colleagues36 and advocated by 
Metz and colleagues.30-33 It is particularly useful in the study of carbohydrate 
malabsorption. When the particular carbohydrate being ingested is metabolized 
by bacteria, hydrogen is produced, which is absorbed and then expired in air. 
Ordinarily, hydrogen is not present in expired air in any significant amount. 
The ability to measure it after the ingestion of any carbohydrate such as lactose 
indicates that the carbohydrate has been metabolized by bacteria rather than 
broken down by the gut enzymes. 

Also of clinical application has been the use of [14C]cholyglycine in analyz
ing the malabsorption of bile acid. 37- 39 Although it appears to be slightly less 
sensitive than other parameters of distal ileal function, it is still useful when 
available because of its simplicity. When there is abnormal absorption and 
metabolism of bile acids, there is an increased excretion of 14CO 2. This occurs 
because of more rapid release of glycine, which is absorbed and rapidly meta
bolized, resulting in increased amounts of labeled CO2 excretion. Although this 
test is useful, the sensitivity must be interpreted carefully in measuring in
creased bacterial contamination of the small bowel.3o ,4o 

The use of labeled Triolein appears to be the most specific and sensitive 
screening test for steatorrhea.41 It correlates very well with fecal fat. In this 
test, lack of recovery of labeled carbon in expired air means malabsorption of 
the ingested labeled Triolein.41 
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A study for infectious and parasitic agents is extremely important. In 
acute diarrheal states the bowel should be studied for infectious agents. Tran
sient malabsorption has been well documented with giardiasis, strongyloidi
asis, and hookworm.42 ,43 Helminths are readily found in stool, but Giardia 
lamblia can be missed and it may be necessary to perform duodenal drainage to 
find the organisms. By applying both stool and duodenal drainage studies for 
Giardia the incidence of recovery can be increased.42 

Rare entities such as trehalose intolerance, as suggested by a careful his
tory of mushroom ingestion, can be diagnosed only by clinical suspicion and 
specific testing. 17 

The greatest use of peroral small-bowel biopsy is to obtain histologic evi
dence for the diagnosis of the cause of a malabsqrption disorder.45 Once mal
absorption is suspected and confirmed by chemical stool fat, or the suspicion is 
great enough from radiographic study, then a peroral small-bowel biopsy is 
essential. The techniques most easily performed today use the simple Carey or 
Crosby capsules or a suction tube such as the Brandborg-Rubin tube. Research 
centers may use the mUltiple biopsy retrieval tube, but this is rarely needed for 
diagnostic purposes and should be employed only in research centers. Peroral 
biopsy is essential in the differential diagnosis of most diseases causing malab
sorption and no patient should be relegated to long-term treatment without a 
biopsy specimen confirmation of the disorder. It is essential for a diagnosis of 
either gluten enteropathy or tropical sprue, and a diagnosis of eosinophilic 
gastroenteritis, lymphoma, Whipple's disease, lymphangiectasia, or acantho
cytosis may be confirmed in the biopsy specimen. In most malabsorption disor
ders of other origin, however, the specimen may be normal or merely demon
strate some shortening of villi, increased round cell infiltration in the lamina 
propria, and mild disturbance of the epithelial cells. The classic findings in 
gluten enteropathy are loss of all villi, but no thinning of the mucosa, for there 
is a concurrent increase in the crypt area; marked chronic round cell infiltration 
of the lamina propria; and round cell infiltration of the epithelium with a change 
from normal columnar to cuboidal cellular epithelial structure. The brush bor
der containing decreased microvilli becomes relatively ineffective. 

It is not possible to review all of the histologic findings in all disorders, and 
the interested reader is referred to Table 13-4 and a monograph on the 
subject. 45 

Small-bowel mucosa may be needed for biochemical analysis in identify
ing selective enzyme deficiencies. 29 Specifically, this has been used in deter
mining lactase, sucrase, and maltase deficiency in disaccharidase malabsorp
tion. However, most clinical centers and almost all clinicians not working in 
academic centers will rarely use it for this purpose. 

13.3.3. Differential Diagnosis and Dietary Management 

When a diagnosis of steatorrhea is established by the presence of abnor
mal fecal fat excretion, a protocol for the differential diagnosis of gross fat 
malabsorption can be carried out, such as that shown in Fig. 13-11. 
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Evidence of pancreatic insufficiency must be obtained to make a diagnosis 
of pancreatic disease as the cause of malabsorption. The patient with cystic 
fibrosis will demonstrate severe malabsorption but also have an abnormal 
sweat electrolyte test, decreased stool trypsin activity, and a relatively normal 
small-bowel biopsy. The other biochemical tests or roentgen findings may be of 
no help in the differential diagnosis. 

The patient with chronic pancreatic insufficiency caused by chronic pan
creatitis demonstrates abnormal glucose tolerance, a history of elevation of 
amylase or lipase, and possibly pancreatic calcification. Endoscopic retrograde 
pancreatolography is of some help in the diagnosis of chronic pancreatitis. 
Usually the clinical history and one or more of these findings will make the 
diagnosis easy. The small-bowel biopsy is relatively normal, although the 
roentgen series and chemical stool fat are markedly abnormal. 

The establishment of the disease or disorder causing the malabsorption 
may tax the acumen of the internist and gastroenterologist. Those caused by 
pancreatic and gastric diseases and their correct nutritional management are 
discussed in Chapters 8 and 12. In this chapter, we will concern ourselves with 
the nutritional treatment of small-bowel diseases. 

Table 13-4. Information Provided by Small-Intestine Biopsya 

Disorders in which biopsy is diagnostic 

Diffuse lesions 
Whipple's disease 
Immunodeficiency syndromes 

Lymphoma 
Lymphangiectasia 
Eosinophilic enteritis 
Systemic mastocytosis 
Amyloidosis 
Crohn's disease 

Patchy lesions 

Abetalipoproteinemia 
(Gluten enteropathyt 

Parasitic infestations: 
Giardiasis 
Coccoidiosis 
Strongyloidiasis 
Capillariasis 
Cryptosporidiosis 

Disorders in which biopsy is abnormal but not diagnostic 
Gluten enteropathy (celiac)b Severe folate and 8 12 deficiency 

(may be classic) Radiation enteritis 
Tropical sprue Radiomimetic drugs 
Unclassified sprue Malnutrition 
Infectious gastroenteritis 
Intraluminal bacterial overgrowth 

Disorders in which biopsy is usually normal 
Postgastrectomy malabsorption 
Pancreatic exocrine insufficiency 
Ulcerative colitis 

"Modified from Trier. 44 

Cirrhosis 
Hepatitis 
Iron deficiency anemia 

bSome gastroenterologists feel this is a classic lesion and may be diagnostic when other diseases 
are ruled out. 
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Figure 13-11. Protocol for malabsorption work-up. 

Diagnostic 
Crohn's disease 

Diverticula 
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The following classification of malabsorption disorders was first presented 
by Wilson and Dietschy47 and modified by Gray.23 The diseases and their 
recommended nutritional therapy are listed. The classic small-bowel malab
sorption disorder, gluten enteropathy, is discussed in detail as well as nutri
tional therapy for those diseases that require nonspecific support rather than 
specific therapy. 

Disease 

1. Intramural small-bowel disease 

Gluten enteropathy 

Disaccharidase deficiency 

Tropical sprue 

Dermatitis herpetiformis 

Nongranulomatous jejunitis 

Whipple's disease 

Amyloidosis-primary or 
secondary 

Eosinophilic gastroenteriti s 

Food allergy 

Small-bowel ischemia 

Small-bowel resection-minor or 
massIve 

Intestinallymphagiectasia 

Abetalipoproteinemia 

Lymphoma 

·See discussion for treatment failures. 

Recommended Diet Therapy 

Gluten-free diet (Chapter 20, diet 16)* 

Lactose-, maltose-, or sucrose-free 
diets (Chapter 20, diets 17-19) 

Supportive 

Plus or minus gluten free 

Supportive 

Supportive 

Supportive 

Variable 

Variable 

Supportive 

Supportive 

Supportive 

Supportive 

Supportive 
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Disease (conI.) Recommended Diet Therapy (conI.) 
2. Parasitosis 

3. 

4. 

Hookworm 

Stronglyoidiasis 

Coccidioidomycosis 

Schistosomiasis 

Capillariasis 

Giardiasis 

Radiation enteritis 

Supportive 

Supportive 

Supportive 

Supportive 

Supportive 

Supportive 

Supportive 

Malabsorption caused by multiple defects 

Ileal dysfunction due either to 
resection or to Crohn's disease 
of the ileum Supportive 

Zollinger-Ellison syndrome Supportive 

Scleroderma Supportive 

Postgastrectomy Supportive 

Mast cell disease Supportive 

Diabetes mellitus Supportive 

Endocrinopathies Supportive 

Insufficient intraluminal pancreatic enzyme activity 

Chronic pancreatitis 

Pancreatic carcinoma 

Pancreatic resection 

Cystic fibrosis 

Supportive and pancreatic 
replacement as needed 

Supportive and pancreatic 
replacement as needed 

Supportive and pancreatic 
replacement as needed 

Supportive and pancreatic 
replacement as needed 

5. Insufficient intraluminal bile acid activity 

Biliary obstruction with and 
without jaundice 

Bacterial overgrowth syndrome 
due to stasis or diverticula 

Supportive 

Supportive 
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Disease (cont.) 

Cholecystocolonic fistula 

(Biliary resection and Crohn's 
disease) 

Diet therapy can be divided into 
1. Specific nutritional treatment 

a. Gluten enteropathy 

Recommended Diet Therapy (cont.) 
Supportive 

Supportive 

b. Disaccharidase deficiencies 
2. Nonspecific supportive nutritional therapy 
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Whenever there is a specific treatment that will cure the malabsorption, 
there is no need for supportive treatment following successful treatment. The 
need prior to completion of specific therapy varies. Gluten enteropathy is 
treated by removal of gluten from the diet. The patients usually respond rapidly 
and little else is needed. However, should the patient be markedly anemic, then 
iron or immunologic factors may be needed initially in the therapy. Direct 
replacement of gross deficiencies are needed during acute illness. In a disorder 
such as Whipple's disease, following successful treatment with antibiotics, the 
cause of the malabsorption is eradicated and the patient absorbs normally. 
However, should there have been some gross deficiency due to long-term 
malabsorption, then an added nutritional supplement may be needed. After a 
specific treatable malabsorption disorder is cured, and after early nutritional 
supplementation, the disease should not recur if the diagnosis and treatment 
are correct and followed by the patient. 

13.4. GLUTEN ENTEROPA THY 

If one understands this classical disease entity, then one understands 
small-bowel function and all possible diseases of the organ. Almost every 
possible manifestation of abnormal digestion and absorption has been noted. 
Almost every possible systemic manifestation, from a variety of skin disorders 
to malignancies, is associated with the disease. It was first clearly described in 
1888 by Samuel Gee48 as the celiac affliction and later came to be known as 
celiac disease. Herter49 publicized the disorder in 1908 and recognized in
creased loss of fat in the stool resulting from impaired intestinal absorption. It 
was not until the 1950s that Dicke, Weijers, and van de Kamer,50-53 in a series 
of classical experiments, found that removal of wheat from the diet caused the 
signs and symptoms of celiac disease to disappear, whereas reintroduction of 
the offending agent caused a recrudescence. 

Gee had first recognized the similarity between idiopathic steatorrhea and 
celiac disease, but it was Cooke and co-workers54 who showed that 43 of 100 
patients with idiopathic steatorrhea had a definite history of childhood celiac 
disease. Later, Shiner2 demonstrated the similarity of mucosal biopsy speci
mens between patients with childhood celiac disease and those with adult 
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idiopathic steatorrhea. It was then demonstrated that mucosal changes could 
be reversed on a gluten-free diet and reproduced locally by instilling wheat 
through a tube onto the mucosa in a susceptible patient.55.56 

Most physicians agree that the definition of celiac disease should include 
only those cases that are caused by gluten and can be reversed on a gluten-free 
diet.59 However, there are some who still feel that the disease should be de
scribed as a celiac disorder and include such conditions as collagenous sprue in 
which the mucosal atrophy cannot be reversed by a gluten-free diet. 

The exact incidence of the disease is not known. Cases from Africa and 
China have not been described, although they have been reported from India. 
The disease occurs primarily in Europe, North America, and Australia. The 
incidence is highest in Switzerland, where it occurs in one of 890 births, and 
lowest in Sweden, where it is seen in one of 6500 births, the frequency varying 
between these two extremes in the other temperate-climate countries of the 
world.57 

The basic defect in celiac disease remains controversial. One group be
lieves that there is a specific lack of an intestinal peptidase necessary for the 
ultimate detoxification of gluten, while the other group believes that patients 
with gluten-sensitive enteropathy are genetically prone to the development of 
localized immune reactions when exposed to dietary gluten.58~5 However, it is 
clear the a-gliadin fraction of gluten is responsible for the damage to the small
bowel mucosa.59 Gluten is the protein of flour and consists of four peptides: 
Gliadins, glutenins, albumins, and globulins. The latter two are only present in 
small amounts. Glutenins are very high in molecular weight and relatively 
insoluble. The gliadins consist of four amino acid groupings that can be demon
strated by starch-gel electrophoresis to consist of rapid a, ~, and Y fractions, 
and slow "w" fraction. It is in the a fraction that the toxic properties exist. 
Three components have been demonstrated in the Q fraction.60 

The toxic a-gliadins are primarily found in wheat gluten, but occur in rye 
and barley as well.61,62 Analysis of gluten by other workers reveals a definite 
histologic toxicity from wheat, barfey, and rye, but no apparent toxicity is 
produced by oats.63.64 The work of Dissanayake and colleagues64 is impres
sive, but the effect of oat protein is controversial and the clinician must keep 
this in mind. All agree that maize and rice flour are harmless to all gluten
sensitive patients.64 

Cornell and Townley62 suggest that the major defect in gluten-sensitive 
individuals is their inability to digest a-gliadin. This inability occurs because of 
a lack of a specific peptidase in the intestinal mucosa. Their evidence as yet is 
not accepted by all observers.62 

There is no question that the ingestion of gluten in a toxic subject activates 
a local mucosal immune system. When this happens, there is a demonstrable 
antigen-antibody reaction in the mucosa.65 Further evidence that the immuno
logic picture is important in this disease is the appearance of antireticular anti
bodies,66 the appearance of circulating immune complexes,67 the reactivity of 
lymphocytes,68 and the most recent correlation of HLA-DW369 and HLA-B8 
antigens.69•7o This association of HLA antigens suggests that the fundamental 



MALABSORPTION AND SMALL-INTESTINE DISEASES 251 

abnormality of gluten enteropathy is a binding reaction between gluten protein 
and intestinal cells tnat is determined by a histocompatible gene. This binding 
causes a local mucosal immune reaction. This explanation would further the 
theory that the disease is a genetically inherited condition. Of particular inter
est is the association of dermatitis herpetiformis and gluten enteropathy. These 
patients also seem to have increased frequency of HLA-B8 antigens and their 
intestinal disease is always reversed, and in some patients skin lesions as well, 
by gluten withdrawal.71 ,72 

The clinical picture can have great variation. The initial descriptions of the 
classic celiac child and adult were emaciated subjects with signs of avitami
nosis and the symptoms of marked steatorrhea. The classic celiac patient pre
sents with weight loss, diarrhea consisting of large, bulky stools often foul 
smelling and buoyant, loss of appetite, distension after meals, gaunt appear
ance, perhaps a diffuse variety of skin lesions. However, the advent of the 
peroral biopsy and awareness of the selectivity of malabsorption reveal pa
tients may present early with mild anemia, osteoporosis, or mild chronic infec
tions and first appear on orthopedic, neurologic, immunologic, gynecologic 
(infertility), psychiatric, or derminologic services.73 Reports have even demon
strated that they may present as diffuse pulmonary disease.74 ,75 The symptoms 
and signs are described above (Table 13-2). 

Once suspicion is aroused, the diagnosis for that particular patient should 
be pursued. As noted above, classic gluten enteropathy is characterized by 
decreased xylose absorption, very low serum carotene, moderately to mark
edly increased fecal fat excretion, abnormal breath test, decreased vitamin B12 
absorption, and a diffusely abnormal peroral small-bowel biopsy specimen that 
reveals sub-total villus atrophy with complete loss of villi and markedly abnor
mal epithelium. The lamina propria will be heavily infiltrated with round cells. 
The total mucosal width may be normal because of increased infiltration and 
decreased maturation in the crypt areas (see Figs. 13-12 and 13-13). Although 
the biopsy specimen findings are not specific, once the clinical picture is 
matched with the abnormal chemistry and the peroral small-bowel biopsy find
ings, the clinician can feel safe in making the diagnosis of gluten enteropathy. It 
should be kept in mind that these patients have an increased incidence of 
lymphoma that may well exist in association with the abnormal mucosa. The 
barium radiographic study of the small bowel is of help in this differential 
diagnosis. It may reveal the classic malabsorption pattern and also yield infor
mation on selective infiltrating lesions in the bowel. It also appears that other 
neoplasms may be more common in these patients, but ischemic heart disease 
is less common.76 

A select group of these patients have IgA deficiency ~ This may lead to 
impaired resistance to certain diseases such as poliovirus poliomyelitis. 77,78 

Although there are scattered reports of IgA deficiency in gluten enteropathy 
patients, the entire spectrum of serum and intestinal immunoglobulins is much 
more varied. In any given celiac patient there may be increases and decreases 
both in the serum and in the excretions into the gut. IgA is often raised, while 
IgM and IgC are often decreased.59 
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Figure 13-12. Low-power photomicrograph (X 1 (0) of a peroral small-bowel biopsy specimen 
from a patient with gluten enteropathy. Compared to Fig . 13-5. note the complete loss of villi and the 
heavy infiltrate of white blood cells in the lamina propria. 

Figure 13-13. High-power photomicrograph (x 400) of epithelium on villus of gluten enteropathy 
small-bowel specimen shown in Fig. 13-12. Compared to Fig. 13-6, note the heavy infiltrate of 
lymphocytes in the epithelial cells. the loss of basement orientation of nuclei . and the large number 
of plasma cells in the lamina propria (arrow) . 
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The treatment is total removal of gluten from the diet. The experiments of 
Rubin et al,56 and Shriner and Ballard65 demonstrate small amounts of gluten 
can cause a marked reaction in the intestinal mucosa. Therefore, the sick 
gluten enteropathic patient must completely eliminate gluten from the diet. The 
patient and his family must be carefully instructed about the diet and the 
reactions caused by the protein. The patient with classic gluten enteropathy 
should respond within weeks and the dramatic improvement will be rewarding 
to both physician and patient. 

The patient who has few symptoms and merely a mild anemia may be less 
motivated to undertake the rigorous dietary regimen. Furthermore, once pa
tients are improved and several years pass, there is evidence that indicates they 
tend to return to some form of gluten intake. An evaluation of 130 patients who 
were lost to follow-up and did not continue their diets revealed 13% were 
anemic and only one patient had died of a small-bowel lymphoma. 79 It appears 
that the gluten-free diet may be important in preventing malignancy in these 
patients.8o However, there is no question that once these patients are relieved 
of the main thrust of the disease, they appear to be able to tolerate some gluten. 
The question then arises, is it absolutely necessary to insist on a lifelong gluten
free diet? Only the patient, in consultation with the physician, can make this 
decision. It is essential that gluten be eliminated from the diet to relieve the 
patient of severe signs and symptoms of malabsorption. However, once these 
are relieved, the above question can then be discussed. Those who accept the 
statistics of associated malignancy will insist that the restriction be lifelong. 
Those who wish to gamble will weigh the odds. 

A complete list of recommended intake and diets for the gluten-free pa
tient is included in Chapter 20, and there are several texts on the diet that 
should also be consulted. 81,82 

It is also important to remember that the patient suffering from active 
gluten enteropathy will often have marked intolerance to lactose because of his 
disaccharidase deficiencies. 83 It is wise to avoid milk and other lactose-contain
ing foods during the acute phase until there is regrowth of the intestinal mucosa 
and redevelopment of the disaccharidase enzymes (Chapter 20, diet 17). Once 
the gluten enteropathic patient returns to normal, he should be able to tolerate 
lactose and disaccharidases. 

Treatment failure may be due to concomitant pancreatic insufficiency. 83a 

13.5. INTESTINAL BRUSH-BORDER PROTEIN DEFICIENCY DISEASES 
(CARBOHYDRA TE INTOLERANCES) 

These diseases were described as carbohydrate intolerance. However, this 
is less accurate than the term suggested by Alpers and Seetharam.84 The intol
erances occur because of enzyme deficiencies in the brushborder of the epithe
lial cells of the intestinal mucosa. When an enzyme is deficient, the intestine is 
unable to digest the particular substance on which the enzyme acts, which 
results in an intolerance or malabsorption of that substance. 
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The protein enzymes are situated within the microvilli and include disac
charidases (maltase, sucrase, lactase, trehalase), peptidases (oligoaminopepti
dase, y-glutamyltranspeptidase, enterokinase), and phosphatases (alkaline, 
calcium, magnesium ATPase). They hydrolyze the particular substrate in the 
lumen or on the outside of the cell surface. The digested monosaccharides are 
then absorbed. Apparently, the protein enzymes can be easily digested by 
proteolytic enzymes within the lumen; consequently there is a dynamic hom
eostatic process of production and destruction of the disaccharidase enzymes. 

Table 13-5, modified from Alpers and Seetharam,84 is a classification of 
enzyme disturbances and proposed mechanisms associated with each. 

The dietary treatment for each of these disorders is included in Chapter 20. 
Lactase deficiency is most common and will be described in detail. The inter
ested reader is referred to Gryboski's85 text on infants for more detailed de
scriptions of the less common sucrase-isomaltase deficiency84-88 and even less 
common glucose-galactose malabsorption. 89-93 

13.5.1. Lactase Deficiency-Lactose Intolerance 

Although lactose is only one of the three main disaccharides found in 
foods, the others being sucrose and maltose, it is the only carbohydrate asso
ciated with a significant amount of clinical intolerance. In 1910, von Reuss93 
first noted an abnormality in disaccharide absorption and excretion. Not until 
1959 did Holzel and co-workers94 carefully describe defective lactose absorp-

Table 13-5. Abnormal Brush-Border Enzymes in Mana 

Disease 

Sucrase-isomaltase deficiency 
Enterokinase deficiency 
Lactase deficiency 
Vitamin D deficiency 
Familial vitamin B12 absorption 
Glucose-galactose 

malabsorption 
Neutral amino acid 

malabsorption 
Stagnant-loop syndrome 
Gastroenteritis 
Alcoholic pancreatic 
insufficiency 
Cystic fibrosis 
Diabetes mellitus 
Trehalose malabsorption 
Primary bile-salt malabsorption 

Alteration in protein 

Sucrase absent 
Enterokinase absent 
Decreased lactase 
Decreased ATPase 
Altered receptor 

? 

? 

Decreased disaccharidases 
Decreased lactase 
Increased disaccharidases 

Increased disaccharidases 
Increased disaccharidases 
Decreased trehalase 

? 

a Adapted from Alpers and Seetharam .• 4 

Proposed mechanism 

Decreased or altered synthesis 
Decreased or altered synthesis 
Decreased or altered synthesis 
Decreased or altered synthesis 
Decreased or altered synthesis 
Decreased or altered synthesis 

Decreased or altered synthesis 

Increased degradation 
Increased degradation 
Decreased degradation 

Decreased degradation 
Unknown 
Unknown 
Unknown 
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tion that resulted in infant disease. Since that time, lactose malabsorption and 
intolerance in adults have been carefully studied. clinically defined, and be
come treatable. The incidence of the disorder varies throughout the world. It 
occurs in 85 to 100% of Asian subjects. Some observers report a 100% inci
dence in the Chinese.96 In Negro subjects the incidence is anywhere from 70 to 
90%, in Mediterranean subjects anywhere from 40 to 90%, and in English, 
Nordic, and Caucasian subjects from 5 to 20%.21,95-100 The wide range of 
incidence among Asians, Negroes, Mediterraneans, and "Caucasians indicates 
certain genetic and developmental lines from which several controversial theo
ries have evolved. Simonsl02 carefully reviewed the published reports on lac
tose intolerance throughout the world and concluded that there is no simple 
explanation for the differences among groups and that "one must acknowledge 
the role of a series of interrelated influences deriving not only from human 
physiology but from human ecology and culture as well." Some have felt that 
lactase sufficiency, resulting in the ability to handle lactose, is the result of a 
genetic ability to develop enough lactase, whereas others have felt that this has 
been strictly adaptation, not genetic. 1Ol ,102 Regardless, there are clear differ
ences among populations in the world today. Lactose intolerance is also clearly 
associated with disease of the small bowel. 97 In these instances, the enzymes 
are depleted due to damage to the epithelium. 

13.5.2. Pathophysiology 

Lactase, as other disaccharidases, appears in the intestine in adequate 
amounts in infancy. It catalyzes the hydrolysis of lactose to its two component 
hexoses, glucose and galactose. It has been detected in 15- to 20-week-old 
fetuses. In healthy humans able to tolerate lactose, the lactase level ranges 
from 39 to 258 units/g intestinal protein.8s There are three different types of 
lactase. 88 The first hydrolyzes la~~ose and cellobiose optimally at pH 6; the 
second hydrolyzes lactose and synthetic substrate at pH 4.5; the third hydro
lyzes only synthetic substrate at pH 6. Both the first and the third forms have 
been shown to be deficient in lactose intolerance, whereas the second type 
increases in lactase insufficiency.88 In general, the levels of intestinal lactase 
are greatest in the perinatal period and lowest in adulthood. In subjects able to 
tolerate lactose, the lactase levels remain high throughout life, whereas lactase~ 
insufficient subjects have lower levels in adulthood. The lactase level of lac
tase-insufficient adults appears to fall to about 3 units/g intestinal protein. lo3 

Studies have shown no significant differences in the activities of human 
galactosidase. 

Symptoms may occur when there is insufficient lactase, lactose being nei
ther hydrolyzed nor absorbed. When unabsorbed lactose remains within the 
lumen of the bowel and moves intact down the small intestine to the areas 
where the intestinal microflora is abundant, bacteria ferment the carbohydrate 
to produce organic acids, lactic acid, carbon dioxide, and hydrogen. In addi
tion, the increased amount of disaccharides increases the osmotic pressure, 
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which causes water to enter the intestinal lumen. The presence'of the organic 
acids and the increased water load results in symptoms of either discomfort 
due to intestinal distension or diarrhea. 

13.5.3. Diagnosis 

Lactase insufficiency is either primary, as occurs in those patients without 
intestinal disease, or secondary, as occurs when there is inflammation in the 
intestine or disease of the epithelial cells. In either type, the diagnosis depends 
on the demonstration of symptoms and malabsorption after the administration 
or an oral dose of lactose. 

In the standard lactose-tolerance test, 50 g of lactose is given in water or a 
fruit drink. Blood glucose levels are determined at 0, 15, 30, 60, and 120 min 
after the oral dose. The blood glucose level should rise at least 20% over the 
basal level if lactose is hydrolyzed and absorbed. The 50-g dose usually dis
criminates between lactase-sufficient and -insufficient intestine for it correlates 
well with decreased lactase levels in peroral intestinal mucosal biopsy speci
mens. However, for practical reasons, the most important observation is 
whether the subject develops symptoms during the first few hours after inges
tion. Results fall into four categories. (1) Of the patients who are lactase insuf
ficient, over 80% will develop symptoms. However, (2) 20% are insufficient and 
will not develop symptoms. Furthermore, (3) there are lactase-sufficient sub
jects who develop symptoms, and (4) there are lactase-sufficient subjects who 
can handle this large dose of oral lactose without symptoms. 

Because of the overlap in responses to the oral test, the clinician may have 
to repeat the test or continue his observations with lactose-containing foods 
such as milk. 

A test that is still in the developmental phase may be very helpful and 
simpler to perform than repeated blood analyses. In the breath test, oral lac
tose is given and serial samples of breath collected and measured for hydro
gen.3o,31,36The test is more difficult in that the laboratory must be able to 
measure small amounts of hydrogen; nevertheless the test is very simple to 
perform. Radioactive carbon in carbon dioxide can also be used. When bac
teria ferment nonabsorbed lactose, they free the labeled carbon so that 14C02 is 
produced, which can be measured in expired air.104 ,lOS Although these tests are 
sophisticated and helpful, they are not ordinarily necessary to make the 
diagnosis. 

Barium studies are also performed in which lactose is added to the barium 
mixture. When patients are intolerant, the small-bowel pattern will appear 
abnormal. This test is also not required to make a diagnosis, but it can be used 
as an added test or substituted for the oral or breath test. 

Measurement of the stool pH is particularly helpful in children when lac
tose intolerance is suspected. Ordinarily the stool pH is close to neutral; when 
there is increased fermentation due to disacchandes in the stool, the pH may 
fall to 5, and certainly lower than 6. 
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During the ordinary lactose-tolerance test, the stool can be screened for 
the presence of disaccharides with clini-test tablets. 100 Any amount of sugar in 
the stool resulting in greater than a 1 + test is suspicious. This test is particu
larly helpful with children, where it is difficult to obtain blood. 

13.5.4. Correlation of Lactose Load and Development of Symptoms 

Bond and Levitt,105 using isotope and breath tests, studied the amount of 
lactose malabsorbed in lactase-deficient subjects. After a 15-g dose they found 
that from 42 to 75% of the lactose was not absorbed, compared to 0 to 8% in 
lactase-normal subjects. Their study suggested that individual differences in 
susceptibility to diarrhea after milk ingestion was probably due to differences 
in the quantity of lactose not absorbed. Lebenthal and associatesl07 studied 
patients aged 6 weeks to 50 years. Performing over 1000 jejunal biopsies and 
correlating lactase activity with tolerance and milk consumption, they found 
that after the age of five, two distinct groups of subjects emerged. One group, 
approximately 25% of the total population, was characterized by low lactase 
activity; the second group maintained the same level of lactase activity as that 
of the first 3 yr of life. The low-lactase group developed clinical lactose intoler
ance, consumed relatively small amounts of milk, and usually had a flat curve; 
the second group consumed more milk, averaging approximately 1 quart/day, 
and usually had normal oral lactose tolerance test results. Bond and Levitt 
concluded that lactase insufficiency manifests itself in the form of lactose 
intolerance usually after the age of five. 107 

Bedine and Bayless108 published a definitive study that quantitated the 
amount of milk that could be tolerated by low-lactase subjects. Their study 
pointed out that although a subject mayor may not be able to tolerate 50 g of 
lactose, it is only the subject's ability to tolerate a specific amount that really 
matters to that subject. Twenty low-lactase subjects were given from 3 to 96 g 
of lactose to determine the threshold level for symptoms. Seventy-five percent 
of these subjects had symptoms of either flatulence, distension, cramps, or 
loose bowel movements with 12 g of lactose (which is the amount in 8 oz of 
milk) or less. Two of the subjects were symptomatic with as little as 3 g of 
lactose, three developed symptoms with 6 g, ten with 12 g, and two with 24 g of 
lactose. Two of the twenty subjects needed 48 g to become symptomatic, and 
one developed symptoms with 96 g. When these same subjects were tested 
with polyethylene glycol, a nonabsorbable marker, while being given varying 
doses of lactose, fluid accumulation in the gut resulted, thereby giving objec
tive evidence of fluid and sodium accumulation in the small bowel due to small 
lactose loads. lOS 

Since lactase has been shown to be a non-adaptable enzyme, \09,110 the 
fact that patients with lactase insufficiency have a varying ability to tolerate 
doses of lactose has tremendous clinical significance. A very careful dietary 
history should be obtained and the patient then tested to determine whether he 
or she can tolerate small amounts. In this way, Lactase-insufficient patients 
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who do not develop symptoms from small amounts of lactose will be able to 
ingest some products containing milk, and in our society milk is an important 
calcium food. Jones and associates111 fed low-lactose milk to lactose-intolerant 
subjects and found that the milk (at least 50% lactose reduced) was tolerated 
well by most of their whole-milk-intolerant subjects. The lactose of low-lactose 
milk frequently has been digested into glucose and galactose, which makes the 
carbohydrate available as well as reduces the symptoms. They also found that 
low-lactose milks are palatable and acceptable to the majority of lactose-intol
erant subjects. In line with this, Lee and Lillibridgell2 have developed a semi
quantitative determination of lactose that is suitable for a variety of foods and 
have published rough contents of common foods, which is of some help in 
preparing diets for lactose intolerance. Chapter 20 lists lactose-containing 
foods and the quantity wherever such information is available. The clinician 
must carefully educate his patient about the quantities of lactose present in 
foods so that the patient can manage his own intake. (See also Chapter 20 for 
diets.) There is available a lactase powder that can be added to milk or foods to 
render it more digestable. 111 Reports reveal that the hydrolyzed milk can be 
used effectively.113,114 

13.6. DIETARY MANAGEMENT OF MALABSORPTION DISORDERS 
NOT CORRECTABLE BY SPECIFIC TREATMENT 

Malabsorption caused by a disease that is chronic and not correctable by 
specific treatment requires long-term nutritional supplementation. Examples of 
this can be pancreatic insufficiency, bile acid disturbances, short-bowel syn
drome, etc. These diseases are noted in the classification of malabsorption 
disorders. When a specific treatment is available, then the malabsorption 
caused by a disease is corrected and only specific nutritional defects need be 
corrected while the disease is initially being treated. However, when there is no 
specific treatment, chronic malabsorption ensues and long-term supplementa
tion is necessary . 

The following nutritional factors must be added to the diet in varying 
amounts, depending on the clinical situation. The physician must evaluate the 
patient carefully to determine which deficiencies must be more vigorously 
treated. 

1. In most chronic malabsorption disorders there should be daily vitamin 
replacement. The vitamins are taken orally on rare occasions by intermittent 
intramuscular injection. In rare instances it may be necessary to replace vita
min B12 by monthly injections. This occurs occasionally in iatrogenic malab
sorption due to vegetarian diets, in massive resections of the ileum, and in 
intrinsic factor deficiencies. 

Deficiencies of other water-soluble and fat-soluble vitamins can usually be 
avoided by long-term oral supplementation. However, when there is severe 
malabsorption, initial replacement by intravenous or intramuscular therapy 
may be necessary . 
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2. Mineral deficiencies may be apparent, such as iron deficiency. Here, 
oral replacement may be too slow, and intravenous replacement will be reward
ing. Evidence of reticulocytosis and correction of the iron deficiency anemia 
may be dramatic after intravenous therapy. 

Zinc deficiency has recently been reported in chronic inflammatory dis
ease, and replacement by intravenous therapy may prove beneficial to some 
patients. 

Specific mineral requirements for calcium, magnesium, etc., are-discussed 
in Chapter 1. 

3. Replacement of calories, essential fatty acids, essential amino acids, 
and minimal carbohydrate requirements may be necessary early in the manage
ment of a newly discovered malabsorption disorder. They also may be neces
sary in the long-term management of a debilitated patient. Treatment by intra
venous methods is now possible and is discussed in Chapters 18 and 19. 

On occasion, the patient with poor absorption can be aided by medium
chain triglycerides, which do not require chylomicron formation and pass 
through the liver rather than the lymphatic circulation. These are available in 
liquid form. Patients suffering from selected chronic malabsorption disorders 
can add fat calories orally by using medium-chain triglycerides. They can be 
added to the diet by mixing with salads, used in cooking, or, if tolerated, by 
adding them to drinks. Directions for their use are found in Chapter 20. 

Amino acid supplementation is also readily available through the use of 
oral solutions. This is discussed in Chapter 18. It is rare that these have to be 
used in most common malabsorption disorders. They are most effective in 
severe malnutrition resulting from chronic inflammatory diseases of the gut. 

The patient with chronic malabsorption seems to tolerate spicy foods 
poorly; therefore it always seems prudent to add the bland regimen to their diet 
recommendation, especially when they are most symptomatic. These judge
ments should be individualized. It is silly to make a rule that all diets be 
restrictive if it destroys appetite and enjoyment, and yet to some the restrictive 
diet may remove all symptoms. These considerations hold for lactose restric
tion as well. Early in most malabsorption diseases lactose is poorly tolerated, 
but later the restriction can be moderated or removed. 

Occasionally a case with malabsorption will fall into a category of ques
tionable response to treatment. The most difficult of these are patients who fill 
the diagnostic criteria for gluten enteropathy but do not respond to a gluten
free diet, or those who seem lactose intolerant as part of another disease 
process. It behooves the physician to be diligent in ascertaining that both the 
prescribed diet is followed and that all diagnostic studies are fully evaluated. A 
flat small-bowel biopsy is not always gluten enteropathy. 3, us When there is a 
failure, the patient's cooperativeness and the diet intake must be checked 
thoroughly while reconsidering the diagnosis. Other food proteins can cause a 
similar picture. us Conversely, gluten can get into foods least suspect; there
fore care must be given to the evaluation. At times the reason for a sugar 
intolerance also may not be clear. It may be transient due to gut bacterial 
enzyme deactivation,117 and a patient should not be relegated to lifelong fears 
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of lactose without complete understanding of the cause. Successful dietary 
management of the problem case requires cooperation and patient education. 
To succeed the facts must be carefully taught to the patient and food provider. 
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Constipation, Diarrhea, Gas, and the 
Intestine 

14 

The topics of this chapter are grouped together because they often result in 
abdominal pain or cramps, increased flatus or eructation, or diarrhea or consti
pation. At times an etiology is found, but most often the patient is plagued and 
a nutritional approach to the symptoms is sought. The nutritional advice given 
such patients can be of enormous help or useless, but should always be on a 
sound physiologic basis. The following, I hope, is a rational approach to using 
the diet as the treatment of these patients. 

14.1. CONSTIPATION 

Constipation is more easily felt than defined. It is one of the major com
plaints of Western societies. Witness the tremendous use of laxatives and the 
recent success of adding fiber foods to the diet. Constipation was defined by 
Osler1 as merely a retention of feces for any reason. It is more clearly defined 
as "defecation that occurs with insufficient frequency so that there is insuffi
cient stool or it may be abnormally hard or dry. "I The definition implies that 
there are satisfactory frequencies and consistencies of the stool for every 
individual. It is important to remember that colonic function can vary greatly 
from individual to individual, some individuals comfortable with only a few 
bowel movements per week, others feeling the necessity to evacuate at least 
daily in relatively large amounts. 

The classification of constipation is difficult because there are so many 
related causes, but the one proposed by Bockus3 for simple constipation and 
modified to add systemic diseases can be useful when a subject is first 
evaluated. 

14.1.1. Causes 

1. Social and economic: 
a. Dietary factors. 
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b. Upright position. 
c. Improper training and neglect. 
d. Lack of toilet facilities. 
e. Iatrogenic: abuse of drugs, laxatives, narcotics, anticholinergics, 

tranquilizers, enemas. 
2. Decreased expulsive power: 

a. Weakness of the diaphragm, abdominal wall, or pelvic floor. 
b. Chronic constipation with or without megacolon (this may occur due 

to severe or chronic malnutrition or aging, or may be associated with 
decreased neuromuscular function. 4 

3. Deficient peristaltic activity of the intestine: 
a. Decreased gastrocolic reflex, which may be correctable.4 

b. Increased cholinergic activity, which may be associated with dis
eases such as Hirschsprung's disease or actual spinal cord damage. 

4. Obstruction of movement: . 
a. So-called spastic constipation. 
b. Obstructive organic lesions, such as congenital, adhesions, or true 

tumors. 
c. Abnormalities of the anal sphincter that limit outflow. 

5~ Neurologic diseases (although some of these are included above, the 
paraplegic and severe spinal cord cases must be classified). 

6. Metabolic and electrolyte disorders (hypothyroid, hypercalcemia). 
7. Psychogenic causes. 

Understanding the pathophysiology of constipation is essential for the 
determination of the proper treatment. 

14.1.2. Pathophysiology 

Ordinarily, the colon receives approximately 1.5 liters of fluid per day with 
an electrolyte content as discussed below in Section 14.2. The diet of Western 
societies has been shown to result in the absorbance of 95% of the water and 
almost all of the sodium chloride, and the excretion of significant amounts of 
potassium.5 What is not known is the effect on the colon of a high-fiber diet, 
where there appears to be less constipation. Figure 14-1 is a graphic representa
tion of the classic data collected by Burkitt and Trowell,8 revealing the marked 
increases in stool weight and decreased transit times resulting from high-fiber 
diets compared to the so-called "normal stool" resulting from the diet in which 
most colon physiologic studies have been done to date. 

If the definition of constipation as the insufficient passage of stool, or too 
hard or dry stool, is accepted, then the observations of Burkitt and Trowe1l8-

that constipation does not exist in societies whose diets are very high in fiber
must also be accepted. If this is true, then most simple constipation can be 
attributed to low-fiber intake. The greatly increased use of bran products is an 
observation that tends to bear this out, as well as the frequent testimony of 
patients that their constipation is cured by increased fiber intake. Fiber affects 
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figure 1. Average intestinal transit times and stool weights in communities on different diets. 
( ....... ) Unrefined carbohydrate foods; (--) intermediate carbohydrate foods; (xxxxxx) refined 
carbohydrate foods. Adapted from Burkitt and Trowell.6 

the physiology of the colon by retaining water. The "normal stool" output per 
day is approximately 100 to 125 g. The nonconstipated high-fiber-diet stool 
ranges from 200 to 400 g/day.' The increase in stool size is largely water.' 
Careful stool weight water analyses of subjects on high-bran intake reveal that 
both percentages of fecal dry weight and water increase equally; therefore, 
although there is increased water, there is also increased dry matter. 8 It can be 
concluded that a decreased intake of fiber can be one of the causes of func
tional or physiologic constipation. The colon's function is to absorb free water, 
and the healthy colon will do this efficiently. If enough fiber is present, it will 
bind more water and yield more bulk, which will result in decreased transit time 
and softer stools (see Chapter 4). 

Another function of the colon is to propel the fecal mass. Contractility 
may be either decreased or increased.4 Motility of the large intestine has been 
difficult to study in man. It is important to understand the movements of the 
colon and the function of the sphincters for an understanding of constipation 
and defecation.9 The main movements are segmental contractions and peristal-
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tic actions. Segmental contractions are seen as changes in haustrae and best 
explain maintenance of the contents within the large intestine. Peristaltic mo
tion is less common and best defined as movement of the contents to the 
rectum and external sphincters. The number of peristaltic waves vary, account 
for 6 to 8% of contractions9 and in some subjects occur only once a day (when 
measurements can be recorded). 

A series of important neuromuscular activities occur for normal defeca
tion once a significant amount of feces is sent into the rectum. A disturbance in 
defecation that results in constipation or diarrhea can occur when there is a loss 
of neuromuscular function, either from aging or from discrete lesions. Ordinar
ily, the rectum is distended by stool, which creates a sensation of pressure in 
the rectum. The impulses pass through the spinal cord. The internal anal 
sphincter is not under voluntary control and is not paralyzed when the spinal 
cord is damaged. The external anal sphincter is under voluntary control and is 
usually paralyzed after destruction of the lower spinal cord. Once distension of 
the rectum occurs from approximately 100 cm3 of feces and a pressure of 18 
mm Hg, the brain receives an impulse and the urge to defecate occurs, but the 
sphincter remains closed. When the volume is increased to approximately 200 
cm3 and the pressure to 55 mm Hg, both the internal and external sphincters 
relax and the contents of the rectum are expelled. The rectum is greatly disten
sible and large amounts can be held, but when the pressure rises to approxi
mately 55 mm Hg, the sphincters will open. At somewhere between 18 and 55 
mm Hg, voluntary action of the normal bowel movement is best accomplished 
in the squatting position. There is a necessary tightening of the abdominal wall 
muscles followed by a Valsalva-type maneuver and the opening of the sphinc
ters, expelling the stool. 

Relaxation of the internal sphincter does not occur in Hirschsprung's dis
ease or where there is local destruction of the pathways for transmission of 
somatic impulses. Defecation can also be impaired where pathways for the 
external sphincter or weakening of the abdominal wall muscles occur. Volun
tary closure of the external sphincter may be strong enough to retain large 
amounts of feces. Consequently, a functional megacolon can occur.4 There
fore, psychologic as well as organic causes of constipation can be related to 
voluntary disturbances of the normal defecatory mechanisms. 

In summary, the normal functions of the colon are to absorb water and 
electrolytes and to pass fecal material in a regular fashion. When there is a 
disturbance in the normal dietary intake of substances necessary to form ade
quate waste, or when there is a disturbance in the motility or sphincter func
tion, constipation can result. 

14.1.3. Diagnosis and Clinical Findings 

When a disease such as hypothyroidism or a neurologic disorder is the 
cause of constipation, . proper treatment must await the diagnosis of that dis
ease. Occasionally, constipation is treated for an extended period of time be
fore an identifiable disease is uncovered. The patient complaining of constipa-



CONSTIPATION, DIARRHEA, GAS, AND THE INTESTINE 269 

tion should have a careful history, physical examination, and clinical screening 
to determine if an organic disease process is causing the disorder. If organic 
disease is absent, then constipation per se can be treated. 

It is important to establish that constipation does in fact exist before 
treatment is started. Many patients will complain of constipation when they are 
having regular bowel movements but only incomplete evacuation. In these 
cases, the possibility of a physiologic disorder must be considered. A feeling of 
incomplete evacuation must be thoroughly investigated for organic causes. The 
sensation of incomplete evacuation with regular bowel movements indicates 
some form of psychiatric or organic disease and must be properly treated. 

Constipation due to organic disorders falls into two broad categories. 

14.1.4. Functional Megacolon and Encopresis 

This condition is most often seen in children who have no evidence of 
organic disease. The cause of the disorder is unknown, but psychologic factors 
often have an overwhelming influence. Functional megacolon may lead to an 
encopresis: The colon becomes dilated and feces-filled. Children and some 
adults may then develop an overflow phenomenon that causes staining of un
derwear. Both the inability to defecate and the social horror of incontinence 
become a gross problem to all concerned. 

Most adults presenting with this problem have organic disease. Most chil
dren progressing to adulthood have been treated. Treatment varies greatly with 
the associated psychiatric factors. Often they are paramount, and handled 
correctly the problem will be solved. At other times, the approach is 
physiologic. 

Hirschsprung's disease should be ruled out by adequate radiographic and, 
if necessary, biopsy studies. If that diagnosis is made, the treatment is surgical. 

In a limited number of cases, I have found the following therapeutic regi
men successful: 

1. A careful psychiatric evaluation must be done by the physician. At 
times, a social worker and a psychiatrist must be included in the evaluation. If 
it is determined that the family is stable and well adjusted, then pharmacologic 
and diet therapy may be tried. However, if there are severe social problems at 
home-either a mother-child problem or a marital problem that affects the 
child-then psychiatric intervention is invariably needed. The presence of an 
encopresis usually signals an emotional/psychiatric problem at home. 

2. A simple physiologic approach is retraining the child. I have found 
it most successful to induce a chronic diarrhea with laxatives and then grad
ually withdraw the laxatives. During this period of retraining, the child may 
be undergoing psychiatric treatment and reassurance. The period of retrain
ing can be as long as several months. I have found it more successful to use 
harsh laxatives, such as strong neurogenic stimulants, rather than mineral 
oil, which has been employed by others. Mineral oil causes a constant ooze, 
which is most uncomfortable and embarrassing. A stimulatory evacuation is 
certainly preferred over a constant leak. As a consequence, such stimulants as 
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bisacodyl, casanthranol, danthron, and the milder senna concentrate are much 
more effective. 

3. At the same time, a correct dietary regimen should be encouraged, such 
as a high-fiber diet (see Chapter 20). However, these patients are not cured by 
fiber alone. Its use will not be helpful unless steps (1) and (2) are followed. 

14.1.5. Chronic Idiopathic Constipation 

This is the most common form of simple constipation. Without an obvious 
psychiatric or organic cause, it presents most often in the young female or 
elderly patient. The prognosis has not been good; however, the recent use of 
high-fiber substances has improved the prognosis. Previously, small amounts 
of fiber were employed. The recognition that large amounts are needed to 
significantly increase bulk as well as decrease transit time has resulted in much 
more success. 

Successful treatment of constipation can be accomplished with foods if 
they are included in sufficient quantity. The classic work of Hoppert and 
Clarklo revealed that the addition of bran to muffins had a definite effect on 
stool volume and transit time. lo However, it is a quantitative effect-enough 
bran must be added to affect stool bulk. The manner in which the food is used 
in the diet depends entirely on the individual. 

Bran has been the most popular fiber agent employed. A sudden increase 
in the intake of fiber can cause bloating and symptoms. It is best to begin the 
patient on 1 teaspoon of whole bran daily with an increase of a teaspoon every 
2 to 3 days until soft, regular bowel movements are induced. Most patients will 
find between 1 and 2 tablespoons a successful regimen. It takes approximately 
1 week to begin to regulate the bowel movement. As noted in Section 15.1 
(Diverticular Disease), this has been successful in at least 50% of all patients 
(see references on diverticular disease). It has been this author's experience 
that, barring psychologic bowel fixation, the cooperative patient is able to 
reverse a constipated bowel pattern by the use of bran or high fiber. 

All fiber substances do not necessarily absorb water. It is well to remem
ber that some fiber substances, particularly bran, have a laxative effect, 
whereas other substances, such as lignin and pectin, may have a constipating 
effect. ls- l9 This is discussed in more detail in Chapter 4. Many of my patients 
who had suffered constipation will not part with their bran. A whole spectrum 
of patients has been completely relieved by a high fiber (e.g., bran) supplement. 
Initial reports are very positive, but only time will tell the extent to which our 
society has been relieved by this nutritional addition to the armamentari
um. l1- 15 

Although bran is the most popular, other foods can be used with success. 
An adequate intake of fruits and vegetables can increase stool bulk.20 A diet 
including such water-binding foods as berries, cabbage, corn, dates, etc., de
creases transit time as well as increases bulk. lo It is best to accomplish a softer 
stool by a balanced diet, but individual needs must be considered. Some pa
tients will succeed only with bran, while others will need a variety of foods. 
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Future dietary goals should include high-fiber intake for all, but the attainment 
of this will depend on ethnic, economic, and political influences. At this time, 
bran is therapeutic for constipation and the broad use of a high-fiber diet should 
be encouraged, but its use will depend on the individual and society's influence 
(see Chapter 20, diets 26 and 27.) 

14.2. DIARRHEA 

Diarrhea can be defined as a change from usual bowel habits to those of 
increased fluid content, often associated with increased frequency of passage. 
There may be increased fluid and volume without increased frequency. Stool 
mayor may not contain blood, mucus, or pus. 

Such a definition of diarrhea implies tremendous variation from individual 
to individual. In Western societies, the s~ool volume ranges from 100 to 150 ml/ 
day. In Asian and African societies, the volume of a normal stool is 200 to 400 
ml/day. What is considered normal for African people would be diarrhea for 
Western people. As the Western diet increases in fiber, the stool size may 
increase. What is most important when considering clinical diarrhea is that 
there is a change in bowel habit to either a more fluid or a more frequent 
movement that mayor may not be associated with blood or mucus. The diet 
will alter the consistency of the stool: Increasing fiber increases the stool size, 
but usually concomitantly increases both the fluid and the solid intake, with the 
percentage of water remaining the same (approximately 70 to 75% of the stool 
is water). The character of the stool will also change, depending on the cause of 
the diarrhea. Secretory and osmotic diarrhea are more fluid, whereas exudative 
diarrhea causes greater frequency with more evidence of blood and cellular 
elements. 

14.2.1. Pathophysiology of Water and Electrolyte Secretion and 
Excretion 21-24 

A knowledge of the exchange of fluids within the gut is most important in 
understanding diarrhea. These are discussed in detail in the chapters on the 
physiology of eating and the small intestine. The following are important to 
remember when relating normal fluid and electrolyte exchange to diarrhea. 

14.2.1.1. Fluid Exchange in the Gut 

The following approximate amounts are secreted and absorbed along the 
course of the gut so that a final fluid volume is left in the rectum to be excreted. 
(See Table 14-1.) 

The final normal volume of fluid excreted in the rectum may be 100 to 200 
mI, and as high as 300 mI, depending upon the type of fiber intake. This will 
represent approximately 70 to 75% of the fecal output, the rest being waste 
products and substances bound to fiber and bacteria. 
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Table 14-1. Approximate Gut Fluid Exchange (in Liters) 

Diet 
Saliva 
Stomach 
Liver 
Pancreas 
Small bowel 

Jejunum 
Ileum 

Colon 
Rectum 

a Varies with type of diet intake. 

Secreted 

2" 
1 
2 
1 
2 

14.2.1.2. Electrolyte Exchange 

Absorbed 

4-5 
3-4 

0.5-1.5 

CHAPTER 14 

Excreted 

0.1-0.2" 

A continuous flux of solutes, such as electrolytes, occurs, in addition to 
the approximately 9 liters/day of fluid flux in humans (Table 14-1). Further
more, as discussed in the chapter on the small intestine, active processes of 
absorption and secretion of electrolytes also affect water exchange. This un
derstanding has come about because of a better understanding of secretory 
diarrhea, wherein the secretion of electrolytes drags water along, causing diar
rhea. The classic example of cholera diarrhea best demonstrates this mech
anism. The normal concentrations of the predominant electrolytes present in 
the intestine are listed below. 

What happens in the gut is that the chyme containing hydrogen ions and 
electrolytes is poured into the duodenum, where the digestive and absorptive 
processes take place. Large amounts of water and electrolytes are exchanged 
by mechanisms described in Chapters 1 and 2. Water, sodium, chloride, and 
potassium largely are reabsorbed by so-called solvent drag along with nutrients 
and products of digestion that enter the intestinal epithelial cells as simple 
solutes due to osmotic gradients and passive absorption. This process is most 
active in the duodenum and jejunum and slows down in the ileum, where active 
processes (so-called sodium pump) take over and there is active absorption of 
sodium with secretion of bicarbonate. As a consequence, in the distal ileum the 
average concentration of sodium is approximately 125 meq/liter and potassium 
9 meq/liter, with chloride and bicarbonate being 60 and 74 meq/liter, respec
tively. Because approximately 600 ml is passed into the right side of the colon, 
the normal amounts of excreted electrolytes (Table 14-2) are respectively 75, 5, 
36, and 44 for sodium, potassium, chloride, and bicarbonate. The right side of 
the colon then continues the active reabsorption of water and electrolytes so 
that sodium is absorbed and potassium excreted. This mechanism of potassium 
excretion is a most important exchange mechanism because it is coupled to 
sodium absorption. Concomitantly, there is a chloride for bicarbonate ex
change, whereby carbonate is actively secreted while chloride is absorbed. As 
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noted in Table 14-2, the actual total excretion of cations (CI- + HC03 -) does 
not balance that of the anions. This is because large amounts of organic acids 
produced by the colonic bacteria reduce the bicarbonate concentration. As a 
result, in the normal colon, in which anywhere from 100 to 200 ml of fluid is 
present, there would be a total output of anywhere from 4 to 8 eq of sodium and 
9 to 18 eq of potassium. This is extremely important in diarrhea situations 
because the actively working colon can excrete large amounts of potassium and 
bicarbonate that can deplete the body of both and result in hypokalemic 
acidosis. 

The normal colon absorbs approximately 500 ml of water per day in con
junction with the exchanges of electrolytes. When a diarrhea occurs, large 
amounts of fluid are poured into the right side of the colon. The average colon 
can approximately quadruple its effectiveness of active reabsorption of fluids 
and electrolytes. However, when they cannot be accommodated, the colon is 
overcome and large amounts of fluid containing sodium, chloride, potassium, 
and neutralized bicarbonate are lost. The body can become depleted not only 
of potassium and bicarbonate but also of sodium and chloride. This is again 
exemplified by the classic cholera diarrhea. 

Classified according to cause, diarrheas are simple, osmotic, secretory, 
motility and transit, exudative, drug induced, and complex, as are those of 
malabsorption and metabolic disorders. They are discussed with appropriate 
dietary therapies below. 

14.2.2. Osmotic Diarrhea 

Lactose intolerance is the classic example of an osmotic diarrhea. Lactose 
is a disaccharide of glucose and galactose that is absorbed in the upper small 
intestine after degradation of the disaccharide in the presence of the enzyme 
lactase. When lactase is insufficient, lactose is not absorbed and remains within 
the gastrointestinal lumen. In large amounts, it can create an osmotic gradient 
in which fluid goes from the intestinal wall into the intestinal lumen, resulting in 
an increased fluid load and diarrhea. The unabsorbed disaccharide can also 
become fertile ground for bacterial fermentation with resultant increased pro
duction of carbon dioxide, hydrogen, and organic anions. The short-chain or
ganic acids can decrease the pH, which can have a negative effect on colonic 
absorption and also act as a cathartic. The syndromes associated with disac
charide deficiencies are discussed and referenced in Chapter 13. 

Table 14-2. Gut Electrolyte Exchange and Excretion 

Na+ K+ CI- HC<>a- HIO 

Ileum concn meq/liter 125 9 60 74 
Normal excretion (meq) 75 5 36 44 600 

Stool concn meq/liter 40 90 15 30 
Normal excretion (meq) 4 9 2 3 100 
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Treatment of the most common lactose intolerance is either the removal of 
lactose from the diet or the addition of lactase, which is now readily available. 
Most lactose-intolerant patients learn to tolerate small amounts and are careful 
to avoid large amounts that might occur in prepared foods or milk products. 
For details of treatment and low-disaccharide diets, see Chapters 13 and 20, 
diets 17to 19. 

Other causes of osmotic diarrheas are saline laxatives. Most of these 
contain phosphates and magnesium sulfate. The addition of large amounts to 
the intestinal fluid causes retention of fluid within the small bowel, resultant 
fluid overload, and a massive cathartic effect. In a well-hydrated patient, this is 
probably the most physiologic of laxatives, accomplished simply by causing an 
osmotic overload. 

