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Preface

 

Nutritional status is now recognized as a major determinant in health and disease.
The course of virtually all chronic diseases is affected by the nutritional status of
the ill person, and treatment and outcome of a disease can be markedly improved
if the patient complies with recommended diet changes. This book and its prede-
cessor,

 

 Nutritional

 

 

 

Aspects and Clinical Management of Chronic Disorders and
Diseases 

 

(CRC Press, 2003) are intended to help clinicians integrate nutritional
management into overall clinical management. Whereas the earlier book deals
largely with diseases of major organs, the current book discusses broader topics,
such as obesity, pregnancy, and errors of metabolism, as well as diseases of organs
not previously covered, the skin, and the oral cavity.

The first chapter, “Childhood Obesity,”

 

 

 

by Peebles and Hammer, deals with what
is fast becoming a major public health issue in the United States and other developed
countries. After introductory statistics that call attention to the fact that nearly half
of U.S. children and youth aged 6 to 19 years are overweight, the authors discuss
measures for determining adiposity; review critical growth periods; define and indi-
cate the importance of the glycemic index; and then describe the effects of decreased
physical activity, genetics, family, social situation, and hormonal factors. After
discussing the relationship of obesity to specific diseases and conditions, including
hypertension and sleep apnea, the authors proceed to a discussion of treatment,
emphasizing the need for exercise, and review the various dietary and medical
approaches to effective weight loss and maintenance of the loss. This chapter, similar
to all that follow, has an extensive list of bibliographic references.

Keith and Rowell, in the second chapter, deal with weight control in the adult.
They too begin by emphasizing that in the past generation or so obesity has become
an epidemic in both the developed and developing worlds, due in part to the ready
availability of high-energy foods and the marked increase in sedentary living. Keith
and Rowell recognize that proper weight control depends on a realistic definition of
what constitutes success. They then discuss the genetics of obesity, pointing out that
genetic influences, while important, do not account for 60% of weight variance.
Indeed, genetic influences alone cannot account for the dramatic increase in weight,
with decrease in physical activity, consumption of energy-dense food, increased
stress levels, and sleep disturbances contributing significantly to energy balance. An
important part of the chapter describes the approach to the overweight patient,
including the use of the tools WAVE and REAP, which are defined and explained
in tables that describe how to use them, depending on the amount of time available
to the clinician. The chapter summarizes pharmacologic advances that may help
control obesity and concludes with an outlook to future advances.

In the third chapter, Sharma, Calleo-Cross, and Aronne discuss in detail the
indication for bariatric surgery in very obese adults who have not responded to the
kind of medical intervention described in the preceding chapter. These authors point



 

out that the burden placed on patients and society by severe obesity makes surgery
a viable option, provided the surgeon selects the patients with great care. Gastric
bypass surgery can make patients euglycemic long before they attain their ultimate,
typically very profound weight loss. It can also improve cardiovascular status,
respiratory insufficiency, and the sleep apnea syndrome. The chapter discusses con-
traindications to surgery, details preoperative screening, and describes the various
operative procedures, including the Roux-en-Y bypass, the vertical banded gastro-
plasty, laparoscopic adjustable gastric banding, and the biliopancreatic diversion
with duodenal switch.

The elderly constitute an increasing proportion of the population, and their
nutritional management is an important part of their care, particularly since practices
appropriate to the middle-aged adult may be inappropriate for the elderly. A striking
example cited by Young and Apovian in Chapter 4 is the observation that some
obesity in the elderly may in fact be protective and that excessive thinness may be
undesirable for the very old. The chapter describes the physiologic changes that
occur with aging and what they mean for nutrition of the elderly in terms of a
modified food guide. It then proceeds to screening and assessment, evaluates over-
and undernutrition in this population, and discusses in some detail the sarcopenia
of aging. Even though nutritional approaches are important in the attempt to over-
come the frailty and muscle loss so typical of the elderly in assisted living and
nursing facilities, Young and Apovian emphasize that the as yet best approach to
sarcopenia is resistance training.

Food allergy, a topic of interest to otherwise healthy individuals, is a condition
that can lead to severe allergic reactions, even anaphylactic death. In the fifth chapter,
Abba Terr discusses the normal immune response, allergic responses, and mecha-
nisms of allergy. He describes the three types of reactions, based on the particular
immune pathway involved in the disease, and enumerates and details the various
allergic diseases and their clinical manifestations. Terr then discusses nonallergic
immunologic diseases associated with food intolerance, such as celiac sprue, non-
immunological reactions to foods, and reactions to food additives. An extensive
section of the chapter deals with diagnosis and treatment. While the only sure way
to overcome food allergy is to eliminate the responsible food allergen, other methods
of treatment are available, such as immunotherapy. Terr also calls attention to
controversial practices and inappropriate diagnostic procedures, as well as unproven
therapies, thereby strengthening the informed clinician’s hand.

In Chapter 6, Brenner and Bhatia deal with nutritional management of pregnancy
and lactation. Starting with recommendations for women of all childbearing ages,
they tabulate recommended dietary allowances, adequate intakes, and calorie require-
ments with respect to body index and deal with specific nutrients, such as folic acid,
calcium, and iron. They then outline specific recommendations for the pregnant
woman, including a discussion of weight gain, specific nutrients, and dietary envi-
ronmental hazards, such as mercury. The second half of the chapter deals with the
management of lactation. Lactating mothers’ concerns regarding quality and volume
of milk are discussed, as is the topic of weight loss during the lactation period and
the effects of alcohol, caffeine, and peanut consumption.



 

For appropriate nutritional advice to become an integral part of clinical man-
agement, the advice must be repeated often, in different ways, and adherence to the
recommended dietary pattern must be monitored. This is another way of stating the
need for persistent behavior change. In Chapter 7, Fleming, Curtin, and Bandini
address this general topic, outlining the way behavior change can be altered and
retained. In their introduction, the authors point out that nutritional adherence to a
particular regimen not only demands personal commitment by the patient and family,
but is also greatly influenced by the environment and its “pull.” For example, weight
control is more difficult when a person is surrounded by the ready availability of
energy-dense foods. The authors then discuss the three basic psychological theories
— applied behavior analysis, social cognitive theory, and the transtheoretical model
— that govern behavioral interventions. This is followed by detailed descriptions of
how advice, counseling, and education can reinforce a patient’s change in behavior.
A section on comprehensive intervention programs is followed by a practical model
for promoting patient adherence, which is also outlined in a table. The chapter
concludes with suggestions for future research.

In Chapter 8, Kimberlee and Reuben Matalon discuss inborn errors of metabo-
lism, with phenylketonuria (PKU) the classic example of a genetic disease that can
be treated by dietary intervention. They review the disease, discuss NIH treatment
guidelines, and refer to the response to tetrahydrobiopterin (BH

 

4

 

). The chapter then
discusses maternal PKU, galactosemia (where lactose restriction can lead to dramatic
improvement), biotinidase deficiency, isovaleric academia, maple syrup urine dis-
ease, and urea cycle defects.

In a compact chapter, R.K. Chandra discusses the relationship between malnu-
trition and the immune system. Malnutrition has long been known to aggravate the
risk of infection, but nutrient excess can also impair the immune response. Impaired
immune response is in fact the key pathogenic factor in the interaction between
malnutrition and infection. Although nutrition plays an important role in the devel-
opment and maintenance of immunity at all ages, Chandra discusses persons of three
periods of life in detail: low birth weight infants, adolescents, and the elderly. He
cites a number of diseases where nutrition plays an important role in enhancing
immunity, including AIDS, the human immunodeficiency virus infection, a disease
that has spread over the globe in but two decades. The chapter concludes with advice
for the treating physician, with special reference to children and the elderly.

By now dental caries and periodontal disease are recognized to be chronic
infections of the oral cavity that are markedly influenced by diet. In Chapter 10,
Tanzer and Livingston consider diet and nutrition as they affect oral mucosal disease,
gingival/periodontal disease, and dental caries. They also explore the consequences
of tooth loss and review gaps in overall knowledge concerning the management of
patients with nutritional problems. A notable aspect of the chapter is the detailed
discussion of dental caries, a disease that arises as a result of infection, largely by

 

Streptococcus mutans

 

, provided the host consumes a diet high in fermentable car-
bohydrates. Caries may therefore be termed an opportunistic infection. Various
strategies to inhibit caries are discussed, including the use of nonfermentable car-
bohydrates like xylitol. The chapter concludes by calling attention to the needs of



 

special patients, including those who have Sjögren’s syndrome or gallbladder disease
or who are edentulous.

In Chapter 11, McCusker, Marcy, Rothe, and Grant-Kels treat the relationship
between skin and nutrition. Dermatitis herpetiformis and its relationship to gluten,
acrodermatitis enterohepatica and its relationship to zinc, and erythropoietic por-
phyria

 

 

 

and beta-carotene are dealt with first, as diseases with a known, nutri-
tion-related epidemiology. Yet, the epidemiology of the most common skin disorder
in the United States, acne vulgaris, is not fully known. The role of sugar in acne
vulgaris has long been discussed, and the authors cite new evidence of a potential
glycemic role, but their discussion of the nutritional aspects of this disease is much
broader, including the role of macro- and micronutrients. Other skin diseases that
receive detailed and extensive discussion are acne rosacea, acne dermatitis, psoriasis,
melanoma, and nonmelanoma skin cancer. Treatment for each of these diseases is
detailed in an extensive table that lists topical and oral agents, light and nutritional
therapy, structure and function of a given agent, and comments thereon.

Proper function of the esophagus, stomach, and pancreas is clearly essential for
food intake and adequate nutrition. For this reason, the prognosis for persons with
upper gastrointestinal cancer is poor, and nutrition support for these patients assumes
major importance in their care. In Chapter 12, Ferrone and Scolapio describe dietary
issues that are linked to cancer incidence, such as the consumption of foods that
contain N-nitroso compounds and the chewing of betel nuts, a widespread custom
in India and other Asian countries. Almost three-quarters of people with esophageal
cancer have dysphagia. The authors describe various procedures to minimize this
condition, with emphasis on a properly designed nutritional regimen. Although the
incidence of gastric cancer has declined in the United States, its fatality rate is very
high, and there is much interest in exploring ways to improve treatment by adjuvant
or neoadjuvant therapy. Diet may play a role in the risk for gastric cancer, and
nutritional management of the gastric cancer patient is essential. Similarly, nutri-
tional management of the pancreatic cancer patient following a Whipple procedure
(pancreaticoduodenectomy) is essential and can help the patient lead a near-normal
life after surgery. In patients with advanced pancreatic cancer, various dietary
approaches have been explored, but data are insufficient for firm recommendations.

The last chapter, by Frankenfield and Smith, deals with the nutritional manage-
ment of body wasting that occurs as a result of disease, a condition known as
cachexia. Although there is commonality between simple malnutrition and cachexia,
the latter is driven by an inflammatory response. In malnutrition the body adapts by
sparing body protein, but this is not true in cachexia. The authors describe the
inflammatory response in detail and then proceed to discuss monitoring and treat-
ment of the condition. Ideally treatment includes controlling the infection or healing
the injury. This may not be possible in chronic illness, but a balance of n-6 and n-3
fatty acids, with a ratio of between 2:1 and 4:1 in n-6 to n-3 fatty acids, appears to
be a promising nutritional agent that promotes an anti-inflammatory milieu. This
can be achieved by dietary means, albeit with difficulty. Yet, as Frankenfield and
Smith point out, the dietary approach here may be more desirable than using phar-
maceuticals to inhibit enzyme activity.



 

It is reassuring that nutritional recommendations in the various chapters, even
though they treat different diseases and conditions, are essentially similar: Eat
moderately but with variety, make vegetables and fruit an important part of your
diet, be sure to consume appropriate amounts of micronutrients, have a low fat
intake, but make sure the diet includes certain fatty acids. Clearly, then, nutrition
has become important in all aspects of life. 

My thanks to the contributors for sharing their clinical knowledge and their
willingness, even insistence, on making nutritional management an integral part of
patient management. I also thank CRC Press/Taylor and Francis for their support in
making this book a reality.

 

Felix Bronner

 

Farmington, CT
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1.1 INTRODUCTION

 

Childhood overweight is quickly emerging as the most important public health issue
facing young people. Among U.S. children ages 6 to 19 years in 1999 to 2002,
31.0% were at or above the 85th percentile for body mass index, and 16.0% were
at or above the 95th percentile for body mass index (74). According to the NHANES
III data collected between 1999 and 2000, the prevalence of overweight doubled
among children 6 to 11 years of age and tripled among those 12 to 17 years of age.
Of these, African American and Hispanic children are disproportionately affected
(40). In the most recent Youth Risk Behavior Survey, 8% of American youth had
not eaten the minimum recommended servings of fruits and vegetables during the
7 days preceding the survey, and 33.4% had engaged in an insufficient amount of
physical activity (67). These figures also project disturbing economic consequences.
From 1979–1981 to 1997–1999, the percentage of U.S. discharges for diabetes,
gallbladder disease, sleep apnea, and obesity increased between twofold and five-
fold. Obesity-associated annual hospital costs (based on 2001 constant U.S. dollar
value) increased from $35 million during 1979–1981 to $127 million during
1997–1999 (150). From a socioeconomic standpoint, studies have shown that
women who have been overweight complete fewer years of school, are 20% less
likely to be married, and have a 10% higher rate of household poverty than women
who have never been overweight, independent of baseline socioeconomic status and
aptitude-test scores. In contrast, people with other chronic conditions show no
socioeconomic differences from controls (66). Obese children and adolescents have
been found to have significantly lower health-related quality of life scores across
all domains, equal to those of children diagnosed with cancer, compared with
normal-weight peers (129).
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Childhood obesity is an important predictor of adult obesity (154), and children
who suffer from overweight are at high risk for multiple medical complications
during childhood and later in life (39). Multiple studies have documented the
increased risk of mortality for adults associated with poor diet, physical inactivity,
and an excessive body mass index (34,105). Overweight and obesity in adulthood
are associated with diabetes, high blood pressure, high cholesterol, asthma, arthritis,
and poor health status (104).

It is critical that physicians work to better understand, treat, and prevent child-
hood overweight. This chapter attempts to define etiologies, comorbidities, exami-
nation, and treatment of pediatric obesity and to outline future directions for public
health advocacy.

 

1.2 DEFINITIONS OF OVERWEIGHT IN CHILDHOOD

 

The pediatric literature describes multiple measures of adiposity. These include
skin-fold thickness measurements by calipers, electrical impedance techniques, and
waist circumference, all of which have no pediatric norms and a high degree of
variability in measurement. Dual energy x-ray absorptiometry (DEXA), densitom-
etry, and magnetic resonance imaging are expensive and not accessible on a wide-
spread basis. 

Body mass index (BMI), or the Quetelet index, has been proposed in multiple
position statements and by expert committees to be the measure of choice for defining
childhood weight norms. The U.S. Centers for Disease Control currently recom-
mends using BMI to classify a child’s weight status in the following way: Children
are defined as clinically 

 

overweight

 

 if their BMI exceeds the 95th percentile for age
and as “at risk for overweight” if their BMI exceeds the 85th percentile for age
(41,45,72,92; http://www.cdc.gov/nccdphp/dnpa/bmi/bmi-for-age.htm). BMI is cal-
culated as the body weight in kilograms divided by the height in meters squared.
Some authors use the BMI at the 95th percentile to define obesity, leading to some
inconsistencies from one report to another. BMI measurements have some inherent
limitations, in that they are not a direct measure of adiposity and some patients with
a high BMI may not have excess adiposity, but rather a high degree of lean body
mass. However, BMI measurements have correlated reasonably well with adiposity
in numerous studies across different ethnic groups (41). 

 

1.3 ETIOLOGIES

1.3.1 C

 

RITICAL

 

 G

 

ROWTH

 

 P

 

ERIODS

 

Children may be especially vulnerable metabolically to developing obesity during
certain critical growth periods. These include the prenatal period, the period of
“adiposity rebound,” and early puberty (40,76). High birth weights have been shown
to correlate positively with rates of obesity later in life. However, no studies have
corrected birth weight for gestational age or birth height; they therefore need to be
interpreted with caution. Multiple studies have shown that infants whose mothers
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were energy deprived during the first two trimesters are at significantly increased
risk for hypertension, diabetes, and obesity later in life. Evidence is strongest that
maternal gestational diabetes is a major risk factor for the development of obesity
in offspring (153).

The period of adiposity rebound has been defined as the age at which body
fatness reaches a postinfancy low point (typically 4 to 6 years) and then begins to
increase. Early adiposity rebound is inversely associated with BMI later in life. A
recent study showed that children’s BMI at 8 years of age was negatively predicted
by age of adiposity rebound and positively predicted by their BMI at 2 years of age
(135). Adult subjects with impaired glucose tolerance or diabetes have been found
to have a low BMI up to the age of 2 years, followed by an early adiposity rebound
and an accelerated increase in BMI until adulthood (22). Early menarche has also
been shown to increase the risk of later developing obesity and the metabolic
syndrome (55,59).

 

1.3.2 I

 

MPACT
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Clearly, excessive calorie intake contributes to the development and maintenance of
obesity. The modern proliferation of fast food and prepackaged foods is thought to
contribute significantly to the current epidemic of childhood obesity. On a typical
day, 30.3% of a sample of children reported consuming fast food. Fast-food con-
sumption occurs in both genders, all ethnic groups, and all regions of the country.
Children who eat fast food, compared with those who do not, consume more total
energy, more energy per gram of food, more total fat, more total carbohydrate, more
added sugars, more sugar-sweetened beverages, less fiber, less milk, and fewer
nonstarchy vegetables and fruits (28). Adolescents have been shown to overconsume
fast food regardless of body weight, although overweight teens show a heightened
intake. Moreover, overweight adolescents are less likely to compensate for the energy
in fast food by adjusting their energy intake throughout the day, when compared
with normal weight peers (45). Strong data suggest that the high prevalence of soda
machines in schools is positively linked to adolescent soda consumption, with soda
providing a large proportion of caloric intake (155).

Some have hypothesized that carbohydrate intake and glycemic load have a
major impact on childhood BMI. There is little controversy that diets restricted in
sweetened drinks and containing whole grains and produce could benefit youth (136).
Much work has been done to examine the glycemic index (GI) of different carbo-
hydrate-containing foods and its possible effect on BMI, insulin regulation, and
hunger cues. 

The glycemic index describes the propensity of a carbohydrate-containing food
to cause a rise in blood sugar after a meal. High GI foods are rapidly transformed
into serum glucose. Obese teenage boys have been shown to display a significant
increase in voluntary food intake after a high-GI meal, as compared with the effects
of the consumption of medium-GI (53% greater) and low-GI (81% greater) meals
(94). In addition, compared with the low-GI meal, the high-GI meal resulted in
higher serum insulin levels, lower plasma glucagon levels, and lower postabsorptive
plasma glucose (96–98). 
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Many studies have shown that dairy foods have a protective influence on body
weight. The intake of calcium from dairy foods correlates negatively with 2-year
changes in total body weight and body fat in young women, even when exercise
level and energy intake are taken into account (93). Dairy food intake has also been
found to be inversely correlated with the development of insulin resistance (115).

 

1.3.3 D
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The benefits of physical activity for long-term health status are well established, and
a looming concern is that children in Western countries are engaging in less physical
activity than in earlier decades. A recent report by the Centers for Disease Control
reveals that 61.5% of children 9 to 13 years of age in the United States do not
participate in any organized physical activity during their nonschool hours and that
22.6% do not engage in any free-time physical activity (117). The current decrease
in funding for physical education classes in the United States has ominous health
implications. Non-Hispanic Black and Hispanic children are significantly less likely
than non-Hispanic White children to report involvement in organized activities. This
is also true for children with parents of low income and low education levels. Overall,
parents with low income and low education levels report that there are more barriers
to physical activity for their children than for children from families with higher
education and income (117).

When 11- to 15-year-old children were studied in San Diego, boys and girls
with a BMI over the 85th percentile did significantly less vigorous exercise than
those with a BMI under the 85th percentile. This study also showed that overweight
boys, but not girls, were found to engage in exercise that was significantly more
moderate and more sedentary than that of their normal-weight peers. When multiple
diet, sedentary, and activity behaviors were studied, the only factor shown to be
predictive of a higher BMI in adolescent boys was decreased physical activity (113).

 

1.3.4 I

 

NCREASED
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Patterns of inactivity and an unhealthy lifestyle are often established in adolescence
(6). Multiple studies have examined the effect of television viewing on health in
young children and adolescents, with television viewing providing a model of the
effects of sedentary behaviors. As much as 25% of children’s waking hours are spent
watching television or playing video games. Increased television time has been
correlated with increased risk of the development of Type 2 diabetes (75).

 

 

 

Many
studies have shown a positive correlation between time spent watching television
and an increase in BMI (75,119–123). This may be because television viewing
displaces physical activity, lowers resting energy expenditure, and may be associated
with increased intake of energy-rich foods. One randomized, controlled,
school-based trial that manipulated television viewing in elementary school children
showed that children who reduced their time spent watching television increased
their BMI at a slower rate than did children who did not reduce their television
viewing. These results suggest that reducing television viewing is a promising
strategy for preventing childhood obesity (122).
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Television constitutes a predominant source of media influence on food choices
and obesity. Even brief exposures to televised food commercials have been found
to influence preschool children’s food preferences. It is possible that limiting expo-
sure to food advertisements in media would positively impact body composition in
children (27).