14.2.3. Secretory Diarrhea 

Increased intestinal secretion is the cause of many diarrheas and may be 
due to the following. 

1. Bacterial enterotoxins, such as produced by Vibrio cholerae, Staphylo
coccus, Clostridia per/ringence, toxigenic Escherichia coli (traveler's diar
rhea), and occasionally by some forms of Shigella and Pseudomonas. The 
classic mechanism has been elucidated for cholera. The enterotoxin enters the 
crypt area of the intestinal villus, where it stimulates the production of adenyl 
cyclase. Adenyl cyclase stimulates production of cyclic AMP, which in turn 
stimulates chloride secretion, and decreased sodium absorption and a flux of 
water into the bowel result.2s ,28 

2. Neoplasms, stlch as islet-cell tumors, that produce pancreatic cholera 
or the watery diarrhea hypochlorhydric syndrome. Intestinal secretion is stim
ulated in these diseases by gastrointestinal hormones, e.g., VIP.27 Other pan
creatic tumors, such as the hypergastrinoma of the Zollinger-Ellison syn
drome, cause gastric hypersecretion that in tum impairs small-bowel 
absorption. Medullary thyroid cancer may also cause a secretory diarrhea. 

3. Bile acids and the long-chain fatty acids that are associated with stea
torrhea.28 Dihydroxybile acids can be increased in the lower bowel due to ileal 
resection and result in a secretory stimulus. 

4. Stimulatory laxatives, such as the anthraquinone cathartics. 

14.2.4. Motility and Transit Diarrhea 

The gastrocolic reflex occurs most often after eating. In many subjects this 
may be hyperactive.22 It may result in intestinal hurry or an irritable bowel 
syndrome. Some patients often have diarrhea or an explosive bowel movement 
of sudden onset following eating. When it does not occur after eating, the 
syndrome often perplexes the patient and the clinician. It is assumed that the 
diarrhea occurs because of strong propulsive waves that move the large small
bowel volume through to the colon, which cannot accommodate rapidly. The 
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diarrhea of rapid transit may also occur due to a strong peristaltic wave through 
the right side of the colon, which would empty the colon. In addition to the 
rapid peristalsis, there may be inadequate mixing of intestinal contents, which 
can result in a cathartic osmotic effect in the colon (see Chapter 16). 

14.2.5. Exudative Diarrhea 

Exudative diarrheas are caused by any pathologic process that produces 
inflammation and disturbs the normal histology of the intestine. The classic 
lesions are produced by infectious agents.26 However, inflammatory bowel 
disease, such as idiopathic ulcerative colitis, and Crohn's disease cause similar 
diarrheas. Parasitic organisms, antibiotic lesions, and neoplasms can also cause 
an exudative process, "exudative" because the diarrhea often consists of 
serum proteins, blood, and mucus produced by the bowel wall. The volume of 
fluid in these diarrheas is less than seen with osmotic and secretory diarrheas, 
but often much more painful and associated with more toxic symptoms. 

The invading bacteria belong to the shigella, typhoid, paratyphoid, salmo
nella, and invasive E. coli groups. The classic pathology sequence is (1) inva
sion of the colonic mucosa, (2) inflammatory reaction consisting of hemor
rhage, necrosis, and ulceration, and (3) diarrhea consisting of blood, pus, and 
mucus. Bacteria such as Shigella often secrete associated toxins that can simul
taneously cause spasm and secretory diarrhea as well. 

14.2.6. Diarrhea and Malabsorption 

Malabsorption is commonly associated with diarrhea but may be absent in 
10% of cases (see Chapter 13). The processes associated with malabsorption 
are discussed in more detail under specific gastric, pancreatic, and small-bowel 
disorders. In summary, the diarrhea of malabsorption is complex. It is asso
ciated with steatorrhea, fatty acids, bile acids, and carbohydrates, all of which 
can decrease colonic absorption of water and often stimulate intestinal secre
tion or cause an osmotic diarrhea. The malabsorption associated with either a 
damaged mucosa or a short-bowel syndrome is associated with multiple defect
ive absorptive processes resulting in diarrhea. The malabsorption of bacterial 
overgrowth is complex and associated with the osmotic phenomenon of in
creased organic acids produced by bacteria, as well as the phenomena caused 
by steatorrhea and the malabsorption of bile acids. 

14.2.7. Diarrhea and Metabolic Disorders 

Diarrheas associated with metabolic disorders are poorly understood. 
Those caused by hyperthyroidism are probably due to hyperactivity of the 
bowel and those associated with adrenal insufficiency and hypoparathyroidism 
are secondary to stress induced on the bowel. 

The diarrhea associated with diabetes mellitus is the result of either a 
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diabetic enteropathy due to nerve damage, an associated gluten enteropathy, or 
bacterial overgrowth in the bowel. A thorough evaluation for malabsorption is 
needed in the patient with diabetes mellitus who develops diarrhea before the 
mechanism causing the diarrhea can be established (see Chapter 12). 

14.2.8. Drug-Induced Diarrhea 

Once the association to the drug is made, treatment is obvious. The diffi
culty in diagnosis is often denial of drug use by the patient or an inability to 
identify the drug by the physician. 

14.2.9. Treatment 

Most diarrheas are treated symptomatically. When it is a simple diarrhea, 
the use of a current antispasmodic or antidiarrhea agent usually suffices. How
ever, the complex metabolic and malabsorption diarrheas require specific man
agement as described in the chapters on gastric, pancreatic, and small-bowel 
disease. The most common osmotic diarrhea is treated as described under 
lactose intolerance with lactose-free or low-lactose diets. 

The secretory diarrheas require diagnostic evaluation in order to institute 
the appropriate therapy. Hypergastrin-secreting tumors can be treated by re
moval of the tumor or with H2 inhibitors; villus adenoma-secreting tumors 
require removal of the tumor; but medullary thyroid tumors have most recently 
been treated with nutmeg.29-31 One teaspoon of ground nutmeg four times daily 
has appeared to control this diarrhea, which is associated with increased pros
taglandinlike activity. 

The secretory diarrhea associated with exotoxin stimulation of the bowel, 
due either to mild traveler's diarrhea or severe cholera, requires clinical evalua
tion for appropriate therapy. If the diarrhea is mild and the patient is not 
dehydrated or toxic, then it can be treated by oral therapy. If the patient is 
becoming dehydrated, then it will require intravenous therapy. 

Oral diet therapy can be employed to treat toxigenic diarrhea. The glucose 
absorption mechanism is not damaged in the small intestine, and consequently 
the intake of glucose will activate the pump to absorb sodium and water with 
the glucose, resulting in a net absorption of water to counteract the secretory 
effect of the toxin. 

Glucose is effective in the treatment of cholera. The coupled absorption of 
glucose and sodium takes place despite massive secretion of fluid by the intes
tine in this disease. If the patient is not vomiting and dehydration has not 
caused collapse, then oral glucose electrolyte solutions can reverse the net 
water secretion and correct the diarrhea. It is amazing that adults can require as 
much as 750 to 1000 ml/hr for several hours in order to stop the diarrhea.32 
Approximately 5% of all patients cannot tolerate oral glucose solutions. The 
glucose solution should contain electrolytes. Various investigators have used a 
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variety of electrolyte-glucose combinations. Naalin and colleagues33 have 
added glycine to the oral glucose-electrolyte solution and demonstrated that it 
can decrease the amount of diarrhea more effectively than either glucose or 
glycine alone (see Chapter 20). Because of a whole host of economic and social 
problems, controversy still exists as to the best oral solution to use in underde
veloped countries. It is surprising that in the United States or in countries 
where traveler's and tourist's diarrhea is prevalent, oral therapy is not readily 
used by physicians. Hirschhorn and Denny34 compared the clinical responses 
of two treatment regimens in acute diarrhea in Apache children. They found 
that treatment with oral glucose-electrolyte solutions could restore well-being 
and appetite effectively. The solution they used orally (GE-SOL; composition: 
81 mM sodium, 18 mM potassium, 71 mM chloride, 28 mM bicarbonate, and 
139 mM glucose) was capable of restoring moderate degrees of volume deple
tion in children. Furthermore, it was effective in supplementing intravenous 
fluids and in restoring positive gut water balance. 

Because glucose is difficult to acquire, it has been suggested that sucrose 
can be substituted in oral solutions and have the same effect.35 But sucrose 
solutions can only be used in lesser concentrations, because in higher concen
trations it will add to the diarrhea.3s Controversy exists as to the effectiveness 
of sucrose. Nalin3s reports 1% failure with glucose solutions, but 18% with 
sucrose solutions. 

Mann37 has recommended what he terms "Phillip's fluid" that can be 
prepared at home using Caro Syrup and cream of tartar to give a concentration 
of 92 mM sodium, 18 mM potassium, 24 mM bicarbonate, 64 mM chloride, and 
125 mM glucose, which is effective. The World Health Organization recom
mends a formula that can be prepared at home and yields similar concentra
tions.3s (See Chapter 20 for formulas.) Whether one uses Gelsol, Phillip's fluid, 
or a low-concentration sucrose fluid, it is quite evident that all glucose-electro
lyte solutions can correctively treat toxigenic diarrhea until the infection is 
brought under control or reversed.3s ,39 

Treatment of other forms of diarrhea are discussed in the sections where 
those specific titles are listed. 

14.3. GAS 

Humans are both blessed and troubled by gases produced in the gastroin
testinal tract. From the first time a mother burps her baby, through the endless 
obsessions and jokes that children have about belching and flatus, to the social 
implications in Asian societies of burping after a meal, to the social implica
tions of passing wind at a society dinner, or having halitosis at a business 
meeting, human beings are constantly reminded of gas within the gastrointes
tinal tract. An understanding of normal gas production can be of help in enjoy
ing its production or in attempting to control its volatility. 
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14.3.1. Belching 

Belching occurs when the lower esophageal sphincter opens to permit air 
to arise from the stomach in a forceful manner. The details of the physiology of 
belching are described in Chapters 1 and 7. Most often, belching is a voluntary 
event, but it can occur involuntarily. 

Aerophagia occurs when there is frequent release of air from the stomach 
into the esophagus. Most patients who complain of frequent belching are aero
phagics who swallow a great deal of air either due to frequent eating or as a 
result of emotional strain. They are usually unaware of the frequent swallowing 
of air and can be helped by intensive education or control of their emotional 
unrest. Air that accumulates in the stomach from swallowing air is not due to 
fermentation. There is no evidence of a clinical syndrome in which either food 
or fermentation is the cause of increased production of gas within the stomach 
that results in increased belching. Increased eructations due to increased 
amounts of air in the stomach are due to the swallowing of air. Pyloric obstruc
tion or extensive gastric carcinoma occasionally may cause mild belching or 
abnormal tastes due to overflow and retention in the stomach, but they rarely 
ever cause the belching seen from large amounts of swallowed air. 

14.3.2. Halitosis and Flatus 

Halitosis and intestinal gas can be partially due to swallowed air that goes 
from the stomach into the intestine, but most often they are due to bacterial 
fermentation of foods. Gas that accumulates within the intestinal tract is 
passed out through the anus, or absorbed into the bloodstream and passed out 
through expired air. Halitosis results when odiferous gases are produced, ab
sorbed, and expired. 

Humans produce anywhere from 500 to 1000 cm3 of gas per day, as meas
ured by rectal tube collections.40-42 Ninety-nine percent of intestinal gas is 
composed of nitrogen, oxygen, hydrogen, methane, and carbon dioxide, with 
varying and small amounts of odiferous gases.43 Nitrogen is usually the pre
dominant gas. Oxygen occurs in very low concentrations because it is rapidly 
used up by intestinal bacteria. Hydrogen, methane, and carbon dioxide make 
up approximately 50% of intestinal gas. They are produced by bacterial action 
on intestinal contents, as they are not normal constituents of the atmosphere. 
They are produced in the gut rather than passed on down from the stomach. All 
gases are produced primarily in the colon but can be produced in the small 
bowel, depending on luminal contents and the distribution of responsible 
bacteria. 

Methane (CJf4) is the best studied of the gases. Approximately one-third 
of all human beings are capable of producing it by colonic bacterial action.44 
Unlike other gases, CH4 is related to some inherited or developmental familial 
characteristics. When both parents are producers of methane, their children 
will have at least a 95% chance of being methane producers. If only one parent 
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is a producer, then their children have approximately a 50% chance of being 
methane producers, and if neither parent is blessed with methanogenic bac
teria, then the chance of a child developing such a flora is approximately less 
than 10%." 

The production of hydrogen and carbon dioxide is directly related. In
creased amounts of hydrogen are associated with increasing percentages of 
carbon dioxide. Carbon dioxide is rapidly absorbed from tl)e gut and is there
fore difficult to measure in flatus. However, intestinal washout techniques and 
isotope-labeled expired air studies on subjects fed beans or onions reveal hy
drogen production is related to carbohydrate and protein intake, whereas meth
ane production is related to familial and bacterial activity.45-48 

14.3.3. Relationship of Foods to Intestinal Gas Production 

Beans contain large amounts of oligosaccharides such as stachyose. Stach
yose cannot be split by human enzymes and requires intestinal bacterial action, 
which occurs in the colon. The fermentation results in a marked increase in 
expired hydrogen and a fivefold increase in flatus. 42 Earlier workers also 
showed a general high-carbohydrate diet increases flatus 50%, and soy protein 
increases the volume, but to a lesser degree.4o A careful study on the compari
son of a fiber-free diet to a high-fiber diet consisting of brussels sprouts indi
cated the sprouts increase flatus 44%. Davies41 studied ten flatulent healthy 
subjects on three different diets. The first, a high-carbohydrate bean diet con
taining approximately 9.4 g of crude fiber and 148 g of carbohydrate, resulted in 
a mean flatus production of approximately 50 ml of gas per hour. The second, a 
very low crude fiber diet of approximately 2.4 g of fiber (the average American 
intake) and 100 g of carbohydrate, resulted in approximately 25 ml of gas per 
hour. The third diet, a liquid chemical elemental diet containing no crude fiber 
and 407 g of carbohydrate, produced approximately 10 ml of gas per hour. This 
study clearly indicates that the amounts of oligosaccharides and long-chain 
polysaccharides contained in crude fiber have a significant effect on the volume 
of gas produced.41 

Employing both breath gas and rectal flatus analysis, Hickey and asso
ciates49 carefully studied ingested fruits and fruit juices in a group of healthy 
young male volunteers free of any apparent food hypersensitivity or gastroin
testinal disease. Orange juice and apricot nectar produced no increase in intes
tinal gas production. Apple juice markedly increased hydrogen production and 
flatus. Grape juice, raisins, and bananas significantly elevated hydrogen pro
duction, but to a lesser degree than apple juice. Prune juice caused a marked 
increase in breath hydrogen but caused diarrhea, which did not enable careful 
rectal hydrogen collection. It is interesting to note that apple juice will increase 
hydrogen production but yet have a lesser effect on the bulk size of stool than 
formed apples. 50 It is suggested that the sorbitol present in apples may cause 
increased hydrogen excretion, but equal amounts are present in apricot, which 
does not cause hydrogen ion secretion.49 Analysis of both citric and malic acid 
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contents of fruit juices reveals no significant relationship to the production of 
hydrogen.49 Much more work is needed on the correlation of specific com
pounds within fruits and all foods that are related to gas production. 

Subjects who do not break down lactose leave it for the fermentation of 
bacteria. Consequently, lactose malabsorbers frequently complain of increased 
flatus (see Chapter 13). 

Although there have been extensive studies on the relationship of the 
intestinal microflora to diseases in human subjects, there has been little actual 
correlation of specific bacterial species and the production of gases. What is 
known is that certain humans harbor methanogenic bacteria and that a wide 
variety of the flora are capable of fermenting carbohydrates and proteins that 
human enzymes are not capable of digesting. Although much is known about 
the bacteria involved in rumen fermentation, and in many animal fermentation 
models, very little is known concerning the fecal flora as it directly relates to 
clinical gas production in humans. 51,52 

When halitosis becomes a clinical problem and oral pathology is ruled out, 
the cause is intestinal-produced trace gas, absorbed and excreted through the 
lungs. Trace gases make up less than 1% of flatus and include ammonia, hydro
gen sulfide, and volatile amino acids and short-chain fatty acids. By means of 
sensitive gas chromatography, they can be detected in expired air. Much more 
work is needed to understand these phenomena, which may prove to be thera
peutically helpful in the future. 53-1111 

14.3.4. Treatment 

Therapy of the patient complaining of increased flatus or halitosis depends 
upon a careful dietary history and then dietary recommendations. It should be 
stressed that therapy will vary in each individual because of the uniqueness of 
the individual's bacterial flora. 

The following clinical and dietary factors must be evaluated and manipu-
lated or eliminated to determine their effect: 

1. The presence of any malabsorption. 
2. Lactose. 
3. Excessive high-fiber intake in the form of beans or fruits, as discussed 

above. 

Most often, the patient complaining of halitosis and increased flatus can
not be treated effectively. However, in light of recent advances in diet and food 
research, new information should become available that will be helpful in the 
treatment of these patients. The interested physician should attempt manipula
tion of the diet by the three steps suggested above, ruling out lactose malab
sorption, ruling out any malabsorption disorder that will result in increased 
availability of substances for bacterial fermentation, and finally, in dietary 
manipulations of oligosaccharides and fruit substances that produce hydrogen 
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and carbohydrate increases. The methane producers are extremely difficult to 
treat and there is no readily available information to offer these subjects on a 
scientific basis. 
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Diverticular and Inflammatory Bowel 

Diseases 

15 

This chapter deals with three colon diseases that have been recognized with 
increased frequency during the 20th century: diverticulosis of the colon, non
specific ulcerative colitis, and Crohn's disease (granulomatous ileitis and/or 
colitis). Although diverticular disease is probably of different etiology than 
nonspecific ulcerative colitis and Crohn's ileitis, all three h~v'e in common an 
unknown etiology, inftammation of the colon, an increasing incidence during 
this century, and suggested environmental factors in their etiology. 

15.1. DIVERTICULAR DISEASE OF THE COLON 

15.1.1. Incidence 

Incidences are determined by either barium enema or autopsy studies. The 
first cases were reported early in the century and since then the diagnosis bas 
been made with increasing frequency. 1 Reports from the United States, United 
Kingdom, Sweden, France, and Australia reveal the general incidence varies 
from 2 to 45%, and also varies with age. A careful autopsy study' by Hughesll in 
Australia revealed an overall incidence of 43%. The female to male ratio was 
almost equal, the incidence increased with age, being 9% between 31 and 50 yr, 
36% between 51 and 70 yr, and 56% over the age of 71. The overall incidence 
past the age of 50 was 48%. The distribution in the colon is important and the 
study showed 15% of the subjects bad few diverticula, 26% bad many in the 
sigmoid, 30% had them through the descending colon and sigmoid, 4% in the 
sigmoid, descending colon, and transverse colon, 16% in the entire colon, and 
only 5% in the cecum. 

15.1.2. Etiology 

The cause of diverticular formation in the colon remains uncertain. Most 
diverticula develop in areas of the muscle wall where the muscle is weakest. 

283 
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Because the disease increases in frequency with age, it is logical to suspect that 
a weakness throughout the colon develops that permits diverticular formation. 
However, diverticula do occur in young people, and autopsy studies reveal 
mUltiple diverticula without significant atrophy of the muscle wall. Fleschner' 
attempted to classify diverticulosis into two forms. One is a simple massed 
diverticulosis that involves primarily the descending sigmoid colon, results in a 
barium-enema appearance of studded diverticula, and in a gross distortion of 
the descending colon. The other type is a "spastic colon diverticulosis" that 
appears on barium enema to have less diverticula but is associated with more 
spasm. It is usually seen in the sigmoid and descending colon but may involve 
the entire colon and often is associated with deformed haustral markings and 
occasionally with the appearance of thumb prints. 

The appearance of muscle spasm with diverticula reinforces the theory of 
hyperactive muscle activity as an associated cause. Painter and Burkitt1 pre
sented evidence that indicates there is increased muscle activity in subjects 
with diverticular disease.1 However, Eastwood and associates4 found that sub
jects who do not have diverticular disease exhibit variation in colonic function 
similar to those who do have diverticular disease. Nevertheless, their data do 
confirm that the general population that presently is subject to formation of 
diverticula does have a significant variation and potential abnormal colonic 
motility.4 This raises the possibility that a single environmental factor may be 
related to the high incidence of diverticular disease in present-day Western 
societies. That smooth muscle spasm is associated with an increased refined
carbohydrate diet and concomitant decrease in high-fiber or bulk-forminJ!: diet 
is now generally accepted.l,s Diverticula are virtually unreported in societies 
with high-fiber diets. The relationship to low-fiber intake is fortified by evi
dence that the incidence is much lower in vegetarians living in Western socie
ties5 and that stool-dietary analysis of diverticular disease subjects reveals 
they excrete lessl3-sitosterol and, hence, must eat less plant sterol as a group.8 
The emergence of diverticular disease in the urban South African black further 
emphasizes the epidemiologic dietary theories.8 

The fiber deficiency correlates well with the physiology of disturbed motil
ity and a weak muscle wall. Very simply, the colon that has less bulk is caused 
to contract more, according to LaPaz' law. Having less bulk makes less of a 
colon content and, as a consequence, the contracting bowel has less to distrib
ute the force. The force of contraction results in a greater distribution of 
pressure on the wall and a resultant diverticular formation. When circular 
muscles, which cause segmental delineation, and longitudinal muscles, which 
increase the central force, simultaneously contract, something has to give. 
When there is a limited luminal content to which pressure can be distributed, 
the weakest point in the muscle wall permits the out-pocketing to occur. This 
theory then relates increasing diverticular formation with age because of in
creasing weakness of the muscle wall, the decreased bulk due to fiber defi
ciency that is prominent in Western societies, and the increase in spasm of the 
colon of the subjects with diverticular formation. 
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15.1.3. Pathology 
The taeniae of the colon are three longitudinal muscle bands approxi

mately one-third equidistant from the mesentery, and they circle the colon. 
Blood vessels reach the colon from the mesentery, then enter through the wall 
near the two antimesenteric taeniae. It is at this point that diverticula most 
commonly develop.9 The uncomplicated diverticula on histologic examination 
consists of a mucosa, submucosa, and peritoneal wall, but no muscularis. They 
are most common in the sigmoid colon.9 Muscular abnormalities are the most 
consistent and important feature after inflammation occurs in the bowel wall. 
The taeniae coli and circular muscle become thick and may become corrugated 
in appearance.9,lO At times the muscular thickening forms cliffs so that there 
are actually no diverticula, but out-bulgings .. Morson10 has described these 
changes in careful detail and correlated them with barium enema findings. It is 
not clear as to whether muscular abnormalities occur without inflammation. 
However, diverticula do become inflamed and the lymphoid tissues associated 
with them become hyperplastic. The inflammation often spreads longitudinally 
from the apex of the diverticulum parallel to the outer aspect of the deep 
muscle layers to form a small dissecting abscess. Free perforation rarely oc
curs, but small localized abscesses occur and give symptoms. The pericolic 
abscesses become filled with pus and may be necrotic. In most cases, they are 
walled off, but may spread into adjacent organs such as the urinary bladder. 

A high incidence of bleeding also is associated with diverticula. It is esti
mated approximately 10% of all people suffering from diverticular disease will 
develop either serious inflammation or bleeding. Surprisingly, the bleeding that 
occurs is more often from the right side of the colon than the left. This is 
important in diagnostic evaluation of the acutely bleeding patient who may 
require surgery. 

The diagnosis of diverticular disease is usually made in the uncomplicated 
case by barium-enema examination. However, once there is an acute episode, 
the diagnosis can be made clinically by the finding of lower abdominal pain in 
association with tenderness, low-grade temperature, an elevated white blood 
count, and, on barium-enema examination, the findings of incomplete filling or 
spasticity in the area of the inflamed bowel. Sigmoidoscopic examination is 
usually negative or reveals marked spasm at 15 to 20 cm. During the acute 
stage, colonoscopy should be postponed. After barium enema, and if there is 
any concern about differentiating a spastic segment of bowel from carcinoma, 
colonoscopy can be done. Briefly, the mild case is diagnosed by barium enema, 
the acute, painful, or febrile by clinical signs and barium enema, and the 
bleeding patient by endoscopy and angiography followed by a barium contrast 
study, if needed. 

15.1.4. Treatment 
The treatment of the disease depends entirely on the symptoms and stage. 

The asymptomatic patient is treated entirely different than the patient with pain 
or evidence of active inflammation. 
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Once serious complications such as obstruction, severe abscess forma
tion, or severe bleeding have occurred, surgical intervention may be 
necessary. 11 

15.1.4.1. The Asymptomatic Patient 

When there is little pain and the diagnosis has been established by barium
enema examination, the recommended treatment is a high-fiber diet to increase 
stool bulk. Considering the present theories of the etiology of diverticular 
disease, one must advise a high-fiber diet. It is extremely important that the 
disease be "staged" when the high-fiber diet is employed. The patient with 
signs of obstruction and inflammation certainly should not be treated with 
increased bulk. It is the patient with minimal symptoms, such as mild pain and 
persistent constipation, or alternating bowel pattern, who should be treated 
with a high-bulk diet. Painter and colleagues12 treated 70 patients with diverti
cular disease with a high-fiber diet consisting primarily of supplemented unpro
cessed bran. An approximately 2-yr follow-up revealed a relief of major symp
toms in approximately 85% of the subjects.12 Plumley and Francis13 

supplemented a regular diet with a high-residue, crisp bread made of bran and 
studied 42 subjects.13 They found 71% had controlled symptoms being fol
lowed for 6 to 36 months. Findlay and associates14 fed 20 g of unprocessed 
bran daily to both normal and colonic diverticular patients. They found in
creased stool weight, shortened transit time, a modified fecal flow pattern, and 
reduction of the increased intraluminal pressure in response to stimuli in the 
distal colon in subjects with diverticular disease. There was no change in 
baseline motility studies, but a definite change in the response to stimuli. An
other study on 40 subjects fed 23 g of wheat bran per day showed an excellent 
clinical response in 33. However, most studies are poorly controlled and there 
is no double blind or control group. Nevertheless, simultaneous motility stud
ies do reveal a decrease in high colonic pressure in diverticular disease.14 

Comparison of the effect of bran on motility to the effect of a bulk-forming 
agent, sterculia, and anticholinergic drugs reveals bran is more comparable to a 
combination of bulk-forming plus anticholinergic agents rather than to merely 
bulk-forming agents alone. 15,16 The effect of long-term bran use or high-fiber 
diet seems to be related to a change in motility that is characterized by a 
decrease in intraluminal pressure. 

The treatment of the asymptomatic patient or the patient with mild symp
toms should include a high-fiber diet. To date the only studies performed have 
used bran. Diets 26 and 27 of Chapter 20, include the high-fiber diets recom
mended to increase dietary fiber to at least 40 g/day (equal to crude fiber of 
approximately 10 to 15 g). Each individual must be assessed and advised indi
vidually. Some subjects will not be able to tolerate bran, while others will not 
be able to tolerate large amounts of fruits. The diet lists substitutes for each 
high-fiber food. Each subject should vary the fiber intake in order to build up 
his own high-fiber diet. There is no significant clinical research to date to 
indicate which fiber substances may be preventative, or best tolerated by the 
subject with diverticular formation. The best practice for now is to increase the 
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total fiber intake, and this may be accomplished by bran in 20-g doses as 
suggested by Painter and others or by a broad high-fiber diet as listed in Chap
ter 20, diets 26 or 27. 

15.1.4.2. The Symptomatic Patient 

The patient with mild abdominal pain but having bowel movements, either 
constipation, alterating irregular bowel habits, or loose bowel movements can 
still be treated with a high-fiber diet, but it is recommended that an anticho
linergic agent be added to the regimen. 

The patient who develops significant pain that is cramplike or colicky in 
nature and causes an alteration in the usual daily bowel activity must be ob
served carefully. If there is no sign of obstructive disease or focal perforation, 
a high-fiber diet can be continued and anticholinergics employed to relieve 
pain. When pain relief requires medication, narcotics that cause spasm should 
be absolutely avoided, e.g., morphine, codeine, as they increase segmental 
contractions. Mild pain-relieving medication may be employed to complement 
the anticholinergics . 

. When the bowel becomes acutely inflamed or there is evidence of focal 
abscess formation, the management must include a fiber-free or liquid diet. The 
severity of the dietary restriction should be correlated with the severity of the 
symptoms and findings. When there is evidence of marked tenderness, a mass, 
an elevated white blood count, temperature, or definite obstruction, a liquid 
diet should be instituted. If obstruction is suspected and confirmed by radi
ographic findings, the patient should be placed in a hospital, on intravenous 
feeding, nasogastric long-tube drainage, and appropriate antibiotic therapy 
with the hope of relieving a temporary obstruction. Surgical intervention is 
necessary if the obstruction cannot be relieved with this therapy. 

During the acute attack, patients can be treated at home with the following 
regimen: 

1. Fiber-free liquid diet (Chapter 20, diet 29) 
2. Anticholinergic therapy 
3. Appropriate antibiotic therapy 

If the attack is severe and there is obstruction, the patient should be 
treated with the following regimen: 

1. Hospitalization 
2. Intravenous therapy 
3. Non per os and long-tube nasogastric suction 

If surgery is required, or fistular or abscess formation has occurred in a 
patient who cannot tolerate surgery, nutritional supplementation should be 
considered. These regimens are discussed in detail in Chapters 18 and 19. 

As the attack subsides, the patient can gradually be returned to foods 
containing more fiber. It is also recommended that the diet be bland (Chapter 
20, diet 31). 
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Once the acute attack has completely subsided, the patient can be returned 
to a high-fiber regimen. However, this should be done gradually by first in
creasing the number of vegetables and fruits and then bran and cereals. The 
increase of fiber should not be undertaken until one establishes the absence of 
any obstruction in the bowel and a full free fiow of fecal material. 

15.2. INFLAMMATORY BOWEL DISEASE 

1. Ulcerative proctitis can be defined as an infiammatory disease of the 
epithelium of the rectum of unknown cause that invariably remains limited to 
the rectum. 

2. Ulcerative colitis can be defined as an infiammatory disease of the 
mucosa of the colon of unknown cause that usually involves the rectum and 
may involve the entire colon. 

3. Crohn's colitis (granulomatous colitis) can be defined as an infiamma
tory disease that involves the entire wall of the colon and is most often charac
terized by segmental involvement, but may upon occasion involve the entire 
colon. 

4. Regional ileitis orCrohn's ileitis (terminal ileitis) can be defined as an 
infiammatory bowel disease that involves the entire wall of the small intestine, 
is most characteristic when it involves the distal ileum, but may involve skip 
areas through the entire gut. 

S. Crohn's ileocolitis can be defined as an infiammatory disease that in
volves the entire gut wall and is characterized by skip areas involving both the 
ileum and the colon. 

Although selected cases can be easily classified as one of the five above 
disorders, all too frequently a clinician or pathologist cannot clearly separate 
the disorders. What is often thought to be simple ulcerative colitis turns out, 
upon pathologic surgical study, to be Crohn's colitis. On occasion, what is 
believed to be a simple ulcerative colitis extends to the ileum following ileos
tomy. What is on occasion thought to be a simple limited ulcerative proctitis 
extends to a full-blown ulcerative colitis or even, more rarely, a Crohn's colitis. 
With increasing incidence of the diseases and increasing experience of clini
cians and pathologists, the clear separation of disorders, now classified as 
infiammatory bowel disease, often is less apparent. 

The purpose of this chapter is to elaborate on the nutrition of patients with 
infiammatory bowel diseases rather than give details on these diseases. The 
following discussion will group all off the disorders together because nutrition 
therapy is nonspecific but varies with the symptoms and complications of the 
disease. For detailed discussion of other aspects of each one of these diseases, 
the interested reader is referred to the gastroenterologic texts. 17-19 

It is shocking that so little is found in the medical literature concerning the 
dietary management of patients with these disorders. The following discussion 
will attempt to give a rationale for the dietary management of these patients 
with appropriate reference to accepted scientific fact and specific diets. 
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The cause of these diseases remains unknown. The incidence of both 
ulcerative colitis and Crohn's colitis and ileitis has increased during the past 
cent\lry.17 The reason for the increase was first thought to be a better diagnos
tic approach, but this does not appear to be true from statistical evaluation. 
Many theories have been proposed as to the cause, but none have been sub
stantiated or sustained in animal models, and hence not accepted on a universal 
basis. The present theories most accepted are that the cause of the diseases lies 
either within some immunologic deficiency or reactivity, or is of infectious 
origin. There has been no demonstration that any inflammatory bowel disease 
is transmittable from person to person. Studies reveal approximately.10 to 15% 
of affected families will have either one of the diseases. Multiple reports also 
are present in which mUltiple members of a family have one or more of the 
other diseases. However, no clear genetic pattern has yet been determined. 

Theories on the immunologic mechanisms as a cause of the inflammation 
began to develop early in the clinical discovery of the disease. First, Anderson 
proposed that colitis was due to an allergic reaction to foods and subsequently 
proposed that milk was the most common inciting agent.20 Truelove20l then 
presented a group of patients with ulcerative colitis who were markedly im
proved when cow's milk and milk products were removed from the diet, and 
had frank attacks of ulcerative colitis when it was reintroduced into the diet. 
He further attempted to substantiate the theory that milk was an etiologic 
factor when he demonstrated an increased frequency of the antibodies to the 
protein fractions, casein, lactalbumin, and lactoglobulin, in the serum of pa
tients with ulcerative colitis.21 However, the later work was not confirmed and 
clinical experience revealed that patients with inflammatory bowel disease 
have a high incidence of lactose intolerance that results in an increase in diar
rhea and symptoms (see Chapter 13). With the realization that lactose does 
cause symptoms and the lack of substantiation that milk protein is an inciting 
agent, theories on foods as a direct cause through an allergic mechanism gained 
little support. However, acute inflammatory lesions in the colon can be pro
duced by classic hypersensitivity reactions such as the Shwartzman phenome
non.22 ,23 Further interest developed in immunologic theories when it became 
possible, through immunofluorescent techniques, to demonstrate antigens on 
the surface of colonic mucosa and antibody in the serum that react with ex
tracts from colonic mucosa of patient with ulcerative colitis.24,25 But no clear 
patholigic mechanism has evolved from these studies. The development of a 
better understanding of lymphocyte and plasma cell function in the mucosa of 
the gut has produced many important observations such as the importance of 
immunologic body competency, the production of immunoglobulins, and the 
reactivity of this tissue to luminal contents. Even though the immunologic 
capacity of the gut is better known, evidence continues to accrue that the cause 
of the disease is related to immunologic mechanisms, but not the basic mecha
nism. Carlsson and associates26 have shown that antibodies to colon antigen 
occur in patients with many other diseases as well. Falchuk and Isselbacher27 
have shown that circulating antibodies to bovine albumin are present in 93% of 
patients with ulcerative colitis, 86% with Crohn's disease, in 5 with untreated 
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celiac disease, and in 43% of normal subjects. These findings suggest that the 
absorption of antigenic material and stimulation of antibody production occurs 
in association with intestinal mucosal damage as well as in normal subjects.27 
This evidence shows that many of the immunologic findings are secondary to 
normal immunologic reactivity of the gut to food antigens that can pour 
through a porous thick mucosa. 

Initial studies evaluating infectious agents reveal that an acute colitis indis
tinguishable from ulcerative colitis could be caused by the classical Shigella 
infections. Subsequent attempts to evaluate bacterial or viral infectious agents 
still reveal no conclusive evidence and the cause of these diseases remain 
unknown. 28-34 

15.2.1. Pathology 

The intestine reacts to disease in a limited fashion. Inflammation is non
specific and may be characterized by acute or chronic round cell infiltration in 
the mucosa, submucosa, or serosa. When this occurs, epithelial cell elements 
can react by decreased growth with resultant decreased development of glan
dular elements. Selective responses may occur such as the formation of granu
lomas, neuromas, or neurofibromas. Specific reactions may be seen, such as 
pyloric gland metaplasia in Crohn's disease. 

Once inflammation becomes chronic, pathologic complications may occur 
as atrophy of mucosal elements causing loss of function, erosion into blood 
vessels causing bleeding, thinning of the tensile strength of the wall causing 
perforation, or a chronic fibrotic reaction causing scarring and stenosis. 

Each of the inflammatory bowel diseases has a more characteristic pathol
ogic response. However, there is an overlap, and at times the most astute 
pathologist cannot differentiate between simple ulcerative colitis, which is sup
posed to classically involve only the mucosa, and Crohn's disease, which is 
supposed to be a transmural disease. 

Table 15-1, as modified from Morson,1o may be helpful in differentiating 
the two diseases. 

Classical signs and symptoms ofCrohn's disease involving the small intes
tine include either right lower quadrant pain with or without a mass, diarrhea or 
change in bowel habit, or anemia. Crohn's disease is associated with numerous 
extraintestinal manifestations and may present with oral lesions, gastritis or 
duodenitis, anal disease, or skin lesions such as erythema nodosum or pyo
derma gangrenosum.17-19 

The presentation in ulcerative colitis is most often that of fulminating 
diarrhea associated with rectal bleeding. However, once again, extraintestinal 
manifestations may be the presenting symptom, such as pyoderma gangre
nosum, erythema nodosum, or spondylitis. 

A physical examination may be helpful in diagnosis when the classic mass 
is present in the right lower quadrant, or the sigmoidoscopic findings of ulcera
tive mucosa are limited to the rectal vault in ulcerative proctitis. The physician 
must weigh all the findings in order to place the patient in the correct category. 
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Table 15-1. Differential Characteristics of Crohn's Disease & Ulcerative Colitis 

Distribution 

Rectum 
Anal lesions 

Mucosa 

Vascularity 

Depth of inflammation 
Submucosa 
Focal aggregates of 

lymphocytes 
Crypt abscesses 
Goblet cell population of 

mucosa 
Granulomas 
Fissuring 
Precancerous epithelial 

changes 
Intravascular platelet 

thrombi 
Submucosal edema 
Fibrosis 
Pyloric gland metaplasia 
Muscle necrosis 

Ethnic distribution 
Positive family history 
Incidence 
Site 

Hematochezia 
Diarrhea 
Fever 

Steatorrhea 

Skin lesions: 
Erythema nodosum 

Crohn's disease Ulcerative colitis 

Course and gross findings 

Discontinuous; segments of 
disease with normal 
intervening mucosa 

Normal,50% 
Chronic fissure, anal fistula, 

chronic abscess; edematous 
anal tags in 75% 

Serpiginous ulceration; 
cobblestone appearance; 
fissuring 

Rarely pronounced (except in 
acute cases) 

In continuity from rectum 
proximally; not segmental 

Almost always involved 
Acute fissure; anal excoriation; 

acute abscess in 10% 

Diffusely granular and 
hemorrhagic; no fissuring 

Often intense 

Histologic findings 

Transmural 
Widened 
Usual (often transmural) 

May occur 
Normal or slight reduction 

Present about 60% 
Common 
No 

No 

Yes 
Yes 
Yes 
Never 

Mucosal and submucosal 
Normal width or reduced 
Sometimes (restricted to 

mucosa and submucosa) 
Very common 
Reduced in active disease 

Absent 
Absent 
Yes 

No 

U suaIly absent 
No 
No 
Only in toxic megacolon 

Clinical findings 

More frequent in Jews 
Approximately 10% 
2-4/100,000 
50%+ small bowel diseased 

Less or absent 
Present, but less 
30-50% if small bowel 

involved 
Frequent if smaIl bowel 

involved 

More frequent in Jews 
Approximately 10% 
~/I00,OOO 

Colon only, backwash ileitis 
rare 

Almost universal 
Early and frequent 
Rare if uncomplicated 

Rare 

Pyderma gangrenosum, etc. Less common 17% of hospitalized patients 
Arthritic manifestations 

Ankylosing spondylitis Less common 20-25% 
(continued) 
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Table 15-1 (Continued) 

Liver involvement: 
Fatty. focal necrosis; 
cirrhosis 

Sigmoidoscopy 

Abdominal mass 
Roentgen study 

Biopsy 

Toxic megacolon 
Free perforation 

CHAPTER 15 

Crohn's disease Ulcerative colitis 

Clinical findings (Continued) 

Somewhat less 50% at autopsy 

Diagnostic aids 

Normal or small discrete 
aphthoid ulcers occasionally 

Quite frequent in RLQ 
Right colon frequent; 

segmental-skip areas 
Eccentric asymmetrical 

Cobblestone appearance 
Terminal ileum involved 50% 

Deep ragged ulcers; fissuring 

(See Histologic findings) 

Principal diagnostic aid
diffuse pinpoint ulcers 

Rare 
Rectum and up--<:ontinuous 

Complete circumferential 
involvement 

Pseudopolyposis 
Terminal ileum normal; 

backwash occasional 
Minute diffuse marginal ulcers; 

occasional large diffuse 
marginal ulcers 

Complications 

Rare 
Rare 

5% hospital cases 
1.6-0.3% 

The diagnosis of Crohn' s ileitis involving the distal ileum with skip areas in 
the small intestine is made in the presence of a normal barium enema, normal 
sigmoidoscopic findings, and a small-bowel series that reveals a characteristic 
lesion in the terminal ileum or in the small intestine. 

Differential diagnosis is between ulcerative colitis and Crohn's colitis in 
which the disease is limited to the colon and does not involve the small intestine 
(approximately 50%). The factors listed in Table 15-1 are often helpful and 
enable the clinician to differentiate the two diseases. However, as stated 
above, at times it is virtually impossible and even the pathologist cannot make a 
definite decision between the two forms of inflammatory bowel disease (IBD). 

The complications of IBD are (1) nutritional wasting, (2) perforation, (3) 
stricture and obstruction, and (4) hemorrhage. The management of (2) through 
(4) is described elsewhere,lS-19 and only diet and drug treatment will be dis
cussed here. 

15.2.2. Prognosis 

A simple dictum to follow is that less disease means a better prognosis 
whereas more disease means a worse prognosis. Hospitalization usually indi-
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cates the disease will be worse. The patient who never requires hospitalization 
usually has fewer complications and a better prognosis. Simple ulcerative proc
titis is not a life-threatening disease as long as it remains confined to the rec
tum. Approximately one-third extend to the more proximal colon and then the 
prognosis becomes that of ulcerative colitis. The prognosis of ulcerative colitis 
is worse if the first attack is severe and requires hospitalization, or the disease 
starts very early in life, or the disease is extensive. Approximately, one-third of 
hospitalized patients will usually require some form of operation.16 

The results of long-term follow-up studies after surgery indicate at least a 
SO% recurrence rate with Crohn's disease, and a significant number with simple 
ulcerative colitis require revision of their ileostomy site after total colec
tomy.16-19,35,36 The overall prognosis is varied depending on the complica
tions, both systemic and intestinal, as listed in Table IS-I. However, the overall 
picture in IBD improves yearly with the increased efficacious use of cortico
steroids and nutritional support. 

15.2.3. Treatment 

At the present time the medical treatment of inflammatory bowel disease 
includes the following. 

1. Use of Sulfasalazine. Most clinicians feel it is very helpful in the acute 
stage of all inflammatory bowel disease if the patient can tolerate the medica
tion. Controversy still exists as to whether the drug should be used in all 
subjects for long-term maintenance. The controversy is greatest in regional 
enteritis, and most observers feel that it is of benefit in ulcerative colitis. 17-19 

2. Corticosteroids. The use of oral, rectal, or intravenous corticosteroid 
(including ACTH) therapy has been instrumental in prolonging life and de
creasing complications in all IBD.17-19 Often a horrifying attack can be amelio
rated by the use of oral or intravenous medication and the appropriate nutri
tional support in order to maintain body function until remission can be 
induced. For details of use of corticosteroids and ACTH, once again the reader 
is referred to gastroenterologic texts. 17-19 

3. Symptomatic Treatment. The judicious use of anticholinergics and op
iates is extremely helpful in the acute or chronic management. I have found it 
most helpful to use 15 or 30 mg of codeine sulfate every 6 to 8 hr to help 
manage mild pain or diarrhea. When the patient cannot tolerate codeine, the 
use of one of the myriad anticholinergics or antidiarrheal agents, such as Lom
otil or Immodium, is helpful. These drugs are much more expensive than 
codeine and, although they may be very helpful in the acute state, run into high 
costs when used long-term. 

4. Rest. Often the patient will become fatigued during the acute stage of 
the disease and rest at home. Hospitalization may be necessary; this depends 
on the individual patient's tolerance and the management course set by the 
physician. 

S. Psychological Support and Patient Education. This is one of the most 
important aspects of managing the patient with IBD. The acute case requires 
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family and patient education. This often has to be supplemented by some form 
of psychological support in order to tolerate the trials and tribulations and 
complications of the chronic course. The physician may be able to handle this 
himself or it may require the more skilled management of a trained counselor or 
psychiatrist. 

6. Nutritional Therapy. It is important to stress certain specific aspects of 
absorption and malabsorption in IBD in order to approach nutritional therapy. 

The degree of malabsorption correlates with the degree of small-bowel 
involvement or resection. A differential analysis of absorption studies in mild 
cases shows fecal fat and nitrogen excretion is increased while xylose absorp
tion remains relatively normal. Massive small-bowel resection has a greater 
degree of fecal fat excretion and associated xylose malabsorption.37 A study of 
65 patients with regional enteritis by Gerson and associates38 reveals a close 
correlation between the length of bowel resected or diseased ileum for both 
vitamin B12 and fat malabsorption. When the length of ileal dysfunction ex
ceeds 90 cm, it is common to find an abnormal Schilling test. The D-xylose test 
is usually a poor indicator of the amount of disease. These facts should be kept 
in mind when the clinician approaches the replacement of energy and caloric 
intake in the patient with Crohn's disease. 

Selected deficiencies are also a distinct problem in IBD. Lactose intoler
ance due to lactase deficiency is more common in inflammatory bowel disease. 
Consequently, many patients cannot tolerate large amounts of lactose while 
they may be able to tolerate small amounts. In order to get enough energy into 
diets in patients who like milk products, it may be necessary to add lactase to 
the milk. 

Vitamin B12 deficiency may occur due to B12 malabsorption. 
Both calcium and magnesium deficiencies occur in patients with severe 

small-bowel inflammatory disease. The incidence again is greatest when there 
is the greatest involvement or resection of the small intestine.39,40 Krawitt and 
associates40 noted that calcium malabsorption in Crohn's disea.se was only 
present in 13% of their patients. Furthermore, they were able to correlate calcium 
malabsorption best with enteric protein IOSS,41 but not with steatorrhea or 
xylose absorption, bacterial colonization, or corticosteroid therapy. Others 
have observed a rapid serum-zinc depletion associated with corticosteroid ther
apy. The patients studied were burn victims'and not those with IBD.42 Nev
ertheless, zinc deficiency may become clinically apparent. Sturniolo et al. 43 

demonstrated decreased zinc absorption and reduced zinc-serum concentra
tions (65±14.1jJ.g) in 23 patients with Crohn's disease. Poor growth and zinc 
deficiency in children with celiac disease have been reversed with the addition 
of zinc to the diet.44 

Growth failure occurs in anywhere from 20 to 30% of patients under the 
age of 21 with Crohns' disease, and to a lesser degree in children with ulcera
tive colitis. Grand and Homer45 demonstrated malabsorption defects and bac
terial overgrowth in children, both of which result in nutritional deficiencies. 
These children benefit from nutritional supplementation and, if necessary, 
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treatment with corticosteroids.45-47 The course of their disease is interrupted 
sufficiently in order for them to increase their linear growth rate. 

Many cases are reported in which normal growth never occurs. The reason 
for this is a suspected pituitary or metabolic genetic deficiency, as total-colec
tomy subjects with ulcerative colitis have contil)ued to have decreased growth 
and actually remain dwarfs. When surgical amelioration of the inflammatory 
bowel plus nutritional supplementation does not correct decreased growth, the 
clinician is stumped and the cause is often never delineated. 

One of the frequent complications of chronic inflammatory bowel disease 
is nephrolithiasis. The stones most often contain calcium and oxylate. It is now 
known that increased urinary oxylate excretion occurs because of increased 
absorption of oxylates from the intestine,48 with the colon being one of the 
major sites of hyperabsorption of oxylates.49 

At the present state of our knowledge, nutritional therapy falls into three 
categories: (1) symptomatic treatment, (2) replacement therapy, and (3) pre
ventive therapy. There is all too little information to tell exactly which foods 
may and which may not be of benefit. Research in this area is developing 
rapidly, and consequently the future holds great promise for more preventive 
and corrective diet therapy. However, the majority of the present treatments 
are symptomatic or replacement. 

15.2.3.1. Acute Ulcerative Colitis 

During this phase, diarrhea, tenesmus, and frequent bowel movements are 
a problem. In order to control the symptoms, drugs usually must be used. 
However, it is essential to control the diet as well. The extent of diet control is 
also dependent on the severity of the symptoms. A patient rapidly dehydrating, 
having more than a dozen bowel movements per day, and suffering from severe 
abdominal cramps will often need hospitalization with peripheral or central 
venous feeding and absolute bowel rest. This type of patient can be supported 
for a few days on peripheral glucose and amino acid solutions, and vitamin 
therapy. However, if the course is fulminating and it appears that the patient 
will require longer than 1 week of bowel rest, the clinician must consider total 
parenteral nutrition, and proceed with a several week commitment to TPN. 
The methods and use of this are described in Chapter 19. This is usually only 
needed in a severely ill ulcerative colitis patient undergoing a massive acute 
exacerbation. 

Should TPN not be required, but some form of bowel rest necessary, a diet 
that requires little effort for digestion and absorptive processes, and produces 
no residue material that reaches the inflamed colon, can be chosen. This type of 
diet can be chemical or elemental, as described in Chapter 18. It is also possible 
to feed nonchemical, palatable foods that are relatively basic and relatively 
free of fiber, as described in the Chapter 20, diet 29. This form of diet will 
produce energy and protein and permit small-bowel function, but can totally 
limit the amount of roughage that reaches the colon. However, the clinician 
should be aware that increased activity in the small intestine may well increase 



296 CHAPTER 15 

the amount of liquid that is presented to the right side of the colon, and conse
quently fiber-free feeding can aggravate diarrhea. When absolute rest is 
needed, removal of all significant oral intake is necessary. 

As the patient improves, and the number of bowel movements subsides, 
dietary intake can be increased from an essential fiber-free diet to a low-fiber 
diet and finally, as symptoms totally subside, to a regular diet that includes fiber 
to a degree that the patient feels is optimal. 

Because lactose intolerance is common in inflammatory bowel disease, it 
is wise to limit milk intake. The question of milk allergy is always present in 
these patients, and consequently milk intake may be a selective problem (see 
Chapter 17). However, all too often it is helpful and necessary to use milk or 
milk products such as ice cream to help add calories to the diet. It is best to first 
establish whether there is a lactose intolerance by appropriate testing, and if 
this is so, lactase can be added to the milk or milk products. A diet free of 
lactose may be helpful to the intolerant patient (see Chapter 20, diet 17). The 
exact effect of spices on the colon is not known. The only studies done have 
been on gastric mucosa (see Chapter 9), and no work is available on the effect 
on the intestine after eaten spices have traversed the gut. Although it seems 
prudent to limit the intake of harsh spices such as garlic and pepper, there is no 
scientific evidence to substantiate the harm or danger of these substances in the 
colon. 

Because nutrition is often poor for long periods, all vitamins and minerals 
should be replaced and maintained in accordance with requirements (see Chap
ter 3). 

15.2.3.2. Chronic Ulcerative Colitis 

The dietary treatment of chronic ulcerative colitis depends on the degree 
of symptoms. If there is diarrhea, a low-fiber diet should be encouraged. How
ever, the clinician should realize that this preference is largely on the basis of 
clinical anecdotal experience. There are no good studies to demonstrate that 
high fiber has a deleterious effect. As a matter of fact, epidemiologic studies 
indicate that it may be preventive. Furthermore, there is no information to 
indicate whether certain foods could help decrease diarrhea. Studies are badly 
needed in order to determine whether selected fiber diets can be of benefit. 
Some clinicians do add psyllium seed as a bulk former in mild colitis. At the 
present state of the art, however, most clinicians feel high-fiber substances 
should be eliminated from the patient suffering from any form of diarrhea. 
Consequently, low-fiber diets listed in Chapter 20, diet 29, are recommended. 
Th~~y largely eliminate fruits and vegetables, as well as bulk cereals. Many 
dieticians confuse the term "bland" with roughage. Many high-fiber sub
stances, which in reality are high-roughage substances, are bland, whereas 
many bland foods contain no roughage. 

Besides a low-fiber diet, variation in the quantity of food eaten at any meal 
may be helpful. Often patients can tolerate small feedings whereas a very large 
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meal will induce more peristaltic activity. Furthermore, very cold foods may 
induce peristalsis as opposed to room-temperature or slightly warm foods. 

The patient with chronic ulcerative colitis who has no diarrhea and no 
abdominal pain can often tolerate roughage. If increased amounts of fiber do 
not induce symptoms, there is no known reason why these patients cannot eat 
as much fiber as they desire. As a matter of fact, the epidemiologic evidence 
indicates that fiber may be preventive for inflammatory bowel disease; conse
quently, the clinician should not limit the intake of fiber if it does not induce 
symptoms. 

15.2.3.3. Acute Ileitis 

The dietary treatment of an acute fulminating attack of ileitis, or jejunal 
ileitis, is similar to the acute episode of ulcerative colitis, with some exception. 
In the patient having diarrhea, the situation is extremely similar and if the 
diarrhea, pain, and toxicity are severe, then everything said for bowel rest and 
the use of elemental, or easily absorbed, diets holds for small-bowel inflamma
tory disease. 

The acute ileitis subject with evidence of complete obstruction must be 
kept off all feeding on nasogastric suction, and on peripheral or central vein 
feeding. As in severe fulminating colitis, if the treatment is anticipated to be 
longer than 1 week, TPN is indicated. As obstruction relieves, a gradual in
crease in intake is attempted. 

In acute ileitus with evidence of intermittent or partial obstruction, liquid 
or elemental diets can be tried. Most often, attacks of ileitis will cause partial 
obstruction. These patients can be tried on liquids for a few days and then 
progressed to low-fiber diets. 

If either the complete or partial obstructive case does not respond, surgical 
resection of the stenotic bowel is indicated. Because the disease recurs and 
small-bowel tissue is not replaceable, attempts at preventing resection are vig
orous. Strobel and associates50 were able to induce a remission on home TPN 
in 12 of 17 severely ill children after all other medical treatment failed. Other 
reports of successful elemental and TPN therapy are described with the tech
niques in Chapters 18 and 19. 

Because the small bowel is the site of vitamin and mineral absorption, it is 
often necessary to replace these more vigorously than in simple colitis. 

15.2.3.4. Chronic Ileitis 

Chronic ileitis with or without diarrhea is treated the same as chronic 
colitis. Often these patients will have selective vitamin or mineral deficiencies 
because of impaired absorption. When this occurs, zinc, magnesium, calcium, 
and vitamin B12 deficiency should be suspected and treated by replacement. As 
noted previously, zinc can reverse some growth problems.43,44 It is safest to 
advise routine vitamin and mineral supplementation in any ileitis subject with 
evidence of significant small-bowel involvement. 

The nutritional management of enterocutaneous or enteral fistulas is con
troversial, but many report success with hyperalimentation.55,56 
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Wet weight 
Dry weight 
Water 
pH 
Sodium 
Potassium 
Chloride 
Calcium 
Magnesium 
Phosphorus 
Nitrogen 
Fat 

15.3. Ileostomy 

CHAPTER 75 

Table 15-2. Normal Ileostomy Effluent 11,11,114 

Total output (av) 

20()...(,()() g 
28-48g 
88-94% 

30-80 meq (55) 
3-6meq(4) 

15-30 meq (20) 
1.5-40 meq (18) 

7-9 meq (8) 
122-202 meq (150) 

0.6-2.4 g (I) 
1.5-3.8 g (2.2) 

Daily ranges 

Concentration (av) 

6.G-6.5 
1~130 meq/liter (115) 

5-11 meq/liter (8) 
15-140 meq!liter (45) 
IG-64 meq/liter (25) 
10-28 meq/liter (15) 

Ileostomy is necessitated when the colon is removed because of severe 
colitis, infarction, cancer, or traumatic injury. The body rapidly adjusts to 
colectomy and fluid balance is maintained although the ileostomate is more 
prone to electrolyte and fluid imbalance. 

Table 15-2 lists the average daily outputs from ileostomy subjects.Sl ,52 

Although more water, sodium, and other minerals are lost, the average small 
bowel compensates by increased absorption if intake is adequate. Several texts 
describe the problems of ileostomy subjects and the general, psychological, 
and local care needed.53 ,54 

Although the ileostomy subject cured of illness can eat a regular diet, some 
fIlodifications are recommended. 

1. A regular diet containing low- to moderate-fiber intake. It seems rea
sonable that the subject with an ileostomy maintain a low-fiber diet in order to 
maintain the comfort of a low ileostomy output. Because the role of the high
fiber diet still remains controversial, it certainly seems that the ileostomy sub
jects should not be put through increased output until the preventive role of a 
high-fiber diet is clearly understood. 

2. Limitation of high-electrolyte-content fluids several hours prior to retir
ing because they increase output during sleep. 

3. Maintaining adequate vitamin Bt2 replacement if there is significant 
ileum resection or any suspicion of Bt2 malabsorption. 

Ileostomy obstruction has been reported due to large food particles. 54 

When this occurs the particle causing the obstruction can usually be removed 
through a sigmoidoscope or with manipulation. Because this can occur, and 
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because there may be some natural narrowing at the stoma, the ileostomy 
subject is cautioned not to eat large particles of food without chewing care
fully. The rapid swallowing of food that is not chewed carefully should be 
avoided. 

Whenever the ileostomy subject has more than a few days of increased 
ileostomy fluid, the physician should be alerted to the potential need for intra
venous fluid and salt replacement. Studies done varying sodium intake in ileos
tomy subjects reveal they can deplete sodium if intake is curtailed below 10 
meq/day and that high-sodium intake can increase ostomy output. 52 

And finally, except for individual idiosyncracies, there is no known neces
sary dietary restriction for the healthy ileostomy patient. 

15.4. Colostomy 

Dietary management in the subject with a colostomy will vary depending 
on the amount and reason for colon resection. The subject with a left-sided 
colostomy needs no precautions in dietary intake as compared to a normal 
person. Indiscretion in the left-sided colostomy subject usually results in the 
same phenomenon that occurs in the patient with normal anal function. When 
indiscretion may cause diarrhea, the left-sided colostomy subject suffers the 
problem of increased cleansing, but no deleterious or dangerous effects while 
the right side of the colon is functioning. 

The colostomy subject who has an ascending colostomy or cecostomy can 
suffer from problems mentioned for the ileostomy subject above. The subject 
with a transverse colostomy may occasionally run into water and electrolyte 
depletion, but this is unlikely if the right side of the colon is functioning well. It 
is only when the right side of the colon function is removed that water and 
electrolyte replacement will be needed. 

As opposed to ileostomy, colostomy is done more commonly for partial 
resection of the colon, for carcinoma of the colon, and for other inflammatory 
or obstructing lesions of the colon, in addition to inflammatory disease. It is 
less commonly done for IBD than ileostomy, but when it is, the distinct risk of 
recurrence is present in the remaining colon tissue. When and if IBD recurs, all 
of the dietary treatments mentioned under IBD apply to the patient with active 
inflammatory bowel disease, plus the colostomy. If the disease is acute, limita
tion of intake is necessary. If the disease is chronic, moderation is necessary as 
outlined above. When the colostomy is done for carcinoma of the colon, there 
is little specific dietary advice needed. 

As always, patients develop their own patterns of gastrointestinal func
tion. The subject with a very rapid gastrocolic reflex and an ostomy must learn 
to live with that function. Subjects with colostomies can often control their 
colonic function so that they have relatively no excretion, and control their 
flow by a colostomy irrigation. For these effects and management, the inter
ested reader is referred to the appropriate text. 53 ,54 
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The Irritable Bowel Syndrome 

16.1. DEFINITION 

The irritable bowel syndrome (IBS) can be defined as unexplained lower ab
dominal pain, constipation, or diarrhea. In children, recurrent abdominal pain 
(RAP) is a similar syndrome. Patients suffering from this disease have no 
organic pathology, therefore the word "unexplained" in the definition. Once 
organic pathology is demonstrated, such as diverticula of the colon or gastric 
ulcer, it is better not to ascribe the pain, constipation, or diarrhea as IBS. 

First descriptions of this syndrome began to appear in the clinical litera
ture early in the 19th centuryl; however, it was not until 1944 that Peters and 
Bargen2 used the phrase' 'irritable bowel syndrome. " Since that time, observa
tion of patients with the syndrome has led most workers in the field of gastroen
terology to call it a motility disturbance. But the cause remains unknown, and 
consequently "irritable bowel syndrome" still best fits the clinical picture. 

16.2. INCIDENCE 

IBS patients make up the single largest group presenting to a gastroenterol
ogist. It is estimated that 70% of gastroenterologic patients have IBS. Within 
this group of patients lie many missed diagnoses. For example, only in the 
past decade have we realized that lactose intolerance was the cause of mild 
abdominal pain and diarrhea following eating. These patients formerly were 
included in IBS. Similarly, it is only in the past three decades have we been 
able to diagnose gluten enteropathy, and these patients were frequently in
cluded in IBS. As discussed in Chapter 17, our present understanding of food 
allergies and the gut response to foods is in its infancy. This author is sure that 
it is only a matter of time before we will be able to demonstrate numerous food 
intolerances presently being included in IBS. The syndrome probably includes 
numerous other unidentified diseases. As knowledge in the field of gut motility 
evolves, it will probably yield a syndrome of a true motility disturbance that 
will wind up as the classic IBS. 

303 
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16.3. CLINICAL PRESENTATION 

The incidence is approximately twice as high in females than in males. 
Female patients more often suffer from constipation, and male patients present 
more often with diarrhea. It is relatively rare for a male to present as IBS with 
constipation, whereas females present with both symptoms. Children most 
often present with recurrent abdominal pain (RAP). 

The age distribution of IBS has a range of .10 yr to the geriatric population. 
The majority of patients present between the ages of 20 and 40; the mean age is 
33. 

Abdominal pain is the classic symptom. It is usually described as persis
tent, mild, and located either in the right or left lower quadrant. Many patients 
describe it as radiating across the abdomen. If constipation is present, it is 
often associated with increased laxative intake. When diarrhea is present, the 
pain may be associated with increased bowel movements and, at times, relief 
after the movement.3 Often, these patients complain of loose bowel move
ments following a meal and experience the movement after either the break
fast, lunch, or dinner meals. What is most peculiar is that the hyperactive 
gastrocolic reflex often occurs only after one of the meals and not all three. 
Some patients will complain of alternating diarrhea and constipation. Others 
complain of abdominal distention. Other clinical features, such as weight gain, 
mild nausea, intolerance to a variety of foods, cancer phobia, or associated 
urinary symptoms, are noted in a moderate percentage. It is also common for 
these patients to have minor to major emotional disturbances. 

Often, the clinician can diagnose IBS on the basis of the clinical picture; 
however, the diagnosis can only be certain after a careful screening workup. 
The workup must include a careful history for such food intolerances as lac
tose. The physical examination must include a sigmoidoscopic evaluation, and 
the radiographic evaluation must include barium studies of the upper gastroin
testinal tract, small bowel, and colon. If there is any history of weight loss, 
then there must be an evaluation for malabsorption. 

Twenty percent of the patients who present with IBS do have weight loss 
and these patients must have malabsorption workups to rule out gluten entero
pathy and other rare disorders. Once the workup reveals no organic disease, 
then the diagnosis of IBS can be established, but it behooves the physician to 
follow these patients carefully and reevaluate if necessary. 

If this is the first presentation of the disease, then a reevaluation workup 
may be in order after 1 yr if therapy has not been successful. Often, these 
patients are extremely resistant to therapy and a repeat evaluation is necessary 
to ensure that occult disease has not been missed by the initial screening for 
organic disease. 

16.4. CAUSE 

The cause of IBS is unknown. 3a As knowledge in the field of gastroenterol
ogy increases, specific disease entities are identified that result in patients being 
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deleted from the category of IBS. At the present state of the art, there are three 
areas of investigation into the cause of this disorder: (1) Motility disturbances; 
(2) psychiatric disorders; and (3) dietary deficiencies or intolerance. 

16.4. 1. Moti lity Disturbances 

Basic normal motility can be summarized as follows. The basal electrical 
rhythm, which can be measured by placing an electrode in the wall of the 
intestine, originates in the duodenal bulb at the rate of 17 to 18/min and pro
gresses down the small bowel at approximately 19 to 20 cm/sec. Spike poten
tials, which signal a muscular contraction, recur intermittently. Eighty percent 
of contractions travel less than 3 cm. The basal electrical rhythm decreases as 
they descend the small bowel, so that there are approximately 12 to 13/min in 
the distal ileum. Segmentation is the main form of motility in the small bowel. 
It results as an interaction of the basal electrical rhythm spontaneously gener
ated by cells of the longitudinal muscle layer. Short propUlsive movements 
move chyme along the small intestine. Segmental movements appear to in
crease after feeding as propulsive movements decrease. Peristalsis is a progres
sive wave of contraction of successive rings of circular muscle. Distension of 
the small intestine usually causes a peristaltic reflex. First, the longitudinal 
muscle contracts, which is followed by a circular muscle contraction. The 
ileocecal sphincter is usually closed and represents a zone of elevated pressure 
approximately 4 cm long. Increased activity of the ileum usually occurs with 
increased gastric secretion. Gastric emptying may result in opening of the 
sphincter. This relationship is usually called gastroileal reflex resulting in co
lonic distention and the so-called gastrocolic reflex.4 

The basic myoelectric activity in the colon is less well understood than in 
the small intestine. Snape and associatesS demonstrated two types of basal 
electrical rhythm by means of bipolar electrodes attached to the mucosa of the 
rectosigmoid and rectal areas. There is a major component of approximately 6 
cycles/min and a minor component of 3 cycles/min. They found the 3 cycle/min 
activity present in 44% of patients with IBS compared to only 10% of normal 
subjects, and an increased colonic responsiveness to stimuli during the slow
wave activity. The myoelectric activity results in two types of motor activity, 
segmental contractions and mass movements.8 Colonic segmental contractions 
are normally present approximately 50% of the time and appear to be uncoordi
nated, non progressive, and non propulsive local contractions, which are in
creased by cholinergic stimulation and eating. They are usually reduced by 
anticholinergic activity. It is presently thought that segmental contractions 
slow down the passage of feces through the colon. Peristaltic or mass move
ments move feces along the colon and are stimulated by eating and the so
called gastrocolic reflex. 

Ritchie? has studied movement and pain threshold through the bowel. He 
describes multihaustral propulsion, which increases after a meal, but is greatly 
increased by the administration of carbachol,? as seen in cineradiography. 
Balloon distension of the pelvic colon clearly reveals that patients with IBS 
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have a lower threshold for pain.7 IBS patients feel pain at less distension and 
more frequently than other subjects.7 

Earlier studies employing telemetry capsules revealed that the motility of 
the intact human colon was intermittent rather than continuous and that the 
resting colon, both in ulcerative colitis and IBS, had decreased general activity 
with wave forms of lesser amplitUde and shorter duration than controls.8 They 
were unable to demonstrate any clear relationship of motility to pain.8 How
ever, Connell and associates9 studied contractions via three fine polyethylene 
tubes placed in the sigmoid colon and found a syndrome of abdominal pain 
associated with increased colonic motility after meals. They also found these 
patients had pain with a paradoxical slowing of movement of feces and referred 
to the syndrome of spastic colon, which is now synonymous with IBS.9 

The entry of food into the small intestine is one of the most important 
factors in initiating the colonic response to food and does not require the 
presence of the stomach, acid, gastrin, or vagal intervention,l° When pelvic 
colonic pressures are recorded before, during, and after meals, in patients with 
either nonspecific diarrhea or constipation, the patients with diarrhea have far 
less colonic activity than constipated patients.ll When pressure recordings are 
made during a meal, colonic activity markedly increases in diarrhea subjects, 
but not in subjects with constipation.ll When patients with IBS were fed a meal 
consisting of a roast beef sandwich and an ice cream milk shake, both colonic 
myoelectric and motor activity were increased compared to normal subjects.12 
Although anticholinergics do not effect the oasal state, they reduce the pro
longed postprandial colonic spike and motor activity in patients with IBS,12 
while cholinergic agents increase it. 13 

The above studies suggest that the IBS patient has an increased suscepti
bility to both segmental and mass movements as well as an increased sensitivity 
to colonic distension, meals, and cholinergic agents. These findings may ex
plain the symptoms of IBS. The questions that arise are whether they are 
secondary motility phenomena or primary in their origin. On the basis of the 
present information, Harvey14 has classified the clinical patterns into the fol
lowing categories: 

Clinical type 
Constipation 
Painless diarrhea 

Abdominal pain unrelated to food 
Abdominal pain related to food 

Motor abnormality 
Increased motor activity 
Decreased motor activity in fasting 

state, increased activity 
after meals 

Increased motor activity 
Increased motor activity at time of 

symptoms 

Increasing knowledge in the field of gastrointestinal hormones has been of 
help in better understanding the relationship of food to motor activity. Post
prandial motor activity is increased with the release of cholecystokinin or 
gastrin. The former is much stronger in its effect and the exact physiologic role 
of gastrin is still uncertain. uI ,18 When substances that release CCK are given, 
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there is a rapid increase in colonic segmental motor activity. When patients 
with IBS are given magnesium sulfate, which causes a significant release of 
CCK, they may develop an attack of classical abdominal pain associated with a 
marked increase in motility.17 When either CCK or pentagastrin are given to 
subjects with IBS while myoelectrical activity is measured, there is a similar 
marked increase in 3-cycle activity that is more prominent in IBS patients, S,18 
thereby implying CCK may be the mediator of the increased or abnormal motor 
activity noted in IBS subjects. 17 ,18 

16.4.2. Psychiatric Disorders 

Whenever the cause of a syndrome is not known and the symptoms are 
vague and not debilitating, then a psychiatric cause of the illness is suspect. 
The psychodynamics and psychophysiology of gastrointestinal symptomatol
ogyare extremely complex.1S The question that always arises in the clinician's 
mind is whether the gastrointestinal symptom precedes or follows emotional 
stress. All too often, the two cannot be separated and, in reality, are related. 
When IBS patients are standardized on the basis of psychologic tests for neu
rologic symptoms and compared to the general population samples as well as to 
patients with definite neuroses, they fall between the normal and the definite 
neurotic.20 In a careful study performed by Young and associates21 of 29 
outpatients with IBS, 72% had psychiatric illness, whereas only 18% of 33 
controls had any manifestation of psychiatric illness.21 It is difficult to draw 
conclusions from so few studies, but it does appear that patients with IBS have 
an increased number of neurotic symptoms that may be related to the cause or 
a result of the syndrome. 

16.4.3. Diet 

The third factor that may be important in the pathogenesis is the diet. IBS 
may represent a syndrome that has resulted from a deficiency of fiber in the 
diet. Other fiber-deficiency diseases have been discussed elsewhere. However, 
the recent increase in awareness of fiber deficiency has led physicians to rec
ommend it for a variety of unexplained symptoms. A British postal survey 
revealed that 90% of British gastroenterologists were using bran or a high-fiber 
diet for the treatment of IBS.22 Manning and associates22 fed both high- and 
low-wheat-fiber diets for 6-week periods to 26 patients with IBS and found both 
significant improvement in symptoms as well as an objective change in colonic 
motor activity while the subjects were on a high-fiber diet. They found subjec
tive improvement both in patients with diarrhea as well as those with constipa
tion. This work confirms the initial observation of Painter23 on the beneficial 
effect of bran on IBS as well as on diverticular disease. Piepmeyer24 conducted 
a 4-month trial in IBS using 8 to 10 rounded teaspoons of bran per day. Twenty
three of his thirty patients reported definite improvement, and 17 of the 23 
continued to use bran on a daily basis after the trial. Although most reports 
confirm the benefit of a high-fiber diet for IBS, there are some that question the 
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effectiveness of bran.25 Soltoft and associates25 performed a double-blind trial 
employing three biscuits that either contained placebo or 10 g of wheat bran for 
a 6-week trial period. He found that there was a greater improvement in symp
toms in the 23 patients in the placebo group versus the 29 patients in the bran 
group. He did not notice the well-documented laxative effect of bran and, 
therefore there is some question as to whether enough bran was eaten to have 
an effect in this study.25 From available data, it appears dietary fiber may play 
an important role in certain patients with IBS. 

16.5. MANAGEMENT OF IBS 

It is accepted that the management of IBS should first include a careful 
explanation to the patient of the physical basis of the symptoms.28 It is essen
tial for short- and long-term treatment that the patient understand the possible 
three causes, simple motility, and the effect of eating in order to control the 
symptomatology. I often take anywhere from 30 to 60 min to carefully explain 
the possible causes of the irritable bowel syndrome, trying to make the patient 
understand what intestinal motility is, how it can be modified either by drugs or 
diet, and above all, making every effort to elicit any psychologic factors that 
may be controlled. The prognosis varies tremendously. Some patients can be 
helped by merely reassuring them, whereas others require repeated trials of 
therapy. 

The following is an outline of management following patient education.2'1 
1a. If pain is the predominant symptom, then a trial of anticholinergics 

may be of help.12 
lb. In conjunction with, or in replacement of, anticholinergics, the high

residue diet should be tried.22-24 The diets employed may vary (see Chapter 20, 
diet 27). 

Ic. In lieu of a broad high-fiber diet, one can attempt to increase fiber 
immediately by the use of simple bran, as outlined in Refs. 22-24, or by 
psyllium seed. Bran intake should be started slowly. A rapid increase of bran 
intake can cause abdominal distention and pain. Patients should begin with 1 
teaspoon/day and work up to between 8 and 10 teaspoons/day. Some subjects 
cannot tolerate bran and would therefore have to substitute the high-fiber diet 
or another high-fiber substance that takes on water, such as psyllium seed. 
Anywhere from 2 to 6 teaspoons/day can have the same effect as bran. I have 
found that subjects with either constipation or diarrhea may benefit from the 
high-fiber or high-bran intake. 

2. If constipation is the predominant symptom alone, then high-fiber diets 
and high bran are indicated. A trial of these is in order first. However, it may be 
necessary to include an anticholinergic. The use of laxatives should be a last 
resort. 

3. If diarrhea is a predominant symptom, then high-fiber diets should be 
tried; if they fail, a more bland, soft diet is used. In these patients, it is often 
necessary to administer an anticholinergic or an antidiarrheal agent concomi-



THE IRRITABLE BOWEL SYNDROME 309 

tantly. Very often, these subjects have a hyperactive gastrocolic reflex and it is 
necessary to use the anticholinergic before eating or upon arising. 

If there is a strong implication of neurotic symptomatology, 21 then it may 
be necessary to seek psychiatric aid if reassurance is not helpful. In such 
subjects, it is necessary to prescribe an antidepressant agent if depression is 
obvious, or to use an antianxiety drug if there appears to be overt anxiety that 
must be controlled before reassurance and modification of diet can take effect. 

Treatment of the irritable bowel syndrome can be frustrating, but when the 
physician makes the effort to educate the patient, reassure the patient, and then 
work with the patient employing dietary management with or without anticholi
nergics or psychiatric assistance, the treatment can be most rewarding and the 
patient most appreciative.26 ,27 
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Gastrointestinal Allergy and Food 
Hypersensitivity 

17.1. DEFINITIONS 

17 

Allergy has been simply defined as altered reactivity, but to many it implies an 
adverse reaction that occurs due to the interaction of an antigen with antibody 
or lymphoid cellS.I,la Although there is tremendous interest, the clinical signifi
cance of gastrointestinal allergy and food hypersensitivity is uncertain, as the 
science of the field is in its infancy. The allergists have been inundated by 
patients who claim all sorts of symptoms from food intake and the art of allergy 
has responded with intermittent success, but the science of proving food hy
persensitivity has been limited. The only clinical situations that have been 
established as disease entities due to food hypersensitivity are cow's milk 
intolerance and gluten enteropathy. Although eosinophilic gastroenteritis is 
suspected of being related to food and hypersensitivity, the association has not 
been proven. There is no question humans must have numerous intolerances 
and hypersensitivities to foods, but much research has to evolve before the 
subject is understood in more detail. The following facts appear certain and 
may be of help in management of suspected gastrointestinal allergy or food 
hypersensitivity. It is important to make the distinction that gastrointestinal 
allergy refers to allergic responses that are manifest within the gastrointestinal 
tract, whereas food hypersensitivity may be a hypersensitivity state caused by 
the ingestion of food with symptoms occurring in the gastrointestinal tract, or 
at other target organs. 

17.2. PHYSIOLOGIC MECHANISMS 

Allergy implies either one of three responses: immunity, tolerance, or 
hypersensitivity. The classic gastrointestinal hypersensitivity reactions are of 
four types. 2 

Type 1 is the immediate or reaginic reaction, which may be of the anaphy
lactoid type and characterized by shock, vomiting, diarrhea, colic, urticaria, 
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severe bronchospasm, pulmonary edema, and possibly eczema. All or anyone 
of these may occur. The Prausnitz-Kustner reaction is a classic example of an 
anaphylactic reaction in food allergy. 19B antibodies are identified closely with 
reaginic activity. 3 1gB has been identified by radioimmunologic techniques to 
be specifically bound to constituents of foods.4 ,5 19B antibodies have been 
demonstrated against castor bean8 and ~lactoglobulin of milk. '1' Large numbers 
of 19B-containing lymphoid cells are present in the lamin~ propriae of the gut 
mucosa, and the apical portion of epithelial cells may also contain IgB.8 

Type 2 are cytotoxic reactions and little is known of their occurrence in the 
gastrointestinal tract.2 

Type 3 reactions produce the typica~ Arthus phenomenon. They result in 
immune complexes that fix complement and result in a fall in serum comple
ment. They are reported in collagen vascular disease and have been noted in 
milk allergy. Clinically, the response is delayed by approximately 8 to 12 hr 
after exposure and requires repeated stimuli to develop. These type reactions 
may be characterized by fever, leucocytosis, edema, hemorrhage, and necrosis 
following the administration of an antigen to a subject who already has the 
antibody. Several studies have indicated that this type of reaction may take 
place in the small intestine after gluten challenge in the celiac patient and after 
milk challenge in patients with hypersensitiyity to cow's milk.9 

Type 4 are classical cellular hypersensitivity reactions and are delayed by 
24 to 72 hr after exposure to the antigen. 2 

The process of gut hypersensitivity begins with an antigen crossing the 
mucosal barrier. Various large molecules and particles, mostly derived from 
food and the intestinal flora, can cross the intestinal epithelium.10-12 Using a 
scanning electron microscope, Owen and Jones13 have described an "N" cell 
of the mucosa characterized as having luminal surface microfolds rather than 
microvilli. These N cell processes form a latticework that allows lymphoid cells 
to approach to within 0.3 f.Lm of the intestinal lumen, while maintaining the 
integrity of the intestinal epithelium. It is suspected that these cells are respon
sible for the transport function of antigenic material into lymphoid tissue or for 
secretion of material into the lumen from lymphoid. tissue. 8 They thus become 
a gateway for the controlled presentation of antigens to the cells of the immune 
system.10 Antigenic absorption may also occur across the normal columnar 
epithelium, as can immunoglobulins in passive reactions. Proteins may be ab
sorbed whole, engulfed, or digested at the microvillus level (see Chapter 13).13 

As much as 5% of ingested protein can be found in the bloodstreaml4 ; bovine 
serum albumin can be absorbed directly into the blood. Antibodies to albumin 
occur in normal subjects, but with greater frequency in patients with inflamma
tory bowel disease. 15, 18 

Once an antigen crosses the mucosal barrier, it enters the submucosa, 
where abundant lamina propia plasma cells act as sources of IgA and 19B. The 
antigen may also reach the lymph node circulation, where lymphocytes act as 
sources of IgG and IgM. Antibodies produced by the plasma cells or lymphoid 
population may then circulate to other parts of the body. Hypersensitivity 
reactions then may occur locally at the site of antibody production, in the 
epithelial cells of the mucosa, or at distal target organs. 
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It is important to note that the bacterial flora of the gut is related to the 
development of the lamina propria plasma and lymphoid cell population. Germ
free animals have poorly developed immune systems, whereas conventional 
animals with a gut microflora have typical development. 9 It is also important to 
note that most foods seem to have little effect on the morphologic development 
of the intestine. Synthetic diets, which contain no antigens when used as a sole 
source of energy, cause the same development of the small intestine as com
plex foods. 9 

Once antigens cross the mucosal barrier, there is a possible protective 
relationship of IgA antibodies. This relationship may occur at the mucosal 
surface, as absorption of antigens is reduced in the presence of IgA.I0 It is 
postulated that an IgA-antigen complex is degraded by pancreatic enzymes, 
and that in clinical situations where IgA deficiency or pancreatic insufficiency 
exists, then~ is a greater susceptibility to food sensitivity because of a defect in 
this protective mechanism. 10 

In summary, antigens and proteins are now known to easily cross the gut 
mucosal barrier; once they enter, they are either inactivated by a defense 
mechanism involving the antibodies produced by the gut mucosa, or they stim
ulate the production of IgA, IgE, IgG, or IgM antibodies, which may result in a 
hypersensitivity reaction. 

17.3. CLINICAL MANIFESTATIONS 

Hypersensitivity reaction in the gastrointestinal tract may cause almost 
any gastrointestinal symptom-nausea, vomiting, diarrhea, pain, bleeding, an
orexia, or weight loss. There are no specific signs or symptoms. When food 
hypersensitivity causes systemic symptoms, it may be shocklike, as in an ana
phylaxis, or involve, more commonly, the skin, respiratory system, and, less 
commonly, other systems.2 ,17 Neurologic symptoms such as fatigue, hyper
reactivity, altered behavior, and headache are often blamed on allergy. How
ever, there is little good scientific evidence to substantiate these claims and 
much more work is needed in order to be certain food hypersensitivity causes 
neurologic symptoms. 

17.4. CRITERIA FOR IDENTIFICATION OF FOOD HYPERSENSITIVITY 

May and Bock17 include the following criteria to establish food as a cause 
of hypersensitivity. 

1. In symptomatic hypersensitivity, (a) any symptoms must be evoked in a 
double-blind food challenge, (b) sensitization must be demonstrated by either 
specific antibodies or skin testing reactions, and (c) other causes of adverse 
reactions to foods should be eliminated. 

2. In asymptomatic hypersensitivity, (a) there are no symptoms from a 
challenge, and (b) sensitization is demonstrable. 
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17.5. DIAGNOSIS 

17.5.1. Skin Tests 

No single test is available to make a diagnosis, but clinical sensitivity to 
foods and an etiologic relationship between reagents can be suspected when 
skin tests are strongly positive. IS Commercially available extracts of foods are 
reportedly reliable for specific identification of hypersensitive persons by skin 
reactions. 17-19 Some workers feel specific identification of hypersensitive per
sons can be accomplished when correct dilutions of the extract are used.17 
However, many clinicians feel there are numerous false positives with skin 
testing which cannot be relied upon as the only method for determining clini
cally significant food hypersensitivities. IS 

17.5.2. RAST (Radioallergosorpent Test) 

The RAST method can be used to detect reagents in serum. The test 
approximates the level of specific reagent antibody and it can be confirmatory 
for the same substances tested by skin reaction .19 

17.5.3. Food Challenge 

Proof should be obtained by a classic food challenge whenever the history 
or skin test implicates a food as the cause of a hypersensitive reaction. The 
suspected food is eliminated from the diet for at least 2 weeks prior to the 
challenge and then administered in a double-blind study fashion. It is difficult to 
mix the food with other foods and still mask it; therefore, experts prefer to 
place the food in No. 1 gelatin capsules, which can hold anywhere from 200 to 
500 mg of dried food. The capsules are administered with a meal. Depending on 
the degree of the hypersensitivity, anywhere from 20 to 1000 mg of the food is 
administered in a single dose and symptoms can be expected in anywhere from 
2 to 24 hr. If there is no symptom, then the dose can be doubled or increased as 
much as ten times, depending on the food substance. A failure to respond to 
8000 mg of dry food appears to rule out an immediate-type reaction to the 
food. 17,20 

Intermediate or delayed reactions are much more difficult to prove. How
ever, some authors feel that a reaction can occur as long as 7 days after 
administration and the patient should be observed on the restricted diet for this 
time. The double-blind test method ensures that there is no psychologic compo
nent to the reaction. Although the response may be dramatic, it is wise to 
double-blind test on the restricted diet with capsules that do not contain the 
suspected food so that one can be absolutely certain psychologic components 
to reactions are eliminated. Some authors feel the double-blind challenge 
should be attempted three times before a true food hypersensitivity can be 
accepted.17 However, all immunologic responses vary in intensity and time. 
Therefore, a symptomatic response can occur on one occasion that will be less 
or greater on another occasion. The clinician must assess the total picture. This 
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may be extremely difficult and caution and expertise are clearly needed in this 
field. 17-20 

17.5.4. Elimination Diets 

Elimination test diets are extremely difficult to use to identify suspected 
foods and require accepting a great deal of subjective evidence. As in all fields, 
when something is difficult to do, there are many varied ways to perform it. 

Rowe's21 method of using a cereal-free elimination diet for 7 days, fol
lowed by a fruit-free, cereal-free elimination diet for 7 days, is one acceptable 
method. If symptoms do not cease after the cereal-free diet, then the combined 
fruit-free, cereal-free diet is employed. If symptoms do not relent on either 
diet, then it should be maintained for 2 weeks. If the gross elimination diet is 
successful, then further breakdown of categories of foods is needed (see Chap
ter 20 for Rowe elimination diets). 

Before beginning a challenge regimen, it is wise to employ a hypoallergen
ic-type diet that excludes most common offending foods. 17 Such a diet is listed 
in Chapter 20. A patient can be begun on this type of elimination diet and then 
progressed to a more vigorous regimen, such as suggested by Rowe. There are 
numerous other types of elimination diets: Those that eliminate one group of 
foods at a time and then evaluate objective symptomatic changes, and others 
that eliminate several groups of foods at a time for anywhere from several days 
to a week in order to evaluate groups of foods. 

The following is an example of a simple, basic exclusion diet that permits 
some groups of foods and excludes others (modified from Ref. 13, pp 170-171). 

Permitted 
Fresh fruit and vegetables 
Fresh fruit juice 
Tea, coffee, sugar 
Rice 
Gluten-free bread 
Olive oil 
Barley sugar 
Tomor margarine 

Excluded 
Meat and poultry 
Eggs 
Milk and dairy products 
Tinned, frozen, and preserved food 
Bread, biscuits, cake, flour 

An example of a rotation elimination regimen is the following abbreviated 
list to illustrate a 4-week rotation diet in which different food categories are 
eliminated (modified from Ref. 13, pp 170-171). 

Food groups 

Cereals Rice 
Meat Lamb 
Vegetables Lettuce 
Fruit Oranges 
Fats Olive oil 
Dairy products 

Miscellaneous Salt 

Weeks 

2 

Ryvita 
Chicken 
Cabbage 
Apricots 
Margarine 

Syrup 

3 

Potatoes 
Beef 
Tomato 
Grapefruit 
Margarine 
Milk 

Jam 

4 

Carrots 

Cheese 
Milk 
Sugar 
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Plant families 

Apple-apple, pear, quince 
Buckwbeat-buckwheat, rhubarb 
Cashew--cashew nut, pistachio, mango 
Citrus-orange, lemon, lime, grapefruit, tangerine 
Cola nut--chocolate (cocoa), cola 
Fungi-yeast, mushroom 
Ginger-ginger, tumeric, cardamom 
Goosefoot-beet, spinach, Swiss chard 
Gourd-watermelon, cucumber, cantaloupe, pumpkin, squash 
Grass (grains)-wheat, corn, rice, oats, barley, rye, wild rice, brown cane sugar, molasses, bamboo 

shoots, millet, sorghum 
Heath-blueberry, cranberry 
Laurel--cinnamon, bay leaf, avacado, sassafras 
Lily-onion, garlic, asparagus, chives, sarsaparilla,leek 
Mallow-okra, cottonseed 
Mint-peppermint, sage, thyme, spearmint, oregano, basil, balm, bergamot, hoarhound, mar

joram,savory,rosemary 
Mustard-mustard, turnip, radish, horseradish, cabbage (and kraut), cauliflower, broccoli, brus

sells sprout, Chinese cabbage, collards, kale, watercress, rutabaga, kohlrabi 
Myrtle-allspice, clove, guava 
Nightshade-tomato, potato, eggplant, tobacco, red pepper, bell pepper, cayenne, paprika, pi

miento, chili pepper 
PaIm--coconut, date 
Parsley--carrot, celery, parsnip, anise, celery seed, cumin (comino), coriander, angelica, caraway 

seed, fennel, lovage, samphire, sweet cicily 
Pea (Legume)-pea, black-eyed pea, peanut, dry beans, green beans, soybean, lentils, licorice, 

tragacanth, acacia 
Plum-almond, plum (prune), peach, apricot, cherry, nectarine 
~strawberry, blackberry, raspberry, other bramble berries 
Sun8ower-lettuce, chicory, endive, artichoke, dandelion, salsify, sunflower seed, tarragon (rag

weed and pyrethrum are related inhalants) 
Walnut-walnut, pecan, hickory nut, butternut 

Plant foods without relatives 

These foods are not related to each other or to any other foods: banana, black (and white) pepper, 
Brazil nut, coffee, fig, gooseberry and currant, grape and raisin, hazelnut, honey, nutmeg and 
mace, olive, pineapple, sweet potato, tapioca, tea, vanilla, arrowroot, chestnut, chicle, elderberry, 
juniper, flaxseed, karaya gum, macadamia nut, maple sugar, New Zealand spinach, papaya, per
simmon, poppyseed, sesame seed, wintergreen. 

Mollusks-oyster, clam, abalone 
Crayfish-shrimp, crab, lobster, prawns 

Animal foods 

Fish-all true fish such as tuna, salmon, catfish, perch, etc. 
Birds--egg, chicken, turkey, duck, goose, pheasant, quail 
Mammals--cow's milk, beef, Iamb, goat's milk, pork, rabbit, squirrel, venison 

Chemicals and drugs 

Food color, sweeteners, fruit acids, flavors, aspirin, sulfa drugs, antibiotics, barbiturates, tranquil
izers, other drugs. 

a Model list used by Dr. Robert BiOndi. Material extracted from Speer F, Dockhorn RJ:AI1ergy and Immunology 
in Children. Springfield, III: Charles C Thomas, 1973. 
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The type of elimination diet depends on the clinician and the allergist 
treating the patient. Often, a clinician will vary the elimination diet depending 
on the history. Because much of the effectiveness depends on subjective symp
toms and a clinical evaluation, the type of elimination diet employed depends 
greatly on the individual clinician. 

Another approach to the elimination diet is the use of the elemental diet.24 
Galant and associates24 have shown that an elemental diet of synthetic nu
trients (Vivonex) can be tolerated as an elimination diet. In animal experiments 
the synthetic diet is not immunogenic. Of 14 patients followed carefully on 
Vivonex, no significant subjective improvement in allergic symptomatology 
was noted, although they did not get worse. The authors concluded that Vivo
nex can be used on an outpatient basis as an elimination diet, but more rigorous 
elimination regimens are needed in patients wh(} require hospitalization be
cause of suspected food sensitivity.24 

Table 17-1 lists foods according to their common families. 22 ,23 People 
allergic to one food are often allergic to related foods. The relationships of 
foods in plant families often govern their response. For example, someone 
allergic to peas might well be allergic to beans, which are in the pea family, but 
not to beets, which are in the goosefoot family. Table 17-1 categorizes foods 
roughly and the interested clinician is referred to other food texts for more 
detail.23 

Food additives have become a way of life since the development of rapid 
food processing and long-term storage of food. In Table 17-1 food additives are 
grouped under chemicals. Cartrazine is one of the most common additives and 
may be present in great amounts. Sensitivity to it may be cross-reactive with 
aspirin, or may occur alone.25 

It is important to remember that cooking may denature certain proteins so 
that people sensitive to uncooked food may not experience a sensitivity when 
the same food is cooked. 

In summary, a very careful history is important in first establishing the 
presence of food hypersensitivity. This must be followed by some form of skin 
testing, with or without serum studies, such as the RAST, and then confirmed 
by the double-blind food challenge, which appears to be the most accurate, or 
some form of an elimination diet regimen, which is more subjective and diffi
cult for therapeutic results. 

17.6. TREATMENT 

As May and Bock state, "If one is depressed by the seeming complexity of 
precise diagnosis of hypersensitivity to food, he may be cheered by the appar
ent simplicity of the treatment-avoid the food.,,)9.20 The patient truly allergic 
and suffering is greatly rewarded by the elimination of the offending food. A 
patient who is not suffering and cherishes the food more than relief of the 
symptom discomfort will often not comply with recommendations. Success is 
dependent on the motivation of the individual patient. Elimination of a single 
offending food is easy. However, when multiple food allergies are present, it is 
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difficult for the patient to follow a rigid, restrictive regimen and breaks in the 
therapeutic recommendation often follow, with resultant therapeutic failure. In 
such patients the prognosis is poor and they often turn to drugs for therapy. 

Hypersensitivity to food, in some persons, is occasionally gradually lost 
and they move from a symptomatic state to an asymptomatic hypersensitivity. 
This is seen in classic gluten enteropathy, where patients may have severe 
malabsorption for years and after extended therapy may begin to tolerate small 
amounts of gluten (see Chapter 13). 

The loss of hypersensitivity in some subjects suggests that desensitization 
for food allergies may be successful. However, this has proved so variable that 
most allergists do not suggest its use on a regular basis.1? Desensitization is far 
more successful for inhaled allergies than it is for food hypersensitivity. 

At the present state of the art, the offending food should be identified and 
then eliminated. Whenever there is an anaphylactic type of reaction, it must be 
permanently eliminated and food challenges contraindicated. 

Corticosteroids may be employed for the more seriously ill patient when 
drug therapy is needed. Antihistamines are usually of little help. In the anaphy
lactoid reaction, adrenalin must be used, followed by corticosteroid 
management. 

Sodium cromoglycate has had mild success in certain regimens but re
mains controversial for use in food hypersensitivity. 26-30 Initial studies re
vealed little success in preventing reactions,26 but one study showed adminis
tration of 50 mg before meals was able to prevent adverse reactions in 14 of 20 
patients.27 Others have shown immune complexes of food allergens and IgE 
could be decreased and attacks prevented by use of oral cromoglycate. 28 ,29 A 
study of children allergic to milk plus one or more other foods revealed 50 to 70 
mg of cromolyn given at meals afforded statistically significant protection 
against reactions.30 Conversely, in chronic reactions, a double-blind long-term 
study of subjects suffering from food-induced urticaria showed no difference 
between oral cromoglycate and placebo.12 Certainly, it is worth a trial in se
lected subjects, but it should not replace elimination of an antigen if possible. 

When food sensitivity is so severe that it hampers growth and develop
ment, or may cause malnutrition, then hospitalization may be necessary. In 
these cases, the use of intravenous feeding and, if necessary, TPN (see Chap
ter 19) may be needed. This is a very rare, but occasionally required, step in 
rehabilitating the severely allergic patient.2 

17.7. HYPERSENSITIVITY TO COW'S MILK 

Western societies use cow's milk as a major source of food. Throughout 
the world its use is varied. The variation depends on social, economic, and 
environmental factors as well as intolerance to substances in the milk. Lactose 
is the sugar found in cow's milk. A lactase deficiency results in lactose intoler
ance. The large majority of black and Asian peoples are lactase deficient and 
therefore tend to avoid any significant amounts of cow's milk intake. Mediter-
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ranean peoples are less deficient and Nordics appear to hav~ higher lactase 
levels and therefore tolerate large amounts of cow's milk (see Chapter 13 for 
lactose intolerance). 

The high cholesterol and saturated fat content of cow's milk may also have 
significance. Avoidance of milk for this reason is still controversial but may be 
of long-term benefit. Cow's milk can also pose a problem through food hyper
sensitivity. As discussed above, large protein antigens can easily cross the 
intestinal mucosa. Both IgE and IgA antibodies can be found in exclusively 
bottle-fed infants. Although most adults do not have circulating antibodies to 
milk protein, when systemic immunoglobulins are present, they represent true 
reactions that mayor may not have any pathologic significance.31 Serum of 
50% of those persons extremely sensitive and 30% of those moderately sensi
tive to milk has a heat-labile reaginic antibody that can confer passive cuta
neous sensitization in animals. Most of these people have IgE antibodies that 
bind radioisotope-labeled ~lactoglobulin, but it is not yet clear whether the 
allergy might result from IgE or IgO antibodies. However, it is clear that 
macromolecules can cross the intestinal barrier and can produce an immuno
logic responsive food hypersensitivity to cow's milk. Eastham and Walkers1 

point out that the normal systemic response to cow's milk protein usually 
progresses from one of a responsiveness on an immunological basis in infancy 
to one of unresponsiveness or tolerance in adult life.31 The mechanism is 
extremely complex, but its importance is further emphasized by the demon
stration that infant colic can be cured by removing cow's milk from the diet of 
breast-feeding mothers.33 

The estimates of the incidence of cow's milk hypersensitivity range from 
0.1 to 8% of the population. When rigid criteria are employed, the incidence is 
felt to be approximately 0.5%. The criteria for establishing sensitivity are diffi
cult because there may be a delayed response and some of the sensitivity is 
subjective. 

Seventy-five percent of reported sensitivities occur in the first 2 months of 
life. In one series, 41% developed symptoms within 7 days of exposure. I have 
observed an apparent milk-induced colitis in a premature infant, and ulcerative 
colitis has been reported due to milk protein when rigid criteria and challenges 
have been followed.34 

A severe malabsorption syndrome with jejunal mucosal damage has been 
described.35 Although there are reports of normal mucosa in association with 
cow's milk intolerance, Kuitinen and colleagues35 report 54 infants with a 
malabsorption syndrome they felt due to cow's milk intolerance. All had diar
rhea, failed to thrive, and laboratory investigations revealed malabsorption, 
increased serum IgA, and precipitants to cow's milk. In approximately 50%, 
the jejunal mucosa revealed a loss of villi. Their patients did well on human 
milk but reacted clinically to cow's milk challenge. As observed in other stud
ies, the cow's milk intolerance disappeared at about the age of 1 yr. Approxi
mately 80% of the children had no evidence of malabsorption at that time, but 
only 30% had a normal mucosal biopsy. Many of their patients developed 
intolerances to other foods and several were followed on a subsequent gluten-
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free diet. On their final evaluation, 12% had subtotal villus atrophy and they 
concluded that those were celiac patients and not simple milk intolerance. They 
concluded that malabsorption due to milk intolerance is a definite entity, but it 
must be differentiated from gluten enteropathy. 35 The syndrome of milk malab
sorption appears to be transient, whereas most gluten enteropathy subjects 
appear to have the disease for longer periods of time and are not greatly 
improved until gluten is removed from the diet. Prior to Kuitinen and col
leagues' publication, an abnormal mucosa due to milk intolerance in children 
was established.38,3? Confirmatory observations are needed to definitely estab
lish cow's milk as a cause of malabsorption. 

Because there is a wide overlap between normal controls and subjects 
suspected of cow's milk intolerance, the diagnosis is often difficult to make.31 
When the intolerance affects a child's growth and development, then cow's 
milk should be eliminated and a substitute obtained. In selected cases, there 
may be no substitute for human milk. Much more work is needed in this field 
that may well yield information in our understanding of all food intolerances 
and human immunologic reactivity to foods. 

17.8. GLUTEN ENTEROPATHY 

From the present state of knowledge, the malabsorption syndrome that 
results from gluten sensitivity appears to be a food hypersensitivity reaction. 
The exact cause, whether it be a mucosal enzyme deficiency or a hyperreactiv
ity, is not clearly understood. However, there is no question that removal of 
gluten from the diet does cure these patients. Details of the disease and its 
pathophysiology are discussed in Chapter 13, but it is important to point out 
here that refractory sprue may be due to other protein reactions.38 When the 
celiac does not respond easily, then other allergies should be investigated. 

17.9. EOSINOPHILIC GASTROENTERITIS 

There are two clinical entities frequently referred to as eosinophilic gas
troenteritis, but they are clearly different. Eosinophilic granuloma forms a 
mass lesion either in the pylorus or upper small intestine and can present 
acutely as a surgical abdomen,39 whereas eosinophilic gastroenteritis is a dif
fuse gastrointestinal lesion and can be diagnosed easily by peroral small-bowel 
or gastric biopsy.4o-42 In 1970, Leinbach and Rubin43 reported a 24-year-old 
man with a peroral biopsy diagnosed as eosinophilic gastroenteritis whom they 
studied for a 2.5-yr period while performing extensive biopsies of the small 
bowel. Their patient had the classic symptoms of nausea, vomiting, and ab
dominal pain after eating, and laboratory evaluation revealed peripheral eosi
nophilia and, what is less commonly noted, steatorrhea and hypoalbuminemia. 
They also were able to document a protein-losing enteropathy. Biopsy studies 
revealed a patchy infiltrate throughout the small bowel. The infiltration varied 
from area to area. When the patient was treated with a diet free of animal 



GASTROINTESTINAL ALLERGY AND FOOD HYPERSENSITIVITY 321 

protein, he had a dramatic clinical improvement, but unfortunately the peri
pheral eosinophilia persisted and symptoms returned, although he supposedly 
was maintained on an elimination diet. They challenged their patient repeatedly 
with different foods and their final conclusion was that eosinophilic gastroen
teritis was not a simple reversible allergic reaction to specific foods but a self
perpetuating process that is aggravated by different foods. 43 

Caldwell and associates44 studied another patient with the histologic pic
ture of eosinophilic gastroenteritis and found increased IgE, atopy, severe food 
sensitivity, protein-losing enteropathy, iron deficiency anemia, and growth re
tardation.44 They compared their patient to controls with no atopy, but eosino
philic enteritis, and concluded that there are two forms of the disease, their 
patient having the form that exhibits an intestinal reaginic mechanism. 

Thus, the cause of eosinophilic gastroenteritis is still uncertain, although it 
is often accompanied by systemic allergic manifestations. The classic clinical 
picture is one of abdominal pain with nausea and vomiting. The peripheral 
eosinophilia IS a hint of the diagnosis, which is confirmed by simple peroral 
mucosal biopsy. Most of these patients do extremely well. In the present state 
of the art, elimination diets, food challenge, and skin testing have not deline
ated any definite food hypersensitivity relationship. However, most clinicians 
following these patients do feel that response is due to some allergic phenome
non, although a clear demonstration of the allergen cannot be made, as evi
denced in the case followed so closely by Leinbach and Rubin.43 

Once the diagnosis of eosinophilic gastroenteritis is made, the patient will 
often respond to corticosteroid therapy. The response is often dramatic and the 
course of therapy can be short. If symptoms recur, then corticosteroids can be 
reinstituted. When there is associated gastrointestinal bleeding or protein-los
ing enteropathy, there may well be involvement of the stomach.42 These pa
tients have to be followed more closely and perhaps given a more prolonged 
course of corticosteroids. 
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Methods of Nutritional Treatment 
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Enteral Alimentation 

18.1. METHODS OF NUTRITIONAL SUPPORT THERAPY 

Natural foods are the best method of supplying energy and basic requirements 
to humans. In disease states, however, patients may not be able to ingest, 
assimilate, or absorb enough nutrients from foods to maintain body weight or 
vital functions. Then supplementation of nutrients is necessary. Our under
standing of diet support for maintenance or therapy has advanced greatly dur
ing the past decade. 

Diet supplementation may be administered through several routes: 
} 

1. Orally or via tube into the gut-enteral alimentation 
2. Intravenous 

a. Peripheral vein 
b. Central venou~otal parenteral nutrition (TPN) 

Several questions should be answered before a patient is placed on dietary 
supplementation. Can the patient tolerate oral feedings? How long will dietary 
supplementation be necessary? From what point in nutritional status does the 
patient begin his illness? Does the patient have a large energy store? Will the 
bowel have to be rested? Can it tolerate bulk? And will long-term high-energy 
requirements by necessary? Whenever a patient can eat, or foods can be in
stilled into the stomach, it is preferable to let natural gastrointestinal mecha
nisms do their job to maintain nitrogen balance. When this is not possible, 
intravenous or central venous therapy is needed. The determination must be 
made for each individual patient, depending on the disease state, energy re
quirements, and the time they will be needed. 

18.2. ENTERAL ALIMENTATION 

With the development of modem blenders, it is possible to liquefy almost 
all foods so that they can be ingested in a liquid form. With the physician's 
attempt to control the patient's intake better and simultaneously simplify the 
absorption of foods, a whole host of more defined liquid diets have been 
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developed. When the liquid diet contains protein in the form of prepared amino 
acids, in addition to other easily digestible mono-, di-, or oligosaccharides, 
minerals, and vitamins, the formula is referred to as an elemental, or chemi
cally defined, liquid diet. 1 The major difference between elemental diets and 
liquid foods is the elimination of fiber and fats from the elemental diet. As the 
science of supplemented diet therapy advanced, fats were added to selected 
elemental diets. There has been no significant recent work to compare and 
define the fiber and fat substances in elemental diets. Although liquefied foods 
have been used extensively in the past, the recent interest in elemental diets 
has arisen because of our ability to define the contents of these diets more 
accurately.2,3 

Credit is usually given to Rose,4 who in 1949 demonstrated humans could 
be maintained in a positive nitrogen balance on simple defined liquid nutrient 
materials.s In the 1960s, through the efforts of Greenstein and colleagues,8-s 
Winitz and colleagues,B,lO and Bury and colleagues,ll chemically defined diets 
were introduced, used in experiments in space laboratories, and finally aggres
sively produced for clinical application. The diets were water soluble and con
tained simple amino acids. They were shown to support normal growth in 
animals and man.! 

Progress in the use of elemental diets has led to their having the following 
properties. (1) They are liquid; (2) they are free of any fiber and indigestible 
long-chain polysaccharides; (3) the protein content is in the form of synthetic 
amino acids, protein hydrolysates, or pure protein food; (4) they are usually 
high in oligosaccharides and mayor may not contain simple sugars; (5) they 
usually contain no fats, but may have medium-chain triglycerides added; (6) 
they mayor may not contain small amounts of essential fatty acids to prevent 
fatty acid deficiency; (7) they mayor may not contain vitamin and mineral 
supplements; and (8) they are usually acidic and hypertonic. 

The less hypertonic, or conversely the more isotonic, supplements usually 
contain more fats and are protein-electrolyte balanced to be more isotonic. 

The main characteristic of elemental diets is easy absorption from the 
proximal gut. Thus, the energy-needy patient is supplied a high-energy nutri
tious source. Because of the lack of fiber in these diets, the stools will become 
scanty and less than half that of the usual constipated patient. This in itself is a 
major advantage in treating certain conditions, but in others, where it will be 
important to maintain bowel function, it can be a disadvantage; in such cases, 
liquefied fiber-containing food should be considered rather than an elemental 
diet. Of course, one can maintain complete control by adding fiber to the 
elemental diet and that can be accomplished by adding bran, psyllium seed, or 
maize. Naturally, the other properties of these fiber substances have to be 
considered while the patient is being treated. 

Studies of the effects on gastrointestinal physiology of chemical diets re
veal there is increased gastric secretion12 and probably decreased enzyme se
cretion by both the pancreas and the intestinal mucosa,13 and some possible 
alterations in the intestinal microftora. 14-l8 There is no question that the ftora 
must be affected by elimination of bulk from the diet, but the significance of 
these changes and the exact effect on host metabolism has yet to be demon-
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strated. Although systemic changes such as decreased blood pressure, a fall in 
serum lipids, and hypoallergic effects for the diets are claimed, these have been 
little studied and need more clinical evaluation. 

18.2.1. Indications 

The following outline of Shils and colleagues17 lists the clinical problems 
for which they use oral and tube feedings. 

Inborn errors of metabolism 

Gastrointestinal disease 
Ulcerative colitis 
Granulomatous bowel disease 
Chronic partial obstruction 
Malabsorption syndromes 
Short-bowel syndrome 
Infantile diarrhea 
Fistulas 
Pancreatitis 

Renal failure 

Hypermetabolic states 
Severe trauma 
Major burns 

Incidental uses 
Preoperative bowel preparation 
Nonallergic food source 
Food supplement 
Toilet management problems 
Protection of bowel mucosa against damaging agents 
Feeding of premature infants 
Feeding of anorectic patients 

There is general agreement that using liquefied foods and elemental diets 
may be helpful, but they are no panacea, and very careful consideration should 
be given to their long-term use. I find that most clinicians tend to use the diets 
short term with an inadequate trial, and then from frustration go on to another 
form of therapy. The patient must be carefully selected, the proper course 
outlined, and the diet meticulously introduced; then, and only then, has the 
therapy a chance of succeeding. 

18.2.2. Enteral Alimentation Formulas 

It is almost impossible to list all of the formulas on the market today. 
Tables 18-1 through 18-4, modified from Shils et al.,17 list those commonly 
used. 



330 CHAPTER 18 

Table 18-1. Hydrolyzed Protein-Lactose Fiber-Free Formulasa•b 

F1exieaY Nutramigend PregestimiI" 
(Mead Vivonex" Vivonex HNc (Mead (Mead 

Johnson) (Eaton) (Eaton) Johnson) Johnson) 

Protein(g) 22.4 20.4 45.6 32.5 32.5 
Source Hydrolyzed Crystalline Crystalline Hydrolyzed Hydrolyzed 

casein amino acids amino acids casein casein 
Amino acids 

Fat (g) 34.0 1.4 0.9 39.0 41.0 
Source Soyoil 27.4 Saftlower oil Saftlower oil Corn oil MCT 36.6 

MCT 6.6 Com oil 5.2 

Carbohydrate (g) 154.0 226.3 202.4 130.0 130.0 
Source Sugar 100.9 Glucose oligo Glucose oligo Sucrose 93.6 Glucose 91.0 

Dextrin 48.4 saccharides saccharides Tapioca Tapioca 
Citrate 4.7 starch 36.4 starch 39.0 

Volume to give 
1000 keal 1000 1000 1000 lSOO lSOO 
Minerals 

Calcium (mg) 600.0 443.3 266.6 945.0 945.0 
Phosphorus (mg) 500.0 443.3 266.6 705.0 705.9 
Magnesium (mg) 200.0 194.3 116.7 111.0 111.0 
Iron(mg) 9.0 5.6 3.3 18.8 18.8 
Iodine (/-Lg) 75.0 SO.O 48.0 72.0 72.0 
Copper(mg) 1.0 1.1 0.6 0.9 0.9 
Manganese (mg) 2.5 1.6 0.9 1.7 1.7 
Zinc(mg) 10.0 6.9 3.7 6.3 6.3 
Sodium (meq) 15.2 37.4 33.5 21.0 21.0 
Potasium (meq) 32.0 30.0 18.0 25.5 25.5 
Chloride (meq) 35.2 50.8 52.4 19.5 19.5 

mOsm/kg 723 500 850 443 590 

Volume needed to meet 
lOO'lI> RDA induding 
vitamins (ml) 2000 1800 3000 

aFrom Shils et al. 11 

bList and contents subject to change at the discretion of the manufacturer. 
cSolution yields approximately 1 cal/ml. 
dlnfant formulas. 

Table 18-1 includes diets in which hydrolyzed protein material is used. 
These are also lactose free but usually of rather high osmolality, and they may 
cause nausea or diarrhea. They are also referred to as monomeric and have the 
uniqueness of being virtually fiber free. IS 

Table 18-2 lists the elemental diets whose protein content is supplied by an 
intact or whole protein. Most of these are also relatively fiber and lactose free. 
Because of their low osmolality (350 mOsm/kg), I have found these better 
tolerated. Ensure has excellent palatability, and patients tolerate Isocal well. 

Table 18-3 lists diets that may have some residue and the protein supply is 
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from foods. These diets usually hilVe a moderate amount of lactose. Because 
these contain liquefied foods, they may not be as effective in "resting the gut" 
and some may actually contain unreported amounts of fiber. 

Table 18-4 lists nutrient supplements and their therapeutic uses. Those 
such as medium-chain triglycerides have been useful; many others are mar
keted but have not proven helpful. 

Medium chain triglycerides can be absorbed in the absence of bile acids 
and pancreatic lipase, transported across the intestinal epithelium, and passed 
rapidly through the portal circulation. They are rapidly oxidized in the liver 
and, consequently, can become an important source of energy for patients who 
have difficulty in absorbing long-chain triglycerides. Patients who have diffi
culty in absorbing fats may benefit from taking medium-chain triglycerides. It 
may also be of great help in subjects who have defective ehylomicron forma
tion, i.e., i3-lipoproteinemia. 

The product comes as an oil and can be added to salads and foods and used 
in cooking (see Chapter 20). We have found this helpful at times for subjects 
who had difficulty in maintaining adequate caloric intake because of poor fat 
absorption. It can be used for extended periods, but patients often tire of using 
it. While used, it will help maintain nutrition and often helps a patient through a 
difficult period of malabsorption.19-21 

18.2.2.1. Choice of Formula 

A large number of claims are made for each product by each of the manu
facturers, and all appear to have publications by various authors to substantiate 
some of their claims. Needless to say, these are most confusing and there is no 
clear pattern in the literature. At the present time, consideration must be given 
to the disease situation to determine the type of supplement needed. 

The most natural product tolerated is the best to use. Formulas listed in 
Table 18-3 use more food extracts than the chemical formulas, but they contain 
high amounts of lactose, and patients intolerant to lactose will usually develop 
some diarrhea. 22 When this becomes a difficult problem, a formula low in 
lactose listed in Tables 18-1 or 18-2 can be used. Lactose intolerance can be a 
major problem, especially when one has a disease involving the small intestine. 
In all instances, careful consideration should be given to the individual patient 
and disease process. Certainly, whenever diarrhea follows the institution of 
one of the diets that does contain lactose, then it should be changed in a clinical 
trial. 

Heymsfield and associates18 have roughly classified the formulas into (1) 
monomeric-thin-Iow residue (Table 18-1), (2) polymeric-contains lactose or 
fiber and requires more active digestion (Table 18-2), and (3) "high-density"
more concentrated mixing. On the basis of this functional classification and 
their clinical experience, they recommend the following selections. 

This author's experience correlates well with those recommended in Table 
18-5, but there are great variations in individual taste and gut function. When a 
trial with one formula fails, another may succeed. 
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Table 18-4. Liquid 

Lipomul-Oral Liprotein LoIenalac Lonalac 
(UpjoOO) (UpjoOO) (Mead J oOOson) (Mead J oOOson) 

Protein(g) 0.1 82.7 32.5 53.0 
Fat(g) 111.1 64.3 39.0 54.7 
Carbohydrate (g) 1.1 22.1 130.0 74.2 
Sodium (meq) 2.90 8.00 21.00 1.70 
Potassium (meq) 0.09 42.46 25.50 48.08 
Amount needed 166.7ml 183.7 g 1500ml 1500 ml 
to give 1000' kcal liquid drywt standard standard dilution 

dilution gdry wt 
or 1969m 

drywt 
Fat source Calorie source Low phenyl- Low-sodium, 

alanine high-protein 
formula source 

Amin-Aid Cal-Power Casec Cb~Free 

(McGraw) (General Mills) (Mead Johnson) (Syntex) 

Protein (g) 9.4 0.6 237.6 46.9 
Fat(g) 31.7 0 5.4 91.3 
Carbohydrate (g) 168.8 272.0 0 0.5 
Sodium (meq) 2.88 2.39 6.00 41.34 
Potassium (meq) 2.88 0.70 2.10 59.21 
Amount needed 213g 550g 270.0g 1304m1 
to give 1000 kcal dry wt or liquid drywt undiluted 

489ml 
standard dilution 

Use Formula for renal Carbohydrate Protein source Low-carbo 
failure therapy source hydrate 

formula 

aFrom Shils et al." 
bList and contents are subject to change at the discretion of the manufacturer. 
C All values based per 1000 kilocalories. 
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Supplementsa,b,c 

Lytren MCTOIL Pedlayte Polycose Probana Sumacal 
(Mead Johnson) (Mead Johnson) (Ross) (Ross) (Mead Johnson) (Hosp. Diet Prod.) 