 

1.3.5 G

 

ENETICS

 

Obesity is indeed a disease with multifactor etiologies, most of them exogenous. A
number of endocrine disorders and some genetic syndromes can be the cause of
childhood obesity. Of note is that these disorders are generally accompanied by poor
linear growth relative to an excessive body weight and that mental deficiency and
hypogonadism are frequent features. See Table 1.1 for a list of the more common
clinical syndromes

 

 

 

associated with obesity in childhood.
Many genetic loci that appear to be promising markers for the disease in some

patient subgroups have been studied in recent years. One genetic locus found to be
relatively common in obese populations is that which encodes for the melanocortin

 

TABLE 1.1
Clinical Syndromes That Include Obesity

 

Name Common Features

 

Cushing’s syndrome Delayed growth, moon facies, buffalo hump, truncal obesity, hirsutism, 
clitoromegaly, striae, and hypertension

Hypothyroidism Short stature, enlargement of the tongue, temperature dysregulation, 
anemia, hypotonia, enlarged fontanelles, delayed dentition, and delayed 
development 

Turner syndrome
(1 per 2,000 to 5,000 
births)

Short stature, pubertal delay, lymphedema during infancy, ptosis, widely 
spaced nipples, and webbing of the neck

Growth hormone 
deficiency
(1 per 4,000 to 10,000 
births)

Growth failure, commonly appearing after the second year of life

Pseudohypoparathyroidism Short stature, short neck, short extremities, brachydactyly, and a round face
Polycystic ovary syndrome Amenorrhea, acanthosis nigricans
Prader–Willi syndrome
(1 per 25,000 births)

Early feeding difficulty with increasingly severe obesity after the first year 
of life, mental retardation, growth delay, and hypogonadism, small hands 
and feet, a narrow forehead, almond-shaped eyes, and a triangular mouth

Bardet–Biedl syndrome
(1 per 160,000 births)

Mental retardation; hypogonadism; polydactyly; and eye abnormalities, 
including retinitis pigmentosa, optic atrophy, cataracts, microphthalmia, 
and colobomata (previously referred to as Laurence–Moon–Bardet–Biedl)

Cohen syndrome
(frequency unknown)

Short stature, mental retardation, hypotonia, obesity, short philtrum, 
microcephaly, hand or foot anomalies, high narrow palate, antimongoloid 
slant of the palpebral fissures, narrow hands and feet, with long slender 
fingers and toes, and occasional syndactyly
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4 receptor. Alterations in this receptor have been shown to lead to binge eating and
obesity phenotypes (29,50,161).
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One of the strongest predictors of childhood obesity is parental weight. A prospective
study of 150 children from birth to 9.5 years of age found the strongest risk factor
for childhood obesity to be parent overweight, which was mediated by child tem-
perament (4). After the age of 7 years, children with two overweight parents had
consistently elevated BMI, compared to children with either no overweight parents
or one overweight parent (125). Parental obesity also more than doubles the risk of
adult obesity among both obese and nonobese children under 10 years of age (154). 

Much work has also been done examining maternal and parental interactions
with children surrounding food and eating. In one study, maternal food offers, food
presentations, and total prompts were all significantly related to children’s intake.
Children who ate the fastest had mothers who delivered eating prompts at a higher
frequency, raising concerns that maternal interactions may cause rapid eating or poor
self-regulation during eating (43).

Data have also suggested that disordered eating patterns can emerge during early
childhood, possibly as a result of parental characteristics. One study showed the risk
for emergence of inhibited eating, secretive eating, overeating, and vomiting
increases annually through age 5

 

.

 

 Maternal body dissatisfaction, internalization of
the thin-ideal, dieting, bulimic symptoms, and maternal and paternal body mass
prospectively predicted the emergence of childhood eating disturbances (142). These
disordered eating patterns could progress to a disregulated pattern of binge eating
and obesity in adolescence. 

 

1.3.7 P

 

SYCHOLOGIC

 

 F

 

ACTORS

 

Disordered eating behaviors have been shown to be associated with greater weight
gain. Patients who report feelings of loss of control over eating weigh more and have
higher depression scores than do patients who feel in control of eating (107). Weight
control practices are relatively common in late childhood and adolescence. Dietary
restraint, self-labeled dieting, exercise for weight-control purposes, and appetite
suppressant or laxative use predict an increased risk for obesity onset in female
adolescents. In fact, self-reported weight reduction practices are more likely to result
in weight gain than in weight loss in adolescent girls; this suggests the need for
ongoing research to find effective weight loss techniques for this population (143).

Adolescents who suffer from major depression are likely to have a higher BMI
in adult life than would be true for adolescents free of depression. Among women,
some studies have linked obesity to major depression; this relationship becomes
more positive among those of high socioeconomic status (SES)

 

.

 

 However, among
men, there appears to be an inverse relationship between depression and obesity,
and no correlation with SES (145).

Binge eating has a significant effect on glucose and insulin metabolism, even in
lean women. Eating an entire day’s worth of calories in a single sitting more than
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doubled insulin levels in healthy volunteers, even when glucose was corrected for. This
suggests that bingeing may lead to insulin resistance and predispose to obesity (146).

 

1.3.8 H

 

ORMONAL

 

/P

 

HYSIOLOGY

 

Increasing evidence points to the hypothalamic-pituitary-adrenal (HPA) axis and the
arousal/sympathetic system as being major mediators in the development of obesity.
Principal hormones implicated are corticotropin-releasing hormone (CRH), arginine
vasopressin, melanocyte-stimulating hormone, glucocorticoids, neuropeptide Y
(NPY), and the catecholamines, norepinephrine and epinephrine. 

Glucocorticoids promote food consumption directly through stimulation of NPY
and inhibition of CRH and of melanocortin release. CRH and NPY are also func-
tionally linked by mutual regulation. Sustained stimulation of the HPA axis by CRH
seems to promote weight gain. Furthermore, glucocorticoids may increase visceral
abdominal fat stores (35), as well as metabolic abnormalities. Hypertension is prob-
ably due to a parallel activation of the central sympathetic nervous system and
catecholamines (24).

Insulin regulation also plays a large role in the hormonal cycle contributing to
obesity. Insulin resistance has been shown to increase weight gain. Fasting plasma
insulin levels were significantly greater in obese adolescents than in lean controls
(8). Sex differences in insulin resistance exist, even in early childhood, with girls at
5 years of age exhibiting 35% higher insulin resistance than boys, even when
corrections are made for differences in body composition (108). Disturbances in
pathways of insulin-mediated lipolysis also play a role in the origin of obesity and
in Type 2 diabetes mellitus (25).

Obesity is clearly associated with increased levels of the recently discovered
hormone leptin. Leptin is a hormone secreted from adipocytes that moderates food
intake and energy expenditure. Circulating levels correlate with body fat and BMI
(106). Leptin increases in boys and girls from 5 to 15 years of age, before the
appearance of other pubertal hormones. Leptin levels are lower in boys than girls,
and they decrease in males coinciding with a pubertal rise in testosterone. Leptin is
therefore implicated as being a hormone that interplays closely with the initiation
of puberty (63).

Ghrelin is a gastric hormone that has received much attention for its effect on
appetite and weight regulation. Ghrelin has adipogenic properties, and increased
levels are thought to contribute to hyperphagia. It has been shown to modulate
pituitary hormones. It has also been found to be negatively correlated with andro-
stenedione production in women (112). In fact, androgens are independent modu-
lators of circulating ghrelin concentrations (60).

 

1.4 COMORBIDITIES

1.4.1 HYPERLIPIDEMIA/CARDIAC RISK

Hyperlipidemia is a common complication of obesity in childhood. It is thought also
to be related to insulin resistance. In obese adolescents, the degree of insulin resis-
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tance explains a significant portion of the variance in the levels of triglycerides,
LDL-C, and HDL-C (141). Studies have shown the occurrence of atherosclerotic
lesions in the vasculature by late adolescence and have also shown that hyperlipi-
demias are a common factor in the development of these lesions. Because coronary
artery disease is a leading cause of death in adulthood, it is critical to screen for
early-onset hyperlipidemia. How to screen for lipid disorders and cardiovascular
risk is well described in several position papers (82,84,157).

The National Cholesterol Education Program guidelines suggest that all children
with obesity undergo testing for lipid abnormalities, usually with a fasting lipid
profile. LDL-C cholesterol levels less than 110 mg/dl are considered acceptable, and
levels greater than 130 mg/dl are considered elevated. LDL-C levels of 110 to 130
mg/dl are considered borderline and necessitate repeat measurement in 1 year. The
finding of elevated LDL-C values should trigger an individualized treatment plan,
including dietary advice (16).

Increases in BMI have been shown to be correlated with increases in future
cardiovascular risk (56,57,19). They also correlate with increased left ventricular
size and relative wall thickness, both thought to be risk factors for future cardiovas-
cular disease (77,103). Unfavorable levels of fitness and adiposity in obese children
have been associated with higher levels of hemostatic and inflammatory markers,
possibly putting children with this profile at greater risk for future cardiovascular
disease (12,71).

There are also known ethnic differences in cardiovascular risk, with higher BMIs
in Black and Mexican American girls than in White girls, evident by the age of 6
to 9 years. Blood pressure levels are higher in Black than White girls in every age
group, and glycosylated hemoglobin levels are highest for Black and Mexican
American girls and boys in every age group (158).

1.4.2 TYPE 2 DIABETES/GLUCOSE INTOLERANCE

The incidence of Type 2 diabetes in childhood is rising dramatically, now represent-
ing up to 45% of all diabetes reported among children and adolescents
(9,38,111,124). Impaired glucose tolerance is also found in large numbers in young
obese cohorts. A recent study examined a multiethnic cohort of 167 obese children
and adolescents. All subjects underwent a 2-h oral glucose-tolerance test (1.75 mg
of glucose per kilogram of body weight), with analyses for glucose, insulin, proin-
sulin, and C-peptide levels. Impaired glucose tolerance was detected in 25% of the
55 obese children (4 to 10 years of age) and in 21% of the 112 obese adolescents
(11 to 18 years of age). 4% of the obese adolescents were diagnosed with Type 2
diabetes after testing. Insulin resistance was the best predictor of impaired glucose
tolerance in this cohort (134).

Obesity is a known contributor to the development of Type 2 diabetes and
cardiovascular risk in youths. Other risk factors include increased body fat and
abdominal fat, insulin resistance, ethnicity (with greater risk in African American,
Hispanic, and Native American children), and onset of puberty. These risk factors
appear to be cumulative in their interactions and may be even more problematic
during early adolescence, with changes in body fat stores and hormonal signaling
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(64). A final risk factor is a family history of non–insulin-dependent diabetes mellitus
(NIDDM). Because NIDDM leads to long-term morbidity, the prevention of obesity,
as well as early identification of overt disease, is critical (116).

1.4.3 POLYCYSTIC OVARY SYNDROME AND MENSTRUAL 
IRREGULARITIES

The polycystic ovary syndrome (PCOS) is a condition characterized by menstrual
irregularity, usually oligomenorrhea or amenorrhea, in a setting of chronic hyper-
androgenism. The name, originating from Stein and Leventhal’s original autopsy
studies, is a misnomer, as many patients with PCOS do not have polycystic ovaries
on ultrasound, and many patients with multiple cysts on their ovaries do not have
PCOS. Ovarian cysts can be a normative finding in pubertal girls. Approximately
50 to 75% of women with PCOS are obese, most of them characterized by visceral
abdominal obesity. Obesity may play a causative role in the development of PCOS
in susceptible individuals. It certainly seems to contribute to the insulin resistance
experienced by many women with PCOS (54,61,65).

1.4.4 HYPERTENSION

Childhood hypertension is an increasingly common complication of obesity. Other
risk factors include a family history of hypertension and an ethnic predisposition
to hypertensive disease. Obese children have three times the risk for hypertension
of nonobese children. In addition, the risk of hypertension in children increases as
BMI increases. Overactivity of the sympathetic nervous system in response to stress
and insulin resistance contribute to the development of hypertension in children, as
in adults. Similarly, weight loss can produce dramatic improvements in blood
pressure (110,138).

1.4.5 METABOLIC SYNDROME

The metabolic syndrome is a newly described clustering of metabolic risk factors
known to have a significant and negative impact on cardiac outcome and throm-
botic and inflammatory risk. The factors include abdominal obesity, decreased
HDL, elevated triglycerides, insulin resistance or diabetes, and elevated blood
pressure. Please see Table 1.2 for the definition of metabolic syndrome in adults
using ATP III guidelines. No age-specific guidelines for diagnosis have been
published for children, although most specialists adapt these guidelines for pedi-
atric patients (68). 

The metabolic syndrome prototype has been found to be shockingly prevalent
in obese children. In 439 obese, 31 overweight, and 20 nonobese children and
adolescents studied, the prevalence of the metabolic syndrome increased with the
severity of obesity and reached 50% in severely obese youth. Each half-unit increase
in BMI (converted to an age-appropriate Z-score) was associated with an increase
in the risk of the metabolic syndrome among overweight and obese subjects. The
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prevalence of the metabolic syndrome increased significantly with increasing insulin
resistance, even after the data were normalized for ethnic group and the degree of
obesity. C-reactive protein levels increased and adiponectin levels decreased with
increasing obesity (151).

1.4.6 NONALCOHOLIC FATTY LIVER DISEASE/NONALCOHOLIC 
STEATOHEPATITIS

Nonalcoholic fatty liver disease (NAFLD) is currently the most common cause of
elevated liver enzymes in the United States. It is commonly seen in association with
obesity, diabetes, hypertension, and hypertriglyceridemia. Most patients are asymp-
tomatic and usually present with mild elevations in aminotransferases. The natural
history of NAFLD is not clearly defined, but it can progress to cirrhosis and end-stage
liver disease. Insulin-resistant states lead to altered glucose and lipid metabolism,
culminating in hepatic steatosis. This can then progress to nonalcoholic steatohep-
atitis (NASH) or cirrhosis through mechanisms that are not yet well elucidated
(1,73). In one study examining morbidly obese adults undergoing gastric bypass,
65% of the patients had moderate to severe steatosis, 12% had advanced fibrosis,
and 33% had NASH on liver biopsy preoperatively. The factor that most correlated
with abnormal liver biopsy findings in these patients was the presence of Type 2
diabetes, not BMI. This observation adds support to the concept that insulin resis-
tance plays a critical role (21). It is as yet unknown how common this disorder is
in obese children and adolescents. 

1.4.7 SLEEP APNEA

Obstructive sleep apnea (OSA) is also growing more and more common in the setting
of extreme childhood obesity. This condition has a known link to future cardiovas-
cular disease (2,131).

Current recommendations state that all children should be screened for snoring,
and those who snore should be tested by polysomnography to determine if they have
OSA (2,100).

TABLE 1.2
Characteristics of the Metabolic
Syndrome

• Abdominal obesity

• Hypertriglyceridemia

• Low HDL cholesterol

• Hypertension

• Impaired glucose tolerance

Source: Adapted and modified from (68).
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1.4.8 ORTHOPEDIC COMPLICATIONS

Overweight children are at increased risk for a number of weight-related orthopedic
complications. Chronic excess weight can lead to a bowing of the tibia and femur,
causing an overgrowth on the medial aspect of the proximal tibial metaphysis called
Blount’s Disease. Slipped capital femoral epiphysis (SCFE) can also result from
excess weight and is considered an orthopedic emergency. Finally, many overweight
patients have degenerative disease of the spine, leading to discomfort and decreased
mobility due to excess pressure on the lower spine from their body mass (39). 

1.4.9 IDIOPATHIC INTRACRANIAL HYPERTENSION 
(PSEUDOTUMOR CEREBRI)

Idiopathic intracranial hypertension (IIH) is a rare disorder in children, although up
to 59% of children and 91% of late adolescents with IIH are also obese (10,86). It
is characterized by increased intracranial pressure in the absence of other intracranial
pathology. It often presents with headaches and can sometimes lead to severe visual
impairment or blindness. Papilledema is often found in a physical examination. To
diagnose IIH, the following criteria must be present: symptoms of increased intrac-
ranial pressure (ICP), a normal neurologic exam and mental status, normal
brain-imaging results, evidence of increased ICP on exam and by lumbar puncture
opening pressure, normal CSF findings, and no identifiable cause of increased ICP.
These criteria, also called the Dandy criteria, must be met to diagnose IIH. Once
diagnosed, IIH requires prompt treatment, with weight reduction paramount to
reduce the risk of further complications (23). 

1.4.10 GALLBLADDER DISEASE

Nearly 50% of cases of cholecystitis are associated with obesity. Weight reduction
can also be complicated by cholelithiasis. A sharp index of suspicion for this
condition coupled with a family history of gallbladder disease can help with early
diagnosis and treatment (39).

1.4.11 PSYCHIATRIC CONDITIONS

Overweight children and adolescents appear to be at risk of disordered eating, most
commonly overeating and binge eating disorder. Overweight adolescents tend to
engage in significantly more unhealthy behaviors and to experience more psycho-
social distress than their nonoverweight peers. Among the overweight youth, high
levels of family connectedness and modest parental monitoring constitute factors
that can reduce psychosocial pathology (101).

Overeating appears to be quite common in young people, with 17.3% of girls
and 7.8% of boys reporting such behavior. Youth who overeat are more likely to be
overweight or obese, to have dieted in the past year, to be trying to lose weight
currently, and to report that weight and shape are very important to their overall
feelings about self. In the study by Ackard et al. (3), children and adolescents who
met the criteria for binge eating syndrome demonstrated lower satisfaction with their
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body, lower self-esteem, and higher measures of depressive mood than those who
reported either subclinical or no binge eating. Of those who met criteria for binge
eating syndrome, 28.6% of the girls and 27.8% of the boys reported that they had
attempted suicide (3).

Another study shows a relationship between depressive symptoms and BMI in
preadolescent girls, mediated by overweight concerns, but this was not true for boys
of the same age (49). Other studies have demonstrated increased victimization and
bullying behaviors with increased BMI (80).

1.5 EVALUATION OF THE OVERWEIGHT CHILD

1.5.1 SCREENING

Multiple position papers have been published to help guide the complex evaluation
of the overweight child. A committee of pediatric obesity experts developed stream-
lined recommendations for clinicians (13). They recommended that the BMI be
calculated and assessed at every visit. Thus every visit provides an opportunity to
identify children at risk. All children with a BMI greater than or equal to the 85th
percentile who have complications due to obesity, or with a BMI greater than or
equal to the 95th percentile, with or without complications, should undergo evalu-
ation and possible treatment (13). Figure 1.1 provides a chart of recommended
overweight screening procedures.

1.5.2 NUTRITION ASSESSMENT

A separate nutrition evaluation conducted by a licensed dietician experienced in
obesity is a critical component of the evaluation of the overweight child. A full
dietary history can be elicited, with calorie counts. Food frequency checklists, with
special attention to sugared drinks and juice consumption, convenience and fast
foods, and the content of school lunches, should be completed (37). Food diaries
should be interpreted with caution, as self-reporting of food intake has known
limitations (99). If the validity of food journals or the diet intake history seems
questionable, indirect calorimetry can be a helpful adjunct to determining resting
energy expenditure levels (128). Practitioners need not worry that asking questions
about risky eating behaviors, such as purging or diet pill usage, leads to an increase
in risky eating behaviors in children and adolescents (36).

1.5.3 HISTORY AND PHYSICAL EXAMINATION

When children meet overweight criteria, they should be subjected to a thorough
medical and nutritional assessment. Clinicians should examine and screen clinically
for signs of rare exogenous causes of obesity, including genetic syndromes, endo-
crinologic diseases, and psychologic disorders. However, these are rarely seen and
can often be ruled out on physical exam. If a child is not experiencing delayed linear
growth, an endocrinologic cause is unlikely. If no developmental delay and no
dysmorphisms are present, genetic conditions are unlikely. It is recognized that
parents are often seeking a medical cause. Frequently, parents require reassurance
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that no further workup is necessary, but that screening for comorbidities and treat-
ment should be initiated without delay. Specific features that should be included in
the history and physical exam are listed in Table 1.3.

The American Academy of Pediatrics (AAP) committee recommends screening
for hypertension, hyperlipidemia, orthopedic difficulties, OSA, gallbladder disease,
and insulin resistance. Pseudotumor cerebri should be screened for by conducting
a fundoscopic exam. It is desirable to screen adolescent females for PCOS, as the
condition is extremely common in this population and can increase future diabetes
and lipid risk levels. Many people with obesity are diagnosed with asthma, when
their breathing difficulties are due more to thoracic restriction from their increased
BMI and undertraining. Therefore, it is important to elicit a history of breathing
difficulties, along with a family history of asthma and allergies. Prior to starting
chronic long-term anti-inflammatory agents, a full round of pulmonary function tests
should be undertaken, including an exercise challenge, if the diagnosis of exer-
cise-induced asthma is being considered. Screening for binge eating and purging
behaviors, along with body image dysmorphisms and dietary supplement usage, is
also wise, as these issues frequently coexist with difficulties in regulating weight.
Table 1.4 lists laboratory and clinical tests and gives contexts in which they would
be appropriate.