0 0 0 0 60.0 0 
0 120.5 0 0 32.0 0 

253.0 0 250.0 235.0 118.0 250.0 
100.00 0 150.00 12.00 40.50 10.40 
83.30 0 100.00 0.30 46.50 1.15 

268g 120.5 g 5000ml 250.0g 1500ml 360ml 
dry wt or liquid liquid drywt standard liquid 
3333 ml dilution 

standard dilution 

Calorie & Medium-chain Calorie & Oligo- High-protein Concentrated 
electrolyte triglycerides electrolyte saccharides banana powder carbohydrate 

source source formula for celiac source & low 
condition & diarrhea electrolytes 

Citrotein Controlyte dp High p.e.r. Protein EMF Gevral Hy-Cal 
(Doyle) (Doyle) (General Mills) (Control Drugs) (Lederle) (Beecham-Massengill) 

60.5 Trace 206.0 250.0 170.9 0.1 
2.6 48.0 10.0 0 5.7 0.1 

184.2 143.0 21.0 0 66.8 244.1 
45.80 1.30 22.40 53.00 18.57 2.41 
26.80 0.20 9.90 5.10 3.65 0.07 

263.4g 198.0g 258g 500ml 284.8g 407ml 
drywt drywt drywt liquid drywt liquid 

Calorie Low-protein, Protein supple- Protein Protein--calorie Carbohydrate 
supplement low-electrolyte ment&low source supplement source 

calorie source electrolytes 
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Table 18-5 

Clinical status Recommended enteral solution a 

Normal gastrointestinal tract Isocal 

Normal metabolic rate Ensure 

Inability to eat (cerebrovascular Precision Istonic (lower cost, nearly isotonic) 
accident, anorexia, oropharyngeal 
or esophageal surgery) 

Increased metabolic rate Large quantities of Ensure 

Normal gastrointestinal tract Add Polycose to Isocal 

Abnormal gastorintestinal tract 
(pancreatic insufficiency, short
bowel syndrome, enterocutaneous 
fistual, inflammatory bowel 
disease) 

·See Tables 18-1 and 18-2. 

Ensure Plus (greater concentration of kilocalories) 

Precision HN (increased protein content) 

Vivonex 

VivonexHN 

Flexical 

18.2.2.2. Method of Administration 

Liquid formula diets are administered via three routes: oral, tube, and 
ostomy (gastric or jejunal). 

The oral route is preferred as long as a patient can swallow and follow 
instructions, there is no obstruction of the upper gastrointestinal tract, and a 
compatible formula is available. It is relatively easy to establish the first three 
criteria by clinical observation, but it is often difficult to find a formula a patient 
will drink 2 to 3 liters of daily. Failure in the use of the oral route occurs most 
frequently because of the sheer boredom of having to drink the same fluid 
repeatedly, or because of a taste incompatibility. When a patient can tolerate 
the oral route, it is still most efficient, but frequently one of the tube techniques 
must be used if enteral hyperalimentation is to succeed over a long period of 
time. 

Tube feeding can be accomplished by positioning a thin nasogastric tube in 
the stomach or duodenum. Several successful methods are reported.23-31 All 
employ the same principle. A fine catheter-type tube is passed through the nose 
into the nasopharynx. Because it is soft and thin, it must be made more firm by 
attaching it to a larger Levine tube and wedging the ends into a dissolvable 
gelatin capsule so that the Levine tube can be removed,23 or by using a more 
expensive, mercury-weighted special tube. 18,24,25 (These are available from 
Bioresearch Medical Products, Inc., Raritan, N.J., or Keofeed, Hedeco Corp., 
Palo Alto, Calif. The latter is a silicone tube.) Others have used a stylet, and 
others merely a No. 5 or No. 8 French cold stiffened pediatric feeding 
tube.29-31 I have found the silicone tubes most compatible when they can be 
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used. Once the tube is in the nasopharynx, it is then passed by having the 
patient swallow a few sips of water. At times, it is necessary to use pressure. 
Once past the epiglottis, the tube drops into the stomach. This position can be 
determined by listening to an air injection over the stomach. The tube then can 
be localized in the duodenum, if desired, by X-ray. Once the tube tip is in 
place, it is taped to the side of the face or forehead for comfort. Catheter and 
tube lengths range from 24 to 36 in. 

Vivonex, Isocal, and Flexical23-31 flow freely through the thinnest tubes. 
The rate of flow can be controlled by an infusion pump, or more simply by 
hanging the bag container at 2 to 3 ft above the level of the head. If the tube is 
thin, the flow rate is naturally safely limited. The catheter can be disconnected 
from the container at any point, but it may be necessary to run it through the 
night in order to administer the required amount. It is best to keep a constant 
flow rate than distend the stomach. Thicker formulas may plug or cling to the 
tubes; therefore, it is wisest to use one of the thinner formulas if the tube is 
difficult to change. Frequency of tube change will vary greatly depending on 
the cleanliness and compatibility of the individual. 

Gastrostomy and jejunostomy permit the feeding of more complex liquid 
diets. If the patient has a normal, functioning intestine, then blended foods may 
be optimal. Once a feeding ostomy is functioning, the only diet limitations are 
the presence of disease caudad. If blended foods are too difficult to prepare, 
formulas in Tables 18-3 and 18-4 can be employed. 
18.2.2.3. Complications 

Elemental diets are relatively free of complications when administered 
orally. The problems that arise are nausea, vomiting, or diarrhea. The diarrhea 
may often be due to a lactose intolerance; consequently, a switch to a nonlac
tose diet is important. However, diarrhea may be due to the hyperosmolar 
effect of the solution or too rapid intake. The nausea and vomiting are often 
also due to the hyperosmolar solution. In these cases, the patient rapidly ex
presses dissatisfaction with the diet. At times, nausea can be related to the 
boredom that occurs with such a diet or the unpleasant taste experienced by 
certain patients. In these instances, the patient should be encouraged to sip the 
drink instead of gUlping it down. At no time should he be forced to take more 
than a glass of the liquid. It often helps for it to be placed on ice rather than to 
be drunk at room temperature. At times, diarrhea may be corrected by careful, 
slow infusion-pump administration. 

Elemental hyperalimentation via tube has few complications that cannot 
be managed by manipUlation of the formula. Heymsfield and colleagues1S have 
estimated the frequency of complications. Table 18-6 lists suggested alterna
tives to correct problems. Only hyperosmolar coma or an erosive ulcer requires 
discontinuing therapy. 

Weight gain is the goal, but edema must be guarded against. Small amounts 
are no problem except to the cardiac patient. Edema occurs transiently as 
proteins are repleted. Elemental diets appear to produce less fluid retention 
than TPN. 32,33 it is well to point out that amino acid diets induce more fluid 
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Table 18-6. Frequency and Management of Complications of Enteral HyperalimentationQ 

Type of 
complication 

Frequency 
(%) Therapy 

Mechanical 
Tube lumen Infrequent (10) Flush with water; replace tube if unsuccessful 

clogged by solution 
Pulmonary aspiration of 

stomach contents 
Esophageal erosion 

Gastrointestinal symptoms 
Vomiting and bloating 

Diarrhea and cramping 

Metabolic, fluid, and 
electrolyte abnormalities 

Hyperglycemia and glucosuria 
Hypersomolar coma 
Edema 

Congestive heart failure 

Hypematremia, hypercalcemia 
Essential fatty acid 

deficiency 

Rare (I) 

Rare (1) 

10-15 

10-20 

10-15 
Rare (I) 
20-25 

1-5 

5 
Commonb 

a Modified from Heymsfield et al. 18 

b If enteral feeding mixture lacks linoleic acid. 

Unlikely with head of bed elevated; 
discontinue if aspiration occurs 

Discontinue tube 

Reduce flow rate and add peripheral 
hyperalimentation if needed 

Reduce flow, dilute solution, 
consider different type solution, add 
antidiarrheal drug, use infusion pump 

Reduce flow, administer insulin 
Discontinue therapy 
Usually none; may reduce Nacontent or slow 
hyperalimentation rate; rarely use diuretics 

Slow hyperalimentation, administer diuretics 
and digoxin as indicated 

Adjust electrolyte content of hyperalimentation 
Add linoleic acid supplement 

secretion into the gut than peptide diets.34 It is not clear how this relates to 
edema, but it may be helpful in the management of diarrhea.34 

The best way to prevent complications is to observe the patient carefully. 
Pulse, blood pressure, signs of edema, and urine for glucose and electrolytes 
should all be checked. The mechanical complications are obvious if checked 
and simple laboratory tests aid in evaluating the metabolic problems. 

18.2.3. Treatment of Fistulas of the Gastrointestinal Tract 

This is an area of success for elemental diet therapy. The patient with a 
fistula gets complete lower-bowel rest while adequate nutrition is taking place. 
It is the same physiologic approach as bypass surgery for the healing of a 
fistula. 

One of the goals of elemental diet therapy is to decrease the number of 
bowel movements in subjects with fistulas or inflammatory bowel disease. A 
comparison of three formulas (Vivonex, Flexical, and Precision LR-Tables 
18-1 and 18-2) reveals all effectively decrease stool weight and number in 
volunteers, but Vivonex and Flexical are more effective than Precision LR.41 



ENTERAL ALIMENTATION 341 

(See discussion on types of formulas for more detail on choice of diet 
supplements.) 

Fistulas that involve the upper small bowel do poorly with this therapy. 
The elemental diet increases secretion in the duodenum and requires the je
junum for absorption. Fistulas of the lower intestine do best. Analysis of some 
reports from several institutions35- 39 indicates that there may be an overall 
spontaneous fistula closure rate of as high as 70% of patients treated with 
elemental diets. The mortality in this group may be as high as 50%, with deaths 
frequently occurring in disease outside of the gastrointestinal tract. Others 
have had less success and conservative opinion feels the benefit of elemental 
diets is still open to question.40 . In a cooperative patient who can tolerate the 
diet well, it should be considered as one of the first forms of treatment. As it 
has been one of the most successful areas of diet therapy, it certainly should be 
tried in the patient who is a poor risk for surgery. 

18.2.4. Treatment of Inflammatory Bowel Disease 

Successful use of fiber-free elemental diets has now been reported in 
ulcerative colitis, Crohn's disease involving the small and large intestines, and 
diverticular disease. 42- 45 These reports have been sporadic and there is no 
study on a large number of patients. In most studies, the supplemental diets 
have been effective and helpful in managing complications of inflammatory 
bowel disease, such as intractable diarrhea, poor nutrition, and fistula. Total 
parenteral nutrition also has been successful and used more often in seriously 
ill patients (see Chapter 19). The elemental oral diets are reserved for those less 
ill, and as a consequence, a question always arises whether these patients 
would have done well on less rigorous restrictions. In any event, the diet is 
indicated to restrict bulk and consequently rest the bowel. This is described as 
a so-called "medical ostomy. "1,46 The patient who can tolerate elemental diets 
has a good source of nutrition during an acute exacerbation of the disease. If 
the oral method fails, then one can turn to TPN. During diet therapy, other 
accepted forms of therapy for the disease, such as sulfasalizine and steroids, 
naturally are indicated. 

18.2.5. Treatment of Malnutrition and Maldigestion 

Because the elemental diets require little digestion, they may be helpful in 
patients with a disturbance in their digestive processes; specifically, in aiding 
absorption in the patient with chronic pancreatic insufficiency, maintaining the 
patient with a short-bowel syndrome, and in sustaining the debilitated cancer 
patient. Patients receiving chemotherapy and/or radiotherapy that effects the 
gut may be maintained in positive nitrogen balance if they tolerate these 
diets. 17 ,47-49 

Uses of oral elemental diets in nondige~tive disease have been reviewed by 
others. 1,3,17 There appears to be a definite benefit in selected cases of phenyl
ketonuria and in selected patients with severe burns and trauma. In addition, it 
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may be beneficial in selected infantile diarrheas and anorectic children. l ,17 The 
significance of preoperative use and helping maintain the patient undergoing 
successive diagnostic tests is not yet clear, but certainly elemental diet supple
mentation does no harm in such patients and may be of benefit. 1 ,50 

In summary, the use of oral elemental diets is helpful but difficult. Many 
patients cannot toleqlte long-term feeding because of its marked hyperosmolal 
effect or, if they get used to it, the boredom that sets in with prolonged use. As 
a consequence, such problems can be a relative contraindication. A trial of 
other elemental formulas may help, but in the intolerant patient tube feeding or 
parenteral nutrition may be needed immediately. This remains a clinical bed
side decision. In patients who cannot take these feedings orally, one should 
rapidly consider a tube feeding. 51 Caution must always be observed concerning 
the possibility of aspiration. The patient should be observed carefully and 
feedings given slowly through small tubes and in the upright position or semire
cumbent. At times, it will be necessary to insert a gastric tube via surgical 
procedure or perform a gastrostomy. These conditions are growing rare today, 
but they can be lifesaving when instituted. It is essential that each case be 
analyzed carefully for the correct route of nutritional support in order to guar
antee its success. 
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Peripheral and Total Parenteral Nutrition 

19.1. PERIPHERAL INTRA VENOUS THERAPY 

It is amazing how much dextrose in water is administered by clinicians in 
hospital settings while the patient loses weight and resistance. The administra
tion of glucose and water, or glucose and electrolytes, does little but supply a 
small carbohydrate energy source. Patients who receive merely glucose and 
electrolyte solution go into rapid negative nitrogen balance. These patients lose 
weight. They are energy starved. Furthermore, patients receiving protein sup
plementation have decreased morbidity. It certainly behooves every clinician 
to think critically when prescribing simple glucose and electrolyte solutions. If 
it is for a short-term illness and the diagnosis is certain, then merely maintain
ing fluid balance is important and some carbohydrate assists in that function. 
However, if the patient is seriously ill, will be ill for more than several days, 
and does not have any evidence of obesity, then the physician should consider 
more than glucose for intravenous therapy. 

If protein is added peripherally, glucose does tend to facilitate whole-body 
protein synthesis. Sim and associates, l using [15N]glycine in healthy fasting 
volunteers, showed glucose plus amino acid infusion increased protein syn
thesis compared to amino acid alone. 1 Hence, glucose is an important intrave
nous energy source for promoting body building in combination with other 
nutrients. 

19.1. 1. Protein 

The administration of amino acid solutions into peripheral veins became 
therapeutically feasible in 1972 when Blackburn2 ,a and Freeman4 ,5 demon
strated that approximately 75 to 100 g of amino acid infusion daily maintains 
positive nitrogen balance. This occurs in the absence of fulfilling basal meta
bolic energy requirements. The explanation offered by Blackburn and his col
leagues2 ,a is that insulin plays a major role in regulating energy metabolism by 
increasing the rate of glucose utilization and by controlling the rate of free fatty 
acid release from adipose tissue. They referred to it as "protein-sparing." 
Normally, protein can be converted to glucose, whereas free fatty acids are 
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converted into ketone bodies. If a starving patient receives only glucose, or 
glucose in conjunction with protein, then insulin activity increases so that its 
antilipolytic activity is increased, and consequently there are less fatty acids 
and ketone bodies available. This further causes protein breakdown so that 
gluconeogenesis can occur. They also point out that the brain functions well on 
ketone bodies and that glucose is not necessary for cerebral function. Black
burn and associates have shown that peripheral protein administration results 
in maintaining nitrogen balance and, consequently, maintaining protein struc
tures, whiie adipose tissue is utilized for energy. 

The indications for this form of therapy seem to be best during acute 
trauma and acute burn situations. Some physicians feel that it has use in the 
preoperative and postoperative states. This observer is anxious to see whether 
the technique of simple protein amino acid infusion gains acceptance in other 
institutions. 

In one study, patients receiving parenteral isotonic amino acid infusion 
during the postoperative period were compared to those receiving protein plus 
glucose, protein plus a soybean oil emulsion, and only simple glucose.8 The 
authors confirmed the protein-sparing effect of amino acid infusion compared 
to simple intravenous glucose. However, they found that the addition of glu
cose did not decrease the effect of the amino acid. Actually, Sim and asso
ciates! have shown that glucose can aid whole-body protein synthesis. 

The theory of the beneficial effect of isotonic amino acid infusion during 
the postoperative period and in other catabolic states has been reviewed care
fully by Felig.7 He stresses five points. 

1. During the postoperative period, patients receiving only saline reveal 
peak urinary nitrogen loss that coincides with fivefold to tenfold increments in 
blood ketones (approximately the second to fourth days). 

2. Administration of simple glucose (100 g/day) will reduce nitrogen loss 
from 30 to 60% regardless of suppression of ketosis and stimulation of insulin 
secretion. 

3. The nitrogen-sparing effect of ketone infusions is only seen after long 
fasting, where nitrogen losses are usually much less than seen in the postopera
tive state. 

4. The work of Greenburg and colleagues8 reveals that the addition of 
glucose to isotonic amino acid infusions does not always impair nitrogen
sparing. 

5. Increased fat utilization by intravenous lipid emulsions does not im
prove nitrogen-sparing above that of the amino acid solutions alone. 

Felig concludes that the nitrogen-sparing effect of intravenous amino acids 
does not require either ketosis or hyperinsulinemia, but that the sparing effect 
does occur and is a marked improvement in intravenous therapy. 

The clinical role of protein sparing was tested in a controlled study at the 
General Infirmary in Leeds.8 They found that postoperative amino acid infu
sion prevented nitrogen and potassium loss but only patients on hyperalimenta-
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tion had significantly fewer postoperative complications. More evaluations 
such as this one are needed. 

The administration of an isotonic 3% amino acid solution that provides 
between 1 and 1.5 g of protein per kg of body weight per day is preferred. It is 
recommended that patients receive no more than 1 or 2 liters of amino acid 
infusion during the first few days of therapy and that adequate electrolytes, 
vitamins, and minerals be added to the solutions. Metabolic acidosis has been 
noted with isotonic amino acid infusion in some patients. Blackburn recom
mends that in order to counteract this trend, half of the daily sodium require
ment may be given as sodium acetate and half of the potassium requirement as 
potassium phosphate. It is recommended that the solutions contain 4.5 to 9 meq 
of calcium glutonate, 8 meq of magnesium sulfate, and oral vitamins each day. 

Blood glucose and BUN should be measured daily during the first few days 
and then at least twice weekly if therapy is to be maintained. It is expected that 
ketonuria and ketosis will develop, but if the BUN begins to rise more than 5 to 
10 mg/100 ml per day for three consecutive days, then administration should be 
discontinued. 

Caution should be observed in the patients with hepatic failure, renal 
failure, or insulin-dependent diabetes. In these patients, it is recommended that 
TPN be considered. 

The indications for the use of this therapy await further evaluation. How
ever, from initial evaluations,I-8 appears that amino acid peripheral and vein 
administration is helpful in preserving the body protein mass. In conditions 
where one can safely estimate that the patient will not require intravenous 
feeding for more than a few weeks, and that there is an adequate fat or adipose 
reserve, then this therapy may well become the therapy of choice. It obviates the 
need for central venous catheter while still helping the body maintain normal 
protein stores. When the patient has to be maintained for more than a few 
weeks, severe weight loss will ensue and unless that is wanted the patient must 
be considered for TPN. 

The major complications of amino acid infusion is occasional phlebitis or 
thrombosis of the peripheral veins involved. A small dose of cortisol (5 mg/liter 
iv) may help prevent this complication.9 However, in early studies, there ap
pears to be a very low incidence of this phenomenon. The major complication 
that concerns most clinicians is the development of metabolic hyperchloremic 
acidosis. This is counteracted by administration of sodium acetate and potas
sium phosphate, or cessation of therapy with appropriate electrolyte balance 
treatment. 

In summary, peripheral vein amino acid therapy results in maintaining 
nitrogen balance, preserving the so-called lean body mass while blood glucose 
levels are maintained and the body develops ketosis with utilization of adipose 
tissue. This appears to be relatively contraindicated in patients with chronic 
renal and hepatic disease and most indicated in patients with acute traumatic 
injuries where insulin resistance appears to be a significant phenomenon and 
where protein sparing is helpful over a 1- to 2-week period.1-S 
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19.1.2. Intravenous Lipid Therapy 

In the initial development of total parenteral nutrition in the United States, 
total caloric requirement was supplied with glucose-protein solutions because 
of government restriction on the use of intravenous fats. As a consequence, 
essential fatty acid deficiency was clinically recorded that led to the obvious 
need for intravenous fat to be included in TPN. As a consequence, fat emul
sions became acceptable for intravenous administration in the United States. 

Fat emulsions employed successfully contain 10% soybean oil, 1.2% egg 
yolk phospholipids, and 2.25% glycerine in a 10% fat emulsion now referred to 
as Intralipid. The soybean oil is composed of predominantly unsaturated fatty 
acids containing approximately 54% linoleic, 26% oleic, 9% palmitic~ and 8% 
linolenic. It is safe to give this solution through a peripheral vein, and it acts as 
a high-energy source when given alone. 

Several protocols have been described to use fat emulsion for total paren
teral nutrition.10-13 The system described by Silberman and colleaguesl4 from 
the University of Southern California Medical Center, Los Angeles County, 
was used successfully. They treated 77 patients over a 9-month period and had 
relatively few complications, one mild hypotension in a septic patient, and two 
suppurative phlebidites in severe burn patients. They have seen mild phlebitis 
in several patients, but no other infections. Mild hyponatremia and anemia 
develop in a few. The system they employed is a two-component system. One 
bottle consists of 500 ml of 10% fat emulsion and a second bottle of 500 ml of 
5.95% crystalline amino acid-lO% glucose with 45 meq of sodium acetate, 40 
meq of potassium chloride, 8 meq of magnesium sulfate, 5 meq of calcium 
gluconate, and 1000 units of heparin sodium with 5 ml of mUltiple vitamins. 
This liter unit is given together with the fat emulsion directly administered into 
the vein so that the glucose-amino acid solution is piggybacked into the tUbing. 
The glucose-amino acid solution is hyperosmolar at 1500 mOsm/liter. How
ever, when dripped into the emulsion solution, the concentration of the solu
tion going into the vein is approximately 900 mOsm/liter. (Isaacs' group has 
also shown that a 900 mOsm/liter solution can be tolerated peripherally. 9) It 
provides4.4 g of nitrogen per liter, the protein equivalent of 27.3 g/liter, with 
250 carbohydrate cal and 500 lipid cal. It is recommended that one start with 
the 500 ml of 10% fat emulsion over a 4- to 8-hr period, and if there are no 
reactions, such as fever, chills, shivering, or an occasional side effect of chest 
and back pain, then a I-liter unit may be given the first day and each additional 
day another I-liter unit added, so that 3 to 4 liters can be given per day as the 
optimal administration. The authors have used this protocol for as long as 63 
days at 5liters/day. 

This form of therapy has not gained wide acceptance throughout the 
United States, but other modified systems are employed more readily in Can
adalO,lS and Europe because lipid solutions have been approved in other coun
tries for a greater period of time. Because they can be given intravenously and 
do not require central venous therapy, there are less potentially serious compli
cations and greater ease in administration. These peripheral TPN systems have 
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great promise for maintaining positive nitrogen balance with a high-energy 
source and should gain more acceptance in the future. 

The most important complications are immediate histaminelike reactions, 
hypotension, and fever. 14 As indicated by Silberman and colleagues,14 they 
occur rarely. Anemia was noted by Silberman and colleagues in a few patients, 
and was recorded in conjunction with thrombocytopenia in patients treated 
with Lipomul. That cottonseed oil fat emulsion is no longer available. The 
cause of the anemia and blood abnormalities was never truly understood. Com
plications that have been observed with Lipomul have not been recorded as yet 
with Intralipid. For some reason, soybean oil has fewer side effects than cot
tonseed oil emulsions. 

Caution should be observed in the use of Intralipid in patients with abnor
mal fat transport, diabetes mellitis, severe liver disease, and a hypercoagulable 
state. As greater experience is gained with Intralipid, the significance of its use 
in these clinical situations may become more apparent. 

In summary, peripheral venous administration of lipid emulsions holds 
great promise for dietary supplementation therapy. It is a useful energy source, 
and added to glucose-amino acid infusion it may come to replace central ven
ous total parenteral nutrition, as it appears to have less complications from 
early studies and may well be more physiologic if given in the formulas de
scribed by Silberman and colleaguesl4 or Jeejeebhoy and colleagues. IS 

19.2. CENTRAL INTRAVENOUS THERAPY-TOTAL PARENTERAL 
NUTRITION (TPN) 

Total parenteral nutrition is a procedure capable of maintaining patients in 
positive nitrogen energy balance for prolonged periods of time while a primary 
disease is being treated or the gastrointestinal tract is not capable of function. It 
consists of the deep-vein administration of hyperosmolar glucose solutions in 
conjunction with synthetic amino acid or protein hydrolysate solutions. 

In 1968, Dudrick and colleaguesl6 ,17 introduced the concept and demon
strated that TPN was possible. Credit for popularizing TPN or hyperalimenta
tion must go to Dudrick. Since that time, central venous administration of total 
nutritional requirements has gained wide acceptance. 

Guidelines for TPN have been published by the Council on Food and 
Nutrition of the American Medical Association. ls These initially stressed that 
the indication for TPN was when oral or tube feeding is contraindicated or 
inadequate or when conventional parenteral support is insufficient for the 
needs of the patient. At the time of publication of this book, peripheral venous 
support with lipid emulsion solutions are being tested, but the most widely used 
system for TPN is central venous hyperosmolar glucose-amino acid adminis
tration with lipid added once or twice weekly to prevent fatty acid deficiency. 
The indications for the use of TPN can be listed in a general fashion. However, 
they are similar to those listed in Table 18-1 as clinical problems for which oral 
elemental diets may be employed. When those indications exist and the patient 
either no longer can tolerate oral feedings, or tube feeding is impossible, or the 
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condition is rapidly deteriorating, then TPN is indicated. TPN has been most 
effective in the patient suffering from hypermetabolic states, such as severe 
trauma, burns, and pancreatitis. This is a text primarily on gastrointestinal 
disorders; consequently, the benefits seen in inflammatory bowel disease, 
ulcerative colitis, and granulomatous disease as well as in malabsorption syn
dromes and short-bowel syndrome will be discussed in greater detail under those 
particular conditions. 

Of note is the fact that TPN can be of extreme help in infants and children. 
Feliciano and Telander19 have reviewed their experience at the Mayo Clinic, 
which substantiates that TPN is an effective form of maintaining normal 
growth and development. For use in the pediatric population, one is referred to 
one of the most recent texts on the subject.20 

The technique of administration, delivery of the fluid, and the types of 
solutions chosen have now gained wide acceptance so that most pharmacists 
are familiar with the products and systems available. Before beginning TPN, 
the patient should be properly instructed and educated on the need and the 
course of the therapy. 

It is essential that an adequate central venous portal be obtained. This is 
accomplished by subclavian vein catheterization. The catheter is used for an 
extended period of time. Very strict aseptic technique should be employed with 
necessary recurrent infection control. Insertion of the catheter should be done 
by an expert under sterile conditions. The protocol may include changing of the 
dressing every 2 to 3 days. It is best to suture the catheter in place. Appropriate 
nursing education is essential. The greatest hazard associated with indwelling 
catheters is infection, and consequently aseptic techniques are essential. Tech
niques for this are described in detail by Fischer.21 For prolonged long-term 
use, peripheral access fistulas can be created for use in the ambulatory pa
tient.22 However, Broviac and co-workers23 ,24 have described a silicone rubber 
(Silastic) atrial catheter that is used successfully in ambulatory patients under
going prolonged TPN at home. These catheters have remained in situ for 6 to 19 
months before needing replacement.25 

The delivery system may be employed merely by a drip technique. How
ever, infusion pumps are readily available today and more accurately deliver 
regulated amounts of fluids. They are recommended for ease of administration 
and monitoring. Certainly for the ambulatory patient receiving 12-hr therapy at 
home during sleep, it is best to have a pump regulator than to depend on a 
gravity drip. 

19.2. 1. Recommended Solutions 

The basic formula should be prepared fresh in the pharmacy daily. At the 
Massachusetts General Hospital they maintain 16 basic solutions. The variable 
factors are the protein, which is either of mixed amino acids or a protein 
hydrolysate, the sodium content, potassium content, and the insulin content. 
Solutions free of some substances or additives are maintained. In hospitals 
where there is not a great demand for TPN, the solutions can be prepared daily 
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and factors added or subtracted, depending on the patient's condition. The 
basic components are: 

Protein equivalent 
Dextrose 
Potassium 
Sodium 
Magnesium 
Calcium 

Phosphate 
Chloride 
Acetate 
Insulin 
Vitamins 

At the onset of ordering TPN, the basic formula to be used for an individ
ual patient should be discussed with the pharmacist and then modifications 
made on a daily basis in accordance with the patient's response. Recommended 
formulas are published in the text by Fischer.21 A basic formula for TPN for 
adults is listed in Table 19-1. 

Table 19-1. Basic Crystalline Amino Acid Solutions (8.5%)4 

L-Amino acids 

Essential (g/liter) 
L-Lysine 
L-Tryptophan 
L-Phenylalanine 
DL-Methionine 
L-Methionine 
L-Leucine 
L-Isoleucine 
L-Valine 
L-Threonine 

Nonessential (g/liter) 
L-Arginine 
L-Histidine 
L-Glycine 
L-Cysteine -HCl-H.O 
L-Proline 
L-Alanine 
L-Serine 
L-Glutamate 
L-Tyrosine 
L-Aspartate 

Electrolytes (meq/liter) 
Sodium 
Chloride 
Acetate 
Phosphate 
Magnesium 
Potassium 

FreAmine II 

8_7< 
1.3 
4.8 
4.5 
o 
7.7 
5.9 
5.6 
3.4 

3.1 
2.4 

17.0 
<0.2 

9.S 
6.0 
S.O 

10 

20 

FreAmine III 

8.7 
1.3 
4.8 
rI 
4.5" 
7.7 
5.9 
5.6 
3.4 

8.1" 
2.4 

11.9" 
<0.2 

9.S 
6.0 
5.0 

a Available in U.S.A. For most recent details, consult hospital pharmacist and Ref. 21. 
b FreAmine III changes from II. 
C As acetate (free base 6_2). 
d Added as the hydrochloride salt. 
e Lform. 

Travasol 

4.92d 
1.52 
5.26 
4.92e 

o 
5.26 
4.06 
3.9 
3.56 

8.8 
3.72 

17.6 

3.S6 
17.6 

0.34 

70 
70 

135 
60 
10 
60 
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A major controversy concerning these solutions has been the relative 
merit of protein hydrolysates versus crystalline amino acids. Hydrolysates 
contain peptides plus varying degrees of free amino acids. Their use has been 
questioned by the U.S. Food and Drug Administration. The mixed amino 
acids appear to supply more utilizable nitrogen, but they are suspect of caus
ing a higher incidence of metabolic hyperchloremic acidosis. Some report 
this is more common with the synthetic amino acids, whereas others report it 
occurring with both types of protein preparations.27-3o Heird and colleagues27 
feel the explanation is metabolism of cationic amino acids, which results 
in a net excess of hydrogen ions causing the acidosis, whereas Chan and col
leagues28 ,29 feel that the titratable acidity of the amino acid mixtures is at fault 
in conjunction with a simple net increase in hydrogen ion secretion due to 
either type of the protein solutions. Felig31 points out that the exact cause of 
this phenomenon is still uncertain and that it is still not clear whether anionic, 
cationic, or a mixture of amino acids are better. Of further interest is the work 
done by Olney and colleagues32 that shows that casein and fibrin hydrolysates 
used in human parenteral alimentation can produce acute degeneration of neu
rons in the developing hypothalamus. They caution against the use of these 
hydrolysates and recommend a low combined concentration of acidic amino 
acids as a criteria for safe parenteral alimentation.32 Anderson and co-work
ers33 have attempted to design their amino acid mixture on the basis of blood 
aminograms in patients with gastrointestinal disease. This may become the 
most effective method in the future, but at present it is not readily adaptable in 
most institutions. Until there is more long-range experience, it is evident that 
mixed amino acid solutions supply the most available nitrogen and hence the 
best nitrogen balance and appear to have the least serious side effects.34 

Administration of TPN requires careful observation. At the onset, a team 
approach is most often successful: the physician, pharmacist, and nurse or 
physician extender collaborate to give the necessary advice and repeated daily 
observation, the physician checking the need for changes in the protocol, the 
pharmacist carefully preparing all solutions, and the nurse caring for the ad
ministration and site. Best short- and long-term results have been obtained by a 
well-trained team approach.21 ,35 In St. Mark's Hospital, London, a team ap
proach results in no catheter changes for a mean of 6 week's administration in 
80% of TPN patients.35 

When the patient is cooperative and ambulatory and TPN still needed, 
home delivery can be safely accomplished.25 ,28,35,36 The home systems may be 
conventional or actually permit enough freedom to work. The system devised 
by Dudrick et al. 37 uses a vest on which bag containers are held and a pump 
(Cormed) to infuse the solution through a Broviac catheter. It has been suc
cessful in 25 patients. There were only 9 catheter complications, 2 patients who 
died of their cancers, 8 who recovered from their illnesses, and 15 still on long
term alimentation. Hospital or home TPN is successful so long as there is 
expert and concerned care. 

In monitoring the care of a TPN patient it is of help to use standardized 
flow sheets and checklists. Figure 19-1 is a standard solution order form, and 
Table 19-2 is a daily and weekly program checklist for complications. 
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Directions: 
1. Routine TPN orders should be written daily to cover a 24-hour period. 
2. Maintain a continuous sequence of bottle numbers for each course of therapy. 
3. Use the special instruction section of a new order form to discontinue bottles. Do not re-use 

a discontinued bottle number. 

Standard 
Ingredients amounts Maintain bottle number sequence 
Base solution Bottle # Bottle # Bottle # Bottle # 
Amino acid solution 
(FreAmine II) 8.5% 500ml ml ml ml ml 
Dextrose injection 50% 500ml ml ml ml ml 

Multiple vitamin concentrate will be added to 1 liter per day. 

Standard electrolyte additive* 
*Check box(es) above for each bottle required 

The final concentration of electrolytes per liter of standard base solution and standard electrolyte 
additive is: 

Sodium 40 meq Magnesium 5 meq Chloride 35 meq Acetate 29.5 meq 
Potassium 20 meq Calcium 4.5 meq Phosphate 10 meq 

To Add electrolytes to the standard electrolyte additive, check the box(es) above and indicate the 
additions below for each bottle. 

To reduce or omit electrolytes from the standard electrolyte additive, do not check the box(es) 
above and order all the required electrolytes for each bottle. 

Calcium gluconate meq meq meq meq 
Insulin U U U U 
Magnesium sulfate meq meq meq meq 
Potassium acetate meq meq meq ~ 
Potassium chloride meq meq meq meq 
Potassium phosphate melt ~ m~ m~ 
Sodium acetate meq meq meq meq 
Sodium chloride meq meq meq meq 
Sodium phosphate meq meq meq meq 
Infusion rate 
Special instructions: 

Ordered by: M.D. Time: Date: 

FIgure 19-1. Standard TPN order form used at Norwalk Hospltal. 
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Table 19-2. Clinical Observation Program for TPN 

A. Information obtained at onset 
1. Height 
2. Weight 
3. SMA-Electrolytes 
4. SMA-Chemistries 

6. Serum Magnesium 
7. CBC + diff. 
s. PT+ PIT 
9. TIBC 

CHAPTER 19 

5. Phosphorus [if not in (4)] 10. 24-hr urine for urea and creatinine 
11. Anthropometric measurements (as desired) 

B. Daily clinical checklist 
1. Observe patient's appearance, color, mood, orientation, and physical findings. 
2. Check TPN flow rate. 
3. Examine label on TPN bottle. 
4. Check weight. 
S. Check bedside chart for record of vital signs. 
6. Check record of fluid intake and output. 
7. Check results of fractional urine tests for glucose and acetone. 
S. Examine dressing covering site of infusion. 
9. Make appropriate notes in chart. 

C. Blood chemical tests monitored daily at onset until stable and then twice weekly 
1. Glucose 4. K 
2. BUN 5. CI 
3. Na 6. CO. 

D. Tests monitored weekly 
1. CBC and diff. 
2. PT+ PIT 
3. Albumin/globulin-total protein 
4. Bilirubin 
S. Alkaline phosphatase 
6. SGOT 
7. Creatinine phosphokinase 
S. Lactic dehydrogenase 

19.2.2. Complications 

9. Creatinine 
10. Calcium 
11. Phosphorus 
12. Magnesium 
13. Uric acid 
14. Cholesterol 
IS. 24-hr urine urea and creatinine, TIBC, and 

anthropometries as desired 

The complications as a result of TPN are as follows: 

1. Due to catheter insertion: Incidence varies with experience and the 
institution. 

2. Sepsis: Overall incidence in the literature is 7%. 
3. Metabolic: 

a. Glucose intolerance. 
b. Hyperosmolar, hyperglycemic, nonketonic coma. 
c. Hyperchloremic metabolic acidosis. 
d. Selective mineral deficiencies. 

Complications of catheter insertion are managed at the time of insertion. 
The final position of the catheter tip is checked by X-ray. Pneumothorax is 
feared but a rarity in the expert's hands. It is treated conventionally should it 
occur.21 
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Infection and sepsis are the most common problems. When a TPN patient 
begins to run a fever, all possible sources of infection, urine, lungs, etc., are 
checked. Should blood cultures be negative and fever persist for 48 to 72 hr 
with no obvious cause, then the catheter must be removed and the tip cultured. 

Of interest is the fact that Candidemia occurs with an inordinately high 
frequency in TPN septic patients and that phagocyte dysfunction has been 
observed in patients with hypophosphatemia while on TPN. 40 The constant use 
of infection control is important.3s,3s However, the treatment of the sepsis 
usually responds rapidly to appropriate antimicrobial therapy and appropriate 
removal of the infecting catheter. 

Glucose intolerance may be mild. A low renal threshold should be checked 
against the fasting blood sugar. If glycosuria of 3+ to 4+ persists and the blood 
level exceeds 300 mg/100 ml, then insulin is probably needed. In Fischer'sll 
experience, 15% of patients have at least one glucose level greater than 400 mg/ 
100 ml, but he had no cases of hyperosmolar nonketonic coma. When the sugar 
rises 'and is associated with the classic findings of hyperosmolar coma, the TPN 
solutions must be stopped and hypoosmolar fluid given.21 Ordinarily, TPN 
should not be stopped abruptly, but over 48 to 72 hr so the body can readjust its 
glucose tolerance. 

Hyperchloremic metabolic acidosis is reported and discussed under amino 
acid infusion.27-31 The acidosis is usually prevented by Na and K acetate 
additives, but it can also be treated by those salts. II 

Hypophosphatemia may occur, due either to inadequate additive or exces
sive carbohydrate metabolism. If the serum phosphorus levels fall, then the 
hyperosmolar solution can be decreased and phosphate added. When serum 
levels rise, TPN can be resumed. 

Rare complications such as supraventricular arrhythmias associated with 
parenteral hyperalimentation41 and selective copper deficiency occurring on 
hyperalimentation are reported intermittently. 42 Although copper requirements 
are often met, and less understood, the need for zinc in normal metabolism is 
more apparent. Zinc deficiency and its metabolism in TPN gastrointestinal 
disease patients has been studied at the University of Toronto.43 Increased 
urinary zinc excretion was associated with a negative nitrogen loss, and a 
positive zinc balance was associated with improved nitrogen retention. It is 
postulated that zinc deficiency may impair insulin response and the utilization 
of glucose and amino acids.43 Obviously, all essential minerals must be re
placed when long-term TPN is used, including iron, zinc, etc. 

Vitamin additives do not contain K. In long-term TPN use the prothrombin 
time should be checked and aqueous vitamin K given. Some vitamin additives 
are incomplete, and others may be in high doses.44 Care should be given to 
balanced vitamin administration when long-term TPN is used. 

Essential fatty acid deficiency can occur when only carbohydrate-protein 
solutions are given long term. Present solutions do not include essential 
fatty acids, especially linoleic acid. Riella and associates45 carefully docu
mented three patients who developed classic skin lesions, had accumulation of 
5,8,1l-eicosatrienoic acid, and high plasma triene to tertaene ratio (the most 
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sensitive index of essential fatty acid deficiency). The lesions and abnormal 
fatty acid ratios were corrected when parenteral fat (Intralipid) was adminis
tered. In TPN of long-standing duration, if both exogenous linoleic acid and 
that from adipose tissue is cut off as a peripheral circulating supply, the symp
toms of fatty acid deficiency will occur. Essential fatty acid deficiency can 
develop in most patients on TPN. In a recent study on volunteer subjects, 
biochemical studies revealed deficiency could begin as early as 10 days after 
therapy was begun.46,47 Certainly, it behooves the clinician who is going to 
keep a patient on long-term TPN that some form of essential fatty acid replace
m~nt is essential. Intraiipid is needed once or twice a week. 

Little is known about the physiologic effects of TPN on the gastrointes
tinal tract. Intravenous amino acid administration does increase gastric HCl 
acid secretion,48 but TPN decreases hepatobiliary, pancreatic, and intestinal 
secretions, which are reversible even after long-term use. 49 The decrease in gut 
secretion may be a reftection of decreased secretory cell turnover in a resting 
gut. l A retrospective review of patients receiving carbohydrate-protein for at 
least 2 weeks reveals mild elevations of SOOT levels in 68% of patients, alka
line phosphatase 54%, and bilirubin 21%.50 Enough of the patients were not 
studied in detail for any clinical conclusions, but of the four with liver biopsies, 
three had steatosis and one cholestosis. These abnormalities may be related to 
starvation, the primary disease, or TPN; therefore, no conclusions can be 
drawn. 

Also of interest is the observation that patients on TPN appear to gain 
more weight, but no more body or plasma protein or fat than those on compara
ble elemental diets. 51 This raises the question of whether TPN patients are 
really water overloaded. 52 Further studies on both gut and body metabolism 
should reveal interesting information that may have clinical significance. 

All of the complications of TPN are readily manageable. Those occurring 
due to insertion of a catheter are most disturbing but are manageable by early 
detection and treatment, if necessary. Those that result in infection and meta
bolic disturbance are managed by appropriate removal of any infecting source, 
antibiotic treatment, and appropriate manipulation of the solutions. The key to 
success in TPN is careful monitoring of the patient. 
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Diets and Food Lists 

Diet manuals are available at all hospitals. Common references employed to 
create these manuals are listed. l -4 The purpose of this chapter is not to create 
but to correlate new diet information and to recommend and reproduce diets 
and food lists reported to be successful and those found useful by the authQl at 
Norwalk Hospital and the Yale University School of Medicine in the treatment 
of gastrointestinal disease. Local groups should create their own diet manuals 
from this information. 

Many of the following diets are modified from the listed references. l -4 

Each is introduced by a general statement and cross-referenced to the text for 
clinical use. Where the diet is modified from a specific reference, the diet plan 
is included. Where it is a recommended plan of this author, the format of (1) 
daily food exchanges from (2) the food exchange lists (Tables 20-1 through 20-7) 
is used in conjunction with a reproducible list of foods categorized as "al
lowed" or "avoid." 

It should be noted that most exchange lists are only guidelines and are not 
accurate for all nutrient compositions.4 In order to design an individual, accur
ate food list, the nutrient components should be calculated from the U.S. 
Agriculture,3 Church and Church,1 and Paul and Southgate! references. 
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Table 20-1. Protein Exchange Lisfl 

One meat exchange is approximately equivalent to 1 oz of meat or 
30 g and contains: 

Meat (medium fat 
Beef, ham, lamb, pork, or veal 
Sausage, pork (omit 2 fat exchanges) 
Beef, dried, chipped (add 1 fat exchange) 
Cold cuts: 

Bologna, luncheon meat, minced ham, liverwurst 
Salami (omit 1 fat exchange) 
Frankfurters or wieners (omit 1 fat exchange) 

Fowl 
Chicken, duck, goose, or turkey 

Egg 

Fish 
Salmon or tuna, canned 
Sardines 
Shellfish: 

Clams (add 1 fat exchange) 
Lobster (add 1 fat exchange) 
Oysters (omit II" bread exchange and add 1 fat exchange) 
Scallops (add 1 fat exchange) 
Shrimp (add 1 fat exchange) 

Cheese 
American, brick, cheddar, Roquefort, Swiss, 

and processed cheeses (omit 1 fat exchange) 
Cheese foods, American 
Cheese spreads, American 
Cottage cheese, creamed 

aModified from Mayo Clinic Diet Manual. 4 

7 gprotein 
5gfat 

73 cal 

Portion 

loz 
2 links 
2 thin slices 

1 slice 
1 slice 
1 (8-9/lb) 

loz 

1/4 cup 
3 medium 

5 small 
1 small tail 
5 small 
1 large (12/lb) 
5 small 

1 slice 
(31/" x 311" x lIs) 
1 slice 
2 tbsp 
1/4 cup 

CHAPTER 20 

Grams 

30 
40 
20 

45 
30 
50 

30 

50 

30 
35 

50 
40 
70 
50 
30 

30 

30 
30 
50 
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Table 20-2. Fat Exchange List." 

One fat exchange is equivalent to approximately 1 tsp or 5 g of fat 
and contains: 

Avocado 
Bacon, crisp 
Butter or margarineb 

Cooking fatsb 

Cream 
Half and half 
Sour 
Whipped 

Cream cheese 
Mayonnaiseb 

Nuts 
Almonds, slivered 
Pecans, shelled 
Walnuts, shelled 

Oil, saladb 

Olives, green 

aModified from Mayo Clinic Diet Manual. 4 

4gfat 
36 cal 

Portion 

1/8 (4-in. diam) 
1 strip 
ltsp 
ltsp 

2tbsp 
2tbsp 
1 tbsp 
1 tbsp 
ltsp 

5 (2 tsp) 
4 halves 
5 halves 
ltsp 
3 medium 

bpolyunsaturated fats are available in these commercial products and natural vegetable fat products. 
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Grams 

30 
5 
5 
5 

30 
30 
15 
15 
5 

6 
5 

10 
5 

30 
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Table 20-3. Bread, Cereal, and Starchy Vegetable Exchange LiSt"·b 

One bread exchange is equivalent to approximately I slice of bread 
or 25 g and contains: 

Breads 
Bread 
Biscuit (omit 1 fat exchange) 
Muffin (omit 1 fat exchange) 
Cornbread 
Roll 
Bun, hamburger or frankfurter 
Pancake 
Waffle (omit I fat exchange) 

Cereals 
Cooked 
Dry, flaked 
Dry, puffed 
Shredded wheat 

Crackers 
Graham 
Melba toast 
Oyster 
Ritz, plain or cheese 
Rye Krisp 
Saltines 
Soda 

Desserts 
Commercial flavored gelatin 
Ice cream (omit 2 fat exchanges) 
Sherbert 
Sponge or angel food cake 
Vanilla wafers 

Flour products 
Cornstarch 
Flour 
Macaroni 

} Cook~ Noodles 

Rice 
Spaghetti 
Tapioca, dry 

2gprotein 
I gfat 

13 g carbohydrate 
69 cal 

Portion 

1 slice 
I (2-in. diam) 
1 (2-in. diam) 
1 (P/2-in. cube) 
I (2-in. diam) 
I-in. 
1 (4-in. diam) 
1/2 square 

2/a cup 
2/3 cup 
P/2cups 
I biscuit 

3 (21/2-in. square) 
4 (33/4x2-in.) 

20 (112 cup) 
6 
3 
6 (2-in. square) 
3 (2-in. square) 

1/2 cup 
1/2 cup 
1/3 cup 
P/2xP/2 
5 

2 tbsp 
2 tbsp 

1/4 cup 

2 tbsp 

Grams 

25 
35 
35 
35 
25 
30 
45 
35 

140 
20 
20 
20 

20 
20 
20 
20 
30 
20 
20 

100 
75 
50 
25 
15 

15 
15 

50 

15 

(continued) 
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Vegetablesb 
Beans 

Baked (no pork) 
Kidney 
Lima 

Navy 
Pinto 
White marrow 

Corn 
Canned or frozen 
Fresh on cob 

Hominy 
Parsnips 
Peas 

Cooked 

Canned, fresh, or frozen 
Dry, split, cooked 

Popcorn (without butter) 
Potatoes 

Table 20-3. (Continued) 

Potato chips (omit 2 fat exchanges) 
White, baked or boiled 
White, mashed 
Sweet or yarns 

Soup,canned,undiluted 

Portion 

1/1 cup 

1/acup 
lIs ear (4 in. long) 
1/" cup 
"Is cup 

1/" cup 

I cup 

100r l-ozbag 
I (2-in. diarn) 
1/" cup 
1/,cup 
1/" cup 

aModified from Mayo Clinic Diet Manual. 4 

bPor additional information on carbohydrate and fiber content, see Table 20-7. 
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Grams 

90 

80 
SO 

100 
100 

100 
30 
IS 

30 
100 
100 

SO 
100 
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Table 20-4. Milk Exchange List" 

One milk exchange is approximately equivalent 
to an 8-oz cup or 240 g and contains: 

Whole milk 
Evaporated whole milk 
Powdered whole milk, dry 
Buttermilk, fat free 

(add 2 fat exchanges) 
Skim milk, fat free 

(add 2 fat exchanges) 
Powdered skim milk, dry 

(add 2 fat exchanges) 
Cream, half and half 

(4 g protein, 14 am fat, 
S.S g carbohydrate) 

Ice cream, chocolate 
(S g protein, 33 g fat, 
16 mg carbohydrate) 

8gprotein 
8gfat 

11 g carbohydrate 
IS6cal 

Portion Grams 

1 cup 240 
1/. cup 120 
1/4 cup 30 
1 cup 240 

1 cup 240 

1/4 cup 30 

lIs cup 120 

lIs cup 120 

4Tbe Mayo Clinic' exchange uses 10 g of fat and 12 g of Catbohydrate per 240 g, but most milks sold today in 
groceries are as listed. 

Table 20-5. Fruit Exchange List",b 

Apple 
Fresh 
Sauce 
Juice 

One fruit exchange is approximately equivalent 
to the amount or weight listed and contains: 

Apricots 
Canned 
Dried 
Fresh 
Nectar 

Banana (EP) 
Whole 

12 g carbohydrate 
48 cal 

Portion 

1 (2-in. diam) 
lIs cup 
11. cup 

11. cup 
4 halves 
3 small 
l/acup 

1/. small 

Grams 

80 
120 
120 

120 
20 

120 
80 

60 

(continued) 
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Berries 
Fresh 

Blackberries 
Blueberries 
Boysenberries 
Gooseberries 
Loganberries 
Raspberries 
Strawberries, whole 

Cherries 
Canned 
Fresh 

Dates 
Pitted 

Figs 
Canned 
Dried 
Fresh 

Fruit cocktail 
Canned 

Grapes 
Canned 
Fresh 
Juice 

Bottled 
Frozen 

Grapefruit 
Fresh 

Juice 
Sections 

Mandarin orange 
Canned 

Mango 
Fresh 

Melon 
Fresh 

Cantaloupe 
Honeydew 
Watermelon 

Table 20-5. (Continued) 

Portion 

8/4 CUp 
III cup 
1 cup 
8/4 cup 
814 CUp 
8/4 cup 
1 cup 

II. cup 
15 small 

2 

II. cup 
1 small 
1 large 

lIs cup 

118 cup 
15 (1/s cup) 

1/4 cup 
1/8 cup 

lIs medium (3 1/.in. 
diam) 

II. cup 
814 cup 

8/4 cup 

11. small 

II. small 
114 medium 
II. slice (lOx 8/4 in.) 

365 

Grams 

100 
80 

120 
120 
100 
100 
150 

120 
80 

15 

120 
15 
60 

120 

80 
80 

60 
80 

120 
120 
150 

200 

70 

200 
200 
200 

(continued) 
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Table 20-5. (Continued) 

Portion Grams 

Nectarine 
Fresh 1 medium 80 

Orange 
Fresh, whole 1 medium 100 
Juice 111 cup 120 
Sections 

Fresh or canned 111 cup 100 

Papaya 
Fresh 1/2 cup 120 

Peach 
Canned 112 cup 120 
Dried 2 halves 20 
Fresh 

Whole 1 medium 120 
Sliced 1/2 cup 120 

Nectar 1/2 cup 120 

Pear 
Canned 1/2 cup 120 
Dried 2 halves 20 
Fresh, whole 1 small 80 
Nectar 1/3 cup 80 

Pineapple 
Canned 112 cup 120 
Fresh 1/2 cup 80 
Juice 1/3 cup 80 

Plums 
Canned 1/2 cup 120 
Fresh 2 medium 80 

Prunes 2 medium 15 
Prune juice 1/. cup 60 

Raisins 1 Tbs. 15 

Tangerine 
Fresh, whole 2 small 100 
Juice 1/2 cup 120 
Sections 1/2 cup 100 

aModified from Mayo Clinic Diet Manual. 4 

bFor information on carbohydrate and fiber. see Table 20-7. Carbohydrates in fruits are primarily mono- and 
disaccharides. 
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Table 20-6. Vegetable Exchange List 

A. Uncooked low-calorie vegetables 

These exchanges are approximately equivalent to less than 30 cal/lOO g. 

Asparagus Kale 
Artichokes Kohlrabi 
Bean sprouts Leeks 
Beets Lettuce 
Beet Greens Mushrooms 
Broccoli Mustard greens 
Brussels sprouts Okra 
Cabbage Onions 
Carrots Peppers 
Cauliflower Pumpkin 
Celery Radish 
Chard Rutabagas 
Collards Sauerkraut 
Cress Spinach 
Cucumber Squash, summer 
Dandelion greens Tomatoes 
Eggplant Turnip greens 

Turnips 

B. Caloric vegetables 

There is tremendous variation in nutrient and caloric content in cooked and uncooked starchy 
vegetables. If a variety of vegetables are used, it is common sense to substitute freely for it matters 
little over long periods of time. For specific short-term diets, the starch list (Table 20-3), and the 
carbohydrate and fiber list (Table 20-7) should be used. 
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Table 20-7. Nutrient, Fiber, and Water Content of Foods (g/100 g)Q 

Food 

Cereals and breads 
Arrowroot 
Barley (pearl), raw 
Barley, boiled 
Bemax 
Bran (wheat) 
Corn flour 
Custard powder 
Flour (whole meal 100%) 
Flour, brown (85%) 
Flour, white (72%) 
Flour, household, plain 
Flour, self-rising 
Patent (40%) 
Macaroni, raw 
Macaroni, boiled 
Oatmeal, raw 
Porridge 
Rice, polished, raw 
Rice, boiled 
Rye flour (100%) 
Sago, raw 
Semolina, raw 
Soya flour, full fat 
Soya flour, low fat 
Spaghetti, raw 
Spaghetti, boiled 
Spaghetti, canned, 

in tomato sauce 
Tapioca, raw 

Bread 
Wholemeal 
Brown 
Hovis 
White 
White, fried 
Toasted 
Dried crumbs 
Currant 
Malt 
Soda 
Rolls, brown, crusty 
Rolls, brown, soft 
Rolls, white, crusty 
Rolls, white, soft 
Rolls, starch reduced 
Chapatis with fat 
Chapatis without fat 

Carbohydrate Fiber 

kcal Water Total Sugarb Starch Dietary Crude Protein Fat 

355 12.2 94.0 
360 10.6 83.6 
120 69.6 27.6 
347 6.0 44.7 
206 8.3 26.8 
354 12.5 92.0 
354 12.5 92.0 
318 14.0 65.8 
327 14.0 68.8 
337 14.5 74.8 
350 13.0 SO. 1 
339 13.0 77.5 
347 14.1 78.0 
370 10.4 79.2 
117 71.5 25.2 
401 8.9 72.8 

44 89.1 8.2 
361 11. 7 86.8 
123 69.9 29.6 
335 15.0 75.9 
355 12.6 94.0 
350 14.0 77.5 
447 7.0 23.5 
352 7.0 28.2 
378 10.5 84.0 
117 71.7 26.0 

59 83.1 12.2 
359 12.2 95.0 

216 40.0 41.8 
223 39.0 44.7 
228 40.0 45.1 
233 39.0 49.7 
558 4.0 51.3 
297 24.0 64.9 
354 4.7 77.5 
250 37.7 51.8 
248 39.0 49.4 
264 34.2 56.3 
289 28.6 57.2 
282 31.0 47.9 
290 28.8 57.2 
305 28.8 53.6 
384 8.5 45.7 
336 28.5 50.2 
202 45.8 43.7 

Tr 94.0 
Tr 83.6 6.5 
Tr 27.6 2.2 

16.0 28.7 
3.8 23.0 44.0 
Tr 92.0 
Tr 92.0 

2.3 63.5 9.6 
1.9 66.9 7.5 
1.5 73.3 3.0 
1.7 78.4 3.4 
1.4 76.1 3.7 
1.4 76.6 
Tr 79.2 
Tr 25.2 
Tr 7.28 7.0 
Tr 8.2 0.8 
Tr 86.8 2.4 
Tr 29.6 0.8 
Tr 15.9 

0.4 
0.5 7.9 

2.7 
2.5 26.5 
9.114.1 
0.7 0.6 

0.6 
2.3 13.2 

12.8 
1.9 . 11.3 
0.2 9.8 
0.4 9.3 
0.3 10.8 
0.3 13.7 
0.1 4.3 
1.2 12.4 

1.4 
0.3 6.5 
0.1 2.2 
2.0 8.2 

0.1 
1.7 
0.6 
8.1 
5.5 
0.7 
0.7 
2.0 
2.0 
1.2 
1.2 
1.2 
1.3 
2.0 
0.6 
8.7 
0.9 
1.0 
0.3 
2.0 

Tr 94.0 0.2 0.2 
Tr 77.5 

11.2 12.3 
13.4 14.8 
2.7 81.3 
0.8 25.2 

3.4 8.8 
Tr 95.0 

2.1 39.7 
1.8 42.9 
2.4 42.7 
1.8 47.9 
1.7 49.6 
2.1 62.8 
2.6 74.9 

13.0 38.8 
18.6 30.8 
3.0 53.3 
2.1 55.1 
1.9 46.0 
2.1 55.1 
1.9 51.7 
1.6 44.1 
1.8 46.5 
1.6 42.1 

10.7 1.8 
11.9 
14.3 

2.4 
2.5 

36.8 23.5 
45.3 7.2 
13.6 1.0 

0.3 4.2 0.3 

0.1 
0.1 

1.7 
0.4 

8.5 1.6 8.8 
5.1 8.9 
4.6 9.7 
2.7 0.2 7.8 

(2.2)C 0.2 7.6 
(2.8) 0.3 9.6 
(3.4) 11.6 
(1. 7) 6.4 

8.3 
2.3 8.0 

(5.9) 1.6 11.5 
(5.4) 11.7 
(3.1) 0.2 11.6 
(2.9) 0.2 9.8 
(2.0) 44.0 
3.7 8.1 

(3.4) 7.3 

.07 
0.1 

2.7 
2.2 
2.2 
1.7 

37.28 
1.7 
1.9 
3.4 
3.3 
2.3 
3.2 
6.4 
3.2 
7.3 
4.1 

12.8 
1.0 

(continued) 
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Table 20-7 (Continued) 

Carbohydrate Fiber 

Food kcal Water Total Suga~ Starch Dietary Crude Protein Fat 

Breakfast cereals 
All-Bran 273 
Corn Flakes 368 
Grape Nuts 355 
Muesli 368 
Puffed Wheat 325 
Ready Brek 390 
Rice Krispies 372 
Shredded wheat 324 
Special K 388 
Sugar Puffs 348 
We eta Bix 340 

Biscuits 
Chocolate, full coated 524 
Cream crackers 440 
Crisp bread, rye 321 
Crisp wheat, starch reduced 388 
Digestive, plain 471 
Digestive, chocolate 493 
Ginger nuts 456 
Homemade 469 
M~w 3~ 

Oatcakes 441 
Sandwich 513 
Semisweet 457 
Short-sweet 469 
Shortbread 504 
Wafers, filled 535 
Water biscuits 440 

Fruits 
Apples, just flesh 46 
Apples, flesh, skin, core 35 
Apples, cooking, raw 37 
Apples, stewed, no sugar 32 
Apples, stewed, with sugar 66 
Apricots, fresh, raw 28 
Apricots, stewed, no sugar 23 
Apricots, stewed, with sugar 60 
Apricots, dried, raw 182 
Apricots, dried, stewed, 

without sugar 66 
Apricots, dried, stewed, 81 

with sugar 
Apricots, canned 106 
Avocados 223 
Bananas, raw 79 
Blackberries, raw 29 

2.3 43.0 
3.0 85.1 
3.9 75.9 
5.8 66.2 
2.5 68.5 
6.3 69.9 
3.8 88.1 
7.6 67.9 
2.7 78.2 
1.8 84.5 
3.8 70.3 

2.2 67.4 
4.3 68.3 
6.4 70.6 
4.9 36.9 
4.5 66.0 
2.5 66.5 
3.4 79.1 
8.4 65.5 
6.7 86.6 
5.5 63.0 
2.6 69.2 
2.5 74.8 
2.6 62.2 
5.0 65.5 
2.3 66.0 
4.5 75.8 

~.3 11.9 
64.9 9.2 
85.6 9.6 
87.7 8.2 
79.3 17.3 
86.6 6.7 
87.9 5.7 
79.4 15.6 
14.7 43.4 

68.4 16.1 
76.4 19.9 

67.8 27.7 
68.7a 1.8 
70.7 19.2 
82.0 6.4 

15.4 27.6 26.7 
7.4 77.7 11.0 
9.5 66.4 7.0 

26.2 40.0 7.4 
1.5 67.0 15.4 
2.2 67.7 7.6 
9.0 79.1 4.5 
0.4 67.5 12.3 
9.6 68.6 5.5 

56.5 28.0 6.1 
6.1 66.5 12.7 

43.4 24.0 3.1 
Tr 68.3 (3.0) 
3.2 67.4 11.7 
7.4 29.5 4.9 

16.4 49.6 (5.5) 
28.5 38.0 3.5 
35.8 43.3 2.0 
26.8 38.7 1.7 
4.2 82.4 3.9 
3.1 59.9 4.0 

30.2 39.0 1.2 
22.3 52.5 2.3 
24.1 38.1 1.7 
17.2 48.3 2.1 
44.7 21.3 1.6 

2.3 73.5 (3.2) 

11.8 0.1 2.0a 
9.1 0.1 1.5 
9.2 0.4 2.4 
7.9 0.3 2.1 

17.0 0.3 1.9 
6.7 0 2.! 
5.6 0 1.7 

15.6 0 1.6 
43.4 0 24.0 

16.1 0 8.9 
19.9 0 8.5 

27.7 0 1.3 
1.8 Tr 2.0 

16.2 3.0 3.4 
6.4 0 7.3 

8.2 
0.7 

2.0 

2.3 

0.8 

2.2 
45.3 

0.1 
0.1 

0.1 

0.2 
0.1 

0.6 
1.0 

0.6 

3.0 

0.6 
1.6 
0.5 
4.1 

15.1 5.7 
8.6 1.6 

10.8 3.0 
12.9 7.5 
14.2 1.3 
12.4 8.7 
5.9 2.0 

10.6 3.0 
18.03 
5.9 0.8 

11.4 3.4 

5.7 27.6 
9.5 16.3 
9.4 2.1 
7.6 
9.8 20.5 
6.8 24.1 
5.6 15.2 
6.4 22.0 

10.5 1.9 
10.0 18.3 
5.0 25.9 
6.7 16.6 
6.2 23.4 
6.2 26.0 
4.7 29.9 

10.8 12.5 

0.3 Tr 
0.2 Tr 
0.3 Tr 
0.3 Tr 
0.3 Tr 
0.6 Tr 
0.4 Tr 
0.4 Tr 
4.8 Tr 

1.8 Tr 
1.7 Tr 

0.5 Tr 
4.2 22.~ 

1.1 0.3 
1.3 Tr 

(continued) 
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Table 20-7 (Continued) 

Carbohydrate Fiber 

Food kcal Water Total Sugarb Starch Dietary Crude Protein Fat 

Fruits ( Continued) 

Blackberries, stewed, no sugar 
Blackberries, stewed, with sugar 
Cherries, eating, raw 
Cherries, cooking, raw 
Cherries, stewed, no sugar 
Cherries, stewed, with sugar 
Cranberries, raw 
Currants, black, raw 
Currants, stewed, no sugar 
Currants, stewed, with sugar 
Currants, red, raw 

25 84.6 
60 76.5 
47 81.5 
46 79.8 
39 83.4 
77 72.8 
15 87.0 
28 77.4 
24 80.7 
59 72.4 
21 82.8 

Currants, stewed, no sugar 18 85.3 
Currants, stewed, with sugar 53 88.2 
Currants, white, raw 26 83.3 
Currants, stewed, no sugar 22 85.7 
Currants, stewed, with sugar 57 77.5 
Currants, dried 243 22.0 
Dates, dried 248 14.6 
Dates, dried, with pits 213 12.6 
Figs, green, raw 41 84.6 
Figs, dried, raw 213 16.8 
Figs, stewed, no sugar 118 53.8 
Figs, stewed, with sugar 136 50.7 
Fruit pie filling, canned 95 72.6 
Fruit salad, canned 95 71.1 
Gooseberries, green, raw 17 89.9 
Gooseberries, stewed, no sugar 14 91.4 
Gooseberries, stewed, with sugar 50 82.7 
Gooseberries, ripe, raw 37 83.7 
Grapes, black, raw 61 80.7 
Grapes, white, raw 63 79.3 
Grapefruit, raw 22 90.7 
Grapefruit, canned 60 81.8 
Green gages 47 78.2 
Green gages, stewed, no sugar 40 81.4 
Green gages, stewed, with sugar 75 72.8 
Guavas, canned 60 77.6 
Lemons, whole 15 85.2 
Lemon juice, fresh 7 91.3 
Loganberries, raw 17 85.0 
Loganberries, stewed, no sugar 16 86.1 
Loganberries, stewed, with sugar 54 77.3 
Loganberries, canned 101 66.3 
Lychees, raw 64 82.0 
Lychees, canned 68 79.3 
Mandarin oranges, canned 56 84.3 
Mangoes, raw 59 83.0 
Mangoes, canned 77 74.8 

5.5 5.5 
14.8 14.8 
11.9 11.9 
11.6 11.6 
9.8 9.7 

20.1 19.7 
3.5 3.5 
6.6 6.6 
5.6 5.6 

15.0 15.0 
4.4 4.4 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

3.8 3.8 0 
13.3 13.3 0 
5.6 5.6 0 
4.8 4.8 0 

14.2 14.2 0 
63.1 63.1 0 
63.9 63.9 0 
54.9 54.9 0 
9.5 9.5 0 

52.9 52.9 0 
29.4 29.4 0 
34.3 34.3 0 
25.1 23.2 1.9 
25.0 25.0 0 
3.4 3.4 0 
2.9 2.9 0 

12.5 12.5 0 
9.2 9.2 0 

15.5 15.5 0 
16.1 16.1 0 
5.3 5.3 0 

15.5 15.5 0 
11.8 11.8 0 
10.0 10.0 0 
19.4 19.2 0 
15.7 15.7 Tr 
3.2 3.2 0 
1.6 1.6 0 
3.4 3.4 0 
3.1 3.1 0 

13.4 13.4 0 
26.2 26.2 0 
16.0 16.0 0 
17.7 17.7 0 
14.2 14.2 0 
15.3 15.3 Tr 
20.3 20.2 0.1 

6.3 
5.7 
1.7 
1.7 
1.4 
1.2 
4.2 
8.7 
7.4 
6.8 
8.2 
7.0 
6.4 
6.8 
5.8 
5.3 
6.5 
8.7 
7.5 
2.5 

18.5 
10.3 
9.7 

(1.8) 
I.l 
3.2 
2.7 
2.5 
3.5 
0.4 
0.9 
0.6 
0.4 
2.6 
2.2 
2.1 
3.6 
5.2 

o 
6.2 
5.7 
5.2 
3.3 

(0.5) 
0.4 
0.3 

(1.5) 
1.0 

0.2 

1.4 
2.4 

3.4 

3.4 

2.3 

1.2 
5.6 

0.4 
1.9 

0.6 
0.5 
0.2 
0.2 
0.4 
0.2 

0.4 
Tr 
3.0 

2.0 
0.3 

(0.1) 

0.9 

1.1 
1.0 
0.6 
0.6 
0.5 
0.4 
0.4 
0.9 
0.8 
0.8 
1.1 
0.9 
0.9 
1.3 
1.1 
1.0 
1.7 
2.0 
1.7 
1.3 
3.6 
2.0 
1.9 
0.3 
0.3 
1.1 
0.9 
0.9 
0.6 
0.6 
0.6 
0.6 
0.5 
0.8 
0.6 
0.6 
0.4 
0.8 
0.3 
1.1 
1.0 
0.9 
0.6 
0.9 
0.4 
0.6 
0.5 
0.3 

Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

(continued) 
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Table 20-7 (Continued) 

Carbohydrate Fiber 

Food kcal Water Total Sugarb Starch Dietary Crude Protein Fat 

Fruits (Continued) 

Melons: 
Cantaloupe, raw 24 93.6 5.3 5.3 0 1.0 0.3 1.0 Tr 
Yellow honeydew, raw 21 94.2 5.0 5.0 0 0.9 0.6 0.6 Tr 
Watermelon, raw 21 94.0 5.3 5.3 0 0.3 0.4 Tr 

Mulberries, raw 36 85.0 8.1 8.1 0 1.7 1.3 Tr 
Nectarines, raw 50 80.2 12.4 12.4 0 2.4 0.4 0.9 Tr 
Olives, in brine 103 76.5 Tr Tr 0 4.4 1.3 0.9 11.0 
Oranges, raw 35 86.1 8.5 8.5 0 2.0 0.5 0.8 Tr 
Orange juice, fresh 38 87.7 9.4 9.4 0 0 0.1 0.6 Tr 
Passion fruit, raw 37 73.3 6.2 6 .. 2 0 15.9 2.8 Tr 
Pawpaw, canned 65 80.4 17.0 17.0 0 0.5 0.2 Tr 
Peaches, fresh, raw 37 86.2 9.1 9.1 0 1.4 0.6 0.6 Tr 
Peaches, dried, raw 212 15.5 53.0 53.0 0 14.3 3.1 3.4 Tr 
Peaches, stewed, no sugar 79 68.7 19.6 19.6 0 5.3 1.3 Tr 
Peaches, stewed, with sugar 93 66.0 23.3 23.3 0 5.1 1.3 Tr 
Peaches, canned 87 74.3 22.9 22.9 0 1.0 0.4 0.4 Tr 
Pears, eating 41 83.2 10.6 10.6 0 2.3 1.4 0.3 Tr 
Pears, cooking, raw 36 83.0 9.3 9.3 Tr 2.9 0.3 Tr 
Pears, stewed, no sugar 30 85.5 7.9 7.9 Tr 2.5 0.2 Tr 
Pears, stewed, with sugar 65 77.3 17.1 17.1 Tr 2.3 0.2 Tr 
Pears, canned 77 76.2 20.0 20.0 0 1.7 0.8 0.4 Tr 
Pineapple, fresh 46 84.3 11.6 11.6 0 1.2 0.4 0.5 Tr 
Pineapple, canned 77 77.1 20.2 20.2 0 0.9 0.3 0.3 Tr 
Plums, Victoria dessert, raw 38 84.1 9.6 9.6 0 2.1 0.4 0.6 Tr 
Plums, cooking, raw 26 85.1 6.2 6.2 0 2.5 0.6 Tr 
Plums, stewed, no sugar 22 86.3 5.2 5.2 0 2.2 0.5 Tr 
Plums, stewed, with sugar 59 77.7 15.3 15.1 0 1.9 0.4 Tr 
Pomagranate juice 44 85.4 11.6 11.6 0 0 0.2 Tr 
Prunes, dried, raw 161 23.3 40.3 40.3 0 16.1 1.6 2.4 Tr 
Prunes, stewed, no sugar 82 60.5 20.4 20.4 0 8.1 0.8 1.3 Tr 
Prunes, stewed, with sugar 104 57.1 26.5 26.5 0 7.7 0.6 1.2 Tr 
Raisins, dried 246 21.5 64.4 64.4 0 6.8 0.9 1.1 Tr 
Raspberries, raw 25 83.2 5.6 5.6 0 7.4 3.0 0.9 Tr 
Raspberries, stewed, no sugar 26 82.2 5.9 5.9 0 7.8 0.9 Tr 
Raspberries, stewed, with sugar 68 72.6 17.3 17.3 0 7.0 0.8 Tr 
Raspberries, canned 87 74.0 22.5 22.5 0 (5.0) 2.6 0.6 Tr 
Rhubarb, raw 6 94.2 1.0 1.0 0 2.6 0.7 0.6 Tr 
Rhubarb, stewed, no sugar 6 94.6 0.9 0.9 0 2.4 0.6 Tr 
Rhubarb, stewed, with sugar 45 85.0 11.4 11.4 0 2.2 0.6 0.5 Tr 
Strawberries, raw 26 88.9 6.2 6.2 0 2.2 1.3 0.6 Tr 
Strawberries, canned 81 79.4 21.1 21.1 0 1.0 0.6 0.4 Tr 
Sultanas, dried 250 18.3 64.7 64.7 0 7.0 0.9 1.8 Tr 
Tangerines, raw 34 86.7 8.0 8.0 0 1.9 0.5 0.9 Tr 

Nuts 
Almonds 565 4.7 4.3 4.3 0 14.3 2.6 16.9 53.5 
Barcelona nuts 639 5.7 5.2 3.4 1.8 10.3 10.9 64.0 
Brazil nuts 619 8.5 4.1 1.7 2.4 9.0 3.1 12.0 61.5 

(continued) 
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Table 20-7 (Continued) 

Carbohydrate Fiber 

Food kcal Water Total Sugarb Starch Dietary Crude Protein Fat 

Nuts (Continued) 
Chestnuts 170 51.7 36.6 7.0 29.6 6.8 1.1 2.0 2.7 
Cob or hazelnuts 380 41.1 6.8 4.7 2.1 6.1 3.0 7.6 36.0 
Coconut, fresh 351 42.0 3.7 3.7 0 13.6 4.0 3.2 36.0 
Coconut, milk 21 92.2 4.9 4.9 0 (Tr) 0.3 (0.2) 
Coconut, desiccated 604 2.3 6.4 6.4 0 23.5 3.9 5.6 62.0 
Peanuts, fresh 570 4.5 8.6 3.1 5.5 8.1 2.4 24.3 49.0 
Peanuts, roasted, salted 570 4.5 8.6 3.1 5.5 8.1 2.4 24.3 49.0 
Peanut butter, smooth 623 1.1 13.1 6.7 6.4 7.6 1.5 22.6 53.7 
Walnuts 525 23.5 5.0 3.2 1.8 5.2 14.8 10.6 51.5 

Vegetables 
Artichokes, globe, boiled 15 84.4 2.7a 0 2.4 1.1 Tr 
Asparagus, boiled 18 92.4 1.1 1.1 0 1.5 0.7 3.4 Tr 
Aubergine, raw 14 93.4 3.1 2.9 0.2 2.5 0.7 Tr 
Beans, French, boiled 7 95.5 1.1 0.8 0.3 3.2 1.1 0.8 Tr 
Beans, runner, raw 26 89.0 3.9 2.8 1.1 2.9 2.3 0.2 
Beans, broad, boiled 48 83.7 7.1 0.6 6.5 4.2 4.1 0.2 
Beans, red kidney, raw 272 11.0 45.0 (3.0) (42.0) (25.0) 4.2 22.1 1.7 
Bean sprouts, canned 9 95.4 0.8 0.4 0.4 3.0 0.7 1.6 Tr 
Broccoli, tops, raw 23 89.0 2.5 2.5 Tr 3.6 1.5 3.3 Tr 
Broccoli, boiled 18 89.9 1.6 1.5 0.1 4.1 1.5 3.1 Tr 
Brussels sprouts, raw 26 88.1 2.7 2.6 0.1 4.2 1.6 4.0 Tr 
Brussels sprouts, boiled 18 91.5 1.7 1.6 0.1 2.9 1.6 2.8 Tr 
Cabbage, red, raw 20 89.7 3.5 3.5 Tr 3.4 1.0 1.7 Tr 
Cabbage, white, raw 22 90.3 3.5 3.7 0.1 2.7 0.8 1.9 Tr 
Carrots. old, raw 23 89.9 5.4 5.4 0 2.9 1.0 0.7 Tr 
Carrots, boiled 19 91.5 4.3 4.2 0.1 3.1 1.0 0.6 Tr 
Carrots, young, boiled 20 91.1 4.5 4.4 0.1 3.0 1.0 0.9 Tr 
Carrots, canned 19 91.2 4.4 4.4 Tr 3.7 0.8 0.7 Tr 
Cauliftower raw 13 92.7 1.5 1.5 Tr 2.1 1.0 1.9 Tr 
Cauliftower, boiled 9 94.5 0.8 0.8 Tr 1.8 1.0 1.6 Tr 
Celery, raw 8 93.5 1.3 1.2 0.1 1.8 0.6 0.9 Tr 
Celery, boiled 5 95.7 0.7 0.7 0 2.2 0.6 0.6 Tr 
Chicory, raw 9 96.2 1.5a 0 0.6 0.8 Tr 
Cucumber, raw 10 96.4 1.8 1.8 0 0.4 0.3 0.6 0.1 
Endive, raw 11 93.7 1.0 1.0 0 2.2 0.9 1.8 Tr 
Horseradish, raw 59 74.7 11.0 7.3 3.7 8.3 2.4 4.5 Tr 
Leeks, raw 31 86.0 6.0 6.0 0 3.1 1.3 1.9 Tr 
Leeks, boiled 24 90.8 4.6 4.6 0 3.9 1.8 Tr 
Lentils, raw 304 12.2 53.2 2.4 50.8 11.7 3.9 23.8 1.0 
Lentils, split, boiled 99 72.1 17.0 0.8 16.2 3.7 1.2 7.6 0.5 
Lettuce, raw 12 95.9 1.2 1.2 Tr 1.5 0.5 1.0 0.4 
Mushrooms, raw 13 91.5 0 0 0 2.5 0.8 1.8" 0.6 
Mustard and cress, raw 10 92.5 0.9 0.9 0 3.7 1.1 1.6 Tr 
Okra, raw 17 90.0 2.3 2.3 Tr (3.2) 1.0 2.0 Tr 
Onions, raw 23 92.8 5.2 5.2 0 1.3 0.6 0.9 Tr 
Onions, boiled 13 96.6 2.7 2.7 0 1.3 0.6 0.6 Tr 
Parsley, raw 21 78.7 Tr Tr 0 9.1 1.5 5.2 Tr 

(continued) 
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Table 20-7 (Continued) 

Carbohydrate Fiber 

Food kcal Water Total Suga~ Starch Dietary Crude Protein Fat 

Vegetables (Continued) 
Parsnips, raw 49 82.5 11.3 8.8 2.5 4.0 2.0 1.7 Tr 
Parsnips, boiled 56 83.2 1305 2.7 10.8 25 2.0 1.6 Ttl 
Peas, fresh, raw 67 78.5 10.6 4.0 6.6 5.2 2.0 5.8 0.4 
Peas, fresh, boiled 52 80.0 7.7 1.8 5.9 5.2 2.0 5.0 0.4 
Peas, frozen, raw 53 79.1 7.2 4.1 3.4 7.8 1.9 5.7 0.4 
Peas, frozen, boiled 41 80.7 4.3 1.0 3.3 12.0 1.9 5.4 0.4 
Peas,canned,garden 47 81.6 7.0 3.6 3.4 6.3 2.3 4.6 0.3 
Peas,processed 80 71.5 13.7 1.3 12.4 7.9 2.2 6.2 0.4 
Peas, dried, raw 286 13.3 50.0 2.4 47.6 16.7 4.9 21.6 1.3 
Peas, dried, boiled 103 70.3 19.1 0.9 18.2 4.8 0.4 6.9 0.4 
Peas, split, dried, raw 310 12.1 56.6 1.9 54.7 11.9 1.2 22.1 1.0 
Peas, split, dried, boiled 118 67.3 21.9 0.9 21.0 5.1 0.4 8.3 0.3 
Peas, chick Bengal gram, raw 320 9.9 50.0 (10.0) (40.0) (15.0) 5.0 20.2 5.7 
Peas, red pidgeon, raw 301 10.0 54.0 (9.0) (45.0) (15.0) 7.0 20.0 2.0 
Peppers, green, raw 15 93.5 2.2 2.2 Tr 0.9 1.4 0.9 0.4 
Peppers, green, boiled 14 93.7 1.8 1.7 0.1 0.9 1.4 0.9 0.4 
Plantain, green, raw 112 67.0 28.3 0.8 27.5 (5.8) 0.4 1.0 0.2 
Plantain, green, boiled 122 63.9 31.1 0.9 30.2 6.4 1.0 0.1 
Potatoes, old, raw 87 75.8 20.8 0.5 20.3 2.1 05 2.1 0.1 
Potatoes, boiled 80 805 19.7 0.4 19.3 1.0 0.5 1.4 0.1 
Potatoes, mashed, with 

margarine and milk 119 76.9 18.0 0.6 17.4 0.9 0.4 1.5 5.0 
Potatoes, baked 105 71.0 25.0 0.6 24.4 25 0.6 2.6 0.1 
Potatoes, new, boiled 76 78.8 18.3 0.7 17.6 2.0 05 1.6 0.1 
Potatoes, new, canned 53 84.2 12.6 0.4 12.2 2.5 0.2 1:2 0.1 
Potatoes, instant powder 318 7.2 73.2 2.2 71.0 165 (1.6) 9.1 0.8 
Potatoes, instant powder, made up 70 79.4 16.1 0.5 15.6 3.6 0.3 2.0 0.2 
Potato crisps 533 2.7 49.3 0.7 48.6 11.9 (1.6) 6.3 35.9 
Pumpkin, raw 15 94.7 3.4 2.7 0.7 05 1.1 0.6 Tr 
Radishes, raw 15 93.3 2.8 2.8 0 1.0 0.8 1.0 Tr 
Spinach, boiled 30 85.1 1.4 1.2 0.2 6.3 0.6 5.1 0.5 
Spring greens, boiled 10 93.6 0.9 0.9 0 3.8 1.7 Tr 
Sweet corn, on-the-cob, raw 127 65.2 23.7 1.7 22.0 3.7 0.7 4.1 2.4 
Sweet corn, on-tbe-cob, boiled 123 65.1 22.8 1.7 21.1 4.7 0.7 4.1 2.3 
Sweet corn, canned, kernels 76 73.4 16.1 8.9 7.2 5.7 0.8 2.9 (0.5) 
Sweet potatoes, raw 91 70.0 21.5 (9.7) (11.8) (25) 0.7 1.2 0.6 
Sweet potatoes, boiled 85 72.0 20.1 9.1 11.0 2.3 0.7 1.1 0.6 
Tomatoes, raw 14 93.4 2.8 2.8 Tr 1.5 0.5 0.9 Tr 
Tomatoes, canned 12 94.0 2.0 2.0 Tr 0.9 0.4 1.1 Tr 
Turnips, raw 20 93.3 3.8 3.8 0 2.8 0.9 0.8 0.3 
Turnips, boiled 14 94.5 2.8 2.3 0 2.2 0.9 0.7 0.3 
Turnip tops, boiled 11 92.8 0.1 0 0.1 3.9 0.8 2.7 Tr 
Watercress, raw 14 91.1 0.7 0.6 0.1 3.3 0.7 2.9 Tr 
Yam, raw 131 73.0 32.4 1.0 31.4 (4.1) 0.9 2.0 0.2 
Yam, boiled 119 65.8 29.8 0.2 29.6 3.9 1.6 0.1 
Squash, all varieties 

Summer, raw 19 94.0 0.6 1.1 0.1 
Summer, boiled 14 9505 0.6 0.9 0.1 

(continued) 
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Table 20-7 (Continued) 

Carbohydrate Fiber 

Food kcal Water Total Suga~ Starch Dietary Crude Protein Fat 

Vegetables (Continued) 

Squash (Continued) 

Zucchini, raw 
Zucchini, boiled 
Winter, all varieties 

Raw 
Cooked: Baked 
Boiled, mashed 

17 94.6 
12 96.0 

50 85.1 
63 81.4 
38 88.8 

0.6 1.2 0.1 
0.6 1.0 0.1 

1.4 1.4 0.3 
1.8 1.8 0.4 
1.4 l.l 0.3 

a All data are taken from Paul and Southgate" except those under Crude Fiber and Squash, which are taken from 
the U.S. Agriculture Department.I" 

bSugar includes all free monosaccharides and disaccharides. 
cYalues in parentheses are taken from the literature. 
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20.1. LIQUID BLAND DIET 

This diet is needed when the mouth, esophagus, or stomach cannot toler
ate solid or potentially irritating foods. Ulceration of the mucosa-either peptic, 
traumatic, or iatrogenic-is. the most common reason. The diet is used tempo
rarily and usually is the first step in a progression to a soft bland diet and then a 
full bland diet. It is recommended in Chapters 7, 8, and 9 for the early treat
ment of acute esophagitis, gastritis, intractable ulcers, early recovery from 
surgery, etc. 

Obviously, this diet is deficient in many vitamins and minerals. If used 
long term, it must be supplemented. The hospitalized patient will often be on 
concurrent or crossover intravenous therapy, but at no time should the diet act 
as the sole source of energy and nutrient supply for longer than 3 to 7 days, 
depending on clinical conditions and fat stores. 

Approximate Compositiona 

Calories 
Carbohydrate 
Protein 
Fat 

aModified from Ref. 4. 

1800 
245g 
50g 
65g 

Suggested Eating Plan 

Breakfast 

Fruit juice 
Cereal drink 
Milk 
Sugar or candy 

Midmorning 
Milk or fruit juice 

Lunch 

Soup or vegetable drink 
Milk 
Dessert 
Sugar or candy 

Midaftemoon 

Milk drink 

Dinner 

Soup or vegetable drink 
Dessert 
Milk 
Sugar or candy 

Evening 

Milk or fruit drink 

Number of servings 

I 
2 tsp added 

2tsp 

2tsp 
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Food Lists 

Allowed Avoid 

Milk Whole, or with egg powder -
or egg added 

Cereal Strained or enriched -
whole-grain cereal 

Vegetable Juice or pureed Tomato 
Fruit Juice or strained Orange, grapefruit, 

pineapple, any citrus 
Soup Strained cream soups All spiced, broth, bouillon 
Dessert Custard, gelatin, nonspiced Spiced, citrus flavorings 

ice cream, sherbert, fruit ice 
Candy Sugar cubes, plain sugar candy Spiced, e.g., caramel, etc. 
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20.2. SOFT BLAND DIET 

This diet is intended as a progression from the liquid bland diet or as a 
direct prescription if clinically indicated. It is intended primarily for the dam
aged upper gastrointestinal mucosa, as described in Chapters 7, 8, and 9, for 
esophagitis, gastritis, or ulcer disease. It should also be used in recovery peri
ods for any illness where eating is mechanically difficult for the patient. When 
ready, the patient usually progresses to the full bland diet. 

Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat 

2000 
230g 
70g 
95 g 

The following food exchanges are recommended in any combination that is 
most satisfactory for the patient, based on Tables 20-1 to 20-6 for exchanges, 
and the allowed food lists. 

Suggested Eating Plan 

Exchange Breakfast Lunch Dinner Snacks 

Proteina (Table 20-1) 1 2 2 -
Fat (Table 20-2) 3 3 3 -
Cereal (Table 20-3) 1 - - -
Milk or cream (Table 20-4) I I I 1 

Fruit or soup (Table 20-5) I I I I 
Vegetablesa (Table 20-6) - I I -
Dessert - I I -
Candy - I I I 

aAU foods are ground, pureed, or mashed by hand or in any standard blender. 



378 CHAPTER 20 

Food Lists 

Allowed Avoid 

J>rotein foods Pureed, ground, or blended veal, All seasoned foods, meats, 
beef, fish, or fowl; egg; cheeses 
cottage or cream cheese 

Fat Cream cheese, butter, All others 
margarine, oils 

Milk All simple products -
Cereal Refined or whole, but soft All spiced or with 

and cooked seasoning additives 
Vegetable Pureed or mashed Tomato 
Fruit Pureed or juice All citrus, orange, 

grapefruit, pineapple 
Soup Purees or creamed Broth, bouillon, canned, 

spiced 
Dessert Jello, custard, ice cream, All spiced, highly 

sherbet, angel food cake seasoned, or chocolate 
Sweets Sugar, simple sugar, All spiced, e.g., caramels, 

hard candies chocolates, etc. 
Miscellaneous All beverages such as coffee (ground or decaffeinated), carbonated drinks, and 

those with added spices are not recommended. Juices, milk drinks, and water 
are recommended. Alcohol is a definite irritant and should be avoided in all 
foods. 
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20.3. FULL BLAND DIET 

This diet is recommended as a progression from a soft bland diet or for all 
patients with nonspecific gastrointestinal complaints. It is particularly useful 
for subjects with peptic disease or intolerance to spices and is recommended in 
Chapters 7, 8, 9, 15, and 16 for inflammatory gastrointestinal diseases without 
fiber restriction (also see diet 29). 

Along with advice on the quality of foods, the patient should be instructed 
to eat in moderation and not overeat at anyone meal or with anyone food. 

And, of course, alcohol is to be avoided. 

Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat 

2200 
220g 
90g 

111 g 

The following food exchanges are recommended in any combination that 
is most satisfactory for the patient based on Tables 20-1 to 20-6 and the allowed 
list. 

Suggested Eating Plana 

Food exchange Breakfast Lunch Dinner Snacks 

Protein (Table 20-1) 1 2 2 -
Fat (Table 20-2) 3 I 1 -
Cereal and bread (Table 20-3) 2 1 1 -
Milk (Table 20-4) - 1 1 -
Fruit (Table 20-5) I 1 1 -
Vegetable (Table 20-6) - 3 2 -
Dessert - - 1 1 
Candy or sugar - 1 - 1 

aModified from Ref. 4. 

Food Lists 

Allowed Avoid 

All others Alcohol, caffeinated beverages and limited car-
bonated beverages, all citrus fruits and juices, 
orange, grapefruit, pineapple, tomato, all 
highly seasoned foods including pepper, chili 
powder, seed spices, cloves, garlic, spiced pic-
kles, and gravies 
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2004. ALTERNATING BLAND DIET AND ANTACID REGIMEN 

This regimen is used when there is severe ulceration of the esophageal, 
gastric, and/or duodenal mucosa. The causes of such inflammations are deline
ated in Chapters 7 through 9. The purpose of this diet regimen is to decrease the 
contact of such irritants as HCI with the mucosal surface and to produce a 
coating effect for the relief of pain, if that is possible. 

Some clinicians also use this type of regimen in intractable ulcer pain, but 
usually in association with bed rest. Another associated therapy is the use of 
the H2 antagonist cimetidine to decrease acid production. 

This regimen is intended for short-term acute therapy and frequently re
quires intravenous supplementation. 

Approximate Composition a 

Calories 
Carbohydrate 
Protein 
Fat 

aBased on nine feedings. 

1400 
105g 
75g 
75g 

Suggested Eating Plana 

On awakening (approx) 
One hour later 
One hour later 
One hour later 

8 AM: 1 cup or glass of milkb 
9 AM: 1 oz of antacidC 

10 AM: milk or substitute 
11 AM: antacid 

Continue cycle hourly until asleep 

aThe regimen can be extended to use soft bland foods as listed in Diet 
2. 

bI prefer the use of milk; some use cream in lesser quantities. Ice 
cream, skim milk-com syrup mixtures, etc., may be substituted. 
Wherever lactose intolerance is a problem, this regimen should be 
avoided or milk prepared with prior lactose digestion (Lactaid) used. 

cThe choice of the antacid is discussed in Chapters 7 and 8 and is 
largely guided by patient tolerance, salt content, and whether consti
pation or diarrhea is a problem. The aluminum antacids help binding 
and the magnesium ones increase ftuid stools. 

Some clinicians formerly awakened patients to keep this regimen perpe
tuated, but with the use of cimetidine there is sufficient acid suppression to 
permit the great benefit of uninterrupted sleep. 



DIETS AND FOOD LISTS 381 

20.5. HIGH-CALCIUM FOODS 

Some diseases require diets low in milk, e.g., lactose intolerance, milk 
allergy, etc. When this occurs, the therapeutic diet is often low in calcium. The 
RDA for calcium (Chapter 2) is between 0.8 and 1.4 g/day after infancy. When 
milk is eliminated, this requirement is often not reached. Calcium tablet supple
ments can be used, but food supplements are always preferred. The following 
list includes food portions with significant amounts of calcium (greater than 25 
mg/lOO g). 

High-Calcium' Food Portionsa 

Food group Portion Weight (g) Calcium (mg) 

Protein-rich 
Egg 2 100 54 
Fish 

Pike 31/.oz 100 140 
Salmon (with bones) 31/.oz 100 154 
Sardines 31/20Z 100 303 
Clams 31/.oz 100 90 
Oysters 31/20Z 100 90 
Shrimp 31/10z 100 105 
Smelt 31/.oz 100 272 

Cheese . 
Cheddar loz 30 218 
Cheese foods loz 30 160 
Cheese spread loz 30 158 
Cottage cheese 1/4 cup 50 53 

Meat (cooked) 
Lamb quarters 31/.oz 100 258 

(other meats are low) 
Bread. starches. flour 

Bread 
Biscuit 2-in. diam 35 42 
Muffin 2-in. diam 35 36 
Cornbread 11/2-in. cube 35 36 
Pancake 4-in.diam 45 45 
Waftle 1/. square 35 39 

Beans. dry (canned 
or cooked) 1/. cup 90 45 

Lima beans 1/1 cup 100 42 
Parsnips 2/acup 100 45 
Soybean flour 2/a cup 100 199 
Bran. crude wheat 2/acup 100 119 

Milk products 
Whole 1 cup 240 288 
Evaporated whole milk 1/2 cup 120 302 
Powdered whole milk 1/. cup 30 252 

(continued) 
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High-Calcium Food Portionsa (Continued) 

Food group Portion Weight (g) Calcium (mg) 

Milk products (Continued) 
Buttermilk 1 cup 240 296 
Skim milk 1 cup 240 298 
Powdered skim milk, dry 1/4 cup 30 367 
Cream, half and half 2tbsp 30 32 
Cream, sour 2tbsp 30 31 

Breakfast foods 
Oat cereals with additives 31/" oz 100 150+ 

Fruit 
Blackberries a/4cup 100 32 
Orange 1 medium 100 41 
Raspberries a/4cup 100 30 
Rhubarb 1 cup 100 96 
Tangerine 2 small 100 40 

Vegetables (cooked) 
Artichokes 1/"cup 100 51 
Beans, green, wax, white, red II. cup 100 50 
Beet greens 11. cup 100 99 
Broccoli (raw) 11. cup 100 88(103) 
Brussels sprouts 11. cup 100 32 
Cabbage 11. cup 100 49 
Cabbage, Chinese 1/2 cup 100 43 
Carrots 11. cup 100 33 
Celery 11. cup 100 39 
Chickpeas II. cup 100 150 
Chard 1/2 cup 100 73 
Collards 11. cup 100 188 
Cress 11. cup 100 81 
Dandelion greens 1/2 cup 100 140 
Kale II. cup 100 187 
Kohlrabi 1/2 cup 100 33 
Leeks, raw 3-4 100 52 
Mustard greens 11. cup 100 138 
Okra 1/2 cup 100 92 
Pumpkin 1/2 cup 100 25 
Rutabagas lIs cup 100 59 
Sauerkraut 111 cup 100 36 
Spinach 1/2 cup 100 93 
Squash, summer II. cup 100 25 
Squash, winter 11. cup 100 28 
Turnip greens 1/2 cup 100 184 
Turnips 1/2 cup 100 35 

Desserts 
Cake, white 1 piece 50 32 
Custard, baked 11a cup 100 112 
Ice cream 11. cup 75 110 
Ice milk 1/2 cup 75 118 
Pie, cream 1/8of9-in. 160 120 

pie 
Pudding 1/2 cup 100 117 
Sherbet 11a cup 50 25 

(continued) 



DIETS AND FOOD LISTS 383 

High-Calcium Food Portionsa (Continued) 

Food group Portion Weight (g) Calcium (mg) 

Nuts and seeds 
Almonds, dried 2/a cup 100 234 
Butternuts 2/a cup 100 1238 
Hazelnuts 2/a cup 100 209 
Pistachio nuts 2/acup 100 131 
Sunflower seeds 31/20Z 100 120 
Walnuts, English 31/20Z 100 99 

aModified from Ref. 4. 
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20.6. LOW-CALCIUM DIET 

A low-calcium diet is infrequently used. It is recommended only for iatro
genic overdose, such as the milk-alkali syndrome (see Chapters 8 and 9), cal
cium stone formers, and severe hypercalcemia. 

The RDA for adults is 800 to 1400 mg. The following diet has an approxi
mate intake of 350 mg of calcium per day and is adequate in all other nutrients 
except riboflavin. When more vigorous control of calcium intake is desired, all 
calcium foods can be eliminated, but this type of therapy should probably be 
done in a hospital setting since it is used only for acute hypercalcemia that is 
life threatening and usually serious enough to warrant concurrent drug therapy. 

Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat 
Calcium 

2050 
220g 
90g 
90g 

0.350 g 

Suggested Daily fating Plan 
8 oz meat or substitute only 
3--4 eggs per week only 
1 serving refined cereal (no bran) 
4 servings bread or substitute 
1 serving potato or substitute 
2 servings vegetables, 1 should be raw 
3 servings fruit, 1 should be citrus 
3 tbsp fat 
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Food Lists 

Allowed Avoid a 

Beverage Coffee, tea, carbonated beverages Milk, milk beverages, chocolate-flavored 
drinks, cereal beverages, e.g., 
Postum, Sanka, Nescafe 

Bread White and light rye bread or crackers Whole-grain or soybean bread, biscuits, 
muffins, crackers, rolls 

Cereal All refined cereals, e.g., Cream of Chocolate-flavored cereal, oatmeal, cold 
Wheat, farina cereals, bran, whole-grain cereals, 

e.g., Maltex, Ralston, Wheatena 
Meat, fish, Only 8 oz daily of any meat, fish, or Clams, oysters, mackerel, shrimp, 
poultry, poultry except those listed under sardines, scallops, salmon lobster, 
cheese "Avoid" cheese 

Egg Not more than 3 to 4 per week, More than 3 to 4 per week 
including those used in cooking 

Potato or Potato, hominy, refined rice, macaroni, Sweet potato, whole-grain rice, more 
substitute spaghetti, noodles than one serving of potato daily 

Vegetable At least 2 servings, one of which should Beet greens, broccoli, chard, green 
be raw, of any canned, cooked, or cabbage, celery, collards, endive, 
fresh vegetables except those listed dandelion greens, leaf lettuce, kale, 
under "Avoid" okra, parsley, scallions, parsnips, 

rutabaga, watercress, spinach, dried 
beans and peas, lentils 

Fruit At least 3 servings of any canned, Dried apricots; currants, dates, figs, 
cooked, or fresh fruit or juice, except prunes, raisins, rhubarb, strawberries, 
only 4 oz of citrus fruit per day raspberries, honeydew melon 

Fat Fortified margarine, French dressing, Cream, except for amount allowed; 
salad oil, shortening, 2 tbsp cream mayonnaise 
daily 

Dessert Cake, cookies, gelatin desserts, Ice cream and all others 
pastries, puddings, sherbert (all made 
without chocolate, milk, nuts, and 
dried fruits). If egg yolk is used, it 
must be from egg allowance 

Soup Broth, vegetable soup made from Bean or pea soup, cream or milk soups 
vegetables allowed 

Sweets Candy without chocolate, molasses, Candy made from chocolate, molasses, 
milk, or nuts; honey, jam, jelly, milk, or nuts; molasses and maple 
sugar, syrups except molasses and syrup 
maple syrup 

Miscellaneous Vinegar, spices, salt, herbs, pickles, Nuts, chocolate, cocoa, gravies, cream 
popcorn, relishes, catsup, chili sauces, olives, brewer's yeast, peanut 
sauce, prepared mustard butter, potato chips, soy sauce, 

Worcestershire sauce 

aSee Section 20.5 for high-calcium foods. 
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20.7. MEDIUM CHAIN TRIGL YCERIDE SUPPLEMENTS 

Medium chain triglycerides (MCT) are a mixture of triglycerides contain
ing 6 to 12 chain carbon fatty acids. Their use and physiology are described in 
Chapters 1 and 13. Essentially, they are absorbed more easily than long-chain 
triglycerides because they do not require chylomicron formation, lymphatic 
involvement, and go directly to the portal circulation. They are useful as a high
calorie fat supplement in malabsorptive disorders (Chapter 13), pancreatic defi
ciency (Chapter 12), and generally where an easy source of energy is needed 
(hence, some have added them to enteral alimentation formulas; see Chapter 
18). 

The product is available as an oil and contains approximately 230 cal/oz. 
The percentages of fatty acids in the oil are listed below. 

Composition of Medium~Chain Triglyceride ai/a 

MCToil 
Fatty acid (% of total fat) 

C6:0 Caproic 1 
C8:0 Caprylic, octanoic 75 
CIO:0 Capric, decanoic 23 
C12:0 Lauric 1 
C!4:0 Myristic -
C!6:0 Palmitic -
C!8:0 Stearic Tr 
C!8:! Oleic -
C!8:2 Linoleic -

aFrom Ref. 4. 

The oil can be used on salads or in cooking, or a basic MCT formula can be 
made by mixing the following ingredients5 : 

Basic Formula for Suggested Diet Plan 

Sodium or potassium caseinate 

MCToil 

Dextrose (anhydrous) 

20.9 g 18.8 g protein 
0.3 g fat 

TI.9kcai 
22.2 g 22.2 g fat 

186.5 kcal 
53.3 g 53.3 g carbohydrate 

213.2 kcal 
Water, mixed in and beaten to make a total of 350 g of formula containing approximately 15% 
of its total caloric value as protein, 40% as fat, and 45% as carbohydrate. 

This formula can be used in the following diet plan.5 
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Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat 

2754 
46% 
20% 

34% (60% MCT) 

Suggested Eating Plan 

Breakfast 

8 oz orange juice or fruit 
2 eggs, poached or boiled 
2 pieces of toast 
2 tsp butter 
2 tsp jelly 

Midmorning 

80z MCT formula 

Lunch 

8 oz tomato or fruit juice 
4 oz very lean meat, fish, or poultry 
1 serving of potato 
2 slices of bread 
2 servings of vegetables 
1 salad plus 1 tbsp MCT oil 
1 serving fruit 
80z skim milk 
1 tsp jelly 

Midafternoon 

8 oz MCT formula 

Dinner 

4 oz fruit juice or 1 serving fruit cocktail 
4 oz very lean meat, fish, or poultry 
2 slices of bread 
1 serving of potato 
1 tsp butter 
2 servings of vegetables 
1 salad plus I tbsp MCT oil 
1 serving fruit 
1 tsp jelly 
8 oz skim milk 

Bedtime 

8 oz MCT formula 
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Liberal substitutions for the food groups can be used depending on the 
clinical condition. 

MeT oil can be used in cooking. The following recipes are successful in 
incorporating the oil into palatable food and have been taken from the excellent 
reference by Senior.5 
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MCT Breakfast Foods 
MeT Jelly Muffins 

1 tbsp jelly (per muffin) 
2 cups sifted ftour 
1/2 tsp salt 
1/4 cup sugar 

3 tbsp skim milk powder 
2 tbsp MCT oil 
1 cup water 

CHAPTER 20 

Method: Sift together ftour, salt, sugar, skim milk powder, and baking powder. Combine oil 
and water. Add to sifted ingredients, stirring only until ftour is moistened. Pill one-third of 
each oiled (MCT) muffin tin. Place 1 tbsp jelly in center; add another third of mixture over 
jelly. Bake 25 min in 4000 P oven. 
Yield: 12 muffins 
1 muffin: 1/2 tsp MCT oil 

1 egg white 
2 tbsp skim milk 
Pinch of salt 

MCT French Toast 

3 drops butter ftavoring 
2 slices bread 
2 tbsp MCT oil 

Method: Beat the egg white together with the milk and salt. Dip the bread into the egg white 
mixture. Brown in the MCT oil. 
1 serving: 1 tbsp MCT oil 

Griddle Cakes 

2 cups sifted ftour 
11/2 tbsp sugar 
21/2 tsp baking powder 

1 tsp salt 
11/2 cups skim milk 
2 tbsp MCToil 

Method: Sift together ftour, sugar, baking powder, and salt. Combine milk and MCT oil. Add 
skim milk and MCT oil to dry ingredients, stirring only enough to moisten dry ingredients. 
Cook in hot, lightly greased (with MCT oil) pan until golden brown. Turn only once and 
continue cooking until second side is brown. 
Yield: 12 cakes, 41/.-in. diam 

1 cupftour 
11/2 tbsp sugar 
1 cup skim milk 

MCTBreads 
Popovers 

1 tbsp MCT oil 
3 egg whites 

Method: Sift dry ingredients. Add milk gradually. Beat egg whites and oil together. Add to 
milk and ftour mixture. Beat 2 min. Pour into tins 3/, full. Bake in 425°P oven for 40 to 45 min. 
Yield: 6 popovers 
One popover: 1/. tsp MCT oil 

(continued) 
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MCT Breads (Continued) 
Baking Powder Biscuits 

2 cups sifted flour 1/3 cup MCT oil 
1/2 tsp salt 2/a cup skim milk 
3 tsp baking powder 

Method: Mix and sift dry ingredients together. Combine oil and milk. Pour all at once over 
entire surface of flour mixture. Mix with fork to make a soft dough. Shape lightly with hand to 
make a round ball. Place on waxed paper and knead lightly ten times or until smooth. Pat out to 
1/.-in. thickness or roll between two pieces of waxed paper. Remove top sheet; cut biscuits 
with unfloured medium-sized cookie cutter. Place on ungreased baking sheet. Bake in hot oven 
(425° to 450"F) 12 to 15 min. 
Yield: 12 medium-sized muffins 
1 biscuit:P/4 tsp MCT oil 

MCT Salad Dressings 

MCT French Dressing 

2/3 cup MCT oil 1/3 cup vinegar or lemon juice 
Seasoning to taste: 1 tsp salt, 1/2 tsp pepper, 1/2 tsp sugar, 1/4 tsp paprika 

Method: Combine ingredients in jar and shake well. Vary seasonings to taste with dry mus
tard, minced onion, or garlic. 
Yield: 1 cup dressing 
1 tbsp = 2 tsp MCT oil 

1 tbsp cornstarch 
2/a cup nonfat dry milk 
1 tsp salt 

Oil Spread 

Few drops yellow food coloring 

2/a cup water 
2 cups MCT oil 
1 tbsp lemon juice 

Method: Sift cornstarch, nonfat dry milk, and salt together into top of double boiler. Combine 
lemon juice and water; gradually add to starch mixture mixing until smooth. Cook over boiling 
water, stirring constantly until mixture thickens-about 4 min. Remove from heat. Add MCT 
oil, 1/4 cup at a time, beating with rotary beater after each addition. Add coloring. Do not use 
electric blender. 
Yield: lib 5 oz (22/3 cups) 
I tsp oil spread = 3.3 g MCT oil 

MCTEntrees 

Tomato and Macaroni Skillet 

1/3 cup MCT oil II/I cups water 
1/2 cup chopped onion 1 tbsp salt 
1 medium green pepper, chopped 1 tsp dry mustard 
31/2 cups canned tomatoes 8 oz elbow macaroni 

(continued) 
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MCT Entrees (Continued) 
Tomato and Macaroni Skillet (Continued) 

Method: Heat MCT oil in heavy saucepan. Add onion and green pepper and cook slowly until 
tender. Add remaining ingredients except macaroni. When mixture returns to boil, add maca
roni, reduce heat, cover, and cook, stirring occasionally, about 30 min or until macaroni is 
tender. 
Yield: 6 servings 
I serving: 1 tbsp MCT oil. 

Pasta with Cottage Cheese 

1 pkg large manicotti, noodles, lasagna, or elbow macaroni 
I Ib skim-milk cottage cheese 
2 small cans of Hunt's tomato sauce (fat free) 
4 tbsp MCT oil 
2 egg whites 
Salt, pepper, oregano to taste 

Method: Mix the cheese, egg)whites, and seasoning well. Add 2 tbsp of MCT oil. Beat well. 
Oil the bottom of a rectangular pan with the remaining oil. Fill the manicotti noodles with the 
cheese mixture. Place noodles in pan, cover with tomato sauce. Bake covered with aluminum 
foil in 350°F oven for about 1 hr. Check to make sure that sauce is not evaporating too fast. If 
needed, add more sauce. If lasagna noodles are used, put the cheese mixture between two 
layers of noodles. Cover with suace and bake as above. If elbow macaroni is used, boil first. 
Drain. Mix with all the rest of the ingredients. Bake for a short time (15 min) at 350°F. 

MCT Creole Sauce 

3 tbsp MCT oil 
2 tbsp chopped onion 
2 tbsp chopped green pepper 
1/4 cup sliced mushrooms 
2 cups stewed tomatoes 

lIs tsp salt (or to taste) 
lIs tsp basil 
Dash pepper 
Few drops tabasco sauce 

Method; Cook onion, green pepper, and sliced mushrooms in the MCT oil over low heat for 
about 5 min. Add tomatoes and seasonings and simmer until sauce is thick, about 30 min. For 
shrimp Creole: Add 12 oz drained shrimp to sauce. 

Yield: 6 servings 
1 serving: PIs tsp MCT oil 

MCT Desserts 

Sugar Cookies 

2 cups all-purpose flour, sifted 3 egg whites 
2 tsp baking powder 2/3 cup MCT oil 
lIs tsp salt 1 tsp vanilla 
1/4 tsp nutmeg 3/4 cup sugar 

Method: Preheat oven to 400°F. Sift flour, baking powder, salt, and nutmeg. In large bowl, 
beat the egg whites lightly. Stir i!1 the oil and vanilla. Blend in sugar. Stir flour mixture into egg 
mixture. Drop by teaspoonfuls 2 in. apart on an ungreased cookie sheet. Flatten each cookie 
with an oiled glass dipped in sugar. Bake 8 to 10 min. until a delicate brown. Remove immedi
ately from baking sheet. 
Yield: About 60 cookies 
2 cookies: I tsp MCT oil 

(continued) 
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MCT Desserts (Continued) 

Butterscotch Brownies 

2/3 cup sifted cake flour or 1/2 cup 
plus 11/3 tbsp all-purpose flour 
1 tsp baking powder 
1/2 tsp salt 
1 cup brown sugar 

1/4 cup MCT oil 
2 egg whites 
Ijz cup raisins 
1 tsp vanilla extract 
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Method: Sift together flour, baking powder, and salt. Combine sugar and oil. Add egg whites 
and beat well. Stir raisins and vanilla. Mix in dry ingredients. Turn into greased (using MCT 
oil) 8-in.-square pan. Bake in moderate oven (350°F) 25 to 30 min. Cut into bars while warm. 
Yield: 12 (22/3 x 2 x 1 in.) bars 
1 piece: 1 tsp MCT oil. 

MCT Frozen Dessert 

1 tbsp gelatin 
1/4 cup cold water 
t3/4 cup skim milk 
I/S cup sugar 

·MCT oil cream: 

2 cups MCT oil cream· 
1/4 tsp salt 
1/2 frozen strawberries 

1 cup cold water 4 tbsp MCT oil 
1/3 cup nonfat dry milk 2 to 3 drops butter flavoring 

Method: Soften gelatin in 1/4 cup cold water. Scald the milk in a double boiler. Dissolve the 
softened gelatin in milk. Add sugar to milk mixture and stir until dissolved. Add milk mixture 
to MCT oil cream. Add salt and strawberries. Freeze in regular ice cream freezer or in freezing 
section of refrigerator. 
Note: Different flavors may be used. If fresh bananas are used, it is recommended that yellow 
food coloring be added. 
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20.8. LOW-CARBOHYDRATE, HIGH-PROTEIN, HIGH-FAT DIET 

This diet can be used for the dumping syndrome (Chapter 9) and hypogly
cemia. It is the regimen recommended by the American College of Surgeons.' 
The basic principles for treating the dumping syndrome are elimination of 
mono- and disaccharides and liquids taken 30 to 45 min before or after solid 
foods. When the diet is used for hypoglycemia, liquids can be taken with 
meals. This diet stresses meats and is high in fat to compensate for low sugar. 
If it is needed long term, then vegetable protein and polyUnsaturated fats 
should be used. 

It has proven successful to surgeons. It does encourage vegetables. Be
cause calcium is limited, added calcium supplements (tablets or Diet 5 should 
be encouraged) are needed for males and females 11 to 18 years of age and 
pregnant or lactating women. 

Breakfast 

30-45 min 
aftermea1a 

Midmorning 

Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat 

2200 
105g 
BOg 
140g 

Suggested Eating Plan and Menu 

Totalfoodfor the day: 
Milk or substitute 1/. cup 
Meat or substitute 16 servings or more 
Starchy foods 4 servings 
Vegetables Any amount (low calorie exchange) 
Fruit 2 servings 
Fats 3 tablespoons or more 
Miscellaneous Any amount 

Mea1plan Amount Sample menu 

Fruit 0 
Meat 2 servings 1 egg, 1 oz ham 
Starchy foods 1/. serving 1/. slice toast 
Fats Any amount Margarine 

Milk or substitute 1/" cup 20zmilk 
Miscellaneous Any amount Coffee, sugar substitute 

Meat 2 servings 20zcheese 
Starchy foods 1/1 serving 3 saltines 

(continued) 
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Suggested Eating Plan and Menu (Continued) 

Meal plan Amount Sample menu 

30-45 min Miscellaneous Any amount Water 
after meal a 

Lunch Meat 4 servings 4 oz broiled hamburger 
Starchy foods 1 serving 1 small potato 
Vegetables-raw. Any amount Carrots (drained). 

cooked lettuce 
Fats Any amount Mayonnaise. margarine 
Fruit I serving 111 cup fresh fruit salad 

(drained) 

30-45 min Miscellaneous Any amount Dietetic gelatin 
after meal a 

Midafternoon Meat 2 servings 2 oz tuna fish 
Starchy foods 11. serving 11. slice bread 
Vegetables-raw. Any amount Celery sticks 

cooked 
Fats Any amount Mayonnaise. margarine 

30-45 min Miscellaneous 11. cup 4 oz tomato juice 
after meal a 

Supper Meat 4 servings 4 oz chicken breast 
Starchy foods 1 serving 11. cup rice 
Vegetables-raw. Any amount Green beans (drained). 

cooked tossed green salad 
Fats Any amount Margarine. mayonnaise 
Fruit I serving lIt. grapefruit 

30-45 min Milk or substitute 1/4 cup 20z milk 
aftermeala Miscellaneous Any amount Coffee. sugar substitute 

Evening Meat 2 servings 2 slices bologna with 
mustard 

Starchy foods 111 serving 111 slice bread 
Fats Any amount Margarine 

30-45 min Miscellaneous 12 oz limit Dietetic ginger ale 
aftermeala 

QLiquids should be taken 30 to 45 min before or after the time solid foods are eaten when treating the dumping 
syndrome, but not for hypoglycemia. 
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Food Selection List 

Milka or substitute 
Limit milk (whole or skim) to 1/2 cup (4 oz) daily, if tolerated. 