FIGURE 1.1 Screening guidelines. (From Barlow, S., Dietz, W.H. Pediatrics 102: e29, 1998.
With permission.)
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1.5.4 REFERRAL CONSIDERATIONS

Occasionally, a child suffers from severe obesity or is particularly difficult to manage
in the primary care setting. Clearly, every practitioner develops his or her own
comfort level in this management. If a child is found to have a significant comor-
bidity, a referral to a relevant subspecialist is appropriate. AAP guidelines for further
referral to a pediatric obesity specialist include: 

TABLE 1.3
History and Exam Findings

Exam Portion Findings Conditions

History Developmental delay
Poor linear growth
Headaches
Snoring, difficulty breathing
Abdominal pain
Hip or knee pain
Menstrual irregularity 

Genetic disorder
Endocrine disorder
Pseudotumor cerebri
Sleep apnea
Gallbladder disease
SCFE
PCOS

Family History Obesity
NIDDM
Cardiovascular disease
Hypertension
Hyperlipidemia
Gallbladder disease

Social/Psychological 
History

Full physical activity and sedentary 
behavior history: computer, television, 
game use 

Tobacco use
Drug use
Dietary supplement use
Bingeing
Purging
Depressive symptoms

Physical Examination Height, weight, BMI
Blood pressure > 95th percentile for age
Acanthosis nigricans
Hirsutism
Acne
Violaceous striae
Fundoscopic exam
Abdominal tenderness
Undescended testicle
Limited hip range of motion
Lower leg bowing

Hypertension
NIDDM, insulin resistance
Androgen excess, PCOS
Androgen excess, PCOS
Cushing’s Syndrome
Pseudotumor cerebri
Gallbladder disease
Prader–Willi Syndrome
SCFE
Blount’s Disease

Note: For abbreviations, see Note in Table 1.4.

Source: Adapted from Barlow, S., Dietz, W.H. Pediatrics 102: e29, 1998. With permission. 
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Pseudotumor cerebri 
Obesity-related sleep disorders
Orthopedic problems
Massive obesity
Obesity in children younger than 2 years of age (13)

1.6 TREATMENT

1.6.1 GENERAL CONSIDERATIONS

Primary objectives in obesity treatment in pediatrics always involve teaching healthy
behaviors, increasing activity, and teaching about sound nutritional practices. Treat-
ment of the overweight child first depends on the age of the child and the severity
of disease. Unless a child 2 to 7 years of age suffers from a weight-related medical
complication (e.g., sleep apnea) and has a BMI above the 95th percentile for age,

TABLE 1.4
Laboratory and Other Testing Considerations

Laboratory/Clinical Test Reason

CBC, plus differential chemistries General screen
Fasting lipid panel Hyperlipidemia screen, yearly
Fasting glucose and insulin Insulin resistance, NIDDM, yearly

Criteria for NIDDM include (see Nesmith, 2001): 
• Random blood glucose > 199
• Fasting blood glucose > 125
• 2-h postprandial glucose > 199 during 2-h oral 

glucose tolerance testing
Two-hour oral glucose tolerance testing NIDDM, as necessary
LH, FSH, free and total testosterone, DHEA-S,
androstenedione

PCOS: indicated with obesity and menstrual 
irregularity with or without signs of androgen excess

Hepatic function tests NAFLD, yearly
Ultrasound of right upper quadrant NASH, gallbladder disease
MRI brain Pseudotumor cerebri: when fundoscopic exam shows 

blurring of optic disc margins
Polysomnogram OSA: with history of snoring
X-rays: AP and frog leg of hips SCFE: with limitation of hip range of motion
Pulmonary function testing with exercise 
challenge, if indicated

With difficulty breathing

EKG, echocardiogram With difficulty breathing, in severe obesity
Calorimetry More accurate estimation of baseline caloric 

requirements

Note: NIDDM = non–insulin-dependent diabetes mellitus; LH = lutenizing hormone; FSH = follicle
stimulating hormone; DHEA-S = dehydroepiandrosterone sulfate; PCOS = polycystic ovary syndrome;
NAFLD = nonalcoholic fatty liver disease; NASH = nonalcoholic steatohepatitis; OSA = obstructive
sleep apnea; SCFE = slipped capital femoral epiphysis; EKG = electrocardiogram.
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the treatment recommended consists of a program of weight maintenance. For the
rare patient in this age range who is truly suffering a significant medical comorbidity,
careful, medically supervised weight loss is the recommended course. 

If the patient is 7 years of age or older, with a BMI between the 85th and 94th
percentiles, and has no complications, weight maintenance should still be the focus
of treatment. However, if patients this age have medical complications, or if their
BMI is greater than the 95th percentile for age, medically supervised weight loss is
recommended. Once the severity of the disease is categorized, an assessment of
patient and family readiness to engage in treatment must take place. Most successful
long-term weight treatment programs for children include a significant family com-
ponent, and parents must be committed to behavior change if improvement is to
occur. Helping with appropriate teaching of parenting skills and family support is
a foundation of any weight maintenance or weight loss program for children (13).

1.6.2 BEHAVIOR CHANGE

Ten-year follow-up of children participating in four different family-based group
behavior change studies that used the Traffic Light Diet showed a significantly larger
decrease in the percentage of overweight patients if their parents had also been
targeted, as compared to controls whose families were not involved. In one of the
studies, a larger decrease was seen in children of nonobese parents than in patients
whose parents were obese. All in all, 30% of patients were not obese at their 10-year
follow-up. All four studies targeted children aged 6 to 12 years who weighed from
20 to 100% above their ideal body weight and where at least one parent was willing
to participate (48). Another study showed that in a family-based behavior change
program for overweight Black adolescent females, patients lost more weight with
each increase in maternal session attendance (149). Regression analysis of 142
parent–child pairs in Traffic Light Diet programs showed that parental weight change
is a significant predictor of the child’s weight change (159). Additionally, in one
family-based program, as maternal psychopathology was reduced in the course of
treatment of the child, the psychological symptoms improved as well. Therefore,
family-based treatment programs for obesity lead to both medical and psychiatric
benefits (109). 

In addition to structured parental involvement where parent groups meet sepa-
rately from the children groups, features of behavioral treatment programs that have
been found helpful include frequent sessions, longer treatment, and the inclusion of
individualized counseling with the group sessions. Clear and simple diets, physical
activity programs, emphasis on reduction of sedentary behaviors and teaching skills
for high-risk situations, and relapse prevention are important components of a
well-structured pediatric weight program (118).

1.6.3 PHYSICAL ACTIVITY

The majority of studies confirm that physical activity has protective health effects
at any weight (26). In a recent study of women, physical fitness levels were more
predictive of cardiac risk factors and coronary artery disease than was body mass
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index (152). Most weight loss experts advocate a combination of aerobic and strength
exercises, combined with behavioral modifications and calorie reduction, for optimal
results in weight reduction (6). A referral to physical therapy can be helpful in
establishing such a program.

In the pediatric population, exercise has shown similar benefits. Youths with
poor fitness levels and high adiposity have higher levels of hemostatic markers; this
may increase their risk of future cardiovascular disease (12). Becque et al. (15)
examined multiple risk factors in 36 obese adolescents, including serum triglycer-
ides, total cholesterol, HDL, maximum work capacity, obesity, and family history
of coronary heart disease. Youths were randomly assigned to control, diet interven-
tion, and diet and exercise intervention groups. Youths assigned to the diet and
exercise group had a 41% multiple risk reduction compared to controls, with no
significant differences observed between the diet-alone group and controls (15).
Plasma triglyceride, insulin, and percentage body fat were all improved after 4
months of structured exercise in obese children; these benefits were lost when the
children became less active (51). High-intensity exercise has been shown to be more
effective than moderate activity in improving lipoprotein profiles and diastolic blood
pressure in obese teens (83). Exercise interventions have also produced favorable
changes in body composition of obese youth, their visceral adipose tissue, insulin
levels, triacylglycerol levels, and cardiac parasympathetic activity; these were
achieved without additional dietary interventions (70). Finally, cardiovascular fitness
significantly improves in obese youth with physical training, especially with
high-intensity exercise (69).

1.6.4 DECREASING SEDENTARY BEHAVIORS

Given the increasing prevalence of sedentary behaviors, such as television viewing,
video-game playing, and computer use, among children and adolescents, much
attention has been paid to the question of how to reduce these behaviors, so as to
be able to bring about weight loss. Identifying these behaviors is as helpful as
increasing physical activity in the adolescent population (46). A school-based study
involving a 6-month classroom curriculum to reduce television, videotape, and video
game usage in 3rd and 4th graders showed statistically significant decreases in BMI,
triceps skinfold thickness, waist circumference, and waist-to-hip ratio in the inter-
vention group as compared with controls. Studies such as this highlight the impor-
tance of reducing sedentary behaviors to achieve effective weight control in the
pediatric population (121).

1.6.5 NUTRITION

No weight program can be successful without some ordered approach to improved
nutrition. However, the many diets advertised in today’s culture present a dizzying
array of options and make an evidence-based approach difficult. The most com-
monly used nutritional interventions, involving caloric reduction, are reviewed
below. Liquid diets have not been well studied in children and therefore are not
reviewed. 
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1.6.5.1 Increased Dairy Consumption

The Coronary Artery Risk Development in Young Adults (CARDIA) study showed
that in overweight subjects, increased dairy consumption was strongly and inversely
associated with obesity, glucose intolerance, hypertension, and hyperlipidemia. Risk
of developing the metabolic syndrome involving these conditions was 72% lower
among individuals in the highest dairy consumption category (115). Numerous
studies have shown the impact of calcium and dairy intake on weight loss. Dairy
food intake, when combined with caloric reduction, has been shown to be more
helpful than simple calcium supplementation with regard to weight loss and metab-
olism. The reason for this effect of dairy products is not clear (147,148).

1.6.5.2 Low-Fat Diet 

Low-fat diets are often based on the U.S. Department of Agriculture (USDA) food
guide pyramid, a commonly used tool for weight reduction. These diets usually
suggest that approximately 20 to 30% of daily caloric intake should come from
dietary fats. These diets focus on increasing servings in the lower part of the food
pyramid (grains, fruits, vegetables) and decreasing saturated fat and sweet consump-
tion (130). This provides a safe approach to the reduction of serum lipids as well.
The American Heart Association recommends a diet that is also low in trans-fats to
help with combating atherosclerosis. Jenkins et al. have shown that a low-fat diet
that includes additional supplementation with plant sterols, soy proteins, and extra
fiber led to impressive reductions in serum LDL and total cholesterol (7,81). The
food guide pyramid has undergone extensive revision and can now be individualized
to specific patient needs, based on age and gender (www.mypyramid.gov).

1.6.5.3 Increased Fiber

Increased fiber is an important addition to a healthy diet. Overweight children and
adolescents have been shown to consume significantly less fiber than do their nor-
mal-weight peers (130). Fiber intake is a stronger predictor of weight gain and insulin
levels than is saturated fat intake. Fiber intake varies inversely with both variables
(95). It is also independently and inversely associated with serum CRP concentra-
tions and appears to be a predictor of future cardiovascular risk (5). Multiple studies
have shown benefits when weight loss regimens include attention to increased fiber
intake (90). 

1.6.5.4 Moderate-Fat Diet

In this diet, approximately 35% of daily calories are derived from fat. Low-fat diets
have traditionally been recommended for weight loss, but not much research has
focused on simply moderating fat intake until recently, when the health benefits of
including omega-3 and omega-6 essential fatty acids in the diet became known
(17,32,133). Overweight and obese men and women achieved similar weight loss
when assigned to a moderate-fat compared with a low-fat regimen, and their lipo-
protein profiles improved (114).
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1.6.5.5 Traffic Light or Stop Light Diet

Originally designed by Epstein et al. (47,48), this diet has been studied extensively
in young children and has shown good outcomes. It is a low-calorie eating plan that
categorizes foods into green, yellow, and red groups. Green foods are low-calorie
items that may be consumed in unlimited quantities. Daily intake of yellow foods
must be limited, but they provide good nutrient density. Red foods should be eaten
infrequently, as they are high in fat and refined sugars (47,48).

1.6.5.6 Low-Carbohydrate Diet

Low-carbohydrate approaches have been the subject of many recent studies. A
low-carbohydrate diet seems to be safe in adolescent subjects with morbid obesity,
as it leads to overall weight loss. Loss of lean body mass is blunted, but consumption
of the diet improves sleep abnormalities (156). One 12-week study in overweight
adolescents showed significantly greater weight loss with a low-carbohydrate diet
compared with a low-fat diet, with no adverse effects on lipid profiles in either group
(137). In another study of severely obese subjects with a high prevalence of insulin
resistance, patients lost more weight and had greater improvement in insulin and
triglyceride levels on a low-carbohydrate diet than on a low-fat diet. This was true
even after the amount of weight lost was taken into account (126). Longer-term
trials of low-carbohydrate and conventional diet approaches have not, however,
shown significant differences in weight reduction by 1 year (53). A recent meta-
analysis concluded there was no evidence for or against the use of low-carbohydrate
diets for the purpose of weight loss (30).

1.6.5.7 Low–Glycemic Index Diet

The glycemic index is an evolving area of interest for obesity researchers, as a diet
focusing on foods with a low to moderate GI may be helpful in achieving meaningful
weight loss (37,97,140). In one small study of 14 adolescents, those on a low- to
moderate-GI diet lost significantly more weight and showed less of an increase in
insulin resistance over a 12-month period than did the youth assigned to a low-fat
diet (25 to 30% of energy from fat; 44). Meals with low GI prolong satiety; this
may increase their efficacy as a means to lose weight (11).

1.6.5.8 Protein-Sparing Modified Fast

The protein-sparing modified fast (PSMF) approach is generally reserved for ado-
lescents and adults suffering from severe obesity, and it is often prescribed for
patients hospitalized for obesity. If used on an outpatient basis, it requires very close
medical monitoring, daily supplements, adequate water intake, and the frequent
measurement of electrolyte levels in order to ensure safety. The diet typically allows
for 600 to 900 kcal daily, with 1.5 to 2.5 g/kg/d of protein, with intakes of carbo-
hydrate (20 to 40 g/d) and fat very restricted. These diets are usually not used for
periods longer than 12 weeks. Described complications of the PSMF include
cholelithiasis, hyperuricemia, orthostatic hypotension, halitosis, and diarrhea.
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Because of high dropout rates due to this regimen, studies have been difficult to
interpret (37,160). One study showed greater weight loss at 10 weeks in children
taking the PSMF, but at 1 year the weight loss was not significantly different from
that of controls on a standard low-calorie diet (52).

1.6.6 PHARMACOTHERAPY

Because obesity frequently becomes a chronic condition that progresses from child-
hood to adulthood, the use of medications to help with metabolic and weight control
is alluring. Multiple weight loss medications and supplements are targeted at adults
with obesity. Very few weight loss medications have been studied in the pediatric
population, and usually such medications are indicated only for severe obesity that
has not responded to other measures (37). To date, no studies have been conducted
that have examined these medications in a long-term, randomized, double-blind,
placebo-controlled trial and compared them with a program that involves diet,
exercise, and behavior modification. The findings in children and adolescents of
certain currently used weight loss medications are reviewed below, but the results
should be interpreted with caution, as the studies are limited and the medications
carry risk (160,162).

1.6.6.1 Sibutramine

Sibutramine is an inhibitor of the synaptic reuptake of norepinephrine, serotonin,
and dopamine. It has been shown to decrease weight in adults in a 6-month to 1-year
randomized, double-blind, placebo-controlled study (31). Side effects usually
include mild hypertension and tachycardia. Other common adverse reactions include
dry mouth, headache, insomnia, and constipation. Sibutramine should not be admin-
istered in conjunction with monoamine oxidase inhibitors or other serotonin reuptake
inhibitors (160,162). In a recent trial involving 82 adolescents that compared sibutra-
mine combined with behavior therapy with behavior therapy alone, the sibutra-
mine-treated group lost significantly more weight and reported less hunger than the
control group over a period of 6 months (20).

1.6.6.2 Orlistat

Orlistat is a gastrointestinal lipase inhibitor and can have modest efficacy in adults
attempting weight loss for up to 2 years. To date, there are no published randomized,
placebo-controlled trials of orlistat in children or adolescents, although such studies
are currently ongoing. Common side effects of orlistat include flatulence, fecal incon-
tinence, steatorrhea, and a decrease in the levels of fat-soluble vitamins (160,162).

1.6.6.3 Octreotide

Octreotide, or somatostatin, is a suppressor of pancreatic insulin secretion. Hyper-
insulinemia that may be mediated by the ventromedial hypothalamus may be a
stimulus for overeating in children who sustain damage to that area of the brain.
Lustig et al. reported that children with intractable obesity due to intracranial therapy
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for cancer experienced significant weight reductions as a result of using octreotide.
Octreotide is injected and can cause pain at the injection site. Side effects include
gallstones, diarrhea, abdominal pain, nausea, cardiac abnormalities, vitamin B12

deficiency, hypothyroidism, suppression of growth hormone secretion, and Type 1
diabetes. Octreotide is being studied as a treatment of hypothalamic obesity, but it
clearly requires more study before it can be used more widely (160,162).

1.6.6.4 Metformin 

Metformin, which inhibits hepatic glucose production, is indicated in the treatment
of Type 2 diabetes and can cause weight loss in adults. In a randomized, pla-
cebo-controlled trial of 29 obese adolescents with hyperinsulinemia, Freemark
and Bursey (58) showed there occurred significant decreases in BMI in the treated
group, compared with the placebo group. Metformin also had favorable effects
on leptin, insulin, and glucose in treated subjects (58). Another randomized,
double-blind, placebo-controlled trial in obese adolescents with hyperinsulinemia
on a low-calorie diet showed greater weight loss, greater decrease in body fat,
and enhanced insulin sensitivity when the subjects were given metformin in
conjunction with the reducing diet than when on the diet only. The treatment
group also showed significant reductions in plasma leptin, cholesterol, triglycer-
ides, and free fatty acid (FFA) levels, compared with the placebo group (85). By
and large, metformin is well tolerated, although it can cause nausea, flatulence,
bloating, and diarrhea. On rare occasions, metformin causes lactic acidosis. The
estimated rate is 3 per 100,000 patient-exposure years, and it affects primarily
patients with renal insufficiency, decreased perfusion, cardiac or pulmonary insuf-
ficiency, or liver disease. Clearly the use of metformin is contraindicated in those
conditions (160,162).

1.6.7 WEIGHT LOSS SURGERY

Recently, guidelines have been published to elucidate when weight loss surgery
might be considered for treatment of severe refractory obesity in the pediatric
population, as this procedure is becoming more common (79,62). Weight loss
surgery has been shown to be curative for diabetes mellitus in adult subjects (127).
It also lowers insulin resistance and raises glucose tolerance (18,102). Weight loss
surgery in adults leads to significant improvement in clinical signs of the metabolic
syndrome and of hepatic cirrhosis (91). Initial results published in the adolescent
population are promising, with case series showing weight reductions in excess of
30 kg. These studies are too small adequately to assess long-term success and risks,
but they have shown few unanticipated complications in the initial postoperative
periods (78,144). Criteria for bariatric surgery in the pediatric population are listed
in Table 1.5.

Contraindications to surgery include a medically correctable cause of obesity,
recent history of substance abuse, any condition that would impair adherence to
postoperative dietary or medication regimens, current lactation or pregnancy, or
planned pregnancy within 2 years postoperatively. The currently recommended pro-
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cedure in the adolescent population is the laparoscopic Roux-en-Y gastric bypass.
Potential postoperative complications may include intestinal leakage, strictures,
small bowel obstruction, infection, cholelithiasis, nutritional deficiencies, throm-
boembolism, and even death (33,62,79).

For a discussion of bariatric surgery in adults, see Chapter 3.

1.6.8 HAZARDS OF WEIGHT LOSS

Rapid and profound weight loss is associated with dangers of its own. When obese
subjects are placed on very low calorie diets, they experience a loss of myocardial
muscle mass. Ventricular tachyarrhythmias, prolongation of the QT interval, syn-
cope, and sudden death are known complications of such regimens (42,132,139). It
is clearly important, therefore, not to endorse a regimen that is dangerously low in
calories or that causes extremely rapid weight loss.

Studies that have examined the risk of developing eating disorders after efforts
at weight loss have shown that girls who have great concern about their weight are
more likely to develop eating disorders (88,89). In another study, girls at high risk
for symptomatology of bulimia nervosa had significantly heavier body weights and

TABLE 1.5
Criteria for Bariatric Surgery in Adolescents

BMI 40 and at least one of the following:
•  Diabetes mellitus type 2
•  Sleep apnea
•  Pseudotumor cerebri
or
BMI ≥ 50 with less serious comorbidities: 
•  Hypertension
•  Dyslipidemia
•  Nonalcoholic steatohepatitis (NASH)
•  Venous stasis
•  Impaired activities of daily living (ADL)
•  Intertriginous infection
•  Stress incontinence
•  Gastroesophageal reflux disease (GERD)
•  Weight-related arthropathies
•  Obesity-related psychosocial disease
Additional criteria:
•  Skeletal maturation

 Girls ≥ 13 years old
 Boys ≥ 15 years old

•  Psychiatric evaluation
•  Participation in at least 6 months of organized attempts at weight management

Source: Adapted from information in (79).
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greater fear of weight gain. They also had greater dissatisfaction with their bodies
than did others without such symptoms (87). There are no long-term prospective
studies of treatment outcomes with respect to the development of disordered eating.
Therefore, even though it may be intuitively obvious that this population is at risk
when undergoing supervised weight loss, caution is indicated before excluding
potential subjects from treatment.

1.7 CONCLUSIONS AND FUTURE DIRECTIONS

In summary, obesity is affecting children in developed countries in epidemic pro-
portions. Body mass index for age is the measure of choice to define obesity in a
pediatric patient. Thorough evaluations should screen for all related comorbidities,
as they are becoming more common. Therapy rests on behavior change, increased
activity, decreased sedentary activities, and diet modifications. However, in extreme
cases, pharmacotherapy and even bariatric surgery may be considered in the thera-
peutic plan. 