Meat or substitute 
Meat, fish, poultry 
Egg 
Luncheon meat 
Cheese 
Cottage cheese 

Starchy foods 
Bread or substitute 

Bread 
Biscuit, roll, muffin 
English muffin 
Plain doughnut 
Cornbread 
Pancake, waffle 

Cereal 
Cooked 
Dry (flakes, puffed) 
Shredded wheat 

Crackers 
Saltines 
Uneedas 
Graham 

Starchy vegetables or substitute 
Potato, com, lima beans, baked beans 
Pasta, rice 
French fried potatoes 
Potato chips 

Occasional treats 
Ice cream 
Popcorn 

Vegetables 

1 serving 
loz 
1 
1 slice 
1 oz (daily limit 2 OZ) 

1/4 cup (daily limit) 

1 serving 
1 slice 
1 small 
1/2 

1 
2-in. square 
1 (3-in.diam) 

1/2 cup 
3/4 cup 
1 biscuit 

5 
3 
3 

1/2 cup 
1/2 cup 
8 pieces 
15 pieces 

1/2 cup 
1'/2 cups 

All except those listed under "Starchy foods" 

Fruit 
1 serving is 1/2 cup fresh, frozen, or canned fruit (drained) without added sugar 

Fats 
3 tbsp or more daily-butter, margarine, oil, mayonnaise, bacon, olives 
2 tbsp (I oz) daily limit-cream" or nondairy cream" 

Miscellaneous" 
Beverages (sugar free) 

Coffee, decaffeinated coffee 
Tea 
Lemonade, limeade 
Kool-Aid 

Flavoring aids 
Sugar substitutes 
Lemon 
Vinegar 
Spices, seasonings 

CHAPTER 20 

(continued) 
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Food Selection List (Continued) 

Miscellaneousa (Continued) 
Carbonated beverage (daily 

limit 12 oz) 
Tomato juice (daily limit 1/1 cup) 
Cranberry juice 

Soups 
Clear soups 
Consomme 
Broth 

Sugarless chewing gum 

Flavoring aids (Continued) 
Unsweetened pickles 
Low-calorie coffee syrup 
Low-calorie jelly 
Low-calorie maple syrup 

Desserts (sugar free) 
Unflavored gelatin 
Gelatin dessert mixes 
Pudding mixes 
Junket tablets 
Cranberries. rhubarb 

395 

"Liquids should be taken 30 to 45 min before or after the time solid foods are eaten when treating the dumping, 
Isyndrome. but not for hypoglycemia. I 
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20.9. PECTIN SUPPLEMENTS 

Jenkins and colleagues have shown that pectin decreases the attacks and 
symptoms of the dumping syndrome (Chapter 9, Ref. 13). If 5-g sachets of 
pectin are taken twice daily in juice at the time of the main meals, the symp
toms of dumping that correlate with hypoglycemia are reported to be 
corrected. 

Pectin powder rapidly takes on water and can make the patient feel as 
though he were eating cotton. It should be mixed thoroughly with any diluent. 

The following foods contain significant amounts of pectin. Diets employing 
these foods in large amounts have not received clinical trials. It should also be 
kept in mind that pectin is added in varying quantities to jellies and pies. 

Pectin Content of Food"·b 

Food gllOO g 

Apples 0.71-0.84 
Apricots 0.71-1.32 
Asparagus Tr 
Bananas 0.59-1.28 
Beans 0.27-1.11 
Blackberries 0.68-1.19 
Carrots 1.17-2.92 
Cherries 0.24-0.54 
Cucumbers 0.10-0.50 
Dewberries 0.51-1.00 
Grapes 0.09-0.28 
Grapefruits 3.30-4.50 
Lemons 2.80-2.99 
Loganberries 0.59 
Oranges 2.34-2.38 
Raisins 0.82-1.04 
Raspberries 0.97 
Squash 1. 00-2. 00 
Sweet potatoes 0.78 

"Modified from Campbell LA. Palmer GH. Pectin. in Spiller GA (ed): Topics 
in Dietary Fiber Research. New York: Plenum Press. 1978. pp 105--115. 

"Includes peel and/or skin. 
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20.10. LOW-PROTEIN DIETS 

The RDA for protein is approximately 0.7 g/kg body wt. These diets are 
necessarily deficient in protein when they fall below that figure. As pointed out 
in Chapter 10, anywhere between 40 and 60 g will enable albumin synthesis. 
These diets are employed primarily in hepatic encephalopathy and chronic 
renal disease. The goal should be to give as much protein as the patient can 
tolerate. 

During hepatic coma, or in trying to bring encephalopathy under control, a 
zero protein diet may be attempted for a short period of time. Here all protein 
foods are eliminated. (Diet 13 deals with the newer theory of branched-chain 
amino acids.) 

The following is a 30-g basic protein diet. 
To decrease the protein, an ounce of meat (approximately 7 g of protein) 

may be eliminated to make it a 23-g protein diet. To increase, an ounce of meat 
(7 g) or egg (6.5 g) can be added, and so on, in so many units to get the desired 
amount. For example, if 2 eggs (13 g protein) and 1 oz of meat (7 g protein) 
were added to the basic 30-g protein diet, it would then be a 50-g protein diet. 
The modified Mayo exchange lists in Tables 20-1 to 20-4 can be used for 
varying the food content of these diets. Keep in mind fruits have little protein, 
but vegetables may have a lot. 

Calories can be added by carbohydrate and fat pure foods as needed. 

Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat· 

2300 
340g 
30g 
90g 
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Suggested Daily 30-g Protein Food Plana 

Breakfast Lunch Dinner 

Protein exchange (meat, etc.) 1 - 2 
Cereal 1 - -
Breada 1 2 2 
Fat b 2tsp 4 3 
Milk l/s cup - -
Fruit 2 2 -
Dessert (sugared fruit) - - 2 
Vegetable - 1 1 
Salad - - 1 
Sugar/jelly 2tbsp 1 1 
Beverages Coffee, tea, sodas as tolerated for Na and 

fluid balance 
Food list: All foods are allowed in accordance with protein restriction. Therefore, nuts, candies, 
ice cream, high-protein breads are all essentially eliminated. Patients must be cautioned against 
these high-protein snacks. 

aSeeTables20-1 to 20-6. 
bLow-protein breads. 
COutter and margarines and oils may be used Hberally. 
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20.11. HIGH-PROTEIN DIET 

The RDA for protein is 0.7 g/kg body wt. Therefore, these diets are in 
excess. There is no scientific evidence of any definite benefit from a high
protein diet. To derive 120-150 g of protein from food, other excesses result 
such as high-cholesterol intake. 

This type of diet is used in severe nutritional depletion due to poor intake 
and should be a short-term diet recommendation. 

Approximate Composition 

Calories 
Protein 
Carbohydrate 
Fats 

2700 
150g 
300g 
l00g 

Suggested Basic Eating Plan and Menua,b 

Breakfast 

Fruits 
l4eat,eggs,cheese 
Fats 
Breads and cereals 
l4ilk beverage 
Sweets 
Beverage 

Midmorning 

l4ilk beverage 

Noon 

l4eat,eggs,cheese 
l4eat, eggs, cheese 

Breads and cereals 
Vegetable, fruit 
Fats 
Vegetable, fruit 
Beverage 

Midafternoon 

Afilk or ice cream 

1/. cup orange juice 
1 medium poached egg 
2 strips bacon 
1 cup bran Bakes 
1 cup nonfat milk 
1 tspsugar 
Coffee or tea 

1 cup milk 

20zcheese 
3 oz grilled hamburger 
patty (lean) 

1 hamburger bun 
3 slices tomato on a lettuce leaf 
2 tsp mayonnaise 
French fries (10) 
Coffee or tea 

f cup ice cream or sherbet 

(continued) 
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Suggested Basic Eating Plan and Menua,b (Continued) 

Dinner 
Vegetable salad, fruit 

Fats 
~eat,eggscheese 

Starchy vegetable 
Vegetable, fruit 
Fats 
Breads, cereals 
Fats 
Dessert 
Beverage 

Bedtime 

~ilk or ice cream 

Fresh salad made with l/S cup 
lettuce, 1/2 cup spinach 

1 tbsp Italian dressing 
S oz broiled fish 
1/2 cup steamed rice 
1/2 cup broccoli 
2 tsp margarine 
1 hard roll 
1 tsp margarine 
1/2 cup sweetened rhubarb 
Coffee or tea 

I cup milk, sherbet, or ice cream 

aModified from Carnation Co. High Protein Diet Plan. 
bExchanges can be used liberally. There are no foods eliminated. 

CHAPTER 20 
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20.12. LOW-SODIUM DIETS 

Low-sodium diets are used when the body retains sodium, causing edema. 
By far, cardiac failure is the most common condition requiring this restriction, 
but the edema and ascites associated with cirrhosis are similarly treated (see 
Chapter 10). 

The 20-meq (approx 500 mg) Na diet represents the high-restriction diet. 
More restrictive sodium diets require obtaining foods in which Na has been 
removed. As the daily requirement is well above 500 mg, this should be a 
depleting diet if followed closely and should be effective. Often the reason for 
failure is lack of patient compliance. The 40-meq (-1000 mg) diet is merely an 
extension of the 20-meq diet. 

The 85-meq (-2000 mg) Na diet permits cooking with salt, a drastic change 
from the other two diets. It is essentially a free diet except that no Na is added. 
It is not restrictive in the same sense as the others and hence will not be as 
effective. It is not a depleting diet, but is used to avoid Na overload. 

Basic 20-meq Na Diet, 
Approximate Composition 

Calories 
Carbohydrate 
Protein 
Fat 
Sodium 

2250 
310g 
l00g 
60g 

500mg 

All labels must be read carefully to avoid Na- or salt-containing products. 
Preservatives such as sodium benzoate, seasonings such as monosodium gluta
mate, and neutralizing agents such as sodium bicarbonate must be avoided. 
Read all labels for sodium (Na) content. 

Suggested Eating Plana 

Sodium 
(mg)b (meq)b 

Breakfast 

1 serving fruit or juice 1/. grapefruit 1 0.04 
1 serving cereal 1 cup puffed rice 

cereal (enriched) Tr -
1 serving nonfat milk 1 cup nonfat milk 116 5.0 
1 serving fruit 1 small banana 1 0.04 
1 serving salt-free bread 1 small salt-free whole-

wheat toast 5 0.2 
1 serving fat 1 tsp unsalted margarine - -
1 serving sweets 1 tspjam - -
Beverage Coffee or tea 2 0.1 

(continued) 
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Suggested Eating Plana (Continued) 

Sodium 
(mgf (meqf 

Lunch 

2 oz cooked fresh meat 2 oz unsalted roasted 
chicken (light meat) 36 1.6 

2 servings salt-free bread 2 slices salt-free white 
bread 5 0.2 

1 serving fat 1 tsp salt-free mayon-
naise - -

1 serving vegetable lettuce (3 small leaves) 1 0.04 
2 servings fruit 1 box (PI. oz) raisins 12 0.5 

11. medium apple 1 0.04 
1 serving nonfat milk 1 cup nonfat milk 116 5.0 

Dinner 

2 servings vegetables 1 cup chopped fresh spinach 39 1.7 
11. medium tomato 2 0.1 

2 servings fat 2 tbsp oil and vinegar 
dressing 1 0.04 

1 serving salt-free bread 1 slice salt-free whole-
wheat bread 5 0.2 

1 serving fat 1 tsp unsalted margarine - -
1 serving wine (optional) 70zwine 10 0.4 
40z cooked fresh meat 4 oz broiled lean steak 68 3.0 
1 serving vegetable 1 baked potato 6 0.3 
2 servings fat 2 tbsp sour cream 12 0.5 
2 servings vegetable 6 asparagus spears 1 0.04 

11. cup cooked rhubarb 
with sugar 2 0.1 

1 serving dessert 11. cup ice cream 42 1.8 
Beverage Coffee or tea 2 0.1 

Snack 

1 serving fruit 1 medium orange 1 -
Total 490 nigb21.0 meq£ 

albis basic-type plan is adopted from Carnation Co., Sodium-Restricted Diet Plan. 
b Approximate values. 

Note: This plan could be reduced to 250 mg Na if the 2 cups of nonfat milk 
were eliminated or exchanged for fruit juice. In designing another plan Na 
foods could be substituted from lists that follow. 

The user, or food preparer for the user, should make frequent estimates of 
the daily intake similar to this plan. A rough guide of allowed and not allowed 
foods for the user is included. The more detailed analysis of use should be done 
from the sodium-content list. The intelligent patient on a long-term low-sodium 
diet must memorize the list. A less cooperative patient must be educated. 
Failure results when a patient is either not educated or refuses to follow the 
lists. 
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Rough Guide for Low-Na Diet 

Allowed Avoid 

Beverages 

Coffee, tea. Use only carbonated drinks free of Check all carbonated drinks. 
sodium preservatives and sodium bicarbon-
ate; natural waters. Check sodium content. 

Meat 

Unsalted meat, fowl, liver, heart, egg, cheese, 
peanut butter; fish, fresh clams, oysters, 
shrimp 

Fat 

Unsalted; cream, 1/3 cup or less per day 

Milk 

Must be calculated in diet 

Bread, Cereals, and Starches 

Salt-free bread, quick breads or rolls made with 
the following leavening agents: cream of tar
tar, potassium bicarbonate, sodium-free bak
ing powder, yeast; unsalted crackers 

Unsalted cooked cereal; unsalted ready-to-eat 
cereals 

Unsalted potatos and potato substitutes 

Vegetables 

Unsalted canned, cooked, fresh, or frozen ex
cept "Avoid"; no more than one serving 
daily of the following: 

artichokes 
beet greens 
beets 
carrots 
celery 
chard 

Fruit 

collards 
dandelion greens 
kale 
mustard greens 
spinach 
white turnips 

Any canned, dried, fresh, orfrozen 

Soup 

Salted meat, fish, fowl, cheese, peanut butter; 
other organ meats; commercially frozen fish; 
other shellfish 

Salted butter, margarine, salad dressings; ba
con; olives; salted nuts 

Buttermilk, commercial chocolate milk, bever
age mixes; condensed milk 

Any made with salt, baking powder, or baking 
soda; commercially prepared mixes; self-ris
ing ftour 

Instant, quick-cooking, or ready-to-eat cereals 
with salt or sodium compound added 

Commercially prepared mixes; potato chips; 
commercially frozen lima beans or peas; 
dried legumes; hominy; salted popcorn 

Any prepared with salt or sodium compounds 

Unsalted soup or broth; cream soup made with Any other 
milk allowance 

(continued) 
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Rough Guide for Low-Na Diet (Continued) 

Allowed Avoid 

_Dessert 

Unsalted cake and cookies made with the fol- Desserts made with baking powder, baking 
lowing leavening agents: cream of tartar, po- soda, or salt; commercial dessert mixes 
tassium bicarbonate, sodium-free baking 
powder; unsalted pie; sodium-free gelatin; 
pudding or frozen dairy dessert when used as 
part of milk allowance 

Sweets 

Sugar; honey, jam, jelly, marmalade without a Chocolate and cream candies 
sodium preservative; plain sugar candy 

Miscellaneous 

Pepper, spices, and herbs except "Avoid"; 
flavoring extracts; bitter or sweet chocolate, 
cocoa powder; vinegar; unsalted white sauce; 
unsalted meat sauces 

Salt or seasoning salts, mixed spices, dried cel
ery products; bottled meat sauces, meat ten
derizer, monosodium glutamate; pickles; 
gravy; regular baking powder, baking soda, 
salt substitutes, artificial sweeteners, sac
charin 

Sodium Content of Foods 4 

Food Portion Weight (g) Sodium (meq) 

Meat 
Meat (cooked) 

Beef loz 30 0.8 
Ham loz 30 14.3 
Lamb loz 30 0.9 
Pork loz 30 0.9 
Veal loz 30 1.0 
Liver loz 30 2.4 
Sausage, port 2 links 40 16.5 
Beef, dried 2 slices 20 37.0 
Cold cuts 1 slice 45 25.0 
Frankfurters 1 50 24.0 

Fowl 
Chicken loz 30 1.0 
Goose loz 30 1.6 
Duck loz 30 1.0 
Turkey loz 30 1.2 

Egg 1 SO 2.7 
Fish loz 30 1.0 

Salmon 
Fresh 1/4 cup 30 0.6 
Canned 1/4 cup 30 4.6 

(continued) 
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Sodium Content of Foods 4 (Continued) 

Food Portion Weight (g) Sodium (meq) 

Meat (Continued) I Fish (Continued) 
1 

Tuna 
Fresh 1/4 cup 30 0.5 
Canned 114 cup 30 10.4 

Sardines 3 medium 35 12.5 
Shellfish 
Clarns 5 small 50 2.6 
Lobster 1 small tail 40 3.7 
Oysters 5 small 70 2.1 
Scallops 1 large 50 5.7 
Shrimp 5 small 30 1.8 

Cheese 
Cheese, American or 1 slice 30 9.1 

cheddar 
Cheese foods 1 slice 30 15.0 
Cheese spreads 2tbsp 30 15.0 
Cottage cheese 1/4 cup 50 5.0 
Peanut butter 2tbsp 30 7.8 
Peanuts, salted 25 25 -

Fats 
Avocado lIs 30 -
Bacon 1 slice 5 2.2 
Butter or margarine ltsp 5 2.2 
Cooking fat 1 tsp 5 -

Cream 
Half and half 2tbsp 30 0.6 
Sour 2tbsp 30 0.4 
Whipped 1 tbsp 15 0.3 

Cream cheese 1 tbsp 15 1.7 
Mayonnaise 1 tsp 5 1.3 
Nuts 

Almonds, slivered 5 (2 tsp) 6 -
Pecans 4 halves 5 -
Walnuts 5 halves 10 -

Oil, salad ltsp 5 -
Olives, green 3 medium 30 31.3 

Bread 
Bread 1 slice 25 5.5 
Biscuit 1 (2-in. diam.) 35 9.6 
Muffin 1 (2-in. diarn.) 35 7.3 
Cornbread 1 (Pl.-in. cube) 35 11.3 
Roll 1 (2-in. diarn.) 25 5.5 
Bun 1 30 6.6 

Pancake 1 (4-in diarn.) 45 8.8 
Waffle 1/2 square 35 8.5 

Cereals 
Cooked 2/3 cup 140 8.7 
Dry, flaked I/acup 20 8.7 
Dry,puffed PI. cups 20 -
Shredded wheat 1 biscuit 20 -

(continued) 



406 CHAPTER 20 

4 
Sodium Content of Foods (Continued) 

Food Portion Weight (g) Sodium (meq) 

Crackers 
Graham 3 20 5.8 
Melba Toast 4 20 5.5 
Oyster 20 20 9.6 
Ritz 6 20 9.5 
Rye-Krisp 3 30 ll.s 
Saltines 6 20 9.6 
Soda 3 20 9.6 

Flour products a 
Cornstarch 2tbsp 15 -
Macaroni 1/4 cup SO -
Noodles 1/4 cup SO -
Rice 114 cup SO -
Spaghetti 1/4 cup SO -
Tapioca 2tbsp 15 -

Dessert 
Commercial gelatin II. 100 2.2 
Ice cream 1/2 cup 75 2.0 
Sherbet 1/3 cup SO -
Angel food cake PI. x PI. in. 25 3.0 
Spongecake PI. x P/I in. 25 1.8 
Vanilla wafers 5 15 1.7 

Vegetablea 
Asparagus 

Cooked III cup 100 -
Cannedb 111 cup 100 10.0 
Frozen 1/2 cup 100 -

Artichokes 1 large bud 100 1.3 
Beans, dried (cooked) 1/2 cup 90 -
Beans, lima II. cup 90 -
Beans, green or wax 

Fresh or frozen II. cup 100 -
Cannedb II. cup 100 10.0 

Bean sprouts 1/2 cup 100 -
Beet greens III cup 100 3.0 
Beets 112 cup 100 1.8 
Broccoli II. cup 100 -
Brussels sprouts 2/3 cup 100 -
Cabbage 

Cooked 111 CUp 100 0.6 
Raw 1 cup 100 0.9 

Carrots 
Cooked 1/2 cup 100 1.4 
Raw 1 large 100 2.0 

Cauliflower, cooked 1 cup 100 0.4 
Celery, raw 1 cup 100 5.4 
Chard, Swiss 3/s cup 100 3.7 
Collards 1/2 cup 100 0.8 

(continued) 
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4 
Sodium Content of Foods ( Continued) 

Food Portion Weight (g) Sodium (meq) 

. Vegetable (Continued) 
Com 

Cannedb l'acup 80 8.0 
Fresh 1,. ear 100 -
Frozen l'acup 80 -

Cress, garden (cooked 1,. cup 100 O.S 
Cucumber 1 medium 100 0.3 
Dandelion greens 1,. cup 100 2.0 
Eggplant 1,. cup 100 -
Hominy (dry) 1,,,, cup 36 4.1 
Kale, cooked ·'",cup 100 2.0 

Kohlrabi I'acup 100 -
Leeks,raw 3-4 100 -
Lettuce Varies 100 0.4 
Mushrooms, raw 41arge 100 0.7 
Mustard greens 1,. cup 100 0.8 
Okra 1'1 cup 100 -
Onions, cooked 1,. cup 100 -
Parsnips "acup 100 0.3 

Peas 
Cannedb 1,. cup 100 10.S 
Dried 1,. cup 90 I.S 
Fresh 1,. cup 100 -
Frozen 1,. cup 100 2.S 

Pepper, green or red 
Cooked 1'1 cup 100 -
Raw 1 100 O.S 

Popcorn 1 cup IS -
Potato 

Potato chips loz 30 13.0 
White, baked 1,. cup 100 -
White, boiled 11llCUP 100 -
Sweet, baked l,,,,CUp SO 0.4 

Pumpkin 1,. cup 100 -
Rutabagas 1,. cup 100 -
Squash, winter 

Baked 1,. cup 100 -
Boiled 1,. cup 100 -

Milk 
Whole milk 1 cup 240 S.2 
Evaporated whole milk 1,. cup 120 6.0 
Powdered whole milk l,,,,CUp 30 S.2 
Buttermilk 1 cup 240 13.6 

Skim milk 1 cup 240 S.2 
Powdered skim milk l,,,,CUp 30 6.9 

Fruits 
All fruits are essentially free of sodium. All labels of canned and frozen products should be read, 

but most are also free of sodium. 

aEstimated for products without added salt. 
bEstimaled on basis of added salt. 
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20.13. BRANCHED-CHAIN AMINO ACID THERAPY 

Valine, leucine, and iso-leucine, the branched-chain amino acids, are de
creased in the serum of hepatic encephalopathics, but not aromatic amino acids 
(see Chapter 10, Refs. 27 to 29). 

Trials of amino acid formulas enriched with branched-chain amino acids 
given orally or by infusion have been reported to be successful in treating 
hepatic encephalopathy (see Chapter 10, Ref. 28). 

At the present time, it is difficult to arrange any diet that stresses branched
chain amino acids without using supplements. Because clinical trials are not 
available, the use of branched-chain amino acid supplementation can be only 
recommended on the basis of clinical judgment. 

Hepatic-Aid (McGaw) Composition 

Calories 
Carbohydrate 
Fat 

Protein 

560 
97.7 g (maltdextrose + sucrose) 
12.3 g (hydrogenated soybean oil, 

lecithin, mono- and diglycerides) 
14.5 g amino acid (g) 

L-Ieucine 
L-isoleucine 
glycine 
L-Iysine 

(acetate) 
L-Iysine 

(free base) 
L-valine 
L-proline 
L~alanine 

L-arginine 
L-serine 
L-threonine 
L-histidine 
L-methionine 
L-phenylalanine 
L-tryptophan 

2.008 
1.643 
1.643 
1.575 

1.116 

1.533 
1.460 
1.397 
1.095 
0.912 
0.820 
0.438 
0.182 
0.180 
0.120 

When the powder is mixed to make 1 liter, it yields an osmolality of 900. 
This may be difficult for some patients to tolerate, but it is necessary in order to 
increase the branched-chain amino acids. 

Hepatic-Aid may be used alone or in conjunction with a protein-free or 
low-protein diet (see Diet 10). Each packet of branched-chain amino acids 
contains 14.5 g of protein; therefore, if three or four are given daily, the total 
intake will be adequate for protein as well as calories. Vitamins and minerals 
must be added. (The insert circulated with the product recommends additional 
protein be used with Hepatic-Aid. It is still not clear as to whether the mixture 
supplies adequate essential amino acids. More studies are needed on the ability 
of subjects on this mixture to synthesize proteins. As four packets per day 
supply 60 g protein, caution must still be used in giving additional protein 
during encephalopathy.) 
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20.14. HIGH-NH t -PRODUCING FOODS 

Hepatic encephalopathy is related to serum NH t levels. Rudman and 
associates have shown that foods containing high NH t can increase blood 
levels and potentially aggravate encephalopathy. 

The following foods are sufficiently high in NHt as related to N content 
to raise the serum above 150 fJ.g/lOO ml in 25% of cirrhotic patients when eaten 
in standard portions. Although only two cheeses are listed, it is safest to avoid 
all cheese while treating encephalopathy. 

Domestic blue cheese Frozen fish 
Cheddar cheese Gelatin 
Salami Large amounts 

of onions 
Peanut butter 

The following table (from Ref. 30, Chapter 10) lists the ammonia content 
of foods, but serving size and body weight must be calculated from the data. 
The above servings of foods produce more than 0.04 g NH3/50 kg body wt. 

NH3 Content of Foods (Uncooked)a 

Ng/lOOg N ofNHaas N g/IOOg N of NHa as 
Food item wetwt % of total N Food item wetwt %6ftotal N 

American cheese 3.712 2.19 Domestic blue 3.440 4.00 
Apples 0.032 3.36 cheese 
Bacon 4.864 0.33 Egg white 0.744 0.05 
Banana 0.176 0.00 Egg yolk 2.560 0.16 
Beer 0.048 1.62 French dressing 0.096 14.00 
Beer cheese 3.760 2.44 Grapefruit 0.80 2.07 
Bread 0.320 0.94 Grapes 0.208 4.20 
Breakfast cereal 0.944 0.00 Grape wine 0.016 11.20 

(Rice Krispies) Gelatin 13.6% 0.25 
Brewer's yeast 6.208 0.35 Green peas 1.008 0.60 
Broccoli 0.496 1.26 Grits (corn) 0.192 0.00 
Brussels sprouts 0.512 2.15 Ground beef 3.872 0.26 
Buttermilk 0.576 2.75 (hamburger) 
Cabbage 0.208 0.82 Half milk/ 0.512 2.27 
Carrots 0.176 0.81 half cream 
Catsup 0.320 11.00 Ham 2.704 0.58 
Cauliflower 0.302 1.41 Hoapcheese 2.000 0.32 
Celery 0.144 0.00 Hotdog 2.000 0.32 
Cheddar cheese 4.000 2.76 Idaho potatoes 0.416 2.33 
Chicken 3.808 0.45 Lemon juice 0.080 2.90 
Corn 0.560 0.25 (frozen) 
Cucumbers 0.144 3.27 Lettuce 0.144 0.55 

(contrnued) 
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NH3 Content of Foods (Uncooked) a (C ont; nued) 

N g/l00g N ofNH3as N g/l00g NofNHaas 
Food item wetwt % oftotalN Food item wetwt % oftotalN 

Lima beans 1.344 0.21 Pickle relish 0.080 10.84 
Margarine 0.096 21.% Potato chips 0.848 2.83 
Mayonnaise 0.176 23.33 Radishes 0.160 2.77 
Milk 0.560 0.35 Rice 0.320 0.04 
Mushrooms 0.304 2.18 Salami 2.800 3.97 
Mustard 0.352 1.00 Spanish olives 0.224 4.16 
Onions 0.240 11.20 Spinach 0.480 0.20 
Orange juice 0.112 3.16 Squash 0.192 4.28 

(frozen) String beans 0.160 0.46 
Peaches 0.064 3.78 Sweet potatoes 0.288 0.61 
Peanut butter 4.448 1.10 Tilsit cheese 4.000 1.38 
Pears 0.112 2.67 Tomatoes 0.176 2.09 
Pecans 1.472 0.48 Turnip greens 0.400 0.73 

aFrom Ref. 30, Chapter 10. 
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20.15. FLUID-RESTRICTION DIET (1000 ml) 

Fluid retention is associated with cirrhosis. It becomes a problem when it 
is intractable to simple salt restriction. Ascites associated with cirrhosis also 
can be intractable. When this occurs, concurrent ftuid restriction can be helpful 
(see Chapter 10). Often thirst becomes a problem and ftuid restriction is diffi
cult. However, it can be accomplished when patients are cooperative. 

When one is using a fluid-restriction di~t, sodium and protein intake should 
also be calculated depending on the clinical findings-see Diets 20.10 and 
20.12. 

Suggested Eating Plana 

Breakfast 

1/1 cup orange juice 
1 cup cold cereal 
1 soft-cooked egg 
1 slice toast 
1 cup milk 
111 cup coffee 
creamer 

Lunch 
111 cup consomme 
3 oz roast beef 
1 hard ron 
1 cup mixed greens 
salad dressing 
11. cup drained peaches 
l/.cup milk 

Dinner 

3 oz baked chicken 
II. cup mashed potatoes 
II. cup green beans 
1 cup mixed salad 
salad dressing 
1 apple 
II. cup milk 

Total 

120ml 

240ml 
120ml 
30ml 

S10ml 

120ml 

30ml 

...m.mL 
270ml 

30ml 

120ml 
IS0ml 
930ml 

a All bever.s must be limited. If tbirst becomes a problem, bard 
candies can be helpful. Liberal substitutions can be made, but all 
fluid intake must be calculated. 
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20.16. GLUTEN-FREE DIET 

This diet is used in the treatment of gluten enteropathy (see Chapter 13). 
The patient requiring vigorous gluten-free therapy must be motivated and 

educated to eat absolutely gluten-free foods. After the disease goes into remis
sion (months to years), most patients begin to eat small amounts of gluten 
without effect. However, any recommendation to use gluten can only be made 
by the physician on a clinical basis. 

The following table lists all foods that must be avoided. All labels must be 
checked. Foods prepared in restaurants, e.g., soups and gravies, will often use 
a flour that contains gluten. 

Besides this guideline list, I give my patients two texts (Refs. 7 and 8) that 
offer elaborate gluten-free recipes and recommendations. 

Corn and rice cereals and flours are permitted-all others are not. Com
mercial foods use others as "jellies"-be careful! 

Food Lists 

Allowed Avoid 

Milk All without additives Postum, Ovaltine, malted milk or 
commercial chocolate milk 

Vegetable All Any vegetables seasoned with glutamate 
(canned) or prepared with commercial 
cream sauce or breading (frozen) 

Fruit All processed fruits that are processed None 
naturally and without added 
ingredients (except honey) All bread, rolls, crackers, cake, and 

Bread Only those made from rice, corn, cookies made from wheat or rye, 
potato, soybean, gluten-free flour, including Rye-Krisp, muffins, biscuits, 
arrowroot starch, cornstarch doughnuts, walft'es, pancake flour and 

prepared mixes, rusk, zwieback, 
pretzels; products containing oatmeal, 
barley, or buckwheat; breaded foods, 
bread crumbs 

Cereal and Cream of Rice, corn meal, hominy, All wheat and rye cereals, including 
cereal rice, Rice Krispies, Puffed Rice, Rice wheat germ, barley, oatmeal, 
products Honey, Sugar Corn Pops, Oriental buckwheat, noodles, macaroni, 

cellophane noodles spaghetti, ravioli, dumplings, corn 
flakes containing malt flavoring; any 
stuffing 

Starchy Sweet potatoes or yams, white Commercial baked beans 
vegetables potatoes, dried peas, beans or lentils, 

lima beans or soybeans, hominy 
Egg, cheese, All varieties (not sauces) Meat patties or meat loafs made with 

meat, fish, bread or bread crumbs; croquettes; 
and poultry breaded meat, fish, or chicken; bread 

stuffing; chili con carne and other 
canned meats; cold cuts unless 
guaranteed pure meat; cream cheese 
dips that have soup mix added; 
processed cheeses 

(continued) 
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Food Lists (Continued) 

Allowed Avoid 

Fat and oil Butter, oleo, and other fats as desired; "Whipped cream" substitutes (whipped 
yogurt; sweet, sour, or whipped topping); commercial salad dressings 
cream; homemade salad dressing (except pure mayonnaise); wheat germ 
made of allowed foods; pure oil 
mayonnaise (read all labels 
carefully); all oil except wheat germ 
oil, peanut butter (read label for 
possible wheat additives) 

Sweets and Candies made of allowed foods; sugar, Package-mix puddings; commercial ice 
dessert honey, molasses, chocolate, cream; commercial cakes, cookies, or 

coconut; homemade puddings with pastry; commercial candies containing 
cornstarch; gelatine desserts; cereal products 
custards; cakes made with allowed 
foods; homemade ice cream; junket, 
tapioca, sago, fruits of all kinds; fruit 
ice; sherbets; rice pudding 

Miscellaneous Homemade broths, and cream soups All commercial canned soups; read all 
thickened with cornstarch or potato labels of instant coffee (may be 
ftour only; popcorn, plain potato stabilized with cereal foods); 
chips, plain com chips, salt, spices, commercial crackers in general; 
herbs, olives, vinegar; pickles; special seasonings on com and potato 
sauces and gravies prepared with chips (e.g., barbecued); dry roasted 
ftouror starches "allowed"; nuts; nuts (these contain cereal grains); 
meat tenderizer made from papaya soysauce, Worcestershire sauce, 
(Adolph's is one) monosodium glutamate (uncertain) 

Beverage Coffee (if labeled 100% pure coffee), Check instant coffee, check cocoa. Root 
pure cocoa, tea, fruit juices, beer is considered a carbonated 
carbonated beverages (perhaps), beverage but can be troublesome; beer 
wine, vermouth, brandy, rum, most and ale, gin, scotch, vodka, rye, 
liqueurs, tequila (made from the bourbon 
century plant), cognac 

Gluten-Free Commercial Foodsa,b 

Fruit-Jlavored drinks Fruit-flavored drinks (Continued) 
General Foods Bird's Eye Awake Frozen 

Concentrate for Imitation Orange Juice 
General Foods Kool-Aid Regular or Pre-

sweetened Soft Drink Mix 
General Foods Kool Pops Pop Bar 
General Foods Start Instant Breakfast Drink 
General Foods Tang Instant Breakfast 

Drink 
General Foods Twist Imitation Lemon, 

Grape, Orange, and Punch Mixes 

General Foods Bird's Eye Orange Plus 
Frozen Concentrate for Orange Juice Drink 

General Foods Great Shakes Shake Mixes 
Carnation Instant Breakfast 

Breads, cereals, crackers, Jlour 
Cellu Gluten Free Bread Mix 
Cellu Low Protein Bread Mix 
General Mills Com Muffin Mix 
Beechnut Rice Cereal 
General Foods Post Rice Krinkles Cereal 

(continued) 
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Gluten-Free Commercial Foodsa,b (Continued) 

Breads, cereals, crackers, flour (Continued) 
Gerber's Rice Cereal, Rice Cereal with 

Applesauce and Banana 
Heinz Rice Cereal 
Kellogg's Puffed Rice, Sugar Pops 
Quaker Puffed Rice, Diet Frosted Rice Puffs 
Cellu Whole Rice Wafers 
Devonsheer Brown Rice Wafers 
Frito's Com Chips 
General Mills Bugles, Bows, Onyums, Pizza 

Spins 
Nabisco Corndiggers 
Wise Cheese Pixies 
Wise Onion Flavored Rings 
Borden's Cracker lacks 
Cellu Arrowroot Flour 
Cellu Com Flour 
Cellu Grainless Mix (potato-soybeans) 
Cellu Potato Starch Flour 
Cellu Rice Flour 
Cellu Soybean Flour 
Cellu Tapioca Flour 
Cellu Wheatless Mix 
Cellu Cereal-Free Baking Powder 
General Foods Calumet Baking Powder 
Argo Cornstarch 
Duryea's Cornstarch 
Kingsford Cornstarch 
General Mills Au Gratin Potatoes 
General Mills Potato Buds 
General Mills Scalloped Potatoes 
General Foods Bird's Eye French Fried 

Potatoes 
French's Mashed Potatoes 
Mrs. Paul's Candied Sweet Potatoes 
Penobscot Stuffed Potatoes with Cheese 

Flavor 
Pillsbury Hungry lack Mashed Potatoes 
Tato Mix Potato Pancakes 
Cellu Spanish Rice, unsalted 
General Foods Minute Rice 
General Mills, Rice Provence 

Desserts and sweets 
Cellu Grain1ess Cookies 
Cellu Rice Cookies 
Cellu Wheat-Free Cake 
Cellu Butterscotch Pudding 
Featherweight Chocolate Pudding 
Featherweight VaniJla Pudding 

Desserts and sweets (Continued) 
Cherry, lemon, lime, orange, raspberry, 

strawberry gelatins 
General Mills Frosting Mixes 
General Mills Ready-ta-Serve Puddings 
General Mills Coconut Macaroon Mix 
My-T-Fine Lemon Pudding 
My-T-Fine Tapioca Pudding 
Ice cream 

Brock Hall 
Howardlohnson's 
McDonald's 
Sealtest 

Hershey's Milk Chocolate with Almonds 
Hershey's Semi-Sweet Chocolate 
Nestle's Crunch Milk Chocolate 
Nestle's Fruit and Nut Bar 
Nestle's Crackle Bar 
Mars Marsettes Caramel Chocolate 
Mars Three Musketeers 
DeMet's Turtles 
Hollywood's Butternut 
Kraft Caramels 
Pearson's Mint Patty 
Brach's Chocolate Mint 
Schutter's Bit O'Honey 
Halloway's Milk Duds 
Necco Canada Mints 
Welch'sluniorMints 
Harde's lujy Fruits 
Chuckles 
Tootsie Roll 
Heath Bar 
Ufesavers 
Reeds (all flavors) 
General Foods 

Baker's Chocolate products 
Baker's Cocoa 
Baker's Coconut (all varieties) 
Bird's Eye Cool 'n Creamy Puddings 
Bird's Eye Cool Whip Non-Dairy Whipped 

Topping 
Certo Fruit Pectin 
Dream Whip Whipped Topping Mix 
D'zerta Low Calorie Gelatin Desserts 
D'zerta Low Calorie Pudding and Pie 

Fillings 
D'zerta Low Calorie Whipped Topping Mix 
lell-O Gelatin Desserts 
lell-O Golden Egg Custard Mix 

(continued) 
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Gluten-Free Commercial Foodsa,b (Continued) 

Desserts and sweets (Continued) 
Jell-O Lemon Chiffon Pie Filling 
Jell-O Puddings and Pie Fillings 
Jell-O Tapioca Puddings 
Jell-O Whip'n ChilI Dessert Mixes (except 

chocolate flavor) 
Minute Tapioca 
Sure Jell Fruit Pectin 

Fruits 
General Foods Bird's Eye Fruits 
General Foods Bird's Eye Concentrated Fruit 

Juices 

Salad dressings 
Caine's 

Mayonnaise 
Sandwich Spread 

Cellu 
French or French Style Dressing 
Fancy Fruit Dressing 
Italian Dressing 
Neu Blue Dressing 
Russian Dressing 
Soyamaise Dressing 
Thousand Island Dressing 
Whipped Salad Dressing 

General Foods 
Good Season's Salad Dressing Mix 
Good Season's Open Pit Barbeque Sauce 

Best Foods 
HeUmann's Family French Dressing 
Old Homestead Garlic French Dressing 
True Italian 
Real Mayonnaise 
Tartar Sauce 

Kraft 
Casino French Dressing 
French Dressing 
Green Onion Dressing 
Miracle Whip Dressing 
Oil and Vinegar Dressing 
Roquefort Dressing 

Seven Seas 
Cheddar 'n' Wine Dressing 
Creole French Dressing 
Italian 
Italian Bleu Dressing 
Tomato 'n' Spice Dressing 

Sweet Life Pure Mayonnaise 

Salad dressings (Continued) 
Wishbone 

Creamy Onion Dressing 
Italian Rose Dressing 
Russian Dressing 
Thousand Island Dressing 

Margarines, regular and "diet" 
Bluebonnet 
Imperial 
Mazola 
Mrs. Filbert's 
Nucoa 
Parkay 

Meats 
DAK Danish Cooked Ham 
Kosher Best AU-Beef Cocktail Franks 
Roessler's AIl-Beef Frankfurters 
Swanson's 

Boned Chicken 
Chunks o'Chicken 
Chicken Spread 
Boned Turkey 
Chunks o'Turkey 

Swift's Premium Brown'n' Serve Sausage 

Soups 
CampbeU's 

Bean with Bacon 
Beanbroth 
Black Bean 
Chicken Gumbo 
Chicken with Rice 
Chunky Turkey 
Chunky Vegetable 
Consomme 
Frozen Fish Chowder 
Frozen Green Pea with Ham 
Frozen Old-Fashioned Vegetable with Beef 
Frozen Oyster Stew 
Onion 
Vegetable Bean 

Heinz 
Beef Liver Soup 
Chicken Soup 

Lipton's Onion 
Red Kettle 

Onion Soup Mix 
Potato Soup Mix 

Swanson Chicken Broth 

(continued) 
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Gluten-Free Commercial Foodsa,b (Continued) 

Vegetables 
General Foods Bird's Eye Vegetables 

(without sauces) 
CampbeU's 

Franks and Beans 
Old-Fashioned Beans 
Pork and Beans 

Miscellaneous 
Carnation Coffee-Mate Cream Substitute 
French's Prepared Mustard 
Heinz Catsup 
KaroSyrups 
Skippy Peanut Butter, crea~y or chunk style 
General Mills Bacos 
General Foods Log Cabin Syrup (all varieties) 

aM!>dified from Ref.? 
bCommercial food products may change their Ingredients without notice. Therefore, all labels should be checked 

periodically before use. No claim is made that these products will remain gluten free. 
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20.17. LACTOSE-INTOLERANCE DIETS 

Lactose intolerance (discussed in Chapters 13 through 17) occurs both as a 
primary disease and secondary to damage of the small intestine. Subjects defi
cient in lactase vary in their clinical sensitivity. Lactose causes no known 
physical harm to the lactase-deficient patient, but there is the discomfort of 
symptoms. Therefore, limitation of lactose intake depends on the degree of 
discomfort. Some will need complete abstinence and others will be able to 
tolerate milk and ice cream. 

20.17.1. Lactose-Free Diet 

All milk, milk products, foods prepared from milk, or with milk added 
must be eliminated. Because milk is one of the main sources of calcium in some 
societies, the patient on a lactose-free diet must supplement the diet with 
calcium foods (see Diet 5) or take calcium tablets. 

All pills, tablets, and commercial foods must be checked to make sure that 
they are lactose free. 

Lactose Content of Some Commercial Products a,b 

More than 30 mg/30 g (oz) 

Sweetine Low Calorie Sweetener 
Sugar Twin granulated sugar substitute 
Gerber Strained Creamed Spinach Baby Food 
Gerber Macaroni & Tomato Baby Food 
Cheddar Cheese Crouton 
Monk's Whole Wheat Bread 
Kellogg's Eggo Waffles 
Chock Full O'Nuts Pound Cake 
Hostess Twinkees 
Kaufman's Cinnamon Swirl Coffee Cake 
Monk's White Bread 
Betty Crocker Pie Crust Mix 
Thomas' English Muffins 
Home Pride White Bread 
Gaylord Waffles 
Wonder White Bread 
Strohman's White Bread 
Peppridge Farm Whole Wheat Br~ad 
Kraft Grated American Cheese 
Gaylord Chocolate Marble Ice Cream 
Sealtest Chocolate Ice Cream 
Sealtest Vanilla Ice Cream 
Breyer's Coffee Ice Cream 
Star's Vanilla Ice Cream 
Kraft American 
Bison Brand Diet Cottage Cheese 
Borden's Strawberry-Vanilla Swirl Ice Cream 
Breyer's Chocolate Ice Cream 

More than 30 mg/30 g (oz) (Continued) 

Pine Tree Strawberry Yogurt 
Parkay Soft Margarine 
Blue Bonnet Margarine 
Land O'Lakes Salted Butter 
Fleischman's Margarine 
Evan's Chocolate Fudge Dessert Topping 
M&M's 
Hershey's Mr. Goodbar 
Evan's Butterscotch Dessert Topping 
Rich's Orange Sherbet 
Seven Seas Green Goddess Salad Dressing 
Potassium phenoxyonethyl penicillin 
Gantrisin 
Tetracycline 
Erythromycin 
Aspirin 

Less than 30 mg/30 g (oz) 

Heinz Strained Beef Baby Food 
Wegman White Bread 
Nabisco Vanilla Creme Cookies 
Arnold Bread Crumbs 
Kraft Swiss Cheese 
Wegman's Extra Sharp Cheddar Cheese 
Nestle's Butterscotch Bits 
Campbell's Tomato Bisque Soup 
Zweigle's Hot Dogs 

(continued) 



418 CHAPTER 20 

Lactose Content of Some Commercial Produc.tsa.b (Continued) 

Not detectable 
Heinz Lamb Baby Food 
Beechnut Pork Baby Food 
Gerber Chicken Baby Food 
Gerber Strained Veal Baby Food 
Gerber Mixed Vegetable Baby Food 
Nabisco Oreo Cookies 
Keebler Cheese & Peanut Butter Crackers 
Abel's Frozen Bagels 
Kaufman's Pumpernickel Bread 
Arnold Rye Bread 
Arnold Soft Roll 
DiPaolo Italian Bread 
Borden's Cremora 
Bird's Eye Cool Whip 
Jell-O Orange Gelatin 
Hershey's Special Dark Chocolate 

Not detectable (Continued) 
Fanta Orange Soda 
Nestle's Quick 
Franco American Spaghetti 
Franco American Spaghettio's 
Staff Spaghetti Rings 
Maelecrest Lebanon Bologna 
Tylenol 
Calcium gluconate 
APCTablets 
Maalox 
Temaril 
Ferrous gluconate 
Calcium lactate 
Ampicillin 
Dimetap Extentabs 

~ModifiedfromRef. 113, Chapter 13. 
~Commercial food products may change their ingredients without notice. Therefore, all labels should be checked 

periodically before purchase. No claim is made that these products will remain lactose free. 

Lactose-Free Commercial Productsa,b 

Fruit-ftavored drinks 
General Foods: 

Bird's Eye Awake 
Bird's Eye Orange Plus 
Instant Postum 
Kool-Aid, Regular or Pre-sweetened 
KoolPops 
Start Instant Breakfast Drink 
Tang Instant Breakfast Drink 
Twist Imitation- Lemon, Grape, Orange, 

Punch Mixes 
Breads, cereals, crackers, ftour 

Breads 
Epicile's Italian Bread 
Rositani French Bread 
Kosher bagels 
Most French and Italian breads 

Cereals 
Post Brand Cereals except Fortified Oat 

Flakes 
General Mills Cereals except Clackers 
Kellogg's Cornftakes, Frosted 

Cereals (Continued) 
Flakes, Product-19, 40% Bran 
Flakes, Raisin Bran, Rice Krispies 

Crackers 
Premium 
Ritz 
Zesta 
General Mills Bows, Bugles 

Flour 
General Mills Gold Medal Flour (Regular, 

Softasilk Cake Flour, Wondra) 
General Foods Swans Down Cake Flour 

and Swans Down Self-Rising Cake Flour 
Others 

General Foods Bird's Eye potato products 
General Foods Minute Rice 
General Foods Minute Rice Mixes 

(Drumstick and Rib Roast only) 
General Foods Calumet Baking Powder 

Desserts 
Duncan Hines Angel Food Cake Mix 

(continued) 
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Lactose-Free Commercial Productsa,b (Continued) 

Desserts (Continued) 
1 General Foods 

Baker's Chocolate (unsweetened, semi
sweet, German sweet) 

Baker's Semi-Sweet Chocolate Chips (not 
glazed chips) 

Baker's Redi-Blend chocolate products for 
baking 

Baker's Cocoa 
Baker's Coconut (all varieties) 
Certo Fruit Pectin 
D'zerta Gelatin Desserts 
D'zerta Pudding (chocolate tlavor only) 
Jell-O Gelatin Desserts 
Jell-O Lemon Chilfon Pie Filling 
Jell-O Pudding and Pie Fillings (except milk 

chocolate tlavor) 
Jell-O Tapioca Pudding 
Minute Tapioca 
Sure-Jell Fruit Pectin 
Swans Down Angel Food Cake Mix 

General Mills 
Angel Food Cake Mixes 
All Chilfon Cake Mixes 
All Flulfy Frosting Mixes 
Chocolate Chip Fudge Brownie Mix 
Chocolate Fudge Brownie Mix 
Graham Cracker Pie Crust 
Ready-ta-Serve Lemon Pudding 
Walnut Brownie Mix 

Gelatins 
Royal Pudding and Pie Fillings (except milk 

chocolate flavor) 
Fruits 

General Foods Bird's Eye Frozen Fruits 
General Foods Bird's Eye Frozen 

Concentrated Fruit Juices 
Margarines 

Diet Bluebonnet 
Diet Fleischman's 
Diet Imperial 
Mazola 
Mother's Brand 

Meat products 
Roessler's All-Beef Frankfurters 
Armour Frankfurters 
Kosher Best All-Beef Cocktail Franks 
Nepco Frankfurters 
Oscar Mayer Frankfurters 
Swift's Premium Frankfurters 
Swift's Premium Brown 'n' Serve Sausage 

(fully cooked) 

Salad dressings 
General Foods Good Season's Dressing 

Mixes (Creamy French, Garlic, Italian, 
Low Calorie Italian, Old-Fashioned 
French, Onion) 

General Foods Good Season's Open Pit 
Barbeque Sauces (Original, Hickory 
Smoke, and Mild Garlic Flavors) 

General Foods Good Season's Thick 'n 
Creamy Salad Dressing Mixes (Coleslaw, 
French, Thousand Island) 

Soups 
Campbell's 

New England Clam Chowder 
Chili Beef 
Noodles and Ground Beef 
Turkey Vegetable 
Chicken Gumbo 
Manhattan Clam Chowder 
Chicken Noodle 
Vegetarian Vegetable 
Old-Fashioned Vegetable 
Chicken with Rice 
Chunky Turkey 

Habitant 
Chicken Noodle Soup 
Chicken Rice Soup 

Lipton's 
Country Vegetable Soup 
Noodle Mixed with Chicken Broth 
Onion Soup 

Pepperidge Farm Petite Marmite Beef and 
Vegetable Soup 

Sweet Life Vegetable Beef 

Vegetables 
General Foods "Plain" Bird's Eye 

Vegetables (without sauces or butter) 

Miscellaneous 
General Mills Bacos 
General Foods Log Cabin Syrup (except Log 

Cabin Buttered Syrup) 
Cream substitutes: 

Borden Cremora 
Carnation Colfee-mate 

Peanut butter: 
Jilfy 
Peter Pan 
Planter's 
Sweet Life 

°Modifiedfro.II!Ref. 113, Chapter 13. 
·Commercial food products may change their ingredients without notice. Tberefore, all labels sbould be checked 
periodically before purchase. No claim is made that these products will remain lactose free. 
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20.17.2. Lactose-Restricted Diet 

Most patients with lactose intolerance can tolerate small amounts of lac
tose without discomfort (Ref. 109, Chapter 13). These patients should be care
fully instructed to try small amounts of lactose not greater than 2-4 g in anyone 
feeding, depending on their tolerance. An 8-oz glass of milk has approximately 
10 g of lactose. If milk is limited, then calcium-rich foods or tablets must be 
added (see Diet 5). 

The following list gives the exact lactose content found in 10 g of common 
foods and medicines. The values should be extrapolated to portions: e.g., 
Wonder white bread has 30 mg/l0 g, therefore, approximately 90 mg/30-g slice 
-less than 0.1 g (100 mg) per slice of bread. More than 80% of lactose-intoler
ant patients should easily tolerate the white bread. 

Grams of Lactose in 10-g (ca. 1/3 oz) Food Samplesa,b 

Product Lactose (g) 

Artificial sweeteners 
Sweetine Low Calorie Sweetener 11.08 
Sugar Twin granulated sugar substitute 7.52 

Baby foods 
Gerber Strained Creamed Spinach 0.12 
Gerber Macaroni & Tomato 0.02 
Heinz Strained Beef Trace 
Heinz Lamb None 
Beechnut Port None 
Gerber Chicken None 
Gerber Strained Veal None 
Gerber Mixed Vegetable None 

Bread 
Cheddar Cheese Crouton 0.23 
Monk's Whole Wheat Bread 0.17 
Kellogg's Eggo Waffles 0.16 
Chock Full O'Nuts Pound Cake 0.12 
Hostess Twinkees 0.12 
Kaufman's Cinnamon Swirl Coffee Cake 0.09 
Monk's White Bread 0.08 
Betty Crocker Pie Crust Mix 0.06 
Thomas' English Muffins 0.05 
Horne Pride White Bread 0.04 
Gaylord Waffles 0.03 
Wonder White Bread O.oJ 
Strohman's White Bread 0.03 
Peppridge Farm Whole Wheat Bread 0.02 
Wegman White Bread 0.01 
Nabisco Vanilla Creme Cookies 0.0004 

(continued) 
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Grams of Lactose in 10-g (ca. 1/3 oz) Food Sampiell,b (Continued) 

Product Lactose (g) 

Bread (Continued) 
Arnold Bread Crumbs Trace 
Nabisco Oreo Cookies ? 
Keebler Cheese & Peanut Butter Crackers ? 
Abel's Frozen Bagels None 
Kaufman's Pumpernickel Bread None 
Arnold Rye Bread None 
Arnold Soft Roll None 
DiPaolo Italian Bread None 

Dairy 
Kraft Grated American Cheese 1.42 
Kraft Velveeta Cheese 0.93 
Gaylord Chocolate Marble Ice Cream 0.84 
Seal test Chocolate Ice Cream 0.82 
Sealtest Vanilla Ice Cream 0.81 
Breyer's Coffee Ice Cream 0.69 
Star's Vanilla Ice Cream 0.68 
Kraft American Cheese 0.52 
Bison Brand Diet Cottage Cheese 0.34 
Borden's Strawberry-Vanilla Swirl Ice Cream 0.32 
Breyer's Chocolate Ice Cream 0.31 
Pine Tree Strawberry Yogurt 0.19 
Parkay Soft Margarine 0.10 
Blue Bonnet Margarine 0.08 
Land O'Lakes Salted Butter 0.08 
Fleischman's Margarine 0.07 
Land O'Lakes Margarine 0.05 
Kraft Swiss Cheese Trace 
Wegman's Extra Sharp Cheddar Cheese Trace 
Borden's Cremora None 
Bird's Eye Cool Whip None 

Desserts 
Evan's Chocolate Fudge Dessert Topping 0.29 
M&M's 0.23 
Hershey's Mr. Goodbar 0.12 
Evan's Butterscotch Dessert Topping 0.12 
Rich's Orange Sherbet 0.06 
Nestle's Butterscotch Bits ? 
J ell-O Orange Gelatin None 
Hershey's Special Dark Chocolate None 

Drinks 
Fanta Orange Soda None 
Nestle's Quick None 

Medicines 
Potassium phenoxyonethyl penicillin 2.16 
Gantrisin 1.07 

(continued) 



422 CHAPTER 20 

Grams of Lactose in 10-g (ca. 1/3 oz) Food Samplestl,b (Continued) 

Product Lactose (g) 

Medicines (Continued) 
Tetracycline 0.69 
Erythromycin Yes 
Aspirin Yes 
Tylenol None 
Calcium gluconate None 
APCTablets None 
Maalox None 
Temaril None 
Ferrous gluconate None 
Calcium lactate None 
Ampicillin None 
Dimetap Extentabs None 

Miscellaneous 
Seven Seas Green Goddess Salad Dressing 0.04 
Campbell's Tomato Bisque Soup 0.001 
Zweigle's Hot Dogs Trace 
Franco American Spaghetti None 
Franco American Spaghettio's None 
Staff Spaghetti Rings None 
Maplecrest Lebanon Bologna None 

oAdapted from Ref. 113, Chapter 13. 
bCommerciai food products may cbanae their ingredients without notice. Therefore, all 

labels should be checked periodically before purchase. No claim is made that these 
products will remain at the level reported. 
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20.18. FRUCTOSE-FREE, SUCROSE-FREE DIET 

Patients who cannot digest sucrose or are intolerant to fructose must elimi
nate both the disaccharide and the hexose from this diet. 