Health care providers need more education and support to be able to care
adequately for this population. Continuing education, Web-based resources, and
structured questionnaires are examples of supports that providers have found helpful.
Improved techniques for addressing poorly motivated or noncompliant patients and
families are also needed (cf. Chapter 7). National media and local advocacy initi-
atives may prove to be helpful in this regard (14). Physicians and other professionals
concerned with the growing problem of obesity should play a leadership role in
pressing for improved insurance coverage for overweight children, in urban planning
initiatives for active recreational facilities, and in monitoring media advertising.
Providers should continue to educate schools and local city planning commissions
about the dangers of dietary fats, trans-fats, and sweetened beverages, and they
should emphasize the importance of physical activity in schools and communities.
Table 1.6 provides a list of Web sites that provide further information on the topics
discussed in this article.

TABLE 1.6
Helpful Web Sites

Centers for Disease Control www.cdc.gov
Office of the Surgeon General www.surgeongeneral.gov
President’s Council on Physical Fitness and Sports www.fitness.gov
American Academy of Pediatrics www.aap.org
American Heart Association www.americanheart.org
Steps to a Healthier U.S. Initiative www.healthierus.gov/steps
North American Association for the Study of Obesity www.naaso.org
Food guide pyramid www.mypyramid.com
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2.1 INTRODUCTION

Over the past 30 years, obesity has emerged as the latest epidemic to adversely
impact the health of people of all ages and races, mandating the need to address
health and nutrition in every medical practice from pediatrics to geriatrics. To
highlight the significance of the obesity epidemic, as of 2002, the CDC reports that
between 300,000 and 400,000 obesity-related deaths in the United States have
occurred, making obesity the number two preventable cause of death in the United
States (70). It is projected that obesity will soon surpass smoking as the number one
cause of preventable deaths in the United States. 

When defining obesity, actual body weight and percent total body fat are
important, but these do not indicate body composition or build. The body mass
index (BMI) is a surrogate marker of body fat and correlates with mortality as well
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as risk of developing obesity-related complications. Adult obesity is defined as
having a BMI greater than 30 or greater than 27 with weight-related complication
(12). The primary limitation of the BMI is its inability to discriminate between
total body fat or body fat distribution versus lean tissue. It also has decreased
accuracy in the setting of excess muscle mass, short stature, or loss of significant
muscle mass. In spite of these limitations, the BMI remains the best clinical tool
for defining the risk of obesity-related mortality. The BMI is determined by dividing
the weight in kilograms by the height in meters squared. NHLBI BMI tables are
widely available for clinical use (110). Worldwide, obesity is the latest epidemic
to take its toll on developing nations. Reports from international surveys reveal
that Europe and third world nations have not been spared in this epidemic, high-
lighting the need for a systematic approach to this devastating disease. In Hungary,
it is reported that the number of people with a BMI of greater than 35 has doubled
since 1989. In addition, 80% of Latvian women and 75% of Czech men are reported
to have a BMI above 25. In Prague, it is estimated by researchers that 60% of
middle-aged Czechs are overweight and 22 to 25% of all Czechs are obese.
According to the Bulgarian Association for the Study of Obesity, nearly 56% of
Bulgarians are overweight. This figure compares with the nearly 50% of Serbians,
Slovakians, and residents of Montenegro who are also overweight (109). There are
even case reports of obesity and obesity-related complications affecting pediatric
populations in sub-Saharan African nations such as Senegal (25). These findings
underscore the need for culturally appropriate, multidisciplinary interventions on
a worldwide scale.

While recognition and identification of the problem have been easy, finding a
cure remains an enigma, as do research efforts such as to determine the etiology of
obesity. In the face of the current obesity epidemic, every health care practitioner
is challenged with caring for medically complex overweight and obese patients.
Current treatment includes both medical and surgical interventions, with success
rates for surgical approaches to weight loss at 5 years being superior to that of
medical management (cf. Chapter 3). Yet in clinical practice, surgical interventions
are not appropriate for every patient; therefore, medical management should be the
foundation of any approach to weight control. 

Because obesity is a chronic disease like diabetes or hypertension, it requires a
systematic approach with clearly defined treatment goals and lifelong management.
The incorporation of medical management of obesity into a busy practice can,
however, present an overwhelming challenge to any practitioner. The goal of this
review is to empower health care providers in the trenches by providing clinically
relevant and useful tools from evidence-based data for clinical practice. This chapter
will provide a limited overview of emerging science relative to the genetics of
obesity, discuss the neurohormonal mechanisms that influence food intake, and
review approaches to medical weight management in clinical programs. In addition,
environmental and dietary influences on obesity, as well as FDA approved pharma-
cologic interventions, will be discussed. Emerging data regarding the role of endo-
scopic therapies and minimally invasive devices will be briefly addressed. Surgical
interventions are presented in Chapter 3.
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2.2 DEFINING SUCCESS

Moderate weight loss of 5 to 10% maintained for 1 year is now the benchmark of
success for modern medical weight management programs. Historically, traditional
weight loss programs sought to achieve tremendous weight loss, with attaining the
ideal body weight as the mark of success. Early studies found significant reduction
in obesity-related mortality and improvement in metabolic parameters when very
low calorie diets (98) and gastric bypass surgery were used to induce significant
weight loss (55). Long-term follow-up, however, revealed high levels of recidivism
with weight regain when medical management was the primary mechanism of
weight loss (121). With weight regain, there is reestablishment of the disease-asso-
ciated risks (121). Not only does obesity lead to debilitating medical complications
in nearly every biologic system (41), but there are financial consequences in excess
of billions of dollars per year (82). These findings underscore that obesity is a
chronic disease, necessitating lifelong intervention. This understanding led to
efforts to determine how much weight loss is required to reduce obesity-related
complications and associated mortality (35). One prospective study of intentional
weight loss and mortality in nonsmoking overweight women found a 20 to 25%
reduction in all-cause mortality with modest weight loss. The reduction in overall
mortality in women with obesity-related health conditions following an intentional
weight loss of any amount was attributed to decreased premature mortality as
evidenced by a 40 to 50% reduction in obesity-related cancer deaths and a 30 to
40% reduction in diabetes-associated mortality. Of note, in overweight women
with no preexisting medical illnesses, intentional weight loss equal to or greater
than 20 pounds within the previous year reduced all-cause, cardiovascular and
cancer mortality by 25% (127).

The findings of this study and others led to a report by the Institute of Medicine
titled “Weighing the Options,” in which clinicians were challenged to refocus the
goal of obesity treatment in order to achieve and maintain good health. The definition
of success was

broadened and made more realistic based on the research findings that small weight
losses can reduce risks of developing chronic diseases. Specifically, the goal of obesity
treatment should be refocused from weight loss alone, which is often aimed at appear-
ance, to weight management, achieving the best weight possible in the context of overall
health (113).

Successful weight management programs are defined by their ability to stop weight
gain, achieve a 5 to 10% weight loss with reduction in disease-associated morbidity
and mortality, prevent weight regain, improve lifestyle habits that include increased
physical activity, and improve health care practices (113).

To help guide clinical practice in obesity medicine, the NHLBI released The
Practical Guide outlining the identification, evaluation, and treatment of overweight
and obesity in adults (81). The NHLBI stated that “the initial goal of weight loss
therapy for overweight patients is a reduction in body weight of about 10%. Moderate
weight loss of this magnitude can significantly decrease the severity of obesity
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associated risk factors.” With an intentional weight loss of 5 to 10%, there is
improvement in glycemic control, reduction of triglycerides levels, increases in HDL
cholesterol, and a reduction of blood pressure. Of note, blood pressure will return
to baseline by 4 to 6 years even when weight loss is maintained. In contrast, a 20%
weight loss is needed for a reduction in total cholesterol and LDL cholesterol (12).
Therefore, according to the NHLBI, “if the goal of 10% weight loss is achieved,
further weight loss can be attempted through further evaluation” (81). 

For most individuals, it is reasonable to expect a 10% reduction in body weight
over a 6-month period when a multidisciplinary approach is utilized. However,
patients may have an expectation or a desire for greater weight loss. In a scientific
review of popular diets by Freedman et al. (36) it was noted that many obese women
desire, on average, a 32% reduction in body weight. Even in the setting of optimal
medical management, these goals are unrealistic and may contribute to failure of
medical weight management (37). Surgical intervention, in many cases, does reach
a weight loss in the range of expected and desired weight loss. However, the decision
to pursue surgery as a treatment for severe morbid obesity should be weighed against
the risk–benefit profile for an individual patient (121).

For practitioners, it is therefore critical to partner with patients to set realistic
goals when defining success for each patient. The primary objective should include
the loss and maintenance of 5 to 10% weight loss. Thus, even during the initial 6
months of medical weight loss, efforts to prevent weight regain should be put into
place in order to increase the likelihood of sustained success. Weight-control pro-
grams should therefore include dietary therapy, physical activity, and behavioral
therapy for a lifetime of change. Any therapeutic intervention requires understanding
and appreciating the genetic, environmental, and dietary influences that affect clinical
management of these patients. More recent work by Schwartz, Bray, and others has
illuminated the role of neurobiochemical factors and toxic environmental elements
that appear to be key in improving clinical outcomes in medical weight management
and provide targets for pharmacologic therapy (13). These recent advances will shape
the future management of obesity.

2.3 THE GENETICS OF OBESITY

When multiple randomized controlled studies were summarized, approximately 40%
of the heritability of human obesity is due to genetic influences (107). In the 1980s,
a study of twins reared apart found a closer correlation of body weight with the
biologic parent versus the adopted parent, suggesting a role for genetic influences
in weight control. Genetics was thought to account for 50% of the heritability of
body weight in dizygotic twins and 90% of the heritability in monozygotic twins
(115). Other studies examining family groups suggested that genetics accounted for
30 to 50% of the weight variance; studies of adopted children found that genetics
accounted for 10 to 30% of the weight variance. Therefore, in human obesity, genetic
influences are significant but do not account for 60% of the weight variance. His-
torically, there were few models of human obesity, and, therefore, the study of obesity
was primarily limited to the five animal models with single gene defects, such as
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the db/db mice, ob/ob mice, the tubby mice, the agouti mice, and the zucker fatty
(fa/fa) rat (19). In these animal models, mutations of the gene coding for the protein
product leptin and its receptor were identified. 

Leptin is a hormone secreted by adipocytes in direct proportion to their size,
and when deficient results in hyperphagia and obesity (107). However, it was not
until 1994, when Dr. Jeffrey Friedman identified human leptin and its gene mutation,
that the study of human obesity was revolutionized and legitimized. In contrast to
the mouse model, leptin resistance was found to be more common in humans,
whereas leptin deficiency was noted in the animal models (107). However, there are
rare genetic deficiencies of leptin in humans that result in hyperphagia and severe
morbid obesity. Patients with this genetic condition respond to leptin replacement
with weight loss and regain control of their appetite. 

This landmark discovery led to the recognition of the adipocyte as an endocrine
organ and furthered the development of hormonal regulatory pathways to explain
the physiology of human obesity. Genetic studies were also undertaken in an effort
to identify an “obesity gene” that might lead to a cure for this debilitating and costly
disease. A few well-described clinical syndromes, such as Prader–Willi syndrome,
follow Mendelian distribution and show phenotypic expression of obesity (34). The
syndromes that result from single gene defects are rare and noteworthy when they
occur in clinical practice. For most causes of obesity, no single obesity gene has
been identified. 

As of October 2003, there are 41 Mendelian syndromes relevant to human
obesity with maps to a genomic region, 183 animal and 208 quantitative trait loci,
and 35 chromosomal regions that have been implicated as causative agents resulting
in human obesity (106). Causative gene defects leading to a deficiency state that
results in rare cases of human obesity include but are not limited to leptin deficiency,
melanocortin-4 receptor deficiency, proopiomelanocortin derived protein (POMC)
deficiency, and a-melanocyte stimulating hormone deficiency (105). Variations in
chromosomes containing obesity-related genes have also been implicated as genetic
causes of obesity based on quantitative genetic studies. For example, in Mexican
Americans and African Americans, studies have linked serum leptin levels to chro-
mosome 2 at band 21 (2p21), which is the same chromosome that codes for proo-
piomelanocortin or the POMC gene. The loss of POMC function causes monogenic
obesity in mice and humans (19). Other studies in French sibling pedigree pairs with
a BMI > 27 did not find such linkage (31). More recently, obesity has been linked
to chromosome 1 at bands 22–32 (1p22–32), which contain the region that codes
for the leptin receptor (16). Other investigators have identified sequence variation
in the leptin receptor exons that are not associated with body fat, suggesting that
genetics alone does not explain human obesity (18). 

When the data are summarized, single gene defects do cause human obesity but
are rare and do not explain human obesity in most cases. Unlike rodent models,
human obesity represents a polygenic disease with dietary and environmental influ-
ences, as well as neurobiologic and hormonal regulation. Overall, as one examines
the current obesity epidemic, it is unlikely that genetic influences alone would
account for the dramatic changes in body weight.
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2.4 ENVIRONMENTAL AND DIETARY INFLUENCES

Key environmental factors that contribute to obesity include decreased physical
activity (66), excess total caloric consumption through larger portion sizes (112),
increased consumption of high-fat or calorie-dense foods (69), and increased stress
levels and sleep disturbances that increase serum cortisol levels, which have been
associated with hyperphagia (106). Dietary considerations also include micronutrient
deficiencies that occur in addition to over-consumption of macronutrients such as
carbohydrates or fat. Specifically, inadequate intake of dietary calcium and vitamin
D has been associated with increased central body fat and obesity, a particular
concern for dark-skinned populations (129).

With regard to physical activity, as modern technology has advanced, the nation
has become more sedentary. In 1995, Weighing the Options reported that approxi-
mately 25% of men and women were inactive, and less than 20% of adults could
be considered vigorously physically active (111). By 1996, the U.S. Department of
Health and Human Services reported that nearly 60% of the U.S. population does
not participate in regular physical activity and 25% is almost entirely sedentary. The
youth are also more sedentary; nearly 50% of Americans between ages 12 and 21
years are not involved in vigorous activity on a regular basis (29).

In lieu of physical activity, watching television, working on computers, playing
video games, and other sedentary behaviors have become the norm (114). Other
factors that may be contributing to decreased physical activity include technological
advances that reduce energy demands (e.g., elevators, escalators, people movers),
safety concerns related to playing or being outdoors (104), urban sprawl that neces-
sitates increased automobile travel (63), the loss of many physical education pro-
grams in the school systems, and increasing time demands that limit leisure activity.
Within a given community, there may also be a lack of sidewalks, absence of bike
paths, and limited playground areas that are safe. 

This behavior pattern has resulted in an exponential increase in both adult and
pediatric obesity. For example, in Chicago, there are neighborhoods where 50 to
60% of 2- to 5-year-old children already have a BMI above the 95th percentile,
versus 15% nationally (Mount Sinai report, CLOCC). Community organizations
such as the Coalition to Lower Obesity in Chicago Children (CLOCC) are strate-
gizing to develop and implement programs to address these concerns. Therefore, as
clinicians, it will be essential to discuss leisure-time activities and to work with
individuals to reduce sedentary behaviors as part of their medical weight manage-
ment care plan. 

In addition to physical activity levels, health care professionals must address
caloric intake in terms of portion sizes, fat content, and total caloric density. Since
the 1970s, serving sizes have increased, leading to increased caloric consumption
(112). For example, if one considers a serving of cola from Burger King, the original
Coke was a 6.75-oz beverage containing approximately 75 kcal. Currently available
serving sizes contain from 10 oz or 120 kcal for the “child” size to 36 oz or 450
kcal for the “king” size. A 52-oz soda offered by a convenience store contains, in
“one serving,” 650 kcal. This is not to mention the 64-oz beverages that are available
or the additional calories present in fruit-flavored beverages. Our clinical practice
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sees patients who are in their 20s and morbidly obese, who believe that these larger
beverages are normal serving sizes. For many, these are the only portions they have
been exposed to during their youth, leading us to the conclusion that we are victims
of “portion distortion” (112).

If one considers calories in terms of fat intake and caloric density, the larger
portion sizes have led to increased caloric consumption. If one considers the portion
of French fries available from McDonald’s in 1950, it was 2 oz, which represents
210 kcal. In contrast, a large serving of fries in 2000 contained 540 kcal, and the
more economically priced super-size portion of fries contained 610 kcal. It becomes
essential to recognize that according to the U.S. Department of Agriculture (USDA),
a standard serving size of French fries is 1 oz or 80 kcal. Therefore, one super-size
serving of fries is equivalent to 7.6 “recommended servings” of fries, highlighting
the challenge of portion control when there is limited understanding of how a
recommended serving size or portion is defined. Unfortunately, people tend to eat
according to the amount of food present, not its caloric density, leading to passive
or active over-consumption (111).

Conversely, small changes in net energy intake can have a significant impact on
body weight over time. Over-consumption, regardless of food source, leads to weight
gain. For example, whether you consume extra calories from protein (4 kcal/g), fat
(9 kcal/g), carbohydrates (4 kcal/g), or alcohol (7 kcal/g), it is stored as an energy
reserve in the form of adipose fat. Equally, small reductions in caloric intake can
lead to weight loss over time. If one reduces caloric intake by 100 kcal/d, this results
in a net energy deficit of 36,500 kcal over a year, leading to a 10-lb weight loss.
(One pound of body fat corresponds to 3500 kcal.) Simple dietary modifications
such as eliminating a serving of butter per day or reducing mayonnaise from 2 to 1
tablespoon per sandwich can have a tremendous impact in terms of net energy
balance (111). Ideally, a caloric deficit of 500 kcal/d (i.e., the calorie equivalent of
a 12-oz can of soda and a candy bar) should be advised to obtain a net weight loss
of 1 to 1.5 lb/week or 50 to 70 lb/year. This will meet for most and exceed for some
the goal of a 5 to 10% total weight loss in 6 months.

However, life is not that simple. Stressful life events, sleep deprivation, and
dietary micronutrients also influence energy balance. Data from the 1980s impli-
cate chronic subclinical depression as a risk factor in the development of Type 2
diabetes mellitus, but no mechanism was identified (123). Recent data suggest
that chronic stress, such as depression or sleep deprivation, has an adverse effect
on several endocrine pathways. Serum cortisol levels increase with stress, leading
to increased visceral fat deposition, a known risk factor for Type 2 diabetes,
dyslipidemia, and other changes seen in Syndrome X or the so-called metabolic
syndrome (32). Elevated levels of serum cortisol have been associated with uncon-
trolled hyperphagia and nocturnal eating in animal models, suggesting a possible
mechanism for caloric over-consumption during stress. Work by Spiegel et al.
(107) suggests that chronic sleep deprivation (approximately 4 h/night sleep) can
elevate leptin and serum cortisol levels. Interestingly, the cortisol levels change
in direct proportion to leptin levels, indicating that physiologic stress such as
chronic sleep deprivation is an important regulator in weight control and food
intake operating through a leptin-mediated pathway (107). 
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With regard to dietary influences, data from Zemel et al. (131) suggest a role
for calcium and vitamin D in the regulation of adipocyte function and size. In work
published in 2000, Zemel et al. reported that hypertensive African American men
consuming 2 servings/d of yogurt as part of an effort to increase calcium for blood
pressure control lost and maintained a significant amount of weight compared to the
control group. Further study in the agouti mouse model revealed that increasing
dietary calcium from dairy foods resulted in less weight gain due to less fat synthesis
(lipogenesis) and increased fat breakdown (lipolysis). Doubling the amount of cal-
cium present did not double the effect, suggesting a role for other dairy nutrients in
the regulation of the adipocyte. Additionally, supplements were effective in decreas-
ing body fat but only half as effective as dairy foods.

Work by Melanson et al. (75) has further explained Zemel’s findings by showing
that dietary calcium increased 24-h fat oxidation in humans when consumed acutely.
This beneficial effect was not maintained chronically in the absence of calcium
consumption (75). Mechanistically, it appears that nutrients from dairy foods, cal-
cium in particular, stimulate fatty acid synthase, inhibit lipolysis, and increase lipid
storage, as noted in Figure 2.1. These effects are dose-dependent in the physiological
concentration range, result from calcium signaling, and are mediated by vitamin D1,
25-(OH)2-D3 (131). Relative to the obesity epidemic, dietary food intake trends of

FIGURE 2.1 Mechanisms of dietary calcium and dairy modulation of adiposity. 1,25(OH)2D
= 1,25-dihydroxyvitamin D; [Ca2+]i = intracellular Ca2+ concentration; mVDR and nVDR =
mouse and nuclear vitamin D receptors, respectively; RXR = retinoic acid receptor; UCP2 =
uncoupling protein 2; FAS = fatty acid synthase; DR-3 = D response element-3. (From Zemel,
M. Amer. J. Clin. Nutr. 79 (5): 907S–912S, 2004. With permission.) 
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adolescents from 1965 to 1996 reveal that 90% of teen females consume less than
100% of the recommended daily intake (RDI) for calcium (1). Minority populations,
especially African Americans, also have decreased intake of calcium and vitamin
D. As dairy foods provide 70% of the calcium and vitamin D in most U.S. diets,
lactose intolerance, perceived or real, is a major barrier to increased consumption.
Perception of tolerance to dairy foods also limits intake. When 50 African American
women with objective lactose maldigestion on breath hydrogen testing were sur-
veyed, those who perceived tolerance consumed more total calcium through dairy
foods than those who were self-described as lactose intolerant. However, the women
failed to meet the RDI for calcium, even for the dairy consumers (15). The clinical
significance of these data lies in the knowledge that individuals with low intake of
dietary calcium have a higher BMI (15). 