Foods to Eliminatea 

Food group Eliminate 

Milk Infant formulas containing fructose or sucrose, sweetened condensed milk, com-
mercial chocolate milk, milk drinks with added sugar, ice cream, sherbet 

Meat Meats processed in sugar brine, e.g., ham, bacon, luncheon meat 
Cereal Sugar-coated cereals, defatted wheat germ rice, bran 
Dessert Cookies, cakes, and other desserts made with sugar, sweet or chocolate milk 

syrup or molasses 
Potato Sweet potatoes (regular white cooking potatoes may be a significant source of 

fructose, depending on harvesting, storage, cooking techniques) 
Vegetable Broccoli, cucumber, peas, rhubarb, beets, carrots parsnips, pumpkins, rutabagas, 

winter squash, turnips, com, hominy 
Fruit ALL FRUITS AND FRUIT JUICES 
Beverage Any containing fructose or sucrose; read all labels 
Miscella- Granulated, powdered, and brown sugars, milk and sweet chocolate, honey, 
neous jelly, syrup, molasses, sorghum, peanuts and other nuts 

aModified from Ref. 10. 
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20.19. SUCROSE-FREE, MAL TOSE-FREE DIET 

This intolerance is a rare condition, especially in adults. It requires the 
elimination of all sucrose and maltose from the diet. Therefore, all starches and 
fruits cannot be eaten. 

Meats, fish, eggs, poultry, vegetable and animal fats, sugar-free carbon
ated drinks, artifical sweeteners, unprocessed cheeses, and milk are permitted. 

Foods to Eliminate a 

Food group Eliminate 

Milk Milk substitutes that may contain starch or soy milks; infant formulas containing 
fructose or sucrose; sweetened condensed milk, commercial chocolate, milk 
drinks with added sugar; ice cream, sherbet 

Meat Sausages, processed meats containing starch; meats processed in sugar brine, 
e.g., ham, bacon, and luncheon meat 

Bread, Bread, cakes, biscuits, pastries, wheat, oats, rye, barley, rice flours, tapioca, 
Cereal cornstarch, spaghetti, macaroni, breakfast cereals; sugar-coated cereals, defat-

ted wheat germ, rice, bran 
Fruit All fruits and fruit juices 
Vegetable Beans, peas, all potatoes, parsnips, corn, broccoli, cucumber, peas, rhubarb, 

beets, carrots, pumpkins, rutabagas, winter squash, turnips 
Dessert Ice cream (unless homemade), cookies, cakes, and other desserts made with 

sugar, sweet or chocolate milk, syrup or molasses 
Beverage Malted milks, cocoa, chocolate; all drinks made with fructose, sucrose, maltose, 

maIt 
MiscelIa- Nuts, thickened soups, pickles, sauces; granulated, powdered, and brown sugars; 
neous milk and sweet chocolate; honey, jelly, syrup, molasses, sorghum 

aPrepared from Ref. 10. 
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20.20. LOW-FA T DIET 

Low-fat diets are recommended when it is desirable to decrease biliary or 
pancreatic function. This occurs in gallbladder and pancreatic diseases (see 
Chapters 11 and 12). Decreased fat intake may also be desired in severe stea
torrhea when a high intestinal lumenal fat content is aggravating function (see 
Chapter 13). The amount of fat that can be tolerated by patients with steator
rhea varies; therefore, the amount given to them is titrated clinically. 

The RDA for fat is not clear. It is recommended in prudent diets that 
approximately 30% of the total calories be from fat. A 2250-cal diet should 
therefore contain approximately 75 g of fat. The compensation in calories 
comes from increased protein in this diet but may be in carbohydrates. 

The following is a basic 40-g fat diet (approximately 15% fat). Fat content 
can be decreased or increased by varying the use of eggs, fat substitutes, or 
protein exchanges high in fat (meats, etc.). 

Other low-fat diets are Diet 20.25, for the management of hyperlipoprotein
emia, and Diet 20.26, for the management of glucose intolerance, constipation, 
and serum lipids. These low-fat diets are now popular and are recommended by 
this author for general good health. (Diet 20.11 is a 100-g fat diet, Diet 20.8 a 
140-g fat diet.) 

Protein exchange 
Cereal, Bread 
Vegetable 
Fruit 
Soup 
Salad 
Fat 
Sweets 
Nonfat milk 
Beverage 

Approximate Compositiona 

Calories 2250 
Carbohydrate 365 g 
Protein 130 g 
Fat (primarily 40 g 

polyunsaturates) 

Ia Eliminating fats from eating plan reduces fat content 
to less than 30 g. 

Suggested Eating Plan 

Breakfast Lunch Dinner 

1 3 3 
3 3 1 

- 1 2 
1 1 1 
- 1 -
- - 1 
1 1 1 
3 - -
1 1 -
With no cream, as desired 

aUseTables20-1 to 20-7. 

Snacks 

1 
2 
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Basic Meal Plan (Food Cooked in No Fat)a 

Breakfast 

Fruit 
Bread, cereal 
Sweets 
Egg 
Bread, cereal 
Fat 
Sweets 
Milk 
Beverage 

Midmorning 

Milk 

Lunch 

Soup 
Bread, cereal 
Vegetable 
Meat 
Bread cereal 
Fat 
Fruit 
Milk 
Beverage 

Dinner 

Salad 

Meat 
Starchy vegetable 
Vegetable 
Fats 
Breads or cereals 
Fruits 
Beverages 

Bedtime 

Milk 

1 small banana 
1 cup bran ftakes 
1 tsp sugar 
1 medium poached egg 
2 slices whole-wheat toast 
1 tsp margarine 
2 tsp jeIly 
1 cup nonfat milk 
Coffee or tea without cream 

1 cup nonfat milk 

1 cup vegetable soup, prepared with water 
4 saltine crackers 
3 celery sticks 
3 oz roast turkey, white meat 
2 slices white bread 
1 tsp mayonnaise 
1 medium apple 
1 cup nonfat milk 
Coffee or tea without cream 

1 cup fresh spinach with 
1/2 medium tomato and 1 tbsp 
diet salad dressing 

3 oz broiled halibut with lemon wedge 
1/2 cup steamed rice 
1/2 cup green beans 
1 tsp margarine 
1 hard roIl 
1/2 cup sweetened rhubarb 
Coffee or tea without cream 

1 cup milk 

aModified from Carnation Co. Low Fat Diet PIan. 
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Food Lists to Limit Fata 

Allowed Avoid 

Milk Nonfat milk, buttermilk Whole milk, low-fat milk, whipped 
cream, ice cream, ice milk, half and 
half, chocolate milk, evaporated milk, 
yogurt, nondairy creamer 

Egg 1 daily, cooked without fat, egg white More than 1 daily, eggs fried in fat 
permitted 

Cheese Cottage cheese, whey cheeses; Any other 
especiaIly made low-fat yellow 
cheeses clearly labeled as such 

Meat, fish AIl lean meats, fish, fowl, vegetable Fried meats, fish, and poultry; fish 
meat substitutes (if fowl is breaded canned in oil, fatty cuts of meat such 
and fried, remove skin and breading as brisket, short ribs, pork chops, 
before eating), waterpacked canned bacon, sausage, luncheon meats, 
fish; choose poultry and fish often frankfurters, duck, goose; peanut 

butter 
Vegetable AIl Creamed vegetables, vegetables in 

cheese sauce, hollandaise sauce or 
other rich sauces, fried vegetables, 
buttered vegetables unless buttered 
with fat aIlowance 

Fruit All fruits and fruit juices Avocado, coconut 
Soup Broths, bouillon, canned broth-based Creamed or canned soups prepared with 

soups prepared with water or nonfat whole milk 
milk 

Bread, cereal Bread, cereals, pastas, crackers, Biscuits, waftles, rich rolls, pancakes, 
popcorn (no butter) sweet rolls, doughnuts, popovers, 

other rich breads 
Dessert Gelatin, puddings prepared with nonfat Custards and puddings prepared with 

milk, angel food cake, sherbert, ices, whole milk or egg yolks, cakes (except 
meringues, vanilla wafers angel), cookies, ice cream, pie crusts, 

pastries, any dessert made with 
chocolate or nuts 

Sweets Jelly, jam, sugar, syrup, honey, Chocolate, any candy containing 
molasses, plain hard candy, chocolate, cream, or fat 
gumdrops, cocoa 

Fat Diet salad dressing, limit of 1 tsp oil, Butter, shortening, lard; oil, 
mayonnaise, salad dressing, or mayonnaise, sa1ad dressing, or 
margarine per fat exchange margarine in amounts greater than 1 

tsp per meal 
Beverage Coffee, tea, coffee substitute, None 

carbonated beverages 
Miscellaneous Salt, spices, herbs, condiments, cocoa, Olives, nuts, gravy, rich sauces such as 

vinegar, pickles, catsup, mustard, cream sauce 
steak sauce, etc. 

aModified from Carnation Co. Low Fat Diet Plan. 
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20.21. ZERO-FA T DIET 

Zero-fat diets are used only for acute inflammatory gallbladder or pan
creatic disease (Chapters 11 and 12), the object being to rest the organ. Some 
controversy exists as to the actual benefit of complete fat withdrawal, but it is 
an accepted diet approach. 

This diet therapy is only prescribed for short periods of time during acute 
disease, when patients are too ill to maintain a full-calorie diet and need intra
venous supplementation. If they can tolerate full feedings, they probably 
should be advanced to a low-fat diet. 

The fat-free foods may be taken in quantities tolerated. 

Food List 

Food group Allowed Avoid 

Milk None All 
Protein food Gelatin, egg white (only a trace of fat) All others 

exchanges 
(meat, etc.) 

Vegetable, None if zero fat desired, but some All have some amounts 
fruit fruits can be used if minute «0.1%); coconut, 

amounts are permitted avocado 
are high 

Fruit juice Apple, blueberry ,lemon, loganberry, All others have small 
papaya, peach (only traces) amounts «0.1%) 

Soup Campbell beef broth or consomme All others 
Bread, cereal None All have small amounts 
Sweets Sugar, jellies, jelly beans, plain All others 

marshmallows, gumdrops, corn 
syrup, molasses 

Fats None All 
Beverages Coffee, tea, all carbonated sugar All others 

drinks, ginger ale, Coca-Cola, 
Pepsi, lemonade 

Desserts lello, some artificially flavored ices All others 
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20.22. DIET SUPPLEMENT FOR CYSTIC FIBROSIS 

The primary treatment is enzyme replacement. However, several authors 
have reported that elemental supplements improve growth (see Refs. 39 and 40, 
Chapter 12). They are easily absorbed and compensate for pancreatic enzyme 
deficiency. 

Berry et al. 40 described a regimen of diet supplementation used in children 
aged 1 to 18 consisting of a beef serum protein hydrolysate, a glucose polymer, 
and a medium-chain triglyceride (MCT) oil supplemented with 2.5% saftlbwer 
oil. The supplement was used to supply 100% of the RDA for protein and 
approximately 50% of the caloric requirement for the age. The formula con
tains 55 to 70 percent of calories as carbohydrate, 14 to 16% as amino acids, 
and 20 to 30% as fat. It was mixed with flavored liquids and taken in small 
divided doses with ad lib diet, vitamin, and mineral substitution. 

Allan et al. 39 similarly used a beef serum hydrolysate, glucose polymer, 
and MCT successfully. 

The Mead-Johnson Company has developed a product, Pregestimil, that 
can be used as a supplement in children. One quart contains: 

Calories 
Carbohydrate 
Fat 
Protein 

20 kcal/fl oz 
86.4g 
25.7g 
18.0g 

Casein hydrolysate, corn syrup, starch, and MCT are used with vitamins and 
minerals added. The recommended formulations for each age should be 
followed. 

To add easily absorbed MCT, see Diet 20.7. 
A wide variety of other liquid supplements are listed in Chapter 18. These 

can be tried if palatability is a problem. Tables 18-1 to 18-4 list the protein, 
carbohydrate, and fat contents. Several contain MeT. 
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20.23. HIGH-FIBER AND HIGH-CARBOHYDRA TE/HIGH-FiBER 
DIABETIC DIETS 

Several authors report the benefit of high-carbohydrate, high-fiber diets 
for glucose tolerance in diabetic subjects (Refs. 50 to 53, Chapter 12). Evidence 
substantiates that high fiber promotes stabilization of glucagon and insulin 
metabolism. Further reports are awaited. 

I. High-Fiber Miranda Diet: 
Approximate Compositiona•b 

Calories 
Carbohydrate 
Protein 
Fat 
Fiber (crude) 

1750 
185g(43%) 
9Og(21%) 
70 g (36%) 
20g 

aDiet modified from Ref. SI, Chapter 12. 
bThis is not a higlt-carbohydrate diet. 

This diet can be varied by using protein exchanges for the meat, vegetable, 
and fruit exchanges, etc. (Tables 20-1 thru 20-7). 

It is suggested that no further fat be added. If more calories are needed, 
they can be added in the form of vegetables and starches from bread, cereal, and 
vegetable lists. 

Sample Miranda Menu 

Weight (g) Carbohydrate (g) Fiber (g) 

Breakfast 
Frozen fresh blueberries 100 13.6 1.50 
Scrambled egg, 1 30 0.3 -
Bacon, 2 strips 15 0.5 -
High-fiber wheat bread, 2 slices 60 20.6 4.50 
Butter, 1 tsp 5 - -
Whole milk, 1/2 cup 120 5.8 -
Coffee, 1 cup 240 - -

Lunch 
Beef patty, 2 oz 60 - -
American cheese, 1 small slice 20 0.4 -
High-fiber wheat bread, 1 slice 30 10.3 2.25 
Mustard, 2 tsp 10 0.6 0.10 
Sliced tomato, 1 medium 100 - 4.7 0.50 
Lettuce, 1 small wedge 50 1.5 0.25 
Oil for dressing, 1 tsp 5 - -

(continued) 
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Sample Miranda Menu (Continued) 

Weight(g) Carbohydrate (g) 

Lunch (Continued) 
Vinegar for dressing, 1 tsp 5 0.3 
Green peas, 1 serving 100 7.1 
Butter, 1 tsp 5 
Fresh apple, 1 medium 150 21.6 
Apple juice, 2/3 cup 160 19.0 

Dinner 
Broccoli, 1 serving 70 3.3 
Broiled chicken, 1 serving 100 
Whole kernel corn, 1 serving 120 16.3 
Butter for vegetables, 2 tsp 10 
Sliced tomato, 1 medium 100 4.7 
Oil for dressing, 1 tsp 5 
Vinegar for dressing, 1 tsp 5 0.3 
Fresh pear, I medium 200 30.6 
Tea, 1 cup 240 

Snack 
Roast beef, 1 oz 30 
High-fiber wheat bread, 1 slice 30 10.3 
Mayonnaise, 1 tsp 5 0.1 
Whole milk, 3/4 cup 180 --tL 

Approximate total: 185g 

II. Albrink High-Carbohydrate, High Fiber 
Diet: Approximate Compositiona 

Calories 
(adjust to keep 
weight stable) 

Carbohydrate 
Protein 
Fat 
Fiber (crude) 

aModified from Ref. 52, Chapter 12. 

Daily Intake 

Food 

All Bran 
Whole milk 
Whole-wheat bread 
Cooked dried beans 
Cooked brown rice 

2600 

455 g(70%) 
95 g(15%) 
45 g(15%) 
20g 

Amount/day 
(g) 

56 
244 
115 
396 
900 

Crude fiber 
(g) 

4.6 
-
2.0 
6.0 
2.4 

Fiber (g) 

1.90 

1.50 
0.16 

0.77 

0.84 

0.50 

2.80 

2.25 

20g 

(continued) 

431 
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Daily Intake (Continued) 

Amount/day Crude fiber 
Food (g) (g) 

Oranges (4) 400 2.0 
Butter 20 -
Cottage cheese (skim) 50 -
Lettuce 100 0.5 

Celery 75 0.5 --
Total 18.0g 

This was reported as an experimental diet and would be virtually impossible 
to maintain over a long period of time. If one should attempt to use it, then 
fruits, vegetables, and cereals with high fiber can be substituted for the beans, 
rice, and oranges as suggested in exchanges in Diet 20.26. 

The following diet has been used successfully at the Lexington Veterans 
Administration Hospital. Successful results were first published by Kiehm et 
al. (Ref. 50, Chapter 12). 

11/. Anderson 70% High-Carbohydrate, High-Fiber, 
Low-Fat Diet: Approximate Composition a 

Calories 1800 
Carbohydrate (total) 314 g 

(simple) 78 g 
Protein 81 g 
Fat 24g 
Fiber" (soluble) 21 g 

(total plant) 65 g 

aDiet modified from Ref. 11. 
bCalculated according to Ref. 12. 

Breakfast 

Skim milk 
Whole oats (dry) 

with eggs 
Fresh orange 
Whole-wheat bread 
Margarine 
I Multivitamin 

Suggested Eating Plan 
Lunch 

180 g 
20g 
4g 

100g 
75g 
6g 

Navy beans 
Ham flavoring 
Cornbread 
Broccoli (cooked) 
Cabbage (cooked) 
Banana 
Butter 

200g 
10 g 

100 g 
100 g 
100g 
63 g 
4g 

(continued) 
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Dinner 

Whitebread 
Potatoes (raw wt) 
Peas (cooked) 
Corn (cooked) 
Fresh apple 
Salad 

Celery 
Lettuce 
Onions 
Carrots 

Suggested Eating Plan (Continued) 

70g 
185 g 
100g 
200g 
100g 

20g 
50g 
20g 
20g 

Evening snack 

Skim milk 
Corn flakes 
Graham crackers 

433 

240g 
30g 
30g 

Exchanges may be calculated from Tables 20-1 through 20-7 and from Refs. 
11 and 12. 
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20.24. LOW-CARBOHYDRA TE DIABETIC DIET 

The goal of this diet therapy is to reduce the intake of carbohydrate so that 
blood glucose levels and urine glucose loss will be decreased. This is the 
conventional and traditional diet therapy for diabetics, but there is controversy 
(as reviewed in Chapter 12) concerning the role of diet and which diet approach 
is best (see Diet 23). There are also problems with patient compliance. Concur
rent control of obesity and total caloric intake is equally important in increasing 
carbohydrate tolerance. The diet recommendations must limit total intake as 
well as control carbohydrate intake. 

In the following diet (modified from Ref. 4 and the Norwalk Hospital 
Manual), the estimated desired caloric intake should be determined first and 
then the exact content of the diet established. 

Approximate Compositiona 

Calories 1000 1400 1800 2200 2600 3000 
Carbohydrate (g) 90 120 170 210 230 285 
Protein (g) 70 75 80 100 115 130 
Fat (g) 40 70 90 110 135 150 

aModified from Ref. 4. 
bU se Tables 20-1 to 20-7 for exchanges. 

Suggested Daily Eating Plan, 1 BOO-cal Dieta,b 

Exchanges Breakfast Lunch Dinner Snacks 

Protein 1 3 3 -
Bread 2 2 2 2 
Fruit 1 1 1 -
Vegetable - I 2 -
Fat 2 2 2 1 
Milk - 1 - 1 
Sugar-free beverages, diet sodas, etc., as desired and tolerated 

aModified from Ref. 4. 
bUseTables 20-1 to 20-7 for exchanges. 



DIETS AND FOOD LISTS 435 

Daily Exchanges for Other Calorie Plans a 

Calories 1000 1400 2200 2600 3000 
Protein 7 7 8 9 
Bread 2 4 9 10 
Fruit 3 3 4 4 
Vegetable I I 
Fat 3 8 10 
Milk 2 2 3 4 

au se Tables 20-1 to 20-7. 

Sample Menu for 1 BOO-cal Diabetic Diet (Norwalk Hospital) 

Breakfast 
1/2 cup orange juice or I fruit exchange 
I egg, cooked without extra fat 
2 slices toasted bread 
I tsp butter or I fat exchange 
I-cup whole milk 
Coffee or tea, no cream or sugar 

Lunch 
Sandwich: 

2 slices bread 
3 oz lean meat or meat exchanges 
2 tsp mayonnaise or I fat exchange 
Lettuce and tomato or other vegetable 

I piece of fresh fruit 
Coffee or tea, no cream or sugar 
Broth as desired 

Dinner 
3 oz lean meat or 3 meat exchanges 
I potato or I bread exchange 
I serving cooked vegetable 
Tossed green salad with no-calorie dressing 
2 slices bread or 2 bread exchanges 
I fresh fruit cup or I fruit exchange 
Coffee or tea, no cream or sugar 

Snack 
I cup milk or exchange 
I tsp butter or I fat exchange 
2 slices toast or 2 bread exchanges 

10 
13 
5 

12 
4 
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20.25. DIET MANAGEMENT OF HYPERLlPOPROTElNEMIA 

The following quote from the classic National Institute of Health13 mono
graph best describes the problem. 

An abnormally increased plasma concentration of cholesterol or triglyceride is com
monly encountered in clinical practice. Such hyperlipidemia may arise from one of 
many causes. Sometimes it is "secondary" to other diseases known to affect lipid 
metabolism. Typical examples are hyperlipidemia caused by hypothyroidism, insulin
dependent diabetes, obstructive liver disease or the nephrotic syndrome. Treatment 
is directed toward the causative disorder, not the hyperlipidemia. "Primary" hyperli
pidemia is that which is not obviously caused by a well-known disease. It may be due 
to some disorder of lipid metabolism, to an abnormal diet (or abnormal response to a 
normal diet), to excess alcohol, or to other still obscure causes. Primary hyperlipide
mia is sometimes inheritable. Treatment of primary hyperlipidemia is usually under
taken for one of three major reasons: Most commonly it is because hyperlipidemia of 
certain kinds is associated with a high risk of premature atherosclerosis; this is 
especially important in certain children and young adults. Another reason, less com
mon but sometimes urgent, is to relieve the recurrent abdominal pain and the risk of 
acute pancreatitis that attend severe hyperglyceridemia. Finally, annoying and alarm
ing skin lesions (xanthomas) may be due to hyperlipidemia and frequently can be 
made to disappear with proper treatment. 

The hyperlipoproteinemias are roughly classified into five types.13 The 
recommended diet management varies with each group and is summarized as 
follows (adopted from the Norwalk Hospital Diet Manual). 
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Types II and IV are the most common disturbances. The following are the 
diets recommended by the NIH.13 

20.25.1. Low-Cholesterol Modified-Fat (High Polyunsaturated Fat) 
Oiet13 

This diet is used to treat type II hyperlipoproteinemia. Cholesterol is lim
ited to less than 300 mg/day, and polyunsaturated fats of plant origin are 
liberally substituted for animal fats. 

Suggested Daily Eating Plana (1700-2000 cal) 

1 pint or more skim milk 
Cooked poultry, fish, or lean trimmed meat 
5 servings of vegetable and fruit; include: 

1 serving citrus fruit b 
1 serving dark-green or deep-yellow 
vegetablec 

7 or more servings of whole-grained or en-
riched bread or cereal d 

I or more servings of potato, rice, etc. 
Allowed fat 
Allowed desserts and sweets 

aFromRef.13. 

Breakfast 

Citrus fruit or juice 
Cereal 
Toast 
Allowed fat 
Jelly and sugar 
Skim milk 
Coffee or tea if desired 

Lunch 

Poultry, fish, or lean meat 
Potato or substitute 
Vegetables 
Bread 
Allowed fat 
Fruit or allowed dessert 
Skim milk 

Dinner 

Poultry, fish, or lean meat 
Potato or substitute 
Vegetable 
Bread 
Allowed fat 
Fruit or allowed dessert 
Skim milk 

Between-meal snack 

Fruit 
Skim milk 

bOne serving of citrus fruit is recommended daily to provide adequate vitamin C. 
COne dark-green or deep-yellow vegetable is recommended daily to provide adequate vitamin A. 
dEnriched cereal or bread should be included in the diet to provide adequate vitamin B complex and iron. 
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Food group 

Beverage 
(nondairy) 

Bread 

Cereal 

Dairy 

Meat, poultry, 
fish 

Soup 

Food List 

Allowed 

Coffee, tea, carbonated beverages, fruit 
and vegetable juice 

Whole wheat, rye, and white bread; 
matzo, saltines, graham crackers; 
baked goods containing no whole 
milk or egg yolk and made with a1-
lowed fat 

All cereals; also grain products such as 
rice, macaroni, noodles, spaghetti, 
flour 

Skim milk, nonfat buttermilk, dried 
nonfat milk, evaporated skim milk, 
dry (nofat) cottage cheese, yogurt 
made from skim milk, skim milk 
cheese such as Sapsago and specially 
prepared low-fat cheese and specially 
prepared cheese high in polyunsatur
ated fat 

Limit as recommended: 
Lean beef, lamb, veal, pork and ham, 
tongue, chicken, turkey, dried or 
chipped beef, fish except those ex
cluded, egg white, peanut butter 

Avoid 

None 

Biscuits, commercial muffins, sweet 
rolls, cornbread, pancakes, waffles, 
French toast, hot rolls, corn chips, 
potato chips, cheese crackers or 
other flavored crackers 

None 

Whole milk, whole-milk drinks, dried 
whole milk, evaporated milk, con
densed milk, cream (sweet or sour), 
ice cream, ice milk, sherbet, com
mercial whipped toppings, cream 
substitutes, cream cheese, all hard 
cheese except skim-milk cheese, 
creamed cottage cheese unless sub
stituted for meat; one-fourth cup 
creamed cottage cheese equals 1 oz 
of meat 

Egg yolk, luncheon meat, cold cuts, 
hot dogs, sausages, bacon, goose, 
duck, poultry skin, shellfish includ
ing oysters, lobster, scallops, 
shrimp, clams, and crab; fish roe in
cluding caviar, all organ meats such 
as heart, liver, brains, and kidney, 
all fatty meats, regular fried meats 
and fried fish unless fried with al
lowed oils, corned beef, regular 
ground beef or hamburger, spare
ribs, pork and beans, meats canned 
or frozen in sauces or gravies, frozen 
or packaged dinners, frozen or 
packaged prepared products (con
venience foods) 

Bouillon, clear broth, fat-free vege- All others 
table soup, cream soup made with 
skim milk, packaged dehydrated 
soups 

(continued) 
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Food group 

Dessert 

Fat 

Fruit 

Sweets 

Vegetable 

Miscella
neous 

CHAPTER 20 

Food List (Continued) 

Allowed 

Fruit ices (water ices), angel food cake 
including angel food cake mix, pud
dings made with skim milk, "jello," 
frostings made with allowed fat, me
ringues; cakes, cookies, and pies 
made with allowed fats and skim milk 
(no egg yolks); fruit whips, junkets 
made with skim milk 

Safflower oil, corn oil, commercial 
mayonnaise and soft safflower mar
garine (liquid safflower oil-not hard
ened, partially hardened, or hydro
genated-should be the first listed 
ingredient (the first listed item on the 
label indicates the predominant ingre
dient) 

Any fresh, canned, frozen, or dried 
fruit or juice; avocado may be used in 
small amounts 

Hard candies, jam, jelly, honey, sugar, 
syrup containing no fat 

Any fresh, frozen, or canned, cooked 
without saturated fat 

Olives, pickles, salt, spices, herbs, 
nuts, except those excluded, and 
cocoa 

Avoid 

Desserts that contain whole milk, satu
rated or hydrogenated fat, and egg 
yolks, including commercial pies, 
cakes, and cookies; all cake and 
cookie mixes (except angle food 
cake mixes) 

Butter, lard, hydrogenated margarine 
and shortening, coconut oil, and all 
other oils not listed, salt pork, suet, 
bacon and meat drippings, gravies 
unless made with allowed polyunsa
turated fat, sauces, such as cream 
sauce, etc., unless made with al
lowed fat and skim milk 

None 

All other candies or chocolate 

Buttered, creamed, or fried vegetables 
unless prepared with allowed fat 

Coconut, cashew and macadamia nuts 

In order to get enough polyunsaturated fats into the diet, either foods 
cooked in vegetable oils or salad dressings containing vegetable oils must be 
eaten. 

The following list of cholesterol content may be helpful, but it must be 
used with cognizance of the saturated-fat content. Two foods may have the 
same cholesterol content, but one can be high in saturated fat. Both factors 
must be considered. 



DIETS AND FOOD LISTS 441 

mg Cholesteroll1 00 g Fooda 

Cereal products Puddings (Continued) 
Cakes 

Fancy ice cakes Pancakes 65 

Fruit cake, rich SO Queen of puddings 100 

Iced 40 Sponge pudding, steamed 80 

Plain Suet pudding, steamed 4 

Gingerbread Treacle tart _b 
60 

Trifle SO Madeira cake 
Rock cakes 40 Yorkshire pudding 70 

Spongecake 
Milk. milk products. and eggs With fat 260 

Without fat 130 Milk 
lam-filled Cows' 

Fresh, whole 14 
Buns and pastries Sterilized 14 

Currant buns Fresh. skimmed 2 

Doughnuts Condensed. whole. sweetened 34 

Eclairs 90 Condensed. skim, sweetened 3 

lam tarts _b Evaporated. whole. 

Mince pies _b unsweetened 34 

Pastry Dried. whole 120 

Choux,raw 110 Dried, skim 18 

Choux, cooked 170 Goats' 

Flaky, raw _b Human. mature 16 

Flaky. cooked _b Transitional 

Shortcrust, raw _b Butter, salted 230 

Shortcrust. cooked _b Cream single 66 

Scones (5)C Whipping 100 

Scotch pancakes SO 
Cheese 

Cambembert 72 
Puddings Cheddar 70 

Apple crumble _b Danish blue 88 
Bread and butter pudding 100 Edam 72 
Cheesecake 95 Parmesan 90 
Christmas pudding 60 Stilton 120 
Custard. egg 100 Cottage 13 

Made with powder 16 Cream 94 
Custard tart 60 Processed 88 
Dumpling 8 Spread 71 
Fruit pie. individual, with pastry 

top and bottom Yogurt (low-fat) 
Fruit pie with pastry top _b Natural 7 
Ice cream. dairy 21 Flavored 7 
Ice cream, nondairy 11 Fruit 6 
JeUy packet, cubes 0 Hazlenut 7 

Made with water 0 
Made with milk 6 Eggs 

Lemon meringue pie 90 Whole, raw 450 
Meringues 0 White, raw 0 
Milk pudding 15 Yolk, raw 1260 

Canned. rice Dried 1780 
(continued) 
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mg Cholesteroll1 00 g Fooda (Continued) 

Milk, milk products, and eggs (Continued) Meat (Continued) 
Lamb (Continued) 

Eggs (Continued) Raw, lean only 69 
Boiled 450 Cooked, lean and fat 110 
Fried _d Cooked, lean only 110 
Poached 480 Chicken 
Omelette 410 Raw,light meat 69 
Scrambled 410 Raw, dark meat 110 

Egg and cheese dishes Boiled, light meat 80 
Cauliflower cheese 17 Broiled, dark meat 110 
Cheese pudding 130 Roast, light meat 74 
Cheese souffle 180 Roast, dark meat 120 
Macaroni and cheese 20 Duck 
Pizza, cheese, and tomato 20 Raw, meat only 110 
Quiche Lorraine 130 Roast, meat only 160 
Scotch egg 220 Turkey 
Welsh rabbit 67 Raw, light meat 49 

Products containing eggs Raw, dark meat 81 
Lemon curd, homemade 150 Roast, light meat 62 
Marzipan, homemade 35 Roast, dark meat 100 
Mayonnaise 260 Rabbit, raw 71 

Fats and oils Offal 
Compound cooking fat _e Brain 
Drippings, beef (60)e Calf, raw 2200 
Lard (70) Calf, boiled 3100 
Low-fat spread Tr Lamb, boiled 2200 
Margarine --e Heart 
Suet, block (60) Lamb, raw 140 
Shredded 74 Sheep, roast 260 
Vegetable oils Tr Ox, raw 140 

Ox, stewed 230 
Meat Kidney 
Bacon Lamb,raw 400 

Raw, lean and fat 57 Lamb, fried 610 
Raw,lean only 51 Ox, raw 400 
Fried, lean and fat 80 Ox, stewed 690 
Fried, lean only 87 Pig, raw 410 
Grilled, lean and fat 74 Pig, stewed 700 
Grilled, lean only 77 Liver 

Beef Calf, raw 370 
Raw, lean and fat 65 Calf, fried 330 
Raw, lean only 59 Chicken, raw 380 
Cooked, lean and fat 82 Chicken, fried 350 
Cooked, lean only 82 Lamb,raw 430 

Lamb Lamb, fried 400 
Raw, lean and fat 78 Ox, raw 270 
Raw, lean only 79 Ox, stewed 240 
Cooked, lean and fat 110 Pig, raw 260 
Cooked, lean only 110 Pig, stewed 290 
Pork Oxtail, raw 75 
Raw, lean and fat 72 Oxtail, stewed 110 

(continued) 
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mg Cholesterol/1 00 g Fooda (Continued) 

Meat (Continued) 
Offal (Continued) Meat Products and dishes (Continued) 

Sweetbread 
Meat and pastry products (Continued) Lamb,raw 260 

Lamb, fried 380 Sausage roll, flaky pastry 20 

Tongue Sausage roll, short pastry 30 

Lamb,raw 180 Steak and kidney pie, pastry top only 125 

Sheep, stewed (270) 
Cooked dishes Ox, pickled, raw 78 

Ox, pickled, boiled (100) Beef steak pudding 30 
Tripe, dressed 95 Beef stew 30 

Tripe, stewed 160 Bolognese sauce 25 
Curried meat 25 

Meat products and dishes Hot pot 25 
Canned meats Irish stew 35 

Beef,corned 85 Moussaka 40 

Ham 33 Shepherd's pie 25 

Ham and pork, chopped 60 
Luncheon meat 53 Fish 

Stewed steak with gravy 44 Whitefish 
Tongue 110 Cod, fresh 
Veal, jellied 97 raw 50 

Baked 60 
Offal products Fried 

Black pudding, fried 68 Grilled 60 
Faggots 79 Poached 60 
Haggis, boiled 91 Steamed 60 
Liver sausage 120 Cod, smoked 

Raw (50) 
Sausages Poached (60) 

Frankfurters 46 Haddock, fresh 
Polony 40 Raw 60 
Salami 79 Fried 
Sausages Steamed 75 
Beef, raw 40 Haddock, smoked 
Beef, fried 42 Steamed (75) 
Beef, grilled 42 Halibut 
Pork, raw 47 Raw 50 
Pork, fried 53 Steamed 60 
Pork, grilled 53 Lemon sole 

Saveloy 45 Raw 60 
Fried 

Other products Steamed 60 
Beefburgers, frozen, raw 59 Plaice 
Beefburgers, frozen, fried 68 Raw 70 
Brawn 52 Fried in batter 
Meat paste 68 Fried in crumbs 
White pudding 22 Steamed 90 

Saithe 
Meat and pastry products Raw 60 

Cornish pastie 49 Steamed 75 
Pork pie, individual 52 Whiting, steamed 110 

(continued) 
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mg Cholesteroll1 00 g Foocf (Continued) 

Fish (C~ntinued) 
Fatty fish 

Eel 
Raw 
Stewed 

Herring 
Raw 70 
Fried (80) 
Grilled SO 

Bloater, grilled 80 
Kipper, baked 80 
Mackerel 

Raw 80 
Fried (90) 

Pilchards, canned in 
tomato sauce (70) 

Salmon 
Raw (70) 
Steamed (80) 
Canned 90 
Smoked (70) 

Sardines 
Canned in oil 
Fish only 100 
Fish plus oil 80 

Canned in tomato sauce (100) 
Sprats, fried 
Trout, steamed (SO) 
Tuna, canned in oil 65 

Cartilaginous fish 
Dogfish 
Skate 

OAdapted from Ref. 2. 
bTrace if made with vegetable fats. 
cValues in parenthess from the literature. 
dCholesterol content depends on the fat used for fryill8. 

Fish (Continued) 
Crustacea 

Crab 
Fresh 
Canned 

Lobster 
Prawns 
Scampi 
Shrimp 

Mollusksf 
Cockles 
Mussels, raw 
Oysters, raw 
Scallops, raw 
Whelks 
Winkles 

Fish products and dishes 
Fishs cakes 

Frozen 
Fried 

Fish fingers 
Frozen 
Fried 

Fish paste 
Fish pie 
Kedgeree 
Roe, cod, hard 

Raw 
Fried 

Roe, herring, soft 
Raw 
Fried 

eCholesterol content depends on the blend of oils used; only a trace if vegetable oils used. 
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100 
100 
ISO 
200 
110 
200 

40 
100 

SO 
40 

100 
100 

(SO) 
(SO) 

20 
120 

(500) 
(500) 

700 
(700) 

fOther sterols are present in these fish; cholesterol forms about 40% of the total sterols in cockles, mussels, 
oysters, and scallops. It forms about 90% of the total sterols in whelks and about 70% in winkles. 
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20.25.2. Low-Carbohydrate, Low-Cholesterol, Modified-Fat (Increased 
Polyunsaturate) Dietll 

This diet is used to treat type IV hyperlipoproteinemia. The carbohy
drate intake is limited to approximately 40% of calories, while cholesterol 
intake is maintained between 300 and 500 mg, and polyunsaturates are en
couraged. The diets are modified from the NIW3 handbook. 

Suggested Food Distribution at Various Caloric Levels 

Calories 1500 1800 2000 2200 2400 2600 2800 
Carbohydrate (g) 135 180 195 210 225 255 285 
Food groups 

Skim milk, servings 2 2 3 3 3 3 3 
Breads, cereals, etc., 

servings 5 8 8 9 10 12 14 
Fruit, servingsa 3 3 3 3 3 3 3 

These foods are not limited: 
Lean, well-trimmed meat, fish, and poultryb 
Vegetables except those grouped with breads and cereals 
Unsaturated fat 

aTen grams of carbohydrate has been calculated for '1. cup of any fresh or unsweetened fruit or juice. 
hEight grams of protein and three grams of fat have been calculated for one ounce of meat, fish, or poultry. 

Breakfast: 

Lunch: 

Dinner: 

Sample 1 BOO-cal Menu 

1 servings citrus fruit or juice 
2 servings cereal or toast and allowed fat 
1 serving skim milk 
Unlimited serving poultry, fish, or lean-trimmed meat 
1 serving potato or substitute vegetable 
2 servings bread and allowed fat 
1 serving fruit 
Unlimited serving poultry. fish. or lean-trimmed meat 
1 serving potato or substitute vegetable 
2 servings bread and allowed fat 
1 serving fruit 
1 serving skim milk 
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Meat, 
fish, and 
poultry 

Milk and 
eggs 

Breads, cer
eals, and 
starch 
vegeta
bles 

Food Lists 

Allowed 

Select lean, well-trimmed cuts 
Beef 
Lamb 
Pork or lean ham 
Veal 
Poultry 
Fish; if canned, drain oil 
Specially prepared low-fat cheese 
Creamed cottage cheese 
Egg whites 

You may use 3 egg yolks per week 
(this includes egg yolks used in 
cooking) 

Use low-fat or skim milk, buttermilk, 
yogurt made from skim milk 

Anyone of the following is a serving: 
1 slice of whole-grained or en
riched bread 

3/4 oz bread sticks, rye wafers, or 
pretzels 

2 graham crackers (2 1/2-in. sq) 
3 soda crackers (21/.-in. sq) 
20 oyster crackers (II. cup) 
It. hamburger or hot dog roll 
1 small or 11. large hard roll 
1 piece matzo (6-in. sq) 
4 pieces melba toast (3 1/. x P/2 X 

1/8) 
3 tbsp flour or cornmeal or dry 
grated bread crumbs 

1/3 cup corn or x II. large ear of 
corn on the cob 

Avoid 

All fatty meats 
Bacon and sausage 
Canned meat products 
Corned beef 
Duck and goose 

CHAPTER 20 

Fish roe including caviar 
Fried meats and fried fish 
Frozen and packaged dinners 
Frozen and packaged prepared prod

ucts (convenience foods) 
Luncheon meats, cold cuts, and hot 

dogs 
Meats canned or frozen in gravy or 

sauce 
Poultry skin 
Regular ground beef or hamburger 
Spareribs 
Egg yolk 
Cheese, 
Organ meats 
Shellfish 
Except as specified 

Whole milk 
Condensed milk 
Dried whole milk 
Evaporated whole milk 
Whole-milk drinks 
Commercial whipped toppings 
Cream (sweet or sour) 
Cream substitutes 
Ice cream and ice milk 

Biscuits 
Butter rolls 
Cheese bread and rolls 
Egg breads 
Flavored crackers 
French toast 
Muffins 
Pancakes 
Sweet rolls 
Waffles 
Corn chips 
Potato chips 
Pork and beans 
Soups made with milk 
All sweets 
Candies 
Chocolate 

(continued) 
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Food Lists (Continued) 

Breads, cer
eals, and 
starch 
vegeta-
bles (Cont.) 

Fats and 
oils 

Fruits 

Vegetables 

Allowed 

1/2 cup cooked, dried peas, beans, 
lentils, chick peas, or lima beans 

1 small white baked potato or 1/2 
cup mashed 

1/2 cup cooked spaghetti, rice, or 
noodles 

1/2 cup (cooked) cereal 
3/4 cup ready-to-eat (dry) cereal 
11/2 cups popcorn, popped (no fat) 
31/2 tbsp tomato catsup 
11/2-in. cube angle food cake 
1/3 cup "jello" 
1/4 cup sherbert or fruit ice 
1/2 cup plain pudding, cornstarch, 
or tapioca (prepared with skim 
milk) 

Avocados 
Nuts 
Olives 
Peanut butter 
All vegetable oil except coconut oil 
Commercial salad dressings contain-

ing no sour cream 
"Specially prepared" margarines 

(made from one of the allowed oils) 

One serving of citris fruit is recom
mended daily to provide adequate 
vitaminC 

One serving is 1/2 cup of any fresh, 
unsweetened canned or frozen 
fruit, and unsweetened juice OR 

1/2 cup cooked, unsweetened dried 
fruit 

Any fresh, frozen, or canned without 
added fat or sauces 

One dark-green or deep-yellow veg
etable is recommended daily to 
provide adequate vitamin A 

Most vegetables are not limited; how
ever, it is expected that they be ea
ten in normal amounts, that is, me
dium-size servings should be 
selected 

Potatoes, corn, lima beans, dried 
peas, and beans are limited as des
ignated in the breads and cereals 
group 

Avoid 

Cakes, including mixes, except angel 
food cake 

Jams and jellies 
Pies, including mixes 
Sweetened frozen or canned bever

ages 
Syrups, honey, sugar 
All other desserts, except those 

allowed 

Bacon and meat drippings 
Butter and products made with 

butter 
Coconut 
Coconut oil 
Gravies, except those containing no 

animal fat as specified elsewhere 
Solid vegetable shortenings (hydro

genated) 
Lard, salt pork, or suet 
Sauces, such as cream sauce, etc., 

unless made with allowed margar
ine or oil 

Sweetened fruit and juice 

Buttered, creamed, or fried vegeta
bles, unless prepared with allowed 
fat 

(continued) 
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Food Lists (Continued) 

Allowed Avoid 

Beverages Use skim milk or fruit or vegetable Alcohol, except on occasion in small 
juices as allowed in diet; coffee, amounts; all carbohydrate carbon-
tea, and noncarbohydrate carbon- ated beverages; milk 
ateddrinks 

Miscella- Bouillon (without fat) 
neous Clear broth 

Club soda 
Coffee 
Flavoring essence 
Gelatin, unflavored 
Herbs 
Mustard 
Rennet tablets 
Soy sauce 
Spices 
Tea 
Vinegar 
Worcestershire sauce 
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20.26. HIGH-FIBER, HIGH-CARBOHYDRATE, LOW-CHOLESTEROL, 
LOW-FA T DIET 

This diet regimen is reported to be of benefit in stabilizing glucose toler
ance (Chapter 12), correcting constipation (Chapter 14), and altering serum 
lipids to a better anti atherosclerotic spectrum (Chapters 4, 11, and 14). It is also 
theorized to prevent other degenerative diseases of Western society (Chapter 
4). 

The diet below is from the Lexington Veterans Administration Hospital 
and uses oat bran, which may be difficult to obtain.H Anderson and Sielingll 
claim that oat bran is more effective in reducing cholesterol and elevating high
density lipoprotein. 

Approximate Composition 

Calories 1800 
Carbohydrate (simple) 63 g 

(total) 249 g 
Protein 91 g 
Fat 50g 
Fibera (soluble) 29 g 

(total plant) 68 g 
Cholesterol 35 mg 

"Calculated from Ref. 12. 

Sample Menu 

Breakfast Dinner 
Oat muffins l02g Roast beef 45g 
Oat meal (dry) 40g Corn (cooked) 200g 
Skim milk 120g Broccoli (cooked) 200g 
Eggbeaters 80g Oat muffin lOOg 
Margarine 109 Margarine 5g 
1 Multivitamin 

Evening snack 
Lunch Skim milk 120g 
Potatoes, boiled 250g Corn flakes 40g 

with margarine 7g 
Peas (cooked) 200g 
Carrots sticks 50g 
Orange l00g 
Oat muffin 51 g 
Margarine 5g 

Exchanges and increases in intake can be determined from Tables 20-1 to 20-7 
and from Refs. 11 and 12. 
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20.27. HIGH-FIBER DIET 

High-fiber diets maintain a larger stool volume than low-fiber diets. For 
this reason, they are effective in correcting constipation due to low fecal vol
ume (Chapter 14). Claims have also been made for the diet's effectiveness in 
treating diverticular disease (Chapter IS)md the irritable bowel syndrome 
(Chapter 16). Some have found it helpful in treating the loose stool of inftam
matory bowel disease (Chapter IS). Trials of its effectiveness as a preventative 
for other degenerative diseases will be difficult to obtain. The low-fat, high
fiber diet is another approach to prevention of degenerative disease (Diet 26) 
that awaits trial results. 

All fiber substances vary in their physical properties. Increasing stool 
volume is best achieved by those that hold onto water and are poorly digested 
by bacteria (cellulose and some hemicelluloses, bran, maize, etc., see Chapter 
4). 

20.27.1. Whole-Bran Supplement 

A significant increase in stool weight can be accomplished by taking 2 tbsp 
of whole bran daily. Patients must be cautioned to add it gradually to the diet. 
Suddenly taking 2 full or heaping tablespoons can cause bloating. 

20.27.2. Cereal and Bread Supplement 

The same effect can be accomplished by using 3 oz of commercial cereal 
(All-Bran, Kellogg's), equivalent to S.4 g of crude fiber. It is difficult to eat so 
much of this cereal, but the desired effect can be accomplished by adding both 
cereals and breads made with high fiber. Approximately a total of 2S g of 
dietary fiber or 10 g of crude fiber (see food lists) should be eaten daily to 
significantly increase stool output. This could be "reached by eating the follow
ing for breakfast. 

Sample Breakfast 

Food Amount (approx.) Dietary fiber (g) 

All-bran cereal SO mg(Hloz) 13.4 
Wholemeal bread 3 slices 6.3 
Almonds 10mg(YJoz) 1.4 
Dried prunes 3Omg(1oz) 4.8 

25.9 
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20.27.3. Fruit and Vegetable High-Fiber Gluten-Free Diet Exclusive of 
Cereals and Grains 

451 

Because this diet was designed for men, the quantities should be reduced 
for women and light men to achieve the caloric intake that maintains stable 
weight for that individual. 

This diet was effective in a controlled clinical trial. It contains no cereals or 
bran. If desired or permitted, those could be added to replace any foods not 
tolerated. The diet is relatively high in fats and those could be reduced to save 
calories (e.g., bacon, butter, whole milk). 

Approximate Composition a 

Calories 
Carbohydrate 
Sugar 

2800 
343-348 (50%) 
266-270 

Starch 
Protein 
Fat 

73-82 
95-96 (14%) 

112-116 (36%) 

aDiet modified from Ref. 23, Chapter 4. 

Suggested Eating Plan 

Breakfast 

Grapefruit, 200 g 
Puffed rice, 7.5 g 
Dates, SOg 
MiIk,244g 
Bread, white, 25 g 
Egg,50g 
Butter, 43.2 ga 
Half and half, 90 ga 
Supr,60ga 

a Amount for entire day. 
·Cooked weight. 

Dinner 

Lunch 

Roast beef, S5 g 
Bread, white, 25 g 
Corn, S2.5g 
Pineapple tidbits, 123 g 
Pudding, 130 g 

Ham,S5g 
Spinach, 102.5 g 
Carrots, 55 g 
Cabbage, 45 g 
Dressing, 48 gC 
Roll, white, 28 g 
Angel cake, 53 g 
Blackberries, 252 g 
Milk,122g 

'Dressing for salad; used on macaroni with low-fiber diet. 
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Breakfast 

Oranges, 200 g 
MiIk,244g 

An Alternative Plan 

Lunch 

Bread, white, 25 g 
Bacon, 15gb 
Butter, 28.2 ga 
Half and half, 90 ga 
Sugar, 72 ga 

Tuna fish, 78 g 
Mayonnaise, 28 g 
Bread, white, 50 g 
Peas, 85 g 
Apple,l60g 
Raisins, 72.5 g 

aAmount for entire day. 
bCooked weight. 

Dinner 

Ground beef, 113 g 
Broccoli, !)l.5 g 
Squash, 120 g 
Lettuce, 30 g 
Tomato, 100 g 
Dressing, 32 gC 
Roll, white, 28 g 
Blueberries, 284 g 
Ice cream, 66 g 
Milk,122 

cDressing for salad; used on macaroni with Iow..fiber diet. 

To save calories the butter, milk, sugar, and bacon could be reduced. 

CHAPTER 20 

Wholemeal bread or cereal could be substituted as desired to replace fruits 
and vegetables, if permitted; however, not in gluten enteropathy. 
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20.28. FIBER-FREE LIQUID DIET 

Fiber increases intestinal activity. A fiber-free diet will rest the lower 
intestine. This is used short-term during acute illness and after surgery. When 
used, it should be supplemented if the clinical condition indicates an immediate 
need for energy. If this diet is needed long term, then elemental diets are 
recommended (see Chapter 18) to supply the RDAs. The fiber-free diet implies 
no residue. 

Coffee 
Tea 

Fiber-Free Liquid Foods 

Carbonated beverages, except those made with fruit, milk, or chocolate 
Fruit juices that are clear and free of any pulp- they must be clear extracts 
Soups made as clear extracts such as broth, bouillon, clam juice, etc. 
Sweets such as honey, sugar cubes, and hard clear candies that can be sucked 
Desserts such as leno without additives other than flavor; ices; sherbet made without milk 
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20.29. LOW-FIBER BLAND DIET (pREVIOUSLY LOW-RESIDUE) 

These diets, previously called low-residue diets, are used when there is 
active disease in the intestinal tract or rectum and are recommended for inflam
matory bowel diseases such as colitis, ileitis, and diverticulitis (see Chapter 
15). Fiber increases both gut content and bowel and rectal activity. Eliminating 
fiber decreases intestinal activity and largely rests the rectum. This diet can be 
an extension of a liquid fiber-free diet. The amount of fiber in the diet can be 
varied; an increase will increase the amount of feces. 

Two diets are recommended. The first has less than 1 g of crude fiber and 
the second less than 4 g. Vitamins and minerals should be added. 

I. Low-fiber (1 g Crude Fiber) Diet: 
Approximate CompositionQ 

Calories 2400 
Carbohydrate 22S g 
Protein 100 g 
Fat 120g 

GModified from Ref. 4. 

Suggested Eating Plan 

Breakfast Lunch Dinner 

Protein exchange 2 4 S 
Bread exchangeG 2 2 3 
Fat exchange 4tsp 4 4 
Potato - 1 1 
Dessert - 1 1 
Sweets, jellies 2tbsp 1 1 
Beverages as tolerated 

GOnly breads made from refined flour should be used. 
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Food List 

AUowed Avoid 

Beverage Coffee, tea, carbonated beverage; Alcohol 
avoid large amounts; avoid 
catfeinated coffee and colas 

Meat Meat, fish, fowl, egg, cheese 

Fat All others Avocado, nuts, olives, salad dressings 

Milka A small amount used in cooking Milk, milk drinks 
(l/s cup or less) 

Bread, cereals Refined wheat or rye bread, quick Any with graham, whole"8rain flour, 
breads, rolls, or crackers bran, seeds, nuts 

Refined cereals: cooked or ready to eat WboIC"8fain or bran cereals 
Potato and potato substitutes except Whole-grain rice, dried legumes, 

"avoid" popcorn, com, liJna beans, peas 

Vegetable None All 

Fruit None All 

Soup Bouillon, broth, clear clam All others 

Dessert All others; puddings and ice cream Any with coconut, nuts, or fruits 
within milk aUowance 

Sweets All others Jam, marmalade; candy with coconut, 
nuts, or fruit 

Miscellaneous Salt Garlic, pickles, cocoa, all spices and 
herbs 

aMilk is usually disc:ourapd because of the bish incidenc:e of Iac:tose into1erance in inflammatory bowel disease, 
but when a patient is not lactose intolerant it can be used liberally. 

II. Low-Fiber (4 g Crude Fiber) Diet: 
Approximate Compositiona 

Calories 
Carbohydrate 
Protein 
Fat 

2200 
340g 
110g 
SSg 

aModified from Carnation Co. Residue Controlled Diet Plan 
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Breakfast 

Fruit juice 
Egg 
Bread 
Sweets 
Sweet (optional) 
Beverage 

Snack 

Milk beverage or substitute 
Fruit 

Lunch 

Lean meat or substitute 
Bread 
Fat 
Vegetable 
Fruit 

Snack 

Milk beverage or substitute 
Sweets 

Dinner 

Fruit or vegetable 
Lean meat or substitute 
Potato or substitute 
Vegetable 
Bread 
Fat 
Dessert 
Beverage 

Suggested Eating Plan 

11. cup orange juice 
1 poached egg 
2 slices white toast 
4tspjelly 
1 tsphoney 
Coffee or tea (decaffeinated) 

1 cup 
1 small banana 

2 oz cheese, grilled with 
2 slices white bread 
1 tsp margarine 
6 oz tomato juice 
11. cup canned pears 

1 cup nonfat milk 
2 sugar cookies 

1 cup fruit cocktail packed in water 
4 oz roast turkey 
11. cup white, enriched rice 
11. cup pureed asparagus 
1 hard roll 
2 tsp margarine 

CHAPTER 20 

1 slice angel food cake topped with icing 
Coffee 
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Food Lists 

Allowed Avoid 

Eggs Prepared in any manner 

Meat and meat Roasted, baked, or broiled beef, Highly seasoned or highly salted meats 
'substitutes chicken, turkey, bacon, bam, lamb, and fish; fatty meats, luncheon meats, 

veal, or fish; cottage, cream, and mild frankfurters (crisp bacon is allowed in 
American cheese moderate amounts); fried meats or 

shellfish with tough connective 
tissues; highly flavored cheese 

Vegetables, Those low in crude fiber as listed in Those high in fiber (see Table 20-7) 
fruits Table 2().. 7; those with less than 1 g 

fiber l00g 

Soup Bouillon, broth, strained cream soups All others 
made from allowed foods 

Fats Butter, margarine, oils Highly spiced salad dressings 

Breads, Refined bread, toast, rolls, and Any with whole-grain or grabam flour, 
cereals crackers; those made with refined bran, seeds, or nuts; whole-grain or 

flour, cereals with less than 1 g fiberl bran cereals; whole-grain rice, dried 
l00g legumes, popcorn 

Desserts Gelatin desserts, tapioca, angel food or All made with coconut, nuts, or fruits 
sponge cake, plain custard, ice cream 
without fruit or nuts, cookies, 
pudding 

Sweets Sugar, honey, jelly, syrups, hard Jam, marmalade, candy with coconut, 
candy, milk chocolate nuts, or whole fruits 

Beverages Milk as directed by physician or Alcohol 
dietician; coffee, tea, carbonated 
beverages 

Miscellaneous Salt, plain gravy Garlic, seed spices, pickies, olives, nuts, 
pepper, chili powder, popcorn, rich 
gravies, vinegar 
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20.30. ORAL GLUCOSE-ELECTROL YTE LIQUID DIET 

Severe secretory diarrhea (Chapter 14) can be treated successfully with 
glucose-electrolyte solutions. They reverse the net secretion of fluid because 
glucose activates absorption, which decreases water secretion. 

The following formulas have been used successfully. 

World Health Organizationa 

1 ()()() ml Ha 0 
3.S g NaCI (salt) 
2.S g NaHCD:. (baking soda) 
I.S g KCI (potassium chloride) 
20.0 g glucose (2%) 
Yields an electrolyte concentration of: 

Na 90 mEq/liter 
K 20 mEq/liter 
CI 80 mEq/liter 
HCOs 30 mEq/liter 
Glucose ll1mM 

aFrom Ref. 38, Chapter 14. 

1 ()()() ml H.O 
l/atspNaCI 

GE-SOLa 

l/a tsp NaHCD:. 
1/4tsp KCI 
2 tbsp glucose 
Yields an electrolyte concentration of: 

Na 8lmM 
K 18mM 
CI 71mM 
HCO. 28mM 
Glucose 139 mM 

(within a range of S%) 

aFrom Ref. 39, Chapter 14. 
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Phillips FluicJa· b 

1 tsp (4 g) NaCI (table salt) 
1/1 tsp (2 g) NaHCOa (baking soda) 
3 tsp (12 g) K bitartrate (cream oftartar) 
2 tbsp (30 mg) glucose (Karo syrup) 
1 quart (1000 g) H20 
Yields an electrolyte concentration of: 

Na 92mM 
K 18mM 
CI 68mM 

HCOa 24mM 
Glucose 125 mM 

"Am IClin Nutr 28:804. 1975. 
"The authors stress that all of these ingredients are available commonly in a kitchen or 
local grocery. They use 4 tsp equal to 12 g and I tbsp equal to 30 g. which I have 
changed to 3 tsp and 2 tbsp to reflect more accurate measurements. The same general 
looseness exists in the formula with I quart published as equal to 1000 g. but this 
points out that the final dilutions need not be exact, can be made in a household 
kitchen, and can be used safely with variation in dilutions as long as they are within a 
general range. 
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The dosages for children and adults are determined by the clinicians. The 
goal is to combat small-bowel secretion of fluid by glucose absorption and 
thereby rehydrate and stop diarrhea. The amount and rate of oral administra
tion depend on the degree of dehydration and diarrhea. A sick adult may 
consume as much as 750 to 1000 ml/h in extreme situations. 
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20.31. ROWE ELIMINA TlON DIET (Modified from Rowe14) 

These diets are used to diagnose allergic disorders (see Chapter 17). 