Obesity disproportionately affects African Americans and an increasing number
of children, the same populations with suboptimal intake of dietary calcium
(NHANES data). There are also vitamin D receptor differences in dark-skinned
individuals such that it takes longer sun exposure to generate the same level of
vitamin D as seen in fair-skinned people (78). Especially in temperate climates,
dark-skinned individuals may limit sun exposure for cosmetic reasons, impairing
the formation of skin-derived vitamin D. Increased consumption of a diet containing
low-fat dairy foods, fruits, vegetables, and reduced total and saturated fats has been
associated with a 72% risk reduction in the development of the insulin resistance
syndrome when a calorie appropriate diet is consumed (89). Onset of Type 2
diabetes mellitus is reduced by 58% when combined with increased physical activity
and modest weight loss (101). These studies suggest that efforts to increase con-
sumption of dietary calcium and vitamin D through consumption of whole foods
and a modest increase in sun exposure may be important clinical interventions for
health care providers. 

In summary, there are modifiable and nonmodifiable risk factors for the devel-
opment of obesity, with genetics accounting for 40% of obesity and environment
accounting for the remaining 60%. According to Dr. Judith Stern, “Genetics loads
the gun, but environment pulls the trigger!” (quoted in Washington Post, August 12,
1997). However, that does not appear to be the end of the story.

2.5 THE NEUROBIOLOGY OF FOOD INTAKE AND 
WEIGHT CONTROL

Food intake and weight are under an active regulatory process, termed energy
homeostasis. In 1953, Kennedy postulated that there was an inhibitory signal gen-
erated in proportion to body fat stores, which acted at the level of the brain to reduce
food intake. Weight loss by caloric restriction was thought to decrease the level of
this inhibitory signal. When the signals dropped beyond a certain level, food intake
would increase until the energy deficit was corrected. However, this theory did not
explain how energy intake was controlled during a meal. In 1973, Gibbs and Smith
suggested that satiety factors or signals were generated from the gut in response to
a meal and provide information to the brain that results in meal termination. Chole-
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cystokinin (CCK) was identified as the first meal-induced satiety factor that influ-
ences food intake (102).

These two discoveries are now linked by recent data advancing our knowledge
of energy balance and food intake. Friedman (37) and Schwartz et al. (102) have
described models to delineate the roles of various hormonal and neuropeptide-sig-
naling pathways in the control of food intake. It is the integration of these signals
in the hindbrain that ultimately determines food intake, satiety, meal termination,
and weight. Friedman’s work highlights the role of leptin in the regulation of
adiposity by its effect on food intake and energy expenditure in humans, as noted
in Figure 2.2 (37). The schematic in Figure 2.3 suggests that the long-term mediators
or adiposity signals, such as leptin and insulin, as well as more acute mediators or
meal-related satiety factors, such as ghrelin, peptide YY, glucagon-like peptide-1
(GLP-1), and cholecystokinin, regulate food intake and meal termination. Further,
central nervous system peptides such as neuropeptide Y, agouti-related protein,
melanocortins, and serotonin also influence the regulation of appetite and satiety
through mediation of leptin and insulin signals. Derangement of this system, for
example, in response to toxic stimuli, has been proposed as the mechanism that
results in human obesity (13). Understanding these pathways will be important as
new drug therapies are being developed to specifically target these peptides and
other signals of food intake in the battle to treat and perhaps cure obesity.

2.6 APPROACH TO THE PATIENT

Incorporating weight management into an already busy and at times overwhelming
practice can be a daunting task, and yet is a necessity. To aid the primary care
provider, two tools have been developed to provide a user-friendly approach to
weight management, which allow physicians to address nutritional counseling as
part of their general practice. The innovative teaching strategy for training physicians
in clinical nutrition is presented in full in articles by Barner et al. (5) and by Gans
et al. (39). To summarize, the tools are known as WAVE (Weight, Activity, Variety,
Exercise) and REAP (Rapid Eating and Activity Assessment for Patients). 

WAVE, as noted in Figure 2.4 and Figure 2.5, allows the physician and the
patient to discuss the pros and cons of the patient’s current weight. It is designed
to help the health care provider identify weight, nutrition, and physical activity issues
during the office visit, as well as to reveal concerns that may be best addressed with
the assistance of a dietitian. The two-sided WAVE pocket card is divided into four
sections on the front side. In the first box, entitled “Weight,” the provider is instructed
to obtain the BMI and is provided with body weight ranges for a given height to
determine if the BMI is greater than 25. The physician is directed to perform an
additional assessment if there has been unintentional weight loss in overweight
patients. The second box, “Activity,” asks about physical activity and evaluates for
potential sedentary behaviors. Specifically, it addresses the need to have a dedicated
increase in physical activity for 30 min on most days. It also attempts to identify
sedentary patterns such as watching TV more than 2 h/d or avoiding stair climbing.
Under “Variety,” the third box, one is able to obtain a global assessment of the
patient’s eating pattern through a one-day dietary recall. This is an efficient way to
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look for worrisome eating trends that predispose to more severe forms of obesity.
With the information from the dietary recall, patterns of dietary “Excess” can be
identified using questions from the fourth box. Key areas to assess for excess include
total fat, saturated fats, total calories, sugar, and salt. The best part of this assessment
tool for the busy practitioner is that the reverse side of the card provides answers
for each of the questions as well as suggested interventions. The primary limitations
of this tool are the lack of objective measure of body fat distribution, such as waist
circumference, and that it does not factor in modifiers such as cholesterol that
influence total risks.

The Rapid Eating and Activity Assessment for Patients (REAP) is a tool designed
to assess the diet by comparing intake to the Food Guide Pyramid and the 2000

FIGURE 2.2 Leptin and the regulation of adipose tissue mass. The cloning of the ob gene
and the characterization of leptin have indicated that body fat content is under homeostatic
control. The available data suggest that leptin is the afferent signal in a feedback loop
regulating adipose tissue mass. At an individual’s stable weight (shown as 15 to 20% body
fat in this figure, which is the typical fat content of a nonobese subject) the amount of
circulating leptin elicits a state in which food intake equals energy expenditure. Increasing
leptin levels result in negative energy balance (energy expenditure > food intake), whereas
decreasing levels lead to positive energy balance (food intake > energy expenditure). These
effects maintain constancy of fat cell mass within a relatively narrow range. Evidence further
suggests that the intrinsic sensitivity to leptin is reduced among the obese and that the set
point for body fat content is thus increased (designated as 30 to 35% in the bottom panel).
Most obese individuals have high leptin levels and thus enter a state of negative energy balance
when weight is reduced and leptin levels fall. (From Friedman, JM. Nature 404: 632–634,
2000. With permission.) 
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U.S. Dietary Guidelines. Although the “gold standards” are slightly outdated, this
tool, described in Table 2.1 and Table 2.2, provides an assessment of intake of whole
grains, calcium-rich foods, fruits and vegetables, total fat, saturated fat and choles-
terol, sugary beverages and foods, sodium, and alcohol, as well as an assessment of
physical activity. It also allows for determining whether patients shop for and prepare
their own food, ever have trouble being able to shop or cook for themselves, follow
a special diet, eat or limit certain foods for health or other reasons, and are willing
to make changes to eat healthier. This survey, written at a 5th-grade level, takes
approximately 10 min to complete and may be done while the patient is in the
waiting area. In addition to the survey, health care providers are supplied with a key
to aid in discussions based on the patient’s answers. Updated versions of this tool
are available online at www.biomed.brown.edu/course/nutrition. 

Both tools allow the health care provider to determine which tool to use based
on the time available for counseling, and both can be performed in less than 10 min,
as outlined in Table 2.3. 

Being armed with the proper tools to perform a nutrition assessment and select
a possible intervention is important and requires a preliminary evaluation of psy-
chological readiness. Vallis et al. (114a) have addressed the issue of stages of change
in a model specific to weight management. The patient’s current level of readiness
determines the intervention, as patients rarely move more than two stages unless
they are self-motivated. If the patient presents as unaware of the problem or has no
interest in change, he or she is at the precontemplation stage. An appropriate action
would be to provide information focusing on health and positive changes. Individuals

FIGURE 2.3 Circulating gastrointestinal and adipocyte hormones and neuronal circuits
involved in energy homeostasis. Solid lines represent net stimulatory effect; dashed lines
represent net inhibitory effect. (From Neary, NM, Goldstone, AP, & Bloom, SR. Clin. End.
60: 153–160, 2003. With permission.) 
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who are aware of the problem and may be considering change are in the contem-
plation stage and would benefit from assistance to resolve their ambivalence. For
all patients, regardless of stage, establishing understanding and reinforcing their
“why” for participating in the program helps to guide therapy and will provide
motivation. Individuals who present with a clear realization that there are benefits
to change and who are thinking about ways to change are in the preparation phase
(120). The best option is to begin teaching them about behavior modification and
to customize the intervention to meet their specific clinical needs. Individuals already
making positive health changes are in the action phase and primarily need guidance
with support. Given the overwhelming amount of lay press and literature regarding

FIGURE 2.4 WAVE assessment. (From Gans, KM, Ross, E, Barner, CW, Wylie-Rossett, J,
McMurray, J, & Eaton, C. J. Nutr., 133 (2): 556S–562S, 2003. With permission.) 

Weight Activity 

Variety Excess

WAVE WAVE Assessment

Assess patient’s Body Mass Index.* 
Patient is overweight if BMI>25. 

Height 
Body 

Weight lbs. Height 
Body 

Weight lbs. 
4'10” 
4'11” 
5'0” 
5'1” 
5'2” 
5'3” 
5'4” 
5'5” 
5'6” 
5'7” 

5'8” 
5'9” 
5'10” 
5'11” 
6'0” 
6'1” 
6'2” 
6'3” 
6'4” 

 

≥119 
≥124 
≥128 
≥132 
≥136 
≥141 
≥145 
≥150 
≥155 
≥159 

≥164 
≥169 
≥174 
≥179 
≥184 
≥189 
≥194 
≥200 
≥205 

* Certain patients may require assessment for
underweight and/or unintentional weight loss

Is patient eating a variety of foods from 
important sections of the food pyramid? 

Grains (6-11 servings) 
Fruits (2-4 servings) 
Vegetables (3-5 servings) 
Protein (2-3 servings) 
Dairy (2-3 servings) 

Determine Variety and Excess using 
one of the following methods: 
• Do a quick one-day recall.

• Ask patient to complete a self-
  administered eating pattern
  questionnaire.

Ask patient about any physical activity
in the past week: walking briskly,
jogging, gardening, swimming, biking,
dancing, golf, etc.
1.

2.

3.

Does patient do 30 minutes of
moderate activity on most
days/wk.?
Does patient do “lifestyle” activity
like taking the stairs instead of
elevators, etc.?
Does patient usually watch less than
2 hours of TV or videos/day?

If patient answers NO to above
questions, assess whether patient is
willing to increase physical activity.

Is patient eating too much:
Fat? Saturated fat?
Calories?
Salt?
Sugar?
Alcohol?

•   Ask about serving/portion sizes,
    preparation methods and added fats
    like butter, mayonnaise, sour cream,
    salad dressing, etc.
•   Does patient eat 4 or more meals from
    sit-down or take-out restaurants per
    week?
•   Does patient indulge on the weekends?

• What does patient think are pros/cons of his/her eating pattern?
• If patient needs to improve eating habits, assess willingness to make changes.
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FIGURE 2.5 WAVE recommendations. (From Gans, KM, Ross, E, Barner, CW, Wylie-Ros-
sett, J, McMurray, J, & Eaton, C. J. Nutr. 133 (2): 556S–562S, 2003. With permission.) 

Weight Activity

Variety Excess

WAVEWAVE Recommendations 

If patient is overweight: Examples of moderate amounts of
physical activity:

What is a serving? How much is too  much?

1.

2.

3.

4.

State concern for the patient, e.g., “I am
concerned that your weight is affecting
your health.”
Give the patient specific advice, i.e.,
a) Make 1 or 2 changes in eating habits
     to reduce calorie intake as identified
     by diet assessment.
b) Gradually increase activity/decrease
     inactivity.
c) Enroll in a weight management
     program and/or consult a dietitian.
If patient is ready to make behavior
changes, jointly set goals for a plan of
action and arrange for follow-up.
Give patient education materials/
resources.

Grains (6-11 servings)
 1 slice bread or tortilla, ½ bagel, ½ roll,
 1 oz. ready-to-eat cereal, ½ cup rice,  pasta,
 or cooked cereal, 3-4 plain crackers.
 Is patient eating whole grains?
Fruits (2-4 servings)
 1 medium fresh fruit, ½ cup chopped or
 canned fruit, ¾ cup fruit juice
 Vegetables (3-5 servings)
 1 cup raw leafy vegetables, ½ cup cooked
 or chopped raw vegetables,
 ¾ cup vegetable juice
 Protein (2-3 servings)
 2-3 oz. poultry, fish, or lean meat, 1-1½
 cup cooked dry beans, 1 egg equals
 1 oz. meat, 4 oz. or ½ cup tofu
 Dairy (2-3 servings)
 1 cup milk or yogurt, 1½ oz. cheese
 

See instructions 1-4 under Excess.

• Walking 2 miles in 30 minutes
• Stair walking for 15 minutes
• Washing and waxing a car for 45-60 
   minutes
• Washing windows or floors for 45-60 
   minutes
• Gardening for 30-45 minutes
• Pushing a stroller 1½ miles in 30
   minutes
• Raking leaves for 30 minutes
• Shoveling snow for 15 minutes

1.

2.

If patient is ready to increase physical
activity, jointly set specific activity
goals and arrange for a follow-up
Give patient education materials/
resources.

Too much fat, saturated fat, calories
•   > 6 oz/day of meat
•   Ice cream, high fat dairy products
•   Fried foods
•   High fat snacks and desserts
•   Eating out > 4 meals/wk
Too much sugar, calories
•   High sugar beverages
•   Sugary snacks/desserts
Too much salt
•   Processed meats, canned/frozen meals,
     salty snacks, added salt
1. Discuss pros and cons of patient’s
    eating pattern keeping in mind Variety
    and Excess.
2. If patient is ready, jointly set specific
    dietary goals and arrange for follow-up.
3. Give patient education materials/
    resources.
4. Consider referral to a dietitian for more
    extensive counseling and support.



Medical Weight Control in the Adult Patient 49

TA
B

LE
 2

.1
R

ap
id

 E
at

in
g 

A
ss

es
sm

en
t 

fo
r 

Pa
ti

en
ts

, 
Pa

rt
 1

To
pi

c
In

 a
n 

A
ve

ra
ge

 W
ee

k,
 H

ow
 O

ft
en

 D
o 

Yo
u:

U
su

al
ly

/
O

ft
en

So
m

et
im

es
R

ar
el

y/
N

ev
er

D
oe

s 
N

ot
A

pp
ly

 t
o 

M
e

Pl
ea

se
 c

he
ck

 t
he

 b
ox

 t
ha

t 
be

st
 d

es
cr

ib
es

 y
ou

r 
ha

bi
ts

.
M

ea
ls

1.
Sk

ip
 b

re
ak

fa
st

?
□

□
□

□

2.
E

at
 4

 o
r 

m
or

e 
m

ea
ls

 f
ro

m
 s

it-
do

w
n 

or
 t

ak
e 

ou
t 

re
st

au
ra

nt
s?

□
□

□
□

G
ra

in
s

3.
E

at
 l

es
s 

th
an

 3
 s

er
vi

ng
s 

of
 w

ho
le

 g
ra

in
 p

ro
du

ct
s 

a 
da

y?
 S

er
vi

ng
 =

 1
 s

lic
e 

of
 1

00
%

 w
ho

le
 g

ra
in

 b
re

ad
; 1

 c
up

 w
ho

le
 g

ra
in

 c
er

ea
l l

ik
e 

Sh
re

dd
ed

 W
he

at
, 

W
he

at
ie

s,
 G

ra
pe

 N
ut

s,
 h

ig
h 
fi

be
r 

ce
re

al
s,

 o
at

m
ea

l, 
3–

4 
w

ho
le

 g
ra

in
 

cr
ac

ke
rs

, 
1/

2 
cu

p 
br

ow
n 

ri
ce

 o
r 

w
ho

le
 w

he
at

 p
as

ta

□
□

□
□

Fr
ui

ts
 a

nd
 V

eg
et

ab
le

s
4.

E
at

 le
ss

 th
an

 2
–3

 s
er

vi
ng

s 
of

 f
ru

it 
a 

da
y?

 S
er

vi
ng

 =
 1

/2
 c

up
 o

r 
1 

m
ed

. f
ru

it 
or

 4
 o

z.
 1

00
%

 f
ru

it 
ju

ic
e

□
□

□
□

5.
E

at
 le

ss
 th

an
 3

–4
 s

er
vi

ng
s 

of
 v

eg
et

ab
le

s/
po

ta
to

es
 a

 d
ay

? 
Se

rv
in

g 
=

 1
/2

 c
up

 
ve

ge
ta

bl
es

/p
ot

at
oe

s,
 o

r 
1 

cu
p 

le
af

y 
ra

w
 v

eg
et

ab
le

s
□

□
□

□

D
ai

ry
6.

E
at

 o
r d

ri
nk

 le
ss

 th
an

 2
–3

 s
er

vi
ng

s 
of

 m
ilk

, y
og

ur
t, 

or
 c

he
es

e 
a 

da
y?

 S
er

vi
ng

 
=

 1
 c

up
 m

ilk
 o

r 
yo

gu
rt

; 
11 /

2–
2 

ou
nc

es
 c

he
es

e
□

□
□

□

7.
U

se
 2

%
 (

re
du

ce
d 

fa
t)

 o
r 

w
ho

le
 m

ilk
 i

ns
te

ad
 o

f 
sk

im
 (

no
n-

fa
t)

 o
r 

1%
 

(l
ow

-f
at

) 
m

ilk
?

□
□

□
□

8.
U

se
 r

eg
ul

ar
 c

he
es

e 
(l

ik
e 

A
m

er
ic

an
, c

he
dd

ar
, S

w
is

s,
 M

on
te

re
y 

ja
ck

) 
in

st
ea

d 
of

 l
ow

-f
at

 o
r 

pa
rt

-s
ki

m
 c

he
es

es
 a

s 
a 

sn
ac

k,
 o

n 
sa

nd
w

ic
he

s,
 p

iz
za

, 
et

c.
?

□
□

□
□

So
ur

ce
: 

Fr
om

 G
an

s,
 K

M
, 

R
os

s,
 E

, 
B

ar
ne

r, 
C

W
, W

yl
ie

-R
os

se
tt,

 J
, 

M
cM

ur
ra

y,
 J

, 
&

 E
at

on
, 

C
. 

J.
 N

ut
r. 

13
3 

(2
):

 5
56

S–
56

2S
, 

20
03

. W
ith

 p
er

m
is

si
on

. 



50 Nutritional and Clinical Management of Chronic Conditions and Diseases

TA
B

LE
 2

.2
R

ap
id

 E
at

in
g 

A
ss

es
sm

en
t 

fo
r 

Pa
ti

en
ts

, 
Pa

rt
 2

Q
ue

st
io

n(
s)

Pa
ti

en
ts

 a
t 

R
is

k
Fu

rt
he

r 
Ev

al
ua

ti
on

 a
nd

 T
re

at
m

en
t

C
ou

ns
el

in
g 

Po
in

ts
/F

ur
th

er
 I

nf
or

m
at

io
n

M
ea

l 
pa

tte
rn

Q
 #

1
Pa

tie
nt

 s
ki

pp
in

g 
br

ea
kf

as
t

C
on

si
de

r 
ri

sk
 f

or
 u

nd
er

nu
tr

iti
on

E
xp

lo
re

 e
tio

lo
gy

 i
nc

lu
di

ng
 m

ed
ic

al
 a

nd
 p

sy
ch

ia
tr

ic
 

co
nd

iti
on

s,
 s

oc
io

ec
on

om
ic

 i
ss

ue
s,

 s
ho

pp
in

g 
an

d 
co

ok
in

g 
ca

pa
bi

lit
ie

s,
 d

eg
re

e 
of

 l
if

e 
st

re
ss

Fu
rt

he
r 

w
or

ku
p,

 t
re

at
m

en
t, 

re
fe

rr
al

 a
s 

ap
pr

op
ri

at
e

If
 s

ki
pp

ed
 m

ea
ls

 a
re

 d
ue

 to
 p

ov
er

ty
 o

r l
ac

k 
of

 fa
ci

lit
ie

s,
 re

fe
r p

at
ie

nt
 

to
 c

om
m

un
ity

 r
es

ou
rc

es
, 

i.e
., 

co
ng

re
ga

te
 m

ea
l 

pr
ob

ra
m

s,
 M

ea
ls

 
on

 W
he

el
s,

 f
oo

d 
ba

nk
 a

nd
 p

an
tr

ie
s

Sk
ip

pi
ng

 b
re

ak
fa

st
 i

s 
co

rr
el

at
ed

 w
ith

 o
be

si
ty

 a
s 

w
el

l 
as

 a
 h

ig
he

r 
fa

t 
ov

er
al

l 
di

et
N

or
m

al
iz

in
g 

m
ea

l 
pa

tte
rn

 m
ay

 h
el

p 
w

ith
 w

ei
gh

t 
m

an
ag

em
en

t
D

in
in

g 
ou

t
Q

 #
2

Pa
tie

nt
 e

at
in

g 
ou

t 
of

te
n

Q
ue

ry
 r

ea
so

ns
 f

or
 f

re
qu

en
t 

re
st

au
ra

nt
 m

ea
ls

If
 l

ac
k 

of
 s

ho
pp

in
g/

co
ok

in
g 

kn
ow

le
dg

e 
an

d 
sk

ill
s,

 o
r 

tim
e 

ar
e 

a 
ba

rr
ie

r, 
pa

tie
nt

 m
ay

 b
en

efi
t f

ro
m

 r
ef

er
ra

l t
o 

a 
di

et
iti

an

R
es

ta
ur

an
t p

or
tio

ns
 a

re
 o

ft
en

 la
rg

er
 th

an
 n

ec
es

sa
ry

 c
on

tr
ib

ut
in

g 
to

 
ob

es
ity

R
es

ta
ur

an
t 

m
ea

ls
 a

re
 o

ft
en

 h
ig

h 
in

 s
at

ur
at

ed
 f

at
, 

so
di

um
, 

an
d 

ca
lo

ri
es

 c
on

tr
ib

ut
in

g 
to

 h
yp

er
ch

ol
es

te
ro

le
m

ia
, h

yp
er

te
ns

io
n,

 a
nd

 
ob

es
ity

G
ra

in
s

Q
 #

3
Pa

tie
nt

 e
at

in
g 

<
3 

se
rv

in
gs

 
w

ho
le

 g
ra

in
s 

a 
da

y
In

qu
ir

e 
in

to
 r

ea
so

ns
 f

or
 l

ow
 i

nt
ak

e 
or

 a
vo

id
an

ce
 o

f 
w

ho
le

 g
ra

in
s

C
ou

ns
el

 a
pp

ro
pr

ia
te

ly
 (

su
gg

es
t 

ea
sy

 w
ay

s 
to

 
in

co
rp

or
at

e 
w

ho
le

 g
ra

in
s 

su
ch

 a
s 

hi
gh

 fi
be

r 
br

ea
kf

as
t 

ce
re

al
, s

pr
in

kl
in

g 
w

he
at

 g
er

m
 o

n 
yo

gu
rt

, e
at

in
g 

ce
re

al
s 

as
 a

 s
na

ck
)

Fo
rt

ifi
ed

 o
r 

w
ho

le
 g

ra
in

 p
ro

du
ct

s 
ar

e 
a 

go
od

 s
ou

rc
e 

of
 f

ol
at

e 
an

d 
ot

he
r 

vi
ta

m
in

s 
an

d 
m

in
er

al
s

A
de

qu
at

e 
fo

la
te

 i
nt

ak
e 

m
ay

 d
ec

re
as

e 
th

e 
ri

sk
 f

or
 c

or
on

ar
y 

he
ar

t 
di

se
as

e 
(C

H
D

) 
an

d 
co

lo
n 

ca
nc

er
 a

nd
 d

ec
re

as
es

 t
he

 r
is

k 
fo

r 
fe

ta
l 

ne
ur

al
 t

ub
e 

de
fe

ct
s

W
ho

le
 g

ra
in

 p
ro

du
ct

s 
ar

e 
al

so
 a

 g
oo

d 
so

ur
ce

 o
f 
fi

be
r 

an
d 

vi
ta

m
in

 E
A

de
qu

at
e 
fi

be
r 

in
ta

ke
 m

ay
 d

ec
re

as
e 

th
e 

ri
sk

 o
f 

hy
pe

rc
ho

le
st

er
ol

em
ia

 a
nd

 c
er

ta
in

 c
an

ce
rs

H
ig

he
r 

vi
ta

m
in

 E
 i

nt
ak

es
 m

ay
 p

re
ve

nt
 t

he
 d

ev
el

op
m

en
t 

of
 C

H
D

, 
an

d 
hi

gh
er

 i
nt

ak
es

 o
f 

vi
ta

m
in

 E
 f

ro
m

 f
oo

ds
 a

re
 a

ss
oc

ia
te

d 
w

ith
 

lo
w

er
 C

H
D

 m
or

ta
lit

y

So
ur

ce
: 

Fr
om

 G
an

s,
 K

M
, 

R
os

s,
 E

, 
B

ar
ne

r, 
C

W
, W

yl
ie

-R
os

se
tt,

 J
, 

M
cM

ur
ra

y,
 J

, 
&

 E
at

on
, 

C
. 

J.
 N

ut
r. 

13
3 

(2
):

 5
56

S–
56

2S
, 

20
03

. W
ith

 p
er

m
is

si
on

. 



Medical Weight Control in the Adult Patient 51

weight loss and weight control, emphasizing evidence-based data helps patients take
action that is clinically sound. Patients are in the maintenance phase when their
initial goals have been met; they are best served by the prevention of relapse. In all
cases, there should be ongoing assessment of stages, as well as of overall progress.

While having tools available and performing a psychological assessment are
important, neither can substitute for an accurate medical history. Factors that are
additive to the measured BMI result in increased risk of obesity-related complica-
tions. As noted in Table 2.4, Bray has developed a tool that adjusts the BMI based
on key metabolic variables so that an absolute risk or risked adjusted index can be
determined. This value reflects one’s risk of complication and death more accurately
than does the BMI. It is particularly important in assessing those with a normal or
borderline BMI but with multiple metabolic risks, as their risks may be equal to or
greater than those of their more obese counterparts. Table 2.5 lists key questions
that should be asked of the patient as part of the initial assessment. Table 2.6 reviews
treatment algorithms, and Table 2.7 identifies obesity-related risks based on BMI
and waist circumference.

At the bedside, the chart for each patient should contain a measured height, an
objective weight, and a waist circumference obtained at the initial visit. This height
and weight information is used to generate the BMI, which is determined by dividing
the weight in kilograms by height in meters squared. In our clinical program, the
waist circumference is identified as the point of maximal protuberance, especially
in severe obesity (BMI > 40), where landmarks are often mobile. When the BMI is
combined with the waist circumference, one is able to perform a risk assessment and
rank individuals by their risk of developing obesity-related complications. As per the
NHLBI/NIH guidelines, interventions should be performed in a stepwise fashion
based on BMI. See the algorithm for assessment and intervention guidelines (80). 

2.7 SPECIAL CONSIDERATIONS

Several barriers that limit health care providers’ effectiveness in caring for obese
patients are noted in Table 2.8. One of the most challenging barriers is limited access

TABLE 2.3
Tool Recommendation Based on Time Available for Counseling

Time
Available Action

8–9 min WAVE protocol with 1-d recall
6–7 min WAVE protocol with self-assessment (REAP)
3–5 min REAP only with goal setting
1–2 min Discuss the importance of nutrition and assess readiness to change; give patient REAP to 

take home and set personal goals; provide handouts/Web resources and/or refer to 
appropriate staff person

Source: Bray, GA. End. Metab. Clin. North Am. 25 (4): 907–919, 1996. With permission. 
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to health care services, either real or perceived. Patients participating in our program
and others report difficulty in finding transportation services that have vehicles large
enough for them and that are willing to provide transportation. Upon arriving at a
given clinic, obese patients have reported being further challenged by finding inad-
equate seating, receiving stares from insensitive fellow patients and staff, encoun-
tering negative or anti-obese comments, sometimes being unable to pass through
the clinic doorjambs into the examination area, a lack of bathroom facilities that
accommodate their size, being measured with blood pressure cuffs that do not fit
(leading to inaccurate blood pressure readings and potential misdiagnosis of disease),
encountering insensitivity to weighing concerns (for example, being weighed on a
freight or large-animal scale), being prevented from weighing due to scale limita-
tions, or being weighed in public. Further, once they enter the examination room,
the tables may be either too small or too high to accommodate their weight, the
gowns may be too small, and, if there is any body odor, the exam may be less
optimal or too brief. 

After the examination, the ideal treatment plan may be recommended. Unfortu-
nately, the cost of treatment may be prohibitive for many people. A growing number
of studies show that healthier food choices, such as fruits and vegetables, are limited
in many underserved neighborhoods and are priced above the means of the people
who need these dietary items the most. In low-income neighborhoods, there are
more fast-food chains and often a paucity of grocery stores that maintain a good
selection of healthier food choices (71). The cost of pharmacologic therapy is
typically $110 to $120/month for a 30-d supply of brand-name anti-obesity therapies
such as Meridia or Orlistat. Most insurances and medical cards do not cover the

TABLE 2.4
REAP and WAVE Protocols

Score

Adjustment Scores Adjustment
Score0 +2 +4

BMI ______

Weight gain since age 18 
(kg)

<5 5–15 >15 ______

Triglyceride/HDL 
cholesterol (mg/dL)

<5 5–8 >8 ______

Blood pressure (mm Hg) <140/<90 140–160/90–100 >160/>100 ______

Fasting glucose (mg/dL) <95 96–126 >126 ______

Waist circumference,
inches (cm)

(f) <32 (81) 32–35 (81–89) >35 (89) ______

(m) <37 (94) 37–40 (94–102) >40 (102) ______

Sleep apnea Absent Present ______

Physical activity Regular activity Sedentary ______

Note: Risk-adjusted BMI achieved by adding points to the measured BMI to determine the
adjustment score.

Source: Bray, GA. End. Metab. Clin. North Am. 25 (4): 907–919, 1996. With permission. 
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cost of these drugs. For individuals on a fixed or limited income, this is cost-pro-
hibitive therapy, rendering this modality ineffective in their treatment. In some cases,
surgical interventions are covered by Medicare and third-party payers such as Blue
Cross Blue Shield. However, stringent criteria and risk–benefit requirements are such
that this option is not available to all individuals. 

According to the patients we have cared for in our practice, the number one
barrier that limits the effectiveness of health care providers is our own feelings
regarding obesity. For years, patients have suggested that some health care providers
are biased against the morbidly obese patient. However, it is only recently that a
prospective study documented these findings, noting that providers who routinely
care for this population of patients often have an anti-obesity bias that is readily
perceived by patients. If a patient feels a sense of bias from the physician, it impairs
the doctor–patient relationship in an already hostile environment. Therefore, for
physicians who are caring for obese patients, it becomes important to provide a safe
environment that lends itself to the care of these patients. The importance of

TABLE 2.5
Key Questions for Initial Assessment 

The History
Weight during childhood
Weight at age 18 years if female or 21 years if male
Weight pattern of gains and losses for each decade
Maximal weight 
Weight loss attempts: most successful method, duration of loss
Current exercise level; identify potential limitations
Current diet efforts
Inquire about use of herbal or over-the-counter medications
Inquire about diet pills or shots
Ask why they desire weight loss
Identify potential triggers for overeating, the precipitating factor for weight gain (e.g., 
pregnancy, death in family, job change, stress, medications)

Screening for Obesity-Related Complications
Do they have chest pain? Are they short of breath? (CAD)
Do they have insomnia? Are they well rested in the morning? Do they snore? (sleep apnea)
Do they have muscle cramps? (magnesium deficiency)
Do they have polyuria, polydipsia, or polyphagia? (diabetes mellitus)

Key Food-Related Questions
Perform a 24-h dietary recall to identify eating patterns
Identify the primary cook and the primary shopper
Typical meal location
Frequency of meals eaten outside of the home
Frequency of skipped meals and snacks
Frequency of binge eating or overeating episodes

Source: Copyright Keith 2004.
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TABLE 2.6
Medical Weight Management Treatment Algorithm

* Refer to Table 2.10.

Source: Adapted from National Institutes of Health, National Heart Lung and Blood Institute. The
Practical Guide: Identification, Evaluation, and Treatment of Overweight and Obesity in Adults. NIH
Publication 00-4084, 2000.
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size-appropriate facilities and equipment cannot be overstated. Equally important,
we should seek to understand our own perceptions of obesity and obese patients. A
review of the current literature shows that obesity is a chronic debilitating disease
with a pathophysiologic mechanism that is being increasingly better understood and
that moves the diagnosis out of the realm of a pure psychological eating disorder (13).

2.8 DIETARY OPTIONS

A vast array of diets has been developed over the past decade, aimed at decreasing
the rates of obesity. Unfortunately, many of the diets offer entirely different
approaches with regard to the amounts of macronutrients. Although a specific diet

TABLE 2.7
Classification of Overweight and Obesity by BMI, Waist 
Circumference, and Associated Disease Risk

BMI (kg/m2)
Obesity

Class

Men 102 cm
(40 in.)

Women 88 cm
(35 in.)

Men > 102 cm
(> 40 in.)

Women > 88 cm
(> 35 in.)

Underweight < 18.5 N/A N/A
Normal 18.5–24.9 + +
Overweight 25.0–29.9 Increased High
Obese 30.0–34.9 I High Very High

35.0–39.9 II Very High Very High
Extreme Obese > 40 III Extremely High Extremely High

Note: Disease risk for Type 2 diabetes, hypertension, and CVD. + indicates that increased
waist circumference can also be a marker for increased risk even in persons of normal weight.

Source: Adapted from National Institutes of Health, National Heart Lung and Blood Institute.
The Practical Guide: Identification, Evaluation, and Treatment of Overweight and Obesity
in Adults. NIH Publication 00-4084, 2000.

TABLE 2.8
Barriers to Effective Treatment of 
Obese Patients

• Access to health care and the health care system
• Costs of treatment
• Lack of size-appropriate equipment
• Lack of nursing care expertise
• Discrimination
• Perception of the provider

Source: Copyright Keith 2004.
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may work for one patient, it may not work as well for another. It is suggested that
the effect of diet on fatty-acid metabolism varies between those with upper-body
and lower-body obesity, causing the responses to low-fat or low-carbohydrate diets
to vary (51). Prior to assessing a patient, it is essential that the physician and dietitian
recognize that the simple word “diet” has a negative connotation. Through past
experiences, the word often suggests a restriction of food choices, and it may create
barriers to and limitations of patient adherence (84). Therefore, when communicating
with patients, using terms such as “healthy lifestyle” and “healthful eating” is more
appropriate — just as “physical activity” connotes a more positive tone to an obese
individual than does the term “exercise.” When assessing a patient, it is important
to consider the individual’s motivation, his or her time availability, any barriers to
dietary changes, and whether the patient typically does the grocery shopping or
cooking for the household. These social factors are essential in determining which
diet is appropriate for the patient to be successful in weight loss therapy. 

Decreasing caloric intake by 500 to 1000 kcal/d can generate the recommended
weight loss of 1 to 2 lb/week (80). Prescribing a decrease in fat or carbohydrate
intake, along with a total decrease in caloric consumption, is typically considered
as dietary therapy. Reducing total caloric intake is key, regardless of what macro-
nutrient is compromised to cause weight loss (111). It is crucial to recognize the
dangers and negative consequences of over-restricting dietary intake to less than 15
kcal/kg/d in relation to adjusted body weight. Any diet should not be lower than
800 kcal/d, taking into account that very low caloric diets have not been shown to
be more effective in weight loss (80). A major decrease in caloric intake induces
conservation of energy and places the body in survival mode, as the body perceives
the change as starvation (46). Patients who consume only one meal per day are
placing themselves at risk of gaining weight due to the body’s compensating for its
needs in calories by conserving energy and by slowing down metabolically (67). It
is important to educate patients on eating four to six small meals a day to allow the
metabolism to become more controlled. It is vital that patients reduce the amount
of high-fat and high-calorie foods in their diet, while decreasing portion sizes and
improving the types of snacks they consume.

The variety of diets that promote weight loss can be categorized with respect to
the proportion of macronutrients that promote weight loss. Table 2.9 displays the
amounts of macronutrients that are suggested for each popular diet. For greater
success with each patient, dietary recommendations should be highly individualized.
It may be helpful to include a variety of dietary strategies that accommodate the
type of lifestyle the patient leads. Table 2.10 provides general guidelines for nutrition
goals to assist in weight loss. The following diets are categorized as high protein,
low carbohydrate, low fat, and moderate, and there is a separate category for prepared
and convenience diets.

2.8.1 HIGH-PROTEIN DIETS

The high-protein, low-carbohydrate diets include Dr. Atkins’ New Diet Revolution,
Protein Power, and South Beach. Although these diets are very similar, they have
significant differences. One of the main reasons that these diets are easy to adhere



Medical Weight Control in the Adult Patient 57

to is that protein is the macronutrient associated with increased satiety (52). The
amount of fat varies among the diets, with Atkins’ being considerably higher in
saturated fat, due to the increase in animal fat in proportion to vegetable fats. The
Atkins approach is sometimes easier for patients to adhere to due to the satiety
that the high fat and protein content of the diet provides. The Atkins approach
disregards dietary fiber as an important factor, with fruits or vegetables rarely
allowed in any of the phases, and is low in calcium (87). The Protein Power diet
suggests the same percentage of calories from carbohydrates as Atkins’, with a
5% decrease in protein and a 5% increase in total fat calories. The Protein Power
diet offers more fruits and vegetables, but it still restricts healthful foods such as
whole grains and beans, and it is lacking in calcium. South Beach is not considered

TABLE 2.9
Nutrient Percentages of Diets Comparison

Note: Nutrient percentages of diet give comparison of percent fat, protein, and carbohydrates when
calories are equalized. From left to right, the diets are as follows: a classic low-carbohydrate, high-fat
eating plan, the Atkins Diet, Protein Power, South Beach, Sugar Busters, The Zone, Recommended
Dietary Intake from the National Institute of Medicine, Food Guide Pyramid, Weight Watchers, Seattle
Sutton Healthy Eating plan, Volumetric, Pritikin, Choose to Lose, a typical low-fat eating plan, and the
Ornish Diet. The current recommended dietary intake for weight reduction is the National Institute of
Medicine eating plan, which contains 55% carbohydrates, 20% protein, and 25% fat.

Source: Adapted from Freedman, MR, King, J, & Kennedy, E. Obes. Res. 9 (Suppl. 1): 1S–40S, 2001;
adapted from Dechelbaum RJ et al. Circulation 100: 450–456, 1999; Copyright Keith 2004.
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to be as restrictive a low-carbohydrate diet as Atkins’, although the first 2 weeks
are restrictive in terms of carbohydrate intake. The South Beach diet relies on
consuming the right carbohydrates and the right fats, while eliminating the bad
carbohydrates and fats from the diet. Good fats include polyunsaturated fats
(omega-3 and omega-6), as well as monounsaturated fats, found in olive oil, nuts,
and avocados. Good carbohydrates include those found in vegetables, as well as
in foods that are not highly processed or refined, with an emphasis on dietary fiber.
The diet also follows the glycemic index, which is a scale that ranks carbohy-
drate-rich foods by how much they raise blood glucose levels compared to a
standard food (glucose or white bread). Foods that have a lower glycemic index
may control appetite, cholesterol levels, and blood glucose levels and may help to
maintain a healthy weight. Although most diets consider a calorie as just a calorie,
no matter what the source, the glycemic index suggests that, from a hormonal
standpoint, not all calories are alike (66). South Beach has a leaner approach
regarding overall calories, as well as fat calories, and allows the patient to consume
fruits and vegetables in the second phase. 

2.8.2 LOW-FAT DIETS

Low-fat diets are popular in weight loss programs. The Pritikin Principle and the
Dean Ornish: Eat More, Weigh Less diets are the most widely used low-fat diets.
The “Pritikin Principle” is the claim that cutting calorie density is the key to weight
loss. Fruits, vegetables, pasta, oatmeal, soups, salads, and low-fat dairy are consid-
ered less dense items and favored, while poultry, seafood, meat, and dry foods such
as crackers, popcorn, and pretzels are restricted, as are other fatty foods. Saturated
fat is limited to about 1% of the total caloric consumption, while total fat intake is
less than 10% of total calories. While the Pritikin Principle diet is a fairly adequate
diet, especially for patients with heart disease and other comorbidities, it may not
be easy to comply with on a long-term basis due to the stringent guidelines. Dean
Ornish’s Eat More, Weigh Less diet is a low-fat, nearly vegetarian diet, with rec-
ommendations categorized in three groups: “Eat Freely,” “Eat Moderately,” and
“Banned” foods. Although the banned foods contain nutritiously dense items includ-
ing nuts, seeds, and avocados, this approach is advantageous in that it steers away

TABLE 2.10
General Nutrition Goals

• Fresh fruits and vegetables 
• Low-fat or fat-free dairy
• Lean sources of protein
• Reduced saturated fats
• Minimum of 150 min/week of physical activity
• Low-fat diet deficit of 500 kcal/d
• 15 to 20 kcal/kg of body weight (avoid restricting to < 15 kcal/kg of body weight)

Source: Copyright Keith 2004.
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from counting calories or paying attention to portion sizes. Many patients may enjoy
the approach, considering it does not require them to measure foods, consider portion
sizes, or count caloric consumption. 

2.8.3 MODERATE DIETS

Moderate diets are the most conventionally recognized diets, and they are most likely
the easiest for patients to comply with on a daily basis. Moderate diets include The
Zone, Volumetrics, Institute of Medicine guidelines, Weight Watchers, and the cur-
rent Food Guide Pyramid recommendations. 

The Zone is recognized as a moderate carbohydrate, protein, and dietary fat
approach, with consideration of high sugar levels. While fruits and vegetables are
recommended, bananas, figs, prunes, raisins, and grapes, as well as peas, potatoes,
corn, and carrots, are restricted due to their high sugar content. One of the main
goals of The Zone is to maintain the hormonal balance of insulin and glucagons
levels through limiting the amounts of various food groups. Low-fat protein is eaten
at each meal, with carbohydrates doubling the portion of protein. Carbohydrates that
are acceptable in The Zone consist of whole grains, vegetables (low sugar), and
beans. This ratio of carbohydrates to protein is claimed to promote weight loss and
to keep insulin in “the Zone.” While this is nutritiously sound advice, the diet still
lacks in calcium and whole grains. Taking into account the fact that this is a more
moderate diet, there is still not enough evidence to claim that it is easy for patients
to comply with for the long term (61). 