Cereal-Free Elimination Diet 

Only Foods Allowed 

Tapioca (pearl or minute) 
White potatoes 
Sweet potatoes 
Breads made with any 

combination of soy, lima, 
potato starch, and tapioca 
flour 

Soy mille Mull-Soy and Neo
MullSoyil 

Lamb 
Chicken, fryers, rooster, 

capon (no hens) 
Bacon 
Liver (Iamb, chicken) 

Peas 
Spinach 
Squash 
String beans 
Tomatoes 
Artichokes 
Asparagus 
Carrots 

Lettuce 
Lima beans 

Grapefruit 
Lemon 
Peach 
Pineapple 
Prunes 
Pear 

Cane or beet sugar 
Salt 
Sesame oil (not Chinese) 
Soybean oil 
Margarineb 
Gelatin (Knox) 
White vinegar 
Vanilla extract 
Lemon extract 
Cornstarch-free baking powder 
Baking soda 
Cream of tartar 

Maple syrup or syrup made with 
cane sugar flavored with maple 
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Fruit-Free, Cereal-Free Elimination Diet 

Tapioca (pearl only) 
White potatoes 
Sweet potatoes 
Breads made with any 

combination of soy, lima, 
potato starch, and tapioca 
flour 

Soy milk: Mull-Soy and Neo
Mull-soya 

Only Foods Allowed 

Cooked carrots 
Squash 
Artichokes 
Peas 
Lima beans 
String beans 
Cane or beet sugar 
Soybean oil 
Margarineb 
Gelatin (Knox) 
Salt 
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Lamb 
Chicken, fryers, rooster, 

capon (no hens) 
Bacon 

Syrup made from cane sugar (no maple syrup) 
Corn-free, tartaric-acid-free 

baking powder 

Liver (lamb, chicken) 

apree of com syrup solids and com oil (Syntex Laboratories, Palo Alto, Calif. 94304). 
bpree of milk solids and com oil. 
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20.32. MAY ELIMINATION DIET 

See Chapter 17 for use of this diet in the diagnosis of allergic disorders. 

Foods allowed at mealtime 

Rice 
Puffed rice 
Riceftakes 
Rice Krispies 

Pineapples } 
Apricots 
Cranberries 
Peaches 
Pears 

Lamb 
Chicken 
Asparagus 
Beets 
Carrots 
Lettuce 
Sweet potato 

Tapioca 

White vinegar 
Olive oil 

Also juice of 
these 

Honey (2 oz/day 
Cane sugar 
Salt 
Oleomargarine without milk 

(Mazola margarine) 
Crisco, Spry 

Food Lists 

Bubble Up (a carbonated dye-free beverage) 

Snacks 

1 box rice cereal 
midmorning and 
midafternoon 

Avoid 
Any food and drink 

suspected to cause 
reactions or not on 
this list 

Pepper and spices 
Coffee 
Tea 
Chewing gum 
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A, see Vitamin A 
Absorption 

calcium, 72 
carbohydrates, 50, 232 
copper, 77 
fats, 55, 232 

soluble, 58 
folacin, 68 
iodine, 77 
magnesium, 73 
niacin, 69 
phosphorus, 73 
proteins, 232 

amino acids, 44 
riboflavin, 70 
thiamin, 71 
vitamin B6, 70 
vitamins, general, 64, 65 

Acetyl CoA, 117 
liver, 165 

Achrodermatitis enteropathica, 76 
Acid histamine in gastric secretion, 14 
Acid secretion in ulcer, 141 
Active transport, 232 
Adaptation of small bowel, 160 
Addison's disease and weight loss, 101 
Adenosine-diphosphate, 42 
Adenosine-triphosphate, 37, 42 
Adipsia, 3 
Adrenergic agents in LES pressure, 122 
Aerophagia, 278 
Afferent loop, postgastrectomy, 158 
Aflatoxin, 182 
Alanine, 408 
Albumin, 169, 239 

Albumin in kwashiorkor, 118 
Albumin in nutritional assessment, 107, 169 

in ascites, 176 
Albumin synthesis in albumin metabolism, 170 
Albumin transformation in protein-losing 

gastropathy, 139 

Albrink High Carbohydrate Diet, 431 
Alcohol (see also Ethanol) 

and absorption, 182 
cirrhosis and fatty liver, 182 
and pancreatitis, 203, 206 
physiologic effects in gut, 181 

Alcohol and stomach, 13 
Alcoholic hepatitis, diet therapy, 177 
Alcohol in esophagitis, 122 
Alcoholism in pancreatitis, 203 
Alfalfa and bile acids, 195 
Alkaline phosphatase following gastrectomy, 156 
Alkalosis in anorexia nervosa, 116 
Allergy, 311 
Alpha cells in pancreas, 18 
7a-dehydroxylase, 24 

and intestinal flora, 95 
a-gliadin, 250 
Amenorrhea in anorexia nervosa, 115 
American Dietetic Association 

diet in diabetes mellitus, 217 
diet in duodenal ulcer, 143 

Amin-Aid, 336 
Amino acids 

ammoniagenic, 179 
digestion and absorption, 44 
essential, 43 
in foods, 47 
in liver disease, 169 
nonessential, 43 
in satiety signals, 6 
stimulation of CCK, 27 

Amino acid solutions, 351 
Ammonia 

and congenital diseases, 183 
and encephalopathy, 179 
in liver disease, 172 

Amylase in digestion, 50 
Amylase in pancreas, 19 
Amylase in pancreatitis, 204 
Amylase in salivary glands, 10 
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Amyloidosis, 246 
Amylopectin, 50 
Amylose, 50 
Anaerobic bacteria, 95 
Anaphylactoid, 311 
Anastomic ulcer, postgastrectomy, 158 
Anderson 70% High-Carbohydrate, High-Fiber, 

Low-Fat Diet, 432 
Anemia 

and B6 , 70 
and B12 , 68 
and folacin, 68 

Anemia and iron, 76 
Anemia, iron deficiency, postgastrectomy, 155 
Anemia, megaloblastic, postgastrectomy, 155 
Anorexia, 153 
Anorexia nervosa, 115 
Anorexia nervosa in behavior modification, 8 
Anosmia, in regulation of food intake,S 
Antacid regimen, 380 
Antacids and calcium, 73 
Antacids and milk alkali syndrome, 146 
Anthropometrics 

adult arm circumference, 107 
arm muscle circumference, 107 
methods of measurement, 107 
percent of normal, 107, 108 
triceps skin fold, 107 

Anticholinergics in IBD, 293 
Antioxidant action, vitamin E, 65 
Aphagia, 3 
Apple juice and gas, 279 
Arachidonic acid, 54 
Arachidonic acid in cystic fibrosis, 211 
Arm circumference, 107 
Arm muscle circumference, 107 
Aromatic amino acids in liver disease, 172 
Arthus phenomenon and IgE, 312 
Ascites in liver disease, 176 
Ascorbic acid in liver disease, 173 
Ascorbic acid in nitrites, 138 
Assay (folacin), 68 
Asymptomatic patient in diverticular disease, 286 
Autonomic innervation, stomach, 12 
Azoreductase and intestinal flora, 95 
Azotemia in liver disease, 176 
Avidin, 67 

B12, see Vitamin BI2 
Bacterial 7a-dehydroxylase, 23 
Bacteria and fiber, 87 
Bacterial binding to bile acids, 90 
Bacterial deconjugation, 90 
Bacterial fermentation, 90 
Bacterial flora, dietary effect, 91 
Bacterial lactic acid formation, 90 
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Bacterial overgrowth in diabetes mellitus, 215 
Bacterial overgrowth in intestine, 95 
Bacterial overgrowth, postgastrectomy, 154, 155 
Bacterial reactions in intestine, 90 
Bacteroides, 24, 95 
Bagasse and cholesterol, 197 
Basal secretion of stomach, 13 
Basal state, 37 
Basic amino acid structure, 44 
Basket cells of salivary glands in eating, 10 
Beans and cholesterol, 197 
Beans and gas, 279 
Behavior modification, 8 
Belching, 278 
J3-carotene, 64 
Beta cells in pancreas, 18 
Beta cells of pancreas in satiety, 6 
J3-glucuronidase and intestinal flora, 95 
J3-lactoglobulin and IgE, 312 
J3-lipoprotein, 65 
Bethanechol in esophagitis, 125 
Bicarbonate absorption, 234 
Bicarbonate in gastric juice, 13 
Bicarbonate in pancreas, 18 
"Big gastrin," 25 
Bile, 20 
Bile acid, see Bile salts 
Bile-acid-dependent fraction, 20 
Bile acid flow rate, 194 
Bile-acid-independent fraction, 20 
Bile acid metabolism in liver metabolism, 169 
Bile acid pool, 22 
Bile acids in diarrhea, 274 
Bile acids in gallstone formation, 194 
Bile acids primarily reabsorbed, 22 
Bile acids, stomach, 14, 57 
Bile salt binding by common foods, 90 
Bile salt in gallstone formation, 193 
Bile salts, see Bile acids 
Bile salts bound by fiber, 87, 90 
Bile salts in cholelithiasis and fiber, 93 
Bile salts in gastritis, 132 
Biliary secretion, 20 
Bilirubin, serum and fasting, 183 
Billroth I, 151 
Billroth II, 151 
Binding of bacteria by fiber, 90 
Binding of bile acids by foods, 195 
Binding of minerals and chemicals by fiber, 89 
Biotin, 67 
Bitter, in regulation of food intake, 4 
Bland diet in duodenal ulcer, 143, 144 
Bland diets, 375, 377, 379, 380 
Bleeding in cirrhosis, 180 
Blind loop, postgastrectomy. 155 
Blood lipids and fiber, 87 
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Blood lipids, postgastrectomy, 156 
Body weight, 35 
Bombesin,30 
Bone loss in kwashiorkor, 118 
Brain center in eating, 3 
Bran, 270 
Bran and bile acids, 195 
Bran and cholesterol, 197 
Bran, effect on colon flora, 96 
Bran, effect on serum cholesterol, 92 
Bran, effect on stool, 88 
Bran in IBS, 308 
Bran and water holding, 88 

and serum lipids, 92, % 
Branched-chain amino acids in liver disease, 172 
Branched-chain amino acid therapy, 408 
Bread exchange list, 361 
Break the mucosal barrier, stomach, 14 
Breath tests, 244 
Brunner's glands, 16 
"Brush" border, 229 
Brush-border protein deficiency diseases, 252-258 
Brussel sprouts and gas, 279 
Bulbogastrone, 17, 30 
Bulking effect of fiber, 94 
Burnett's syndrome, 147 
Butyric acid, 54 

C, see Vitamin C 
Caerulein, 23, 27 
Calcitonin in salivary stimulation, 11 
Calcium, 72, 89, 119, 238, 297 
Calcium absorption, 72 
Calcium absorption, postgastrectomy, 156 
Calcium-binding protein, 65, 72 
Calcium depletion, 73 
Calcium excretion and fiber, 89 
Calcium foods, 381 
Calcium in gastric juice, 13 
Calcium in inflammatory bowel disease, 294 
Calcium in milk-alkali syndrome, 146 
Calcium-restricted diet, 384 
Calcium: phosphorus ratio, 73 
Calcium, RDA, 41 
Caloric intake, 35 
Caloric intake and cholesterol, 1% 
Calorie, 37 
Calorimeter, 39 
Cal-Power, 336 
Candida for skin tests, 110 
Candidemia in TPN, 355 
Capric acid, 54 
Caproic acid, 54 
Caprylic acid, 54 
Carbenoxolone in gastric ulcer, 136 
Carbohydrate absorption and digestion, 50, 232 

Carbohydrate foods, 51 
Carbohydrate intolerance, 252-258 
Carbohydrate metabolism, 51 

normal and abnormal in liver, 165, 166 
Carbohydrate tolerance tests, 240 
Carbohydrates, 48 
Carbohydrates in diabetes mellitus, 217 
Carboxypeptidases, 44 
Carcinoma of the colon, and fiber, 93 
Carcinoma of the esophagus, 126 
Carcinoma of the pancreas, 210 
Carotene, 239 
Carrier protein, albumin, 169 
Carrier transport, 233 
Cartrazine, 316 
Casec, 336 
Castor bean and IgE, 312 
Causes of constipation, 265 
CCK in IBS, 306 
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CCK-PZ (cholecystokinin-pancreozymin), 20, 21 
Celiac disease, see Gluten enteropathy 
Celestine tube, 127 
Celiac disease and diabetes mellitus, 215 
Celiac, small bowel findings, 251 
Cellulose, 50, 84, 92 
Cellulose and cholesterol, 197 
Cellulose in duodenal ulcer, 144 
Cereal exchange list, 361 
Ceruloplasmin, 77 
Ceruloplasmin in liver disease, 174 
Cheilosis, 104 
Chemically defined fiber-free diets,S, 91 
Chemically defined liquid diet, 328 
Chemostimuiation, regulation of food in, 5 
Chenic acid, 21 
Chenic acid and cholesterol, 195, 1% 
Chenic acid and sitosterol, 198 
Chewing, 10 
Chief cells, stomach, 13 
Chloride absorption, 234 
Chloride in gastric juice, 13 
Chloride in pancreas, 18 
Chlorine, 75 
Chocolate, effect in esophagus, 123 
Cho-Free, 336 
Cholecystitis 

acute, 189 
chronic, 190 

Cholecystogues, 23 
Cholecystokin (see also CCK) 

in esophagus, 123 
in regulation of food intake, 5 
in stomach, 15, 16, 17, 18, 23, 26 

Cholelithiasis (see also Gallstones), 191 
in acute cholecystitis, 189 
in chronic cholecystitis, 190 
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Choleretics, 22 
Cholesterol, 239 
Cholesterol, and bile acids, 196 

and fiber diets, 92 
in foods, 61, 440 
in gallstone fonnation, 193 
in liver metabolism, 167, 169 

Cholesterol gallstones, 192 
Cholesterol mgll00 g food, 441 
Cholesterol storage disease and liver, 168 
Cholestyrarnine and serum lipids, 92 
Cholic acid, 21 
Cholinergic agents, effect on LES, 122 
Chronic diseases in gallstones, 194 
Chronic esophagitis, 121 

antacids, 125 
clinical findings, 124 
dietary treatment, 124 
supportive treatment, 125 
surgical treatment, 125 

Chronic ulcerative colitis, 296 
Chyme, stomach, 14 
Chymodenin, 17, 30 
Chymotrypsin, 19, 44 
Cimetidine 

in duodenal ulcer, 140, 145 
in gastric ulcer, 136 
in pancreatitis, 207 

CirrlIosis of the liver with secondary iron 
overload, 175 

CirrlIosis, pigment stones in, 192 
Citrotein, 337 
Clasfification of lipids, 53 
C. I. B., 334 
Clinical observation program for TPN, 354 
Clofibrate therapy in gallstones, 194 
Clostridia perfringence in diarrhea, 274 
Clostridium, 95 
Coagulation factors in liver disease, 173 
Cobalt, 78 
Coenzyme A and pantothenic acid, 69 
Coffee in duodenal ulcer, 145 
Collagenase in pancreas, 19 
Colon, bacterial counts, 95 
Colon cancer and fats, 96 
Colon cancer and fiber deficiency, 94 
Colonic flora, dietary effect, 91 
Colonic motility in diverticular disease, 284 
Colostomy, 299 
Compleat B, 334 
Complex carbohydrates in diabetes mellitus, 213 
Complication of amino acid infusion, 347 
Complications of elemental diets, 339 
Complications of TPN, 354 
Composition of medium-chain triglyceride oil, 386 
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Compound lipids, 53 
Concentration of bile salts, 21 
Congenital diseases of the liver, 183 
Congenital transferrin deficiency, 175 
Congenital hyperarnrnonernic syndromes, 183 
Conjunctivae, 104 
Constipation, 265 
Constipation, chronic idiopathic, 270 
"Contingency management" in behavior 

modification, 8 
Controlyte, 337 
Copper, 77 

in liver disease, 174 
Copper overload, 77 
Corn bran and cholesterol, 197 
Corticosteroids in mD, 293 
Cotazyme therapy, 208 
Creatinine/height index, 107 
Creatinine values, 110 
Criteria for identification of food hypersensitivity, 

313 
Crohn's colitis, 288 
Crohn's ileitis, 288 
Crohn's ileocolitis, 288 
Cromoglycate in food hypersensitivity, 318 
Crude fiber, 83 
Crystalline amino acids, 352 
Cults, 6 
Culture and eating, 7 
Cyanocobalamin in liver disease, 173 
Cystic fibrosis, 210 

diet, 429 

D (see also Vitamin D), 83 
D2 (calciferol), 65 
D3 (cholecalciferol), 65 

Defecation, 268 
Deficiency 

B6,70 
B I2 , 67, 68 
beriberi, 71 
calcium, 89 
copper, 77 
folacin,68 
iodine, 77 
iron, 89 
magnesium, 74 
niacin,69 
pantothenic acid, 69 
phosphorus, 73 
potassium, 75 
riboflavin, 70 
zinc, 76, 89 

Deoxycholic acid, 21 
and cholesterol, 195 
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Deoxyribonuclease in pancreas, 19 
Depression and weight loss, 103 
Derived lipids, 53 
Dermatitis herpetiformis, 251 
Desirable weights, 36 
Diabetes mellitus, 212 

and diarrhea, 215 
and dietary treatment, 216 
and esophagus, 214 
and fiber diets, 93 
and gallbladder, 214 
and glucagon, 213 
and liver, 168 
and pancreatitis, 206 
and the small intestine, 215 
and the stomach, 214 

Diabetic diet, 430 
low carbohydrate, 434 

Diabetic enteropathy, 215 
Diarrhea, 271 

and diabetes mellitus, 215 
and malabsorption, 236, 275 
and postgastrectomy, 157 

Diet and bile acid metabolism, 195 
Dietary factors 

in diabetes mellitus, 213 
in gallstones, 192, 198 
in serum cholesterol, 196 

Dietary fiber, 83 
Dietary treatment 

in acute cholecystitis, 189 
in ascites, 176 
of bile acid disturbances, 258 
in cancer of pancreas, 210 
in chronic cholecystitis, 191 
in cystic fibrosis, 212 
in diabetes mellitus, 216, 430, 434 
in dumping syndrome, 153 
in duodenal ulcer, 143, 146 
of gallstones, 197 
in gastric cancer, 139 
in gastric ulcer, 136 
in gastritis, 133 
of hyperlipoproteinemia, 436 
in ileitis, 297 
in irritable bowel syndrome, 307 
in liver disease, 167, 171, 177, 178 
of malabsorption disorders not correctable by 

specific treatment, 258 
in pancreatic insufficiency, 208 
in pancreatitis, 205, 208 
in postgastrectomy complications, 155 
in small bowel diseases, 247 
in ulcerative colitis, 296 
of short-bowel syndrome, 258 

Diets, 359 
cultural and social factors, 7 

Differential diagnosis in Crohn' s disease, 291 
Differential diagnosis in ulcerative colitis, 291 
Dipeptide absorption, 45 
Dipeptides, 44 
Diphyfopothrium fatum, 68 
Disaccharidases, 50 
Disaccharides, 48 
Diverticular disease of the colon, 283 
Dp high p.e.r. protein, 337 
Drinking, regulating, 3 
Drug antagonist 

folic acid, 68 
vitamin K, 66 

Drugs, effect in stomach, 14 
Drug-induced diarrhea, 276 
Drug toxicity and liver, 168 
Drugs and pancreatitis, 203 
Dumping syndrome, 28, 152 

causes, 152 
clinical picture, 153 
dietary management, 153 
hypoglycemia, 153 
vasomotor effects, 153 

Duodenal motility, 17 
Duodenal osmoreceptors, 6 
Duodenal ulcer 

acid secretion, 141 
cimetidine, antacids, diet and milk, 142 
etiology, 141 
incidence, 140 
rapid gastric emptying, 141 
treatment plan, 145 

Duodenum, 16, 223 
Dyspepsia, 191 
Dysphagia in esophageal stricture, 126 

Eating, 3 
regulation of, 4 

Eating habits, 6 
Edema in malnutrition, 1I8 
Edema in protein-calorie deficiency, 1I8 
Education in diabetes mellitus, 216 
Effect of protein foods in stomach, 15 
Egg protein, 47 
Elastase, 44 

in pancreas, 19 
in pancreatitis, 204 

469 

Electrical stimulation in regulation of food intake, 
5 

Electrolyte exchange in colon, 272 
Electrolytes bound by fiber, 87 
Electrolytes in liver disease, 175 
Elemental defined liquid diet, 328 
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Elemental diet in allergy testing, 317 
Elimination diets, 315, 460, 462 
EMF,337 
Encephalopathy (see also Hepatic 

encephalopathy), 179 
Encopresis, 269 
Endocrine and metabolic disorders, and 

pancreatitis, 203 
Endopeptidases, 44 
Energy, 35, 36, 42 
Energy and age, 38 
Energy and height, 38 
Energy and weight, 38 
Energy expended, 39 
Energy requirements, 35, 42 
Energy storage, 42 
Energy value of foods, 39 
Ensure, 332 
Ensure Plus, 332 
Enteral alimentation, 327 

formulas, 329 
Enterochromaffin cells, 230 
Enterocrinin, 17, 30 
Enterocyte, 229 
Enterogastrone in regulation of food intake, 5 
Enteroglucagon, 16, 17,27 

postgastrectomy, 157 
Enterohepatic circulation, 22 
Enterooxyntin, 17, 30 
Enterotoxins in diarrhea, 274 
Enzyme replacement in pancreatitis, 207 
Eosinophilic enteritis, 246 
Eosinophilic gastroenteritis, 134, 320 
Ergosterol, 65 
Escherichia, 24, 95 
Esophageal carcinoma, 126 
Esophageal rings, 126 
Esophageal spasm, 126 
Esophageal stricture, 126 
Esophagitis, acute, 121 

chronic, 121 
Esophagogastrectomy, 151 
Esophagus, 11 

in diabetes mellitus, 214 
Essential amino acids, 43, ~6 
Essential fatty acid deficiency, 59 
Essential fatty acid deficiency in TPN, 355 
Essential fatty acids in cystic fibrosis, 211 
Estrogens in anorexia nervosa, 116 
Ethanol (see also Alcohol), 48 

and fatty liver, 168 
and stomach, 13 

Eubacteria, 24, 95 
Exopeptidases, 44 
Exudative diarrhea, 275 
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Facial and seventh cranial nerves in regulation of 
food intake, 4 

"False neurotransmitters," 180 
Fat absorption and digestion, 23, 55, 232 
Fat and colon cancer, 96 
Fat, digestion and absorption, 55, 57 
Fat emulsions, 348 
Fat exchange list, 361 
Fat in foods, 56, 60 
Fat loss with fiber, 87 
Fat metabolism, 58 

in abnorma1liver, 167 
in norma1liver, 166 

Fats, 52 
Fatty acid metabolism in cystic fibrosis, 211 
Fatty acids, 54 

in food, 56 
in liver metabolism, 166, 167 

Fatty acid deficiency, 355 
Fatty liver 

and alcohol, 182 
cholesterol storage disease, 168 
diabetes mellitus, 168 
drug toxicity, 168 
and Gaucher syndrome, 168 
and Hurler syndrome, 168 
and kwashiorkor, 168 
Niemann-Pick, 168 
pregnancy, 168 
Reye syndrome, 168 
Tangier disease, 168 
Wolman disease, 168 

Fecal fat, 244 
Fecal nitrogen and fiber, 87 
Feeding and satiety centers in regUlation of food 

intake, 5 
"Feeding center" in eating, 3 
Fermentation by bacteria in intestine, 90 
Ferritin, 76 
Fiber 

and bile acids, 195 
and binding bacteria, 87 
and binding electrolytes, 87 
and binding, metabolic effect, 87 
and binding minerals, 87 
biochemical properties, 87 
and colon cancer, 93 
and constipation, 266 
components of, 85 
content of foods, 84 
definitions, 83 
in dumping syndrome, 153 
effect on bile acid, 90 
effect on cholelithiasis, 93 
effect on cholesterol and serum lipids, 91 
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Fiber (cont.) 

effect on glucose metabolism, 91 
effect on stool, 88 
intake, 84 
physical properties, 87 
water holding, 87 

Fiber content table, 368 
Fiber deficiency in irritable bowel syndrome, 307 
Fiber diet in diabetes mellitus, 213 
Fiber foods 

effect on bacterial flora, 91 
effect on stool, 88 

Fiber-free diet in diverticular disease, 287 
Fiber-free liquid diet, 453 
Fiber matrix and bacteria, 91 
Fistulas, 297 

treatment of in gastrointestinal tract, 340 
Flatus, 277, 278 
Flavin adenine dinuleotide, 70 
Flavin mononucleotide, 70 
Flexical, 330 
Fluid-restriction diet (1000 mt), 411 
Fluorine, 78 
Fluid and electrolyte balance, 232 
Folacin (folic acid, pteroylglutamic acid), 68 

RDA,41 
Folic acid, 238 

in common foods, 68 
in liver disease, 173 
postgastrectomy, 155 

Follicle-stimulating hormone in anorexia nervosa, 
116 

Food antigens in inflammatory bowel disease, 
289 

Food challenge, 314 
Food faddism, 6 
Food family list, 316 
Food hypersensitivity, 311 

criteria for identification, 313 
Foods 

effect in esophagus, 123 
highest in ammonia content, 172 
in gallstone formation, 194 
in intestinal gas, 279 

Formiminoglutomic acid, 68 
Formula 2, 334 
FreAmine II, 351 
FreArnine III, 351 
Fructose, 49 

intolerance, 183 
in liver, 165 

Fructose-free diet, 423 
Fruit and vegetable high-fiber, gluten-free diet 

exclusive of cereals and grain, 451 
Fruit exchange list, 364 

Fruits and vegetables, 270 
Functional megacolon, 268, 269 

Galactose in liver, 165 
Galactosemia, 183 
Galacturonic acid in fiber, 84 
Gallbladder, 16, 23 
Gallbladder contraction, 23 
Gallbladder diseases, 189 

in diabetes, 214 
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Gallbladder, normal function (see also Chapter I), 
189 

Gallbladder secretion, 23 
Gallstones (see also Cholelithiasis) 

and bile acids, 194 
cholesterol, 191 
and chronic disease, 194 
and clofibrate, 194 
and diet, 192, 197 
and foods, 194, 1% 
and low-cholesterol diet, 196 
mixed, 191 
and obesity, 194 
and pancreatitis, 203, 206 
pathophysiology, 191 
pigment, 191, 192 
and risk factors, 193 
and sex hormones, 194 
and tithogenic bile, 193 

Gas, 277 
Gastrectomy 

complications, 152 
subtotal, 151 
total, lSI, 159 

Gastric atrophy, 132 
Gastric blood flow, 14 
Gastric cancer, 136 

clinical picture, 138 
dietary factors, hot rice, soy bean sauce, 137 
dietary treatment, 139 
etiology, 137 
fluid and electrolyte management, 140 
incidence, 137 
and nitrates, 138 
postgastrectomy, 158 
survival, 138 
use of TPN, 139 
zinc deficiency, 139 

Gastric distention in regulation of food intake, 5 
Gastric emptying, 18 
Gastric glands, 13 
Gastric inhibitory polypeptide (GIP), 16, 17,28 
Gastric juice, contents, 13 
Gastric motility, 14 
Gastric mucosal barrier, 14, 132, 135 
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Gastric secretion 
in eating, 13 
stomach, 15 

Gastric surgery, postgastrectomy 
anemia, 155 
Billroth I and II, 151 
causes of diarrhea, 157 
dumping syndrome, 152 
subtotal gastrectomy, 151, 152 
total gastrectomy, 151 
vagotomy, 151 
weight loss and steatorrhea, 154 

Gastric ulcer 
incidence, 134 
pathophysiology, 135 
red pepper and food etiologies, 134 
treatment, 136 

Gastrin, 13-17, 23, 25, 67 
in duodenal ulcer, 141 
emptying, 15 
in esophagus, 123 

Gastritis 
acute, 132 
causes, 132 
chili, 131 
chronic, 132 
drugs, 132 
foods associated with, 131 
hot pepper, 131 
pathophysiology, 131 
superficial, 132 
tea, 131 
uses of BI2, 133 

Gastrointestinal honnones 
actions and stimuli, 25 
location produced, 16 

Gastrointestinal manifestations in diabetes 
mellitus, 214 

Gastrone, 17, 30 
Gastroparesis diabeticorum, 214 
Gastrotomy in esophageal disease, 128 
Gaucher syndrome and liver, 168 
G-cell gastrin, 26 
Gelatinase in stomach, 13 
GE-Sol,458 
Gevral,337 
Giardia Lamblia, 245 
GIP, see Gastric inhibitory polypeptide 
Gliadins, 250 
Glossitis, 104 
Glossopharyngeal nerves, 11 
Glucagon 

in diabetes mellitus, 213 
in regulation of food intake, 5 
in stomach, 15-18, 27 

Glucokinase in liver, 165 

Glucose, 6, 49 
and fiber diets, 93 
in liver, 165 
metabolism and fiber, 87 
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Glucose electrolyte solutions in diarrhea, 276 
Glucose intolerance in TPN, 355 
Glucose-6-phosphatase in liver, 165 
Glucose tolerance 

in diabetes mellitus and fiber diets, 93 
in liver metabolism, 166 

Glucuronic acid in fiber, 84 
Gluten, 250 
Gluten enteropathy, 249 

and folacin, 68 
postgastrectomy, 158 

Gluten-free commercial foods, 413 
Gluten-free diet, 412 
Glutenins, 250 
Gluthione and selenium, 78 
Glycocalyx, 132 
Glycogen in liver, 165 
Glycoprotein in stomach, 14 
Goiter and iodine, 77 
Growth failure in inflammatory bowel disease, 

294 
Growth honnone in anorexia nervosa, 116, 118 
Growth retardation in malnutrition, 118 
Guar and cholesterol, 197 
Guar flour in diabetes mellitus, 213 
Guar gum and serum lipids, 92 
Gums, 84 

Hair, 104 
Halitosis, 278 
Hemicellulose, 84 
Hemochromatosis, 175 
Hepatic coma (see also Hepatic encephalopathy), 

179 
protein requirement, 171 

Hepatic encephalopathy 
ammonia diets, 179 
BCAA,180 
dietary management, 179 
diets, 408, 409 

Hepatic thennoreceptors in satiety, 6 
Hepatomegaly in kwashiorkor, 118 
Hepatorenal syndrome, 177 
Hereditary spherocytosis in liver disease, 175 
High-density lipoprotein, 58 
High-fiber diets, 430, 450 

in diverticular disease, 286 
High-fiber, high-carbohydrate diet, 430 
High-fiber, high-carbohydrate, low-cholesterol, 

low-fat diet, 449 
High-NH.-producing foods, 409 
High-protein diet, 399 
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Hirschsprung's disease, 268 
HLA antigens, 250 
Hormones, GI (see also Gastrointestinal 

hormones), 16, 17 
Hormones 

effect on lower esophageal sphincter, 122 
effect on stomach, 15 

Hormones in regulation of food intake, 5 
Hormone levels in anorexia nervosa, 116 
Hurler syndrome and the liver, 168 
Hy-Cal,337 
Hydrochloric acid in stomach, 13 
Hydrogen, 244, 278 
Hydrogen breath analysis, 240 

postgastrectomy, 154 
Hydrolyzed protein-lactose-free, fiber-fre 

formulas, 330 
Hydrostatic venous pressure in ascites, 176 
Hypercalcemia, 73 
Hyperchloremic acidosis, 347 

metabolic in TPN, 355 
Hypercholesterolemia and copper, 77 
Hyperkeratosis, 104 
Hyperlipidemia, treatment with niacin, 69 
Hyperiipoproteinemias, 436 
Hyperosmolality and anorexia, 103 
Hyperparathyroidism and milk alkali syndrome, 

147 
Hyperphosphotemia, 73 
Hypersensitivity 

to cow's milk, 318 
in inflammatory bowel disease, 289 

Hypertonic foods in dumping syndrome, 153 
Hypervitaminosis 

in vitamin A, 64 
in vitamin D, 65 

Hypoabluminemia, 180 
Hypochloremia, 75 
Hypocholesterolemia, effect of niacin, 69 
Hypochondriasis, 103 
Hypoglycemia, 392 

in anorexia nervosa, 116 
in dumping syndrome, 153, 157 
in liver metabolism, 166 
in regulation of food intake, 5 

Hypokalemia in anorexia nervosa, 116 
Hyponatremia in liver disease, 176 
Hypophosphotemia, 73 

in TPN, 355 
Hypothalamus in eating, 3 
Hypothermia in anorexia nervosa, 116 
Hypothyroidism and iodine, 77 

Idiopathic (familial) hemochromatosis, 175 
IgA deficiency, 251 
IgE antibodies and IgE, 312 

Ileostomy, 298 
effluent, 298 

Ileum, 224 
Ilozyme therapy, 208 
Incretin, 17, 30 
Indications for enteral formulas, 338 
Infarction of the small bowel, 159 
Infection of the biliary tree, pigment stones in, 

192 
Infections and pancreatitis, 203 
Infectious agents, 290 
Inflammatory bowel disease (see also Crohn's 

disease; Ulcerative colitis), 341 
Insulin, 16, 18, 28, 118 

in diabetes mellitus, 213, 216 
and fiber diets, 93 
in liver metabolism, 166 

Insulin therapy in chronic pancreatitis, 207 
Insulinemia in satiety, 6 
Intestinal microflora, 24, 95 
Intralipid, 349 

in cystic fibrosis, 211 
Intravenous lipid therapy, 345, 348 
Intrinsic factor, 67 

psotgastrectomy, 155 
stomach,12 

Intussusception, postgastrectomy, 158 
Inulin, 50 
Iodine, 77 

in common foods, 77 
RDA,41 

Iron (see also Anemia) 75, 89 
in liver disease, 175 
RDA,41 

Iron-binding capacity, 76 
Iron containing pots, 175 
Iron deficiency anemia, see Anemia 
Iron storage disorders in liver disease, 175 
Irritable bowel syndrome, 303 
Islets in pancreas, 18 
Isocal, 332 
Isomil, 333 

Jejunum, 223 
Joule, 37 

K-cells, GIP, 28 
Kilocalorie, 37 
Kilojoules, 37 
Klebsiella, 95 
Kwashiorkor, 118 

and liver, 168 

Lactase, 50 
content of commercial products, 417 
deficiency, 254 
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Lactate in liver metabolism, 166 
Lacteals of the small intestine, 225 
Lactic acid and bacteria, 90 
Lactobacilli, 95 
Lactose, 48, 49 

load and development of symptoms, 257 
Lactose-free commercial products, 428 
Lactose intolerance, 254, 273 

diets, 417 
in inftammatory bowel disease, 294, 296 
sensitivity, 318 

Lactose-restricted diet, 420 
Lactose tolerance test, 240, 256 
Lactulose, 181 
Lamina propria of small intestine, 230 
Lateral hypothalamus in eating, 3 
Lauric acid, 54 
Lecithin (phospholipid) 

in gallstone formation, 193 
phospholipids, 196 

Lecithinase (phospholipase A) in pancreatitis, 204 
Legumes and cholesterol, 197 
Leucine, 408 
Le Veen shunt in ascites, 177 
Licorice in gastric ulcer, 136 
Lignins, 84, 89 

and bile acids, 195 
Linitus plastica, 138 
Linoleic acid, 54, 55, 59 

in cystic fibrosis, 211 
Linolenic acid, 54, 59 
Lipase 

in pancreas, 19 
in stomach, 19 

Lipids (see also Fat), 52, 53 
Lipomul-OraI, 336 
Liprotein, 336 
Lipoproteins 

high- and low-density, 58 
in liver metabolism, 168 

Liquid diets, 327 
Liquid supplements, 336 
Lithocolic acid, 21 
Lithogenic bile, 20, 23 

and gallstone formation, 193 
Lithogenic index in gallstone formation, 193 
"Little gastrin," 25 
Liver 

in gallstone formation, 194 
physiology, 16 

Liver disease 
associated with dietary iron overload, 175 
associated with increased transfusion, 175 
in cystic fibrosis, 211 
therapeutic checklist, 181 

Liver disease diet therapy 
in acute, 177 
in chronic, varies with stage, 178-181 
in hepatic encephalopathy, 179 

Lofenalac, 336 
Lolactene, 333 
Lonalac, 336 
Long-chain fatty acids in diarrhea, 274 

INDEX 

Long-term regulation of food intake, 5 
Low-carbohydrate, high-protein, high-fat diet, 392 
Low-carbohydrate, low-cholesterol, modified-fat 

(increased polyunsaturated) diet, 445 
Low-cholesterol, modified fat (high 

polyunsaturated fat) diet, 438 
Low-density lipoprotein, 58 
Lower esophageal sphincter (LES), 11, 122 

factors decreasing and increasing, 122 
foods affecting, 123 

Low-fat diet, 425 
Low-fiber diets 

bland,454 
I g crude fiber, 454 
4 g crude fiber, 455 

Low-protein diets, 397 
Low-residue diet, 454 
Low-sodium diets, 401 
Luminal contents in regulation of food intake, 5 
Luteinizing hormone in anorexia nervosa, 116 
Lymph fonnation in ascites, 176 
Lymphocyte count in nutritional assessment, 107 
Lymphoma, 246 
Lysolecithin in stomach, 14 
Lytren, 337 

Magnesium, 73, 89, 119, 238, 249 
in common foods, 73 
excretion and fiber, 89 
in inftammatory bowel disease, 294 
in liver disease, 174 
RDA,41 

Maize and cholesterol, 197 
Major physiologic action, 25 
Mala~tion, 234, 237 

aphthous ulcers,237 
in Crohn's disease, 294 
dennatitis herpetifonnis, 237 
in diabetes mellitus, 215 
glossitis, 237 
in inftammatory bowel disease, 294 
in kwashiokor, 118 
in milk hypersensitivity, 319 
physical finding. 237 
postgastrectomy, 154 
states and zinc, 76 
in ulcerative colitis, 294 
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Malnutrition 
and the liver, 166 
and weight loss, 10 1 

Malnutrition and maldigestion, treatment, 341 
Maltase, 50 
Maltose, 48, 49 
Maltose-free diet, 424 
Management of irritable bowel syndrome, 308 
Manganese, 78 
Marasmus, Il7 
Maximal acid and pepsinogen secretion in 

stomach, 14 
Maximal stimulation of gastric secretion, 14 
MCT (medium chain triglycerides), 331 

in alcoholics, 182 
and bile acids, 195 
in fatty liver, 182 
oil, 337 
in pancreatic insufficiency, 210 
in small bowel resection, 160 
supplements, 386 

Meatbase formula, 334 
Meconium in cystic fibrosis, 2 Il 
Medium chain triglycerides (see also MCT), 331 
Megaloblastic anemia (see also Anemia), 68, 132, 

155 
Mental confusion (see also Hepatic 

encephalopathy), 180 
Meritene + milk, 334 
Methane in gas, 278 
Method of administration of enteral feedings, 338 
Metoclopramide in esophagus, 122 
Metropolitan Life Insurance Company weights, 36 
Micelles, 23, 57, 232 

postgastrectomy formation, 154 
Milk 

in duodenal ulcer, 143, 146 
effect in esophagus, 123 
in inflammatory bowel disease, 289, 296 
in milk-alkali syndrome, 146 

Milk (casein) in liver disease, 172, 179 
Milk exchange list, 364 
Milk intolerance, postgastrectomy, 158 
Mineral absorption in malabsorption, 238 
Minerals bound by fiber, 87 
Mineral composition of adult body, 71 
Minerals (see also specific mineral, e.g., 

Magnesium) 
in chronic alcoholism, 182 
in kwashiorkor, 119 
in liver disease, 173 
in small-bowel resection, 160 

"Mini gastrin," 25 
Miranda Diet (high-fiber), 430 
Molybdenum, 78 

Monosaccharides, 48 
Motilin, 16, 17, 29 
Motility 

in irritable bowel syndrome, 305 
of large intestine, 267 
and transit in diarrhea, 274 

Mouth and pharynx, 10 
Mucilages, 84 
Mucosa 

of small intestine, 226, 227 
of stomach, 12 

Mull-Soy, 333 
Mumps antigen for skin tests, IlO 
Mycotoxins and liver, 182 
Myristic acid, 54 

Na and H20 transport (see also Sodium), 234 
Nails, 104 
Nausea, general, 103 
Neo Mull-Soy, 333 
Neomycin and lactulose, 181 
Neoplasms in diarrhea, 274 
Nephrolithiasis, 295 
Nervous control 

of esophagus, II 
of pancreatic secretion, 20 

Neural tracts in eating, 3 
Neuritis and B 12 deficiency, 70 
Neurocontrol center in eating, 3 
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Neurogenic and hormonal influences, stomach, 15 
Neurophysiology of eating, 3 
Neutral and basic amino acids, 45 
Neutral detergent fiber, 84 
Niacin (nicotinic acid), 69 

in common foods, 69 
RDA,41 

Nickel,78 
Nicotinic acid in liver disease, 173 
Niemann-Pick and the liver, 168 
Nitrates 

in cancer, 13 7 
postgastrectomy, 158 

Nitrogen, 47, 244 
Nitrogen balance, 107 
Nitroreductase and intestinal flora, 95 
Nitrosamides in cancer, 137 
Nitrosamines in cancer, 138 
Nonessential amino acids, 43 
Nonphytate calcium-binding, 89 
norepinephrine, stomach, 14 
Normal bile contents, 23 
Normal nutrient requirements, 35 
5-Nucleotidase, postgastrectomy, 156 
Nutramigen, 330 
Nutri-IOOO, 335 
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Nutrient, fiber and water content of foods (gll00 
g),368 

Nutrition requirements, 35 
Nutritional assessment, 104 

use of laboratory tests, 105, 107 
Nutritional deficiencies 

in gastrectomy, 152 
in liver disease, 172 
in small bowel resection, 159 

Nutritional therapy, see Diet Therapy 

Oats and cholesterol, 197 
Obesity 

and behavior modification, 9 
in gallstones, 194 
and liver metabolism, 167 
in physiology of eating, 3 

25-0HD3,65 
1,25-(OHhD3, 65 
Oleic acid, 54 
Olfactory hallucinations in regulation of food 

intake, 5 
Olfactory receptor in regulation of food intake, 4 
Opiates in inflammatory bowel disease, 293 
Oral glucose-electrolyte liquid diet, 458 
Osmoreceptors in duodenum, 11 
Osmotic diarrhea, 273 
Osmotic pressure 

in albumin metabolism, 170 
in ascites, 176 
regulator, 169 

Osmotic receptors and hormones, 17 
Osmotic solutions in stomach, 15 
Osteomalacia, 65 

postgastrectomy, 156 
Osteoporosis 

and calcium, 73 
postgastrectomy, 156 

Overeaters, in behavior modification, 9 
Overeating, 3 
Oxylate excretion, 295 
Oysters and zinc, 76 

Pain in irritable bowel syndrome, 306 
Pain sensation in regulation of food intake, 4 
Palmitic acid, 54, 55 
Pancrealipase therapy, 208 
Pancreas, 16, 18 
Pancreatic diseases, 203 
Pancreatic enzyme replacement in cystic fibrosis, 

212 
Pancreatic insufficiency, 205, 246 
Pancreatic polypeptide, 16, 17,29 
Pancreatic preparations, 208 
Pancreatic secretion, 18 

Pancreatic secretory stimulants, 19 
Pancreatic supplements, 209 
Pancreatin, 208 
Pancreatitis 

acute, 203 
chronic, 205 

Pancreozymin in salivary stimulation, 11 
Paneth cells, 230 
Panteric, 208 
Pantothenic acid, 69 

in liver disease, 173 
Parasitic infestation, 246 
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Parasympathetic fibers of small intestine, 226 
Parathyroid hormone and calcium, 72 
Parietal cells in stomach, 13 
Parotid in eating, 10 
Pathology, 290 
Patient education in irritable bowel disease, 293 
Pectin, 50, 84, 92 

and bile acids, 195 
content of food, 396 
in diabetes mellitus, 213 
in dumping syndrome, 153 
supplements, 396 

Pedlayte, 337 
Pellagra, 69 
Pentagastrin in gastric secretion, 14, 25 
Pepsin, 44 
Pepsinogen in stomach, 13 
Pepsinogen secretion, 25 

in stomach, 14 
Peptostreptococci, 95 
Peristalsis in esophagus, 11 
Peristaltic motion, 268 
Peritoneojugular (Le Veen) shunt in ascites, 177 
Pernicious anemia 

and 8 12 , 68 
and gastritis, 132 

Peroral small bowel biopsy, 245 
Peyer's patches, 224 
Pharmacologic action 

CCK,27 
gastrin, 25 

Phenylpropane in lignin, 85 
Phillip's fluid, 459 
Phlebitis, 347, 348 
Phosphoenolpyruvate in liver, 165 
Phospholipids, 57 

and bile, 196 
in liver metabolism, 167 

Phosphorus, 73, 89 
RDA,41 

Photophobia and riboflavin, 70 
Physical findings in anorexia nervosa, 104, 116 
Physiology of eating, 3 



INDEX 

Phytate and calcium binding, 89 
Pigment gallstones, 192 
Pituitary gonadotropin in anorexia nervosa, 116 
Plant sterols and cholesterol, 196 
Plasma-free fatty acids in liver metabolism, 167 
Plasma, fresh frozen, in liver disease, 173 
Plummer-Vinson syndrome, 126 
Polycose, 337 
Polysaccharide diets in diabetes mellitus, 217 
Polysaccharides, 48 
Portagen, 333 
Portal circulation, 6 
Portal hypertension in cystic fibrosis, 211 
Postgastrectomy (see also Gastric surgery) 

and BI2 syndromes, 68 
complications, 152 

Potassium, 74 
absorption, 233 
in common foods, 74 
in gastric juice, 13 
in kwashiorkor, 119 
in liver disease, 176 

Prausnitz-Kustner reaction and IgE, 312 
Precision Isotonic, 332 
Precision LR, 332 
Precision Mod N, 332 
Pregestimil, 330 
Pregnancy and the liver, 168 
Primary bile acids, 21 
Probana, 337 
ProSobee, 333 
Prostaglandins 

in anorexia, 103 
in cystic fibrosis, 211 
E2 and nausea, 103 
in esophagus, 122 

Protein 
absorption and digestion, 232 
calorie malnutrition, 118 
chemistry of, 43 
deficiency and fatty liver, 168 
in diabetes mellitus, 217 
digestion and absorption, 44 
effect in esophagus, 123 
exchange list, 360 
in foods, 47 
hydrolysates, 352 
malnutrition, 117 
metabolism in liver, 169 
RDA,41 
requirement, 46 
requirement in liver disease, 171 
supplements in pancreatic disease, 209 

Protein-losing gastropathy in gastric cancer and 
lymphoma, 139 

"Protein sparing," 345 
Prothrombin in liver disease, 173 
P substance, 16 
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Psychodynamics in irritable bowel syndrome, 307 
Psychological support in inflammatory bowel 

disease, 293 
Psychology of eating, 3 
Psychophysiology in irritable bowel syndrome, 

307 
Psyllium seed in irritable bowel syndrome, 308 
Pyloric glands, stomach, 12 
Pyloric obstruction in gastric ulcer, 135 
Pyloroplasty, 151, 159 
Pyridoxine, 69 

in liver disease, 173 
responsive anemias, 175 

Radiology, examining the small bowel, 241 
RAST (radioallergosorpent test), 314 
Reaginic reaction, 311 
Recommended dietary allowances, 40 
Red blood cell glutathione reductase and 

riboflavin, 70 
Refined carbohydrates, 48 

in diabetes mellitus, 213 
Reflux 

effect of foods, 123 
esophageal, 123 

Reflux esophagitis, 121 
Refrigeration of food and gastric cancer, 138 
Regional ileitis (enteritis) (see also Crohn' s 

ileitis), 288 
and zinc, 76 

Regulating eating, 3 
Regulation of food intake, 4 
Regulation of food metabolism, 45 
Regurgitation, voluntary, 103 
Reinforcing stimuli in behavior modification, 8 
Retinal, 64 
Retinal-binding protein, 64 
Retinaldehyde, 64 
Retinoic acid, 64 
Retinol, 64 
Reyes syndrome and liver, 168 
Riboflavin, 70 

in common foods, 70 
in liver disease, 173 
RDA,41 

Ribonuclease in pancreas, 19 
Rice and gastric cancer, 137 

Saliva in eating, 10 
Salivary glands in eating, 10 
Salmonella, 275 
Salt (sodium) restriction in liver disease, 179 
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Salty taste in regulation of food intake, 4 
Satiety centers, 5 

in eating, 3 
Saturated fat in food, 56, 60 
S-cells, 26 
Schilling test, 241 

and 8 12,67 
Screening for malabsorption, 238 
Secondary bile acids, 21 
Second cranial nerve in regulation of food intake, 

4 
Secretin 

in mouth and pharynx, II 
in regulation of food intake, 5 
in stomach, 13-18, 21, 26 

Secretory diarrhea, 274 
Segmental contractions, 268 

in duodenum, 18 
Selenium, 78 
Serum lipids and fiber diets, 92 
Serum retinol, 64 
Seventh cranial nerve in eating, 4 
Shigella, 275 
Short-term regulation of food intake, 5 
Simple lipids, 53 
Silicon, 78 
Sitosterol, 198 
Skin tests, 314 

antigens, 110 
in nutritional assessment, 110 

Small bowel resection, 159 
Small intestine 

arterial blood supply, 224 
lymphatic drainage, 225 

Small intestine biopsy, 246 
Smell in regulation of food intake, 4 
Sociologic factors in eating, 7 
Sodium, 74 

absorption, 233 
content of foods, 404 
in gastric juice, 13 

Somatostatin, 16, 17,29 
Sour in regulation of food intake, 4 
Soybean hulls and cholesterol, 197 
Soybean sauce and gastric cancer, 137 
Stachyose and gas, 279 
Staphylococcus in diarrhea, 274 
Starch,49 
Starvation, 115 
Stearic acid, 54 
Steatorrhea 

in chronic pancreatitis, 207 
in diabetes mellitus, 215 
in liver disease, 172 

Steatorrhea (cont.) 
postgastric surgery, 154 
post-small-bowel-resection, 160 
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Steroids, acid and neutral in feces in colon cancer, 
94 

Steroid skeleton, 55 
Sterols and cholesterol, 196, 198 
"Stimulus control" in behavior modification, 8 
Stimulus for release for gastrin, 26 
Stomach (see also Gastric; Gastritis; Gastric 

cancer) 
bacterial counts, 95 
cancer, 136 
in diabetes mellitus, 214 
in eating, 12 
injury caused by foods, 131 

Stomach surgery, see Gastric surgery 
Stomatitis, 104 
Stool bulk, 270 
Storage polysaccharides, 84 
Streptococci, 24, 95 
Streptokinase-streptodornase for the skin tests, 

110 
Stress and ulcer, 141 
Subclavian vein catheterization, 350 
Sublingual glands in eating, 10 
Submandibular glands in eating, 10 
Substance P, 16 
Sucrase, 50 
Sucrose, 48, 49 
Sucrose-free diet, 424 
Sugar alcohols, 48 
Sugar beet pulp and bile acids, 195 
Sugar cane pulp and bile acids, 195 
Sulfasalazine in inflammatory bowel disease, 293 
Sulfonylureas in diabetes mellitus, 216 
Sulfur,75 
Sumacal, 337 
Sunken facies, 104 
Sustacal Liquid, 333 
Sustacal + milk, 335 
Sustagen-water, 335 
Swallowing, II 
Sweat test in cystic fibrosis, 211 
Sweet in regulation of food intake, 4 
Sympathetic fibers of small intestine, 226 
Symptoms and signs in idiopathic steatorrhea, 236 

Tangier disease and liver, 168 
Taste acuity and zinc, 77 
Taste in regulation of food intake, 4 
Tastebuds in regulation of food intake, 4 

in aging, 4 
Taste fibers in regUlation of food intake, 4 
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Teeth, 104 
in eating, 10 

Temperature and pain sensation in regulation of 
food intake, 4 

Tests used in malabsorption, 239 
Tetany of hypocalcemia, 73 
Tetracycline toxicity and fatty liver, 168 
Thalassemia in liver disease, 175 
Therapy of the patient complaining of increased 

flatus, 280 
Thiaminase, 71 
Thiamine (Blo Aneurine), 70 

in common foods, 70 
in liver disease, 173 
pyrophosphate, 71 
RDA,41 

Thyroid-stimulating hormone in anorexia nervosa, 
116 

Thyroxine in anorexia nervosa, 116 
Tin, 78 
Tomato juice, effect in esophagus, 123 
Total gastrectomy (see also Gastrectomy), 159 
Total parenteral nutrition (TPN), 345, 349 
Toxic hepatitis, diet therapy, 177 
Toxigenic Escherichia coli in diarrhea, 274 
Toxins and binding, 90 
TPN (total parenteral nutrition) 

in small-bowel resection, 160 
order form, 353 

Trace elements, 78 
Transcobalamin, 67 
Transferrin, 76 

in kwashiorkor, 118 
Transit time and fiber, 94 
Traveler's diarrhea, 274 
Trehalose intolerance, 245 
Triceps skin fold, 107 
Trichophytin for skin tests, 110 
Triglyceride hydrolysis, 57 
Triglycerides, 54 

in liver metabolism, 167 
Triiodothryonine in anorexia nervosa, 116 
Tropical sprue and B12 , 68 
Trypsin, 19, 44 

in pancreatitis, 204 
Tube feeding, 338 

in acute esophagitis, 121 
Typhoid, 275 

Ulcerative colitis, 288 
Ulcerative proctitis, 288 
Unsaturated fats in food, 56, 60 
Upper esophageal sphincter, 11 
Urea nitrogen in nutritional assessment, 107 

Urease, stomach, 13 
Urogastrone, 17, 30 
Uronic acids in fiber, 84 
Ursodeoxycholic acid, 21 

Vagotomy, lSI 
cause of diarrhea, 158 
proximal, 159 
selective, 158 

Vagus nerves 
in esophagus, II 
in regulation of food intake, 6 

Valine, 408 
Valvulae conniventes, 226, 227 
Vanadium, 78 
Vascular supply, stomach, 12 
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Vasoactive intestinal polypeptide (VIP), 16, 17, 
28 

Vasomotor effects in dumping syndrome, 153 
Vegetable exchange list, 367 

starchy, 361 
Vegetarian diets, 7 
Vegetarians 

and blood lipids, 92 
and gut bacteria, 91 

Ventromedial hypothalamus in eating, 3 
Very-low-density lipoproteins, 58 

in liver metabolism, 167 
Vibrio cholerae in diarrhea, 274 
Villikinin, 17, 30 
Villus, 227 
Viokase therapy, 208 
VIP (vasoactive intestinal polypeptide), 16, 17,28 
Viral hepatitis, diet therapy, 177 
Vitamin A 

absorption, 58 
deficiency, 64 
in foods, 64 
in liver disease, 172 
postgastrectomy, 157 
RDA,41 

Vitamin absorption in malabsorption, 238 
Vitamin BI (see also Thiamine), 70 
Vitamin B2 , 70 
Vitamin B6, 69 

in common foods, 70 
RDA,41 

Vitamin BI2 , 67, 238, 297 
and pancreatitis, 207 
postgastrectomy, 151 
RDA,41 

Vitamin C (ascorbic acid), 66 
absorbed, 66 
acidifying urine agent, 66 



480 

Vitamin C (cont.) 
Barlow's disease, 67 
common sources, 66 
deficiency, 67 
diarrhea, 67 
hydroxylation reactions, 66 
postgastrectomy, 155 
RDA,41 
scurvy, 67 

Vitamin D, 65 
absorption, 58 
in common foods, 65 
deficiency, 65 
deficiency, postgastrectomy, 156 
RDA,41 

Vitamin E (tocopherol), 65 
absorption, 58 
in common foods, 65 
deficiency, 65 
RDA,41 
and selenium, 78 

Vitamin K, 66 
absorption, 58, 66 
clotting factors, 66 
coagulation, 66 
in common foods, 66 
deficiency, 66 
drugs, 66 
in liver disease, 173 
Kh 66 
K2,66 
prothrombin, 66 
synthetic, 66 

Vitamins (see also under individual vitamin), 63 
co-factors, 64 
fat-soluble, 63 
in liver disease, 172 
in small-bowel resection, 160 
water soluble, 63 

Vivonex, 330 
Vivonex HN, 330 
Vomiting, general, 103 

Water 
and electrolyte secretion and excretion in 

diarrhea, 217 
held by fiber, 87 
in liver disease, 175 

Water brash, 124 
Weight 

ideal average for height, 106 
percentage ideal, 106 

Weight in diabetes mellitus, 218 
Weight loss 

Addison's disease, 101 
in anorexia nervosa, 101 
and brain center, 3 
in diabetes mellitus, 102 
diseases associated, 103 
gastrointestinal, 102 
hyperthyroid, 101 
in malabsorption, 235 
postgastrectomy, 154 
postsurgical, 102 
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Wernicke's encephalopathy and thiamine, 71 
Wheat and cholesterol, 197 
Whipple's disease, 246 
Whole protein-lactose and fiber, low or free, 
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Wilson's disease 

and copper, 77 
in liver disease, 174 

Wolman disease and liver, 168 
World Health Organization, 458 

Xerosis, 104 
Xylose, 240 

in fiber, 85 
Xylose tolerance test, 240 

Zero-fat diet, 428 
Zinc, 76, 89, 297 

deficiency in gastric cancer, 139 
deficiency in TPN, 355 
in enzymes, 76 
in high-fiber foods, 76 
in inflammatory bowel disease, 294 
in liver disease, 174 
in regulation food intake, 4 
RDA,41 

Zollinger-Ellison syndrome, 26, 141, 159 
Zymagen granules 

of chief cells in stomach, 13 
in pancreas, 18 