The Volumetrics diet is based on cutting calorie density to induce weight loss.
Protein and fat each make up 20% of the total calories, with carbohydrates con-
sisting of the other 60% of total calories. This diet is in line with many of the
principles of the Pritikin Principle diet, with the exception that carbohydrates and
protein are slightly lower in the proportion to total calories, and the Volumetrics
diet allows slightly more fat. In contrast to the Pritikin Principle approach, Volu-
metrics allows more variety, with a more liberal allowance of low-fat poultry and
meat, which may increase the likelihood that a patient can adhere to a diet that
decreases total caloric consumption. 

The Institute of Medicine developed its most recent Dietary Reference Intakes
in September of 2002. The goal of the Dietary Reference Intakes is to provide a
basis from which a healthy diet can be developed, through the ranges that are
proposed for each macronutrient. These ranges allow flexibility for each individual
and stress the importance of “calories in, calories out” for maintaining a healthy
weight (49). Total caloric intake is recommended with respect to the amount of
physical activity and energy expended. Although there is a vast range within the fat
intake recommendations, this allows for an increase in unsaturated fats, while dis-
couraging excess saturated fat consumption. Carbohydrates are regarded as a vast
range as well, ranging from 45 to 65%, with consideration given to the amount of
refined and added sugars, which make up less than 25% of the total caloric con-
sumption. The diet stresses the importance of getting essential nutrients from foods
rather than relying on supplements for vitamins and minerals. For the first time,
intakes of fiber are suggested, with consideration given to age and total caloric
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consumption, as well as the amounts necessary for each of the nine indispensable
amino acids available in protein (49). 

Weight Watchers recommends a diet that has a very similar content to the
Institute of Medicine guidelines, but this diet does not provide a range for each of
the macronutrients. Instead, 20% protein, 55% carbohydrate, and 25% fat are
allowed, with the aim of losing weight and adhering to the diet plan. Weight Watchers
is an excellent choice for patients who want to lose weight but would benefit from
balance and moderation with regard to portion sizes. The plan follows “flex points,”
whose amount is determined for the patient with consideration given to weight after
the initial meeting. There is a full range of food options that may be consumed, with
regard to portion sizes and flex points. Each week, the patient attends a meeting
where he or she may be weighed and is educated on nutritious, healthy habits and
choices that can be incorporated into his or her life. 

The Food Guide Pyramid illustrates the USDA’s dietary guidelines. In 1992, it
became a tool for communicating concepts of a healthy diet to the American pop-
ulation. The Food Guide Pyramid allows a range for each of the macronutrients and
calories, taking into account a variety of body types and physical activity levels
within the population. The calorie recommendation, which ranges from 1600 to 2800
kcal/d, allows individuals to choose how much energy is necessary based on current
age, weight, and activity status. The macronutrient recommendations are within
ranges that are very similar to those of the Institute of Medicines Dietary Reference
Intakes. The ranges for the Food Guide Pyramid are less liberal, spanning 5% for
both protein and carbohydrate. The pyramid recommends intake for each of the five
major food groups, along with fats, oils, and sweets sparingly. As for the total amount
of each food group recommended, flexibility is allowed, with consideration given
to the amount of calories consumed. Consumers who are not educated regarding
healthy choices of carbohydrate could be confused by the depiction of servings
recommended by the pyramid. The updated 2005 food guide pyramid is now avail-
able at www.healthierus.gov/dietaryguidelines. For the first time, the recommended
servings of dairy foods have been increased, a specific number of whole grains
servings are suggested, and trans fatty acids are mentioned. Likewise, a focus on
weight, population and age-specific guidelines, healthy eating patterns and the rela-
tionship of food groups to disease prevention were noted.

2.8.4 CONVENIENCE DIETS

For patients who are busy and do not typically cook, meal replacement diets,
including Slim-Fast, may be the best option, considering the quick initial weight
loss and convenience. The nutritional adequacy of these weight loss plans is sound,
and it is easy for patients to comply with these diets on a daily basis (84). For
patients who are looking for a low-fat, low-calorie diet and can afford to purchase
three meals a day, Seattle Sutton’s Healthy Eating is appropriate. The plan offers
three healthy meals a day, with the option of purchasing a plan with either 1200
kcal/d or 2000 kcal/d. This option is great for most diabetics, those with heart
conditions or high blood pressure, or those who want to lose weight and do not
enjoy shopping, cooking, or planning meals. The generous carbohydrate intake
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(approximately 55% of total calories) limits its use for all diabetics. In spite of this
concern, the Seattle Sutton Healthy Eating plan has worked well for patients in our
clinical practice, including many diabetics.

2.9 PHARMACOLOGIC THERAPY

Currently two FDA-approved drugs are on the market that are used for long-term
treatment of obesity along with diet and physical activity. Orlistat (trade name:
Xenical, Roche Pharmaceuticals) and sibutramine (trade name: Meridia, Merck
Pharmaceuticals) are currently indicated for use by patients with a BMI of at least
30 or a BMI of 27 combined with medical comorbidities. These drugs may reduce
the health risks of obese patients, but they should not be utilized as substitutes for
proper diet or physical activity. Sibutramine and orlistat have been shown to induce
weight loss in obese patients, as well as to improve HgbA1c levels (38). The benefits
of pharmacologic therapy are typically maximized within 6 months from initial
treatment, as weight tends to level off during the remainder of treatment (92).
Phentermine is also approved by the FDA for short-term treatment of obesity, with
a maximum treatment period of 12 weeks. 

When determining the type of therapy that is appropriate for a patient, the
physician should consider the patient’s current medications and past medical his-
tory, behavior therapy, and possible adverse effects of each drug. Physicians should
pay attention to how patients’ weight responds to prescribed medications. Some
medications do not alter weight, and if a patient presents with less than 4 lb of
weight loss after 8 weeks of continued drug therapy, alternatives to the current
treatment should be considered (38). However, in clinical practice, if the medica-
tions are successful in preventing continued weight gain, we may continue their
use, even in the absence of weight loss. This practice is in line with the Institute
of Medicine recommendations to prevent weight gain as a goal for medical weight
management programs. 

Orlistat was approved for weight loss management in 1999. Orlistat inhibits the
activity of pancreatic and gastric lipases, preventing the breakdown, digestion, and
absorption of about 30% of the dietary fat that is consumed (24). The recommended
dosage is one 120-mg capsule, up to three times daily, taken with meals that contain
fat. If no fat is consumed, dosage should be avoided. Fat-soluble vitamins are
recommended at least 2 h before or after taking orlistat to ensure adequate nutrient
absorption (103). The side effects consist of uncomfortable gastric disturbances,
steatorrhea, and oily stools and discharge with excess intake of fat, though side
effects generally improve with continued use (2). Orlistat may enhance dietary
adherence to a lower-fat diet, taking into account the common gastrointestinal side
effects of consuming high-fat meals (2). In clinical trials, orlistat decreased total
cholesterol levels, LDL levels, and diastolic blood pressure, in long-term treatment
compared with placebo (38). Orlistat is not significantly absorbed by the body but
may interfere with the absorption of fat-soluble vitamins, which should be monitored
during therapy. It does not require an extensive laboratory follow-up, as does Meridia
(103). Orlistat is contraindicated for patients with chronic malabsorption syndrome
or cholestasis. 
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Meridia was the first reuptake inhibitor of norepinephrine and serotonin to be
approved by the FDA for long-term treatment in 1997. It is an adrenergic and
serotonergic agent that works to suppress appetite while possibly stimulating met-
abolic rate, and it creates a thermogenic effect (8). Although maximum weight loss
occurs within the first 6 months of treatment, studies have shown possible weight
loss and patients’ ability to maintain weight for up to 1 year while taking sibutramine
(38). Patients are generally prescribed 10 mg initially, increasing up to a maximum
dose of 20 mg daily (2). Weight loss attributed to Meridia typically results in
beneficial effects on triglyceride, HDL cholesterol, and HgbA1c levels (93). It is
necessary to monitor blood pressure due to the possible increase in both diastolic
and systolic blood pressure. Sibutramine should be avoided or prescribed with
caution for patients with uncontrolled high blood pressure and those with a medical
history of any other heart-related conditions, due to the increase it causes in pulse
rate and blood pressure (103). 

Phentermine is currently approved by the FDA for short-term pharmacological
management of obesity (up to 3 months). Phentermine stimulates the hypothalamus
gland and affects neurotransmitters to suppress appetite, resulting in significant
weight loss over a short trial period (24). Dosages range from 30 to 37.5 mg daily.
Phentermine should be taken on an empty stomach to achieve optimal weight loss
effects. Phentermine is typically well tolerated, although some patients may expe-
rience insomnia or have other stimulant reactions (38). Common adverse reactions
consist of tachycardia, increased blood pressure, hyperthyroidism, and possible
addiction due to the stimulant effect of Phentermine. 

2.10 FUTURE ADVANCES

Novel approaches to weight management are rapidly emerging in an effort to address
this epidemic. The mechanisms discovered and discussed in the section titled “The
Neurobiology of Obesity” form the backbone for targeted pharmacologic interven-
tions. Recent recognition of central nervous system (CNS) receptors and peptides
that play a major role in the regulation of food intake has led to the identification
of a new receptor, termed endocannabinoid-1 or CB1, that is widely distributed in
the CNS and is normally inactive. When the system becomes activated, it stimulates
relaxation, rest, forgetfulness, protectiveness, and appetite and is the site of
reward-reinforcing effects. It is also the site of action for the active ingredient in
marijuana, cannabis, as well as the receptor involved in nicotine addiction. Blockage
of this receptor with an antagonist or genetic deletion in animal models resulted in
leaner animals that are resistant to diet-induced obesity and insulin resistance. These
animals also had a smaller fat mass and a lower level of food intake (91).

In animal models, the CB1 receptor antagonist, SR141716, inhibits neuropeptide
Y-induced hyperphagia and reverses hyperphagia that is induced by increased ghrelin
levels. The antagonist also prevents the increase in food intake normally stimulated
by the orexigenic melanocortin antagonist, JKC-363, that binds to the melanocortin-4
receptor. Anorexigenic neuropeptides of the melanocortin-4 receptor, such as
a-MSH, cannot prevent food intake when the CB1 receptor is stimulated. CB1
receptor stimulation also increases the level of adiponectin, a protein produced in
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adipose tissue that is a key regulator of fat and glucose metabolism (71). The level
of this protein is decreased in obese subjects and in subjects with Type 2 diabetes.
Low levels of adiponectin are associated with reduced HDL-C, hypertriglyceridemia,
and the presence of small LDL particles. In contrast, increased levels are associated
with reduced insulin levels and increased insulin sensitivity. 

Human trials are in progress with the CB1 receptor antagonist, rimonabant.
Preliminary studies suggest that the drug reduces the rate of metabolic syndrome
by 53%. At the 2004 annual meeting of the North American Association for the
Study of Obesity (NAASO), Pi-Sunyer reported significant decreases in total body
weight and waist circumference in individuals on the highest dose of rimonabant.
This report from the Rimonabant in Obesity — Europe (RIO-Europe) trial is a
welcome indication of a renewed interest in developing therapeutic interventions
that can lead to enhanced patient care. Other drug therapies now under study include
methylphenidate (a dopamine reuptake inhibitor that increases levels of brain syn-
aptic dopamine, a compound that in turn produces anorexia), intranasal peptide YY
(a CNS peptide) and pramlintide (an amylin analog) to treat obesity and Type 1
diabetes. Protocols that evaluate the roles of exogenous leptin and AYT, a histamine-1
receptor agonist, in treatment of obesity have been reported. 

Beyond drug therapy, gastric pacing has emerged as a potential intervention in
the treatment of morbid obesity. Gastric pacing resulted in significant weight loss
and a decrease in neuropeptide levels such as leptin. These novel approaches to the
treatment of obesity are promising, but they require rigorous testing to ensure safety
and appropriate use, in the hope of avoiding the adverse events associated with
therapy with the combination drug fenfluramine/phentermine, also known as
Fen-Phen (24).

2.11 SUMMARY

Obesity remains the number one public health challenge of this decade. Effective
interventions that lead to permanent lifestyle changes require a multidisciplinary
approach. Integration of medical weight management into clinical practice, regard-
less of discipline, is critical to reversing the current tide. Recent advances in the
neurobiology of obesity allow for targeted interventions. Most important, however,
are lifestyle changes that lead to small, but sustained weight changes. Such changes
have a major impact on weight management and therefore on health.
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3.1 INTRODUCTION

The prevalence of overweight and obesity has increased to epidemic proportions
throughout the world, currently affecting over two-thirds of adults in the United
States. Approximately 23 million Americans are extremely or morbidly obese (34).
The rate of extreme obesity, defined as more than 100 lb or 100% above ideal body
weight (IBW), is as high as 2 to 5% in men and 6 to 7% in women (54). This degree
of obesity carries with it a marked increase in morbidity and as much as a 6- to
12-fold increase in mortality (54). 
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Some of the more conservative treatment options for obese patients include a
low-calorie diet, exercise, behavioral modification, and, if indicated, pharmacother-
apy. Despite this multipronged approach, some severely obese patients are unable
to achieve healthy weights. Because of the failures of conservative methods and
limited medical treatment, surgery provides the greatest degree of sustained weight
loss and weight maintenance for the extremely obese patient. The National Institutes
of Health (NIH) Technology Assessment Conference in 1992 concluded that an
unacceptable number of morbidly obese (BMI > 40) individuals failed to achieve
long-term weight loss with or without behavioral modification or drug therapy, and
gastric bypass was recommended as the best treatment option (41). It is important
to emphasize that while bariatric surgery is clearly invasive and requires ongoing
medical and nutritional monitoring, the burden that severe obesity places on patients
and society makes this surgery a viable option in eligible patients refractory to
conservative measures.

In the past few years, the number of patients undergoing bariatric surgery has
increased dramatically. This has resulted from an increase in the number of people
who are extremely obese, the failure of more conservative measures, and the advent
of laparoscopic procedures. The number of gastrointestinal surgeries performed
annually for severe obesity has increased from about 16,000 in the early 1990s to
about 103,000 in 2003 (53). The number of practicing surgeons who are members
of the American Society for Bariatric Surgery (ASBS) increased from 258 in 1998
to 1070 in 2003 (53). Currently there are several surgical procedures that have been
proven effective in achieving long-term weight reduction. These procedures include
the Roux-en-Y gastric bypass (RYGB), vertical banded gastroplasty (VBG), laparo-
scopic adjustable silicone gastric band (LASGB), and biliopancreatic diversion with
duodenal switch (BPDS).

The main goal of surgery is safely to achieve and maintain a significant loss of
excess weight and to resolve many of the comorbid conditions associated with
obesity in order to improve the patient’s overall quality of life. A multidisciplinary
team capable of providing all aspects of preoperative and postoperative care is crucial
in the care of these complex patients. Ideally the team should include surgeons,
internists, psychiatrists/psychologists, dietitians, and nurses.

3.2 HOW SURGERY WORKS IN ACHIEVING 
WEIGHT LOSS

Obesity results from a failure of the body’s normal weight and energy regulatory
mechanisms. Surgery essentially affects this complex weight regulatory system at
multiple levels and blunts the body’s defense system against starvation in the obese
individual. For example, certain neuroendocrine hormones are altered after gastric
bypass surgery. Ghrelin, a 28 amino acid neuroendocrine peptide that is secreted by
the stomach, is one of the most potent endocrine stimulators of appetite and food
intake (17). Weight loss from reduced caloric intake is associated with an increase
in fasting plasma concentration of ghrelin. Ghrelin is part of the body’s defense
mechanism to maintain the weight “set point.” Recent studies have shown that weight
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loss from gastric bypass surgery is associated with low ghrelin levels that may be
responsible for the reduced appetite associated with the procedure (17). Similarly,
peptide YY (PYY), a gut hormone, is released in proportion to the calories ingested
and signals food intake to the appetite-regulating circuits of the brain. PYY levels
were elevated in patients after gastric bypass surgery. This result in turn causes
greater satiety in these individuals (6).

3.3 OUTCOMES FOR OBESITY SURGERY

Current surgical procedures have proven to be successful in achieving significant
weight reduction for most patients. Success is largely a result of patient selection,
education, and, most important, long-term follow-up. Weight loss achieved with
surgery improves or resolves many of the obesity-associated comorbidities. A study
performed by Schauer et al. (49) showed that there was roughly an 80% “cure” rate
or improvement in most obesity-related conditions. 

The outcomes of specific comorbid conditions postoperatively have been
described in several studies. Pories et al. (48) demonstrated that in 608 patients who
underwent gastric bypass surgery, 271 (91%) of the 298 diabetic or glucose-intolerant
patients became euglycemic (48). This correction of NIDDM occurred within days
of surgery and long before profound weight loss occurred. Thus, it is evident that
bariatric surgery causes an improvement in serum glucose levels, a decrease in
fasting insulin, and a decrease in glycosylated hemoglobin. This improves or cures
diabetes and decreases the likelihood of developing Type 2 diabetes in individuals
with glucose intolerance (26,27).

Cardiovascular disease and hypertension also have favorable postsurgical out-
comes. Over 90% of hypertensive patients improve with surgery, but long-term data
have not shown a permanent effect (Swedish Obese Subjects trial, 14). In addition
to improvements in blood pressure, glucose, and lipid profiles, there are also notable
improvements in left ventricular ejection fraction, chamber size, and wall thickness,
thereby minimizing cardiomyopathy (2). It is important to note that successful
improvements in cardiac function and hypertension by bariatric surgery correlate
with the amount of weight loss and not the final weight (25).

Respiratory insufficiency caused by sleep apnea syndrome (SAS) and obesity
hypoventilation syndrome (OHS) are two other obesity-related conditions that are
improved after surgery. Sugerman et al. (58), in a study of patients with OHS
and/or SAS, demonstrated a marked improvement of both conditions as evidenced
by lower sleep apnea indices and improvements in arterial blood gases and pul-
monary artery and pulmonary capillary wedge pressures. Long-term follow-up
after gastric bypass surgery has shown that 93% of patients with SAS had improved
indices (12).

3.4 CANDIDATES FOR SURGERY

Criteria for selecting appropriate patients for bariatric surgery were established by
the 1991 NIH Consensus Development Conference Panel. Appropriate patients
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include those with BMI greater than 40, or BMI greater than 35 with serious
coexisting conditions such as severe sleep apnea, diabetes, cardiopulmonary prob-
lems, and so forth (40). In addition, patients must have tried and failed nonsurgical
weight loss methods (39). It is crucial for potential candidates to understand the
risks of the procedure and the way in which surgery can affect their lives in the
postoperative period; these changes can range from long-term vitamin supplemen-
tation to ongoing gastrointestinal problems. The age range for patients eligible for
surgery can vary but is generally between 16 and 65 years of age. Advances in
perioperative management and surgical techniques have dramatically decreased com-
plication and mortality rates in younger and older patients (36).

3.5 CONTRAINDICATIONS

Contraindications to bariatric surgery include conditions that can cause an unac-
ceptable medical risk, such as uncontrolled cardiovascular disease, gastric varices,
active IBD, and active peptic ulcer. Illnesses that greatly reduce life expectancy,
such as cancer and end-stage renal, lung, or heart disease also constitute contrain-
dications (54). Active substance abuse and serious uncontrolled psychiatric ill-
nesses, such as untreated schizophrenia, depression, or psychotic disorders, are
other contraindications to surgery (4,60). Patients with these disorders may be
unable to comprehend the physical and behavioral changes associated with bari-
atric surgery. It is important to emphasize that psychiatric illness, as a general
category, is not always a contraindication to surgery, as long as the patient is being
adequately managed (54). Finally, women who are lactating or pregnant or who
are planning pregnancy within 18 months of surgery are not optimal surgery
candidates (9).

3.6 PREOPERATIVE ASSESSMENT AND MANAGEMENT 
OF COMORBIDITIES

Most patients undergoing bariatric surgery have multiple comorbidities associated
with their obesity (54). In order to reduce perioperative morbidity and mortality,
these conditions must be evaluated and optimally managed prior to referral for
surgery. During the preoperative screening period, it is also important to diagnose
previously unrecognized comorbidities. Schauer et al. (49) have identified an average
of 6.8 comorbidities per patient. The six most common conditions are degenerative
joint disease, hypercholesterolemia, hypertension, gastroesophageal reflux disease,
depression, and hypertriglyceridemia (in descending order). Their finding of a high
rate of depression among those seeking bariatric surgery adds support to the need
for careful screening for depression to ensure a favorable postsurgical outcome (49).
See Table 3.1 for a list of comorbidities associated with obesity.

It is also important to screen for medically treatable causes of obesity, such as
thyroid disease and Cushing’s Syndrome. If hypothyroidism is diagnosed preoper-
atively, treatment should be initiated, since patients may benefit from some weight
loss. However, because it is unlikely to be the sole cause of an individual’s obesity,
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surgery may still be an option for further weight reduction. Patients with Cushing’s
Syndrome, on the other hand, may experience substantial weight loss with treatment
of the disease and should not undergo bariatric surgery until the disease is adequately
managed (54).

3.7 PREOPERATIVE SCREENING

Screening should begin with a thorough history and physical examination. All
patients should also be up to date with health maintenance screening, including
pap smear, mammogram, colonoscopy, and PSA as appropriate. Preoperative
laboratory evaluation should include a complete baseline blood count (CBC),
urinalysis, chemistries, liver function tests (LFTs), and renal function. Other
needed tests include hemoglobin A1c (HbA1c), insulin, iron/TIBC/ferritin, B12,
folate, vitamin D, PTH, calcium, TSH, hypercoagulability screen, PT/PTT, and
H. pylori antibody (9). Patients should also receive a chest radiogram and elec-
trocardiogram (9).

Given the high incidence of cardiovascular disease in the severely obese, a
cardiovascular evaluation is often indicated, particularly in patients over 50 years of
age (54). This would include an echocardiogram and/or a stress test. In addition, if
pulmonary hypertension is suspected clinically or by chest radiogram or electrocar-
diogram, an echocardiogram should be performed. 

Patients with rapid weight loss following surgery have a high incidence of
gallstone formation. Hence, gallbladder function should be explored by ultrasound

TABLE 3.1
Comorbidities Associated with Obesity

Hypertension
Dyslipidemia
Type 2 diabetes mellitus
Coronary heart disease
Congestive heart failure
Stroke
Gallstones
Osteoarthritis
Sleep apnea
Cancer
Amenorrhea
Menstrual irregularity
Infertility
Psychosocial disorders 
Impaired quality of life

Source: From NHLBI Clinical Guidelines on the Iden-
tification, Evaluation, and Treatment of Overweight
and Obesity in Adults. NIH Publication No. 98-4083.
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in patients who have not already had a cholecystectomy (9). Any patient who has
gallstones or evidence of other gallbladder pathology should undergo a cholecys-
tectomy at the time of bariatric surgery. Whether prophylactic cholecystectomy
should be performed is somewhat controversial. In general, prophylactic cholecys-
tectomies are performed for extensive malabsorptive procedures and occasionally
for the RYGB, at the discretion of the surgeon (31). Prophylactic cholecystectomies
should not be performed for purely restrictive procedures, such as the laparoscopic
adjustable silicone gastric band. 

As mentioned above, obstructive sleep apnea (OSA) occurs frequently in mor-
bidly obese patients (12). Because OSA may be associated with pulmonary hyper-
tension and CO2 retention, it should be screened for, and, if OSA is found, the patient
should be referred to a pulmonologist. Patients or their partners will often report
any of the following: snoring, gasping for air, morning headache, and daytime
hypersomnolence. On physical exam, clinicians should measure neck circumference.
In males with OSA, the neck circumference tends be greater than 17 in., and, in
females, greater than 15 in. The diagnosis of OSA is confirmed by a sleep study.

Other disease entities worth mentioning are infection from H. pylori and GERD.
Some studies have shown that patients who were tested and treated for H. pylori
have a lower incidence of postoperative marginal ulcer (50). The test most commonly
used to screen for H. pylori infection is the H. pylori serum antibody (50). If a
patient tests positive for H. pylori, treatment with antibiotics and a proton pump
inhibitor or an H2 blocker should be initiated. Patients may also require further GI
evaluation, particularly endoscopy, if they complain of dysphagia or epigastric pain.

In order to know whether patients will be motivated sufficiently to adapt to
changes that result from surgery (9), they should be referred to a psychiatrist or
psychologist with a particular focus in this area (54).

3.8 PERIOPERATIVE USE OF MEDICATION

Medications often have to be discontinued temporarily around the time of surgery.
For example, oral contraceptive (OCP) use is associated with a three- to fourfold
increased risk of venous thromboembolism (VTE), a condition higher in incidence
in the obese population (3). OCPs should therefore be discontinued 4 to 6 weeks
prior to surgery and restarted no less than 90 d postoperatively (43). Aspirin and
NSAIDS are another category of drugs that could increase perioperative morbidity
and mortality by causing increased risk of bleeding and ulcer formation. Patients
are advised to stop this class of medications prior to surgery and restart them later,
if necessary. Special conditions warrant early resumption of aspirin, as in patients
who have coronary artery disease (CAD) or stroke. Diuretics should also be discon-
tinued, mainly because of complications from dehydration that can result from
surgery. Aspirin and diuretics should be discontinued at the time of surgery and, if
indicated, restarted 1 month postoperatively. In cases of moderate to severe conges-
tive heart failure and severe venous insufficiency, diuretics may be restarted earlier,
but the patients then require close observation.

The prophylactic use of anticoagulation for venous thromboembolism postop-
eratively remains controversial. Some clinicians prescribe either subcutaneous hep-
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arin or low molecular weight heparin or recommend inferior vena cava filter place-
ment in their patients if the risk of thromboembolic disease is high. The optimal
time course for postoperative prophylaxis has not yet been determined (64).

3.9 SURGICAL THERAPIES

3.9.1 ROUX-EN-Y GASTRIC BYPASS

Mason and Ito, based on their observation that patients experienced significant weight
loss after subtotal gastrectomies, first used gastric bypass (GBP) surgery to treat
obesity in 1969 (32). There have been modifications to the procedure since then. The
most commonly used variation, the Roux-en-Y gastrojejunostomy (RNYGP) (Figure
3.1), utilizes both restrictive and malabsorptive physiology to induce weight loss.
The procedure is mainly restrictive in that a small gastric pouch and narrow stoma
prevent ingestion of a large meal. The malabsorption due to the gastrojejunostomy
produces a negative conditioning response to the dumping syndrome if a high-car-
bohydrate meal is ingested. Nausea, lightheadedness, palpitations, diaphoresis, and/or
abdominal pain and diarrhea characterize the dumping syndrome (55). Eaters of
sweets who have undergone a purely restrictive vertical banded gastroplasty (VBG)
and who remain resistant to weight loss due to overeating may lose significant weight
if their procedure is converted to a RNYGBP (48). Dumping symptoms in response
to oral glucose occur specifically in GBP but not in VBG patients. These are closely
associated with an elevated serum enteroglucagon level (33).

The NIH Consensus Development Panel endorses both the VBG and GBP, but
the GBP has been shown to be superior to VBG in weight reduction in several
randomized, prospective comparisons (57,61). One long-term study reported a series
with 58%, 55%, and 49% excess weight loss at 5, 10, and 14 years from surgery,
respectively (15). A more recent study reported a loss of 62% excess weight at 10

FIGURE 3.1 Roux-en-Y gastric bypass. (From http://www.niddk.nih.gov/health/nutrit/pubs/
gastric/gastricsurgery.htm.) 
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years (23). Long-term maintenance of weight loss after RNYGP is excellent, and
modifications to the length of the Roux limb may achieve better weight loss in
superobese (BMI 50) patients, although the potential for nutrition deficiencies
increases as well (48). “Long-limb RNYGP,” in which the Roux limb is 150 cm
long compared to the standard 50 to 75 cm, shortens the distal common digestive
channel and thereby enhances the malabsorptive effects (10). The procedure may
be performed both by open surgery and laparoscopic methods. A study by Nguyen
et al. (37) compared the two procedures, concluding that the laparoscopic procedure
caused patients to lose less blood and led to a shorter hospital stay and to faster
convalescence. Patients operated on laparoscopically lost the same amount of weight
in the year as those on whom open surgery was performed but had a more rapid
improvement in quality of life (37).

The mortality associated with RNYGP is approximately 1%, and the risk of
early postoperative complications is approximately 10% (35). Sepsis and pulmonary
embolus are the most common causes of perioperative mortality. Early postoperative
complications include wound infection and seromas, marginal ulcers, anastomosis
stenosis (managed through endoscopic dilation), small bowel obstruction, splenic
laceration, gastrointestinal hemorrhage, and wound dehiscence (48). The develop-
ment of an anastomotic leak (risk of 1.5 to 5%) can lead to peritonitis, abscess
formation, and sepsis. Laparoscopic techniques have decreased the incidence of
hernias and wound infections but are associated with an increase in anastomotic
strictures and leaks (61).

The development of symptomatic gallstones is the most common late compli-
cation following RYGB. The use of ursodiol in the first 6 months postoperatively
reduced the incidence of symptomatic gallstones from 32% to 2% in a placebo-con-
trolled trial by Sugerman et al. (56). The potential micronutrient deficiencies of
vitamins (vitamin B12, folic acid, vitamin D, and thiamine) and minerals (iron,
calcium) are of primary concern and require long-term management. Vitamin B12

deficiency is most likely in patients who do not take their multivitamin medication.
Thiamine is primarily absorbed in the jejunum. Thiamine deficiency in the postsur-
gical patient, the “bariatric beriberi” syndrome, may manifest as encephalopathy,
opthalmoplegia, and neuropathy. Thiamine deficiency–induced neurologic disorders
occur almost always in patients with protracted vomiting and impaired intake (18).
Iron is the most commonly deficient micronutrient after GBP, and one third of
iron-deficient patients do not have microcytosis. Calcium and vitamin D absorption
are decreased after GBP. This requires adequate supplementation and periodic mon-
itoring of serum levels and dual energy x-ray absorptiometry (DEXA) scans in
postmenopausal women and patients at increased risk.

3.9.2 VERTICAL BANDED GASTROPLASTY

A purely restrictive procedure, gastroplasty involves decreasing the storage capacity
of the stomach to diminish consumption of solid foods. This procedure is commonly
referred to as “stomach stapling,” because surgical staples are used (19). Initially
this procedure involved the horizontal division of the stomach into a small proximal
pouch connected via a narrow channel (stoma) to a large distal remnant (Figure 3.2;
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45). In the 1980s, Mason, using a mesh-band reinforcement of the stoma, modified
the procedure to a vertical banded gastroplasty with an upward extension of the
staple line. The vertical staple line excludes the fundus, which is thought to dilate
easily, and the prosthetic mesh is used to prevent stomal dilation (30). The VBG
can be performed either open or laparoscopically.

In gastroplasty, notwithstanding the reinforcement of the staples and the use of
mesh, the incidence of staple line dehiscence and stomal stenosis is high. In addition,
patients tend to develop esophagitis and gastroesophageal reflux disease (28). Com-
plications after a VBG are often serious and include gastric perforation (2%), entero-
cutaneous fistula (1%), severe esophagitis (12%), and intestinal obstruction (2%; 46).

The ingestion of food is minimized by the small (50 cc) pouch and stoma. However,
many patients learn to eat high-calorie liquid foods such as ice cream and milk shakes
(48). Even though there is rapid weight loss in the first 12 to 24 months following
VBG, long-term weight maintenance has been disappointing. One study found that at
3 years only 38% of patients were able to maintain at least 50% of the excess weight
loss (38). Another study found that at 3 years the mean loss of excess weight after
VBG was only about 38% (57). Because these randomized prospective trials demon-
strated that weight loss after VBG was inferior to that after RNYGP, many bariatric
surgeons use RNYGP as the gold standard for anti-obesity surgery (48).

3.9.3 LAPAROSCOPIC ADJUSTABLE GASTRIC BANDING

The use of a prosthetic surgical band, which encircles the proximal stomach, dividing
it into a small pouch and large remnant, is another pure restrictive weight loss
procedure (Figure 3.3; 7). Fixed silicone gastric banding was first performed in 1983,
and banding became adjustable in 1986 (20). Advantages of this procedure over the
VGB include absence of a staple line and the associated risk of staple line dehiscence.
Laparoscopic adjustable gastric banding (LAGB), first used extensively in Europe,

FIGURE 3.2 Vertical banded gastroplasty. (From http://www.niddk.nih.gov/health/nutrit/
pubs/gastric/gastricsurgery.htm.)

Esophagus

Small Stomach
Pouch

Staples

Band

Stomach

Duodenum



80 Nutritional and Clinical Management of Chronic Conditions and Diseases

is the most common weight loss surgery worldwide (39). The silicone band is placed
laparoscopically, and the small stomach pouch diameter can be changed by infusing
or withdrawing saline from a subcutaneous saline port (24). The silicone band is
left empty for at least 1 month following surgery to help decrease early postoperative
band slippage. Postoperative follow-up involves fluoroscopic guidance to inject or
remove saline from the band reservoir to change the outlet size according to the
patient’s weight loss and satiety (44).

The LAGB is an appealing weight loss surgery because it is minimally invasive
and reversible. The mortality risk is low, 0.5 to 1%, and nutritional deficiencies are
not common. Common complications include pouch dilation and band migration,
which manifest as nausea, vomiting, dysphagia, and anorexia (1). Both conditions
require operation and repositioning of the band if conservative measures of naso-
gastric decompression and gastric band deflation fail (49). Esophageal dysfunction
has been linked to the LAGB; manometric studies have demonstrated diminished
esophageal motility, with the development of esophageal dilatation in some patients
(62). The follow-up for the LAGB is intensive and expensive, requiring frequent
office visits at regular intervals (35).

The weight loss associated with LAGB is similar to that for VBG. Westling and
Gustafson have reported that by 2 years there was a 56% loss of excess weight in
90 patients, but with a disappointing 35% conversion to RNYGP (63). One study
reported that 50% of patients required LAGB removal within 42 months after
surgery, and only 11% of patients achieved a BMI < 35 and/or at least 50% reduction
in excess weight without complications (16).

3.9.4 BILIOPANCREATIC DIVERSION WITH DUODENAL SWITCH

In 1979 Scopinaro described biliopancreatic diversion (BPD) as a mixed malabsorp-
tive and restrictive surgical procedure that consists of a functional shortening of the

FIGURE 3.3 Adjustable gastric banding. (From http://www.niddk.nih.gov/health/nutrit/pubs/
gastric/gastricsurgery.htm.)
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small intestine and a partial gastrectomy (48). The surgery is highly effective in the
supermorbidly obese (BMI > 50). The principal weight-loss mechanism of malab-
sorption is caused by the diversion of biliary and pancreatic secretions to the distal
50 cm of the ileum. The distal gastrectomy adds to the restrictive weight loss by
reducing the stomach to a 200- to 500-cc pouch (51). Food and nutrient digestion
is limited to a 100-cm “common channel” of terminal ileum. The BPD causes marked
weight loss, but it can lead to significant nutritional deficiencies (52). Hess, in 1998,
modified the BPD with a pylorus-preserving gastrectomy and added the duodenal
switch (DS) that connects the jejunum (rather than the ileum) to the proximal
duodenum (Figure 3.4; 5,21). The preservation of the pylorus avoids the dumping
syndrome that occurs after a gastrojejunostomy, and the DS prevents duodenal-gas-
tric reflux, decreasing the risk of stomal ulcer formation (35).

Experienced surgeons can perform BPD and BPDDS either by open surgery or
laparoscopically. The procedure carries a perioperative mortality rate of 0.5 to 2%,
most commonly due to pulmonary embolism, respiratory failure, and gastrointestinal
leaks (39). BPDDS is the most effective weight loss operation. One study demon-
strated the percentage of excess weight loss (%EWL) was >70% at 1 year and reached
81.4% at 5 years, when 97% of the patients had a %EWL >50% (5). The beneficial
effects of BPDDS include an improvement of the metabolism of insulin and lipids, a
decrease in blood glucose and blood pressure, an improvement in preexisting liver
inflammation, and an increase in fertility and improvement in pregnancy outcome (59).

FIGURE 3.4 Duodenal switch.
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The most common complaints reported by patients undergoing this procedure
include foul-smelling diarrhea, abdominal bloating and pain, and more than three
stools per day (61). The malabsorption can lead to fat-soluble vitamin A, D, K, and
E deficiency. Vitamin A deficiency can lead to ocular complications. Calcium metab-
olism is severely affected by this operation, as calcium absorption in the duodenum
and proximal intestine is bypassed (13). Vitamin D, which is needed to facilitate
calcium absorption, is fat soluble and poorly absorbed after BPD. One study dem-
onstrated very low serum vitamin D levels, reduced calcium, and elevated parathy-
roid hormone levels consistent with secondary hyperparathyroidism in patients. This
triad of abnormalities may explain the slowly progressive bone loss seen with BPD
(11). A small number of BPD patients experience protein calorie malnutrition, a
problem infrequently seen with the more common malabsorptive procedures, such
as the RNYGP (42). The BPDDS is not considered a first-line bariatric procedure,
yet the risks associated with the greater anatomic complexity and its greater rate of
complications warrant its use in those patients who require greater weight loss
because of an extremely high BMI (35).

3.9.5 JEJUNOILEAL BYPASS

The jejunoileal bypass, an early bariatric operation, was exclusively a malabsorptive
procedure because the stomach was not modified to limit food intake. An anastomosis
of proximal jejunum to the terminal ileum was created, causing significant weight
loss via malabsorption in the extended loop excluded from the food stream (39).
The jejunoileal bypass is no longer performed due to the resulting serious compli-
cations, including hepatic failure, cirrhosis, oxalate kidney stones, bypass enteritis,
protein malnutrition, metabolic bone disease, hypocalcemia, and vitamin B12 and
vitamin D deficiency. Recipients of the jejunoileal bypass should be screened for
liver and renal dysfunction and whenever possible should undergo conversion to a
more suitable anatomic bypass (35).

3.10 CONCLUSION

The potential consequences of untreated obesity are staggering: coronary heart
disease; hyperlipidemia; hypertension; Type 2 diabetes mellitus; steatohepatitis and
cirrhosis; cancers of the breast, colon, and uterus; infertility; amenorrhea; wound
infection; arthritis; back pain; cholelithiasis; hypoventilation syndrome; sleep apnea;
and asthma. Safe and effective weight loss therapy is needed, and the number of
severely obese patients is increasing at an alarming rate. Other described therapies
such as calorie restriction, exercise, pharmaceuticals, and behavior modification have
failed to control this condition completely. The most effective treatment option
available at the present time for significant obesity is surgical intervention. The
surgical approach is not a cure and a commitment to follow-up is necessary for each
patient, including nutritional care, group support networks, routine lab work, and
screening for potential short-term and long-term complications.
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4.1 INTRODUCTION

We live in an aging society. One in every five U.S. citizens will be over the age of
65 by the year 2030. Moreover, the over-85 age group is increasing more rapidly
than any other age group. Life expectancy has increased dramatically since the turn
of the 20th century, from 47 years in 1900 to 77 years in the year 2000. There has
also been a shift in the leading causes of death, from infectious disease, which has
decreased as a result of the advent of antibiotic therapy, to chronic debilitating
diseases such as heart diseases, stroke, diabetes, and cancer. 

Conditions resulting from chronic disease are often preventable. Because chronic
diseases affect quality of life, health care costs, and medication management and
care giving (52), care for the elderly necessarily goes considerably beyond dealing
with death. To improve the health of the elderly requires focusing on prevention and
treatment of these chronic diseases, including the promotion of a lifestyle that
emphasizes proper diet, exercise, and the absence of tobacco use. The emphasis in
Healthy People 2010 and the agenda for productive and successful aging is to
increase life expectancy while also improving the quality of life (33,54). 

Nutritional concerns in the aged include macro- and micronutrient deficiency,
malnutrition, and frailty, which has been coined “the sarcopenia of aging.” But equal
concern is with excess malnutrition and obesity and its effects on disability, func-
tional status, and the progression of chronic diseases.
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4.2 PHYSIOLOGIC CHANGES WITH AGING AND ITS 
EFFECTS ON NUTRITION

All humans are subject to the physiologic changes that occur with aging. However,
the rate at which these changes occur varies dramatically and is clearly affected by
lifestyle, genetics, and life events (11). Aging is generally associated with reduction
in muscle mass and total body protein; an increase in total body fat, with a redis-
tribution of fat stores toward the visceral sites; a decrease in total body water; and
a loss of bone density. Not all age-associated physiologic changes, however, are due
to age alone. For example, very few of the changes in insulin sensitivity and glucose
tolerance are caused by advancing age; they are more a function of genetics, sed-
entary lifestyle, and body composition (16). 

As we age, energy intake decreases and there is a shift in the types of foods
chosen. This is, in part, due to the decrease in muscle mass and the resulting decrease
in metabolic rate. It also involves changes in taste, smell, thirst, and hunger —
changes that moreover may lead to a reduced enjoyment of food. Difficulties with
dentition may interfere with intake; financial constraints, as well as social issues,
such as living alone, also have an impact on food purchases. Other factors responsible
for declining dietary intakes in the elderly include hormonal changes, such as a
decrease in testosterone levels leading to an increase in leptin levels. This in turn
leads to a reduction in food intake. The changes in leptin levels are accompanied
by an increase in cholecytokinin, a satiety hormone, and by decreases in neuropeptide
Y (42). Chronic inflammation associated with illness, such as heart disease, arthritis,
and diabetes, also leads to an elaboration of cytokines that over the long term may
result in anorexia and malnutrition. The restrictive therapeutic diets prescribed in
the treatment of many chronic diseases, along with the sharp decline in physical
activity, also contribute to poor food intake in the elderly (55).

4.3 MODIFIED FOOD GUIDE FOR THE ELDERLY

As individuals age, their declining energy needs make it advisable to choose foods
that are nutrient dense and to avoid “empty” calories. Among people over the age
of 70 years surveyed in NHANES III, about 40% consumed less than two-thirds of
the recommended intake energy (NHANES III 1988–1994). Comparison of the
average food group intakes of older men and women with those of younger men
and women show that older individuals eat fewer servings of most food groups
except fruit. More older men than older women meet the food guide pyramid
recommendations. Interestingly, older women have a higher prevalence of obesity
than older men. However, using a benchmark of servings per 1000 calories, intake
of the four food groups, although higher for older men and women than for their
younger counterparts, was still much less than recommended (28). 

To assist older adults to visualize and choose foods properly, nutritionists at the
Jean Mayer USDA Human Nutrition Research Center on Aging at Tufts University
created a Modified Food Pyramid for 70+ Adults (see Figure 4.1; 48). This food
pyramid was developed to generate discussion regarding the unique needs of the
elderly; it is not an official USDA teaching tool (28). The modified food pyramid for
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the elderly has a narrower base to reflect the decreased energy needs in the 70+ age
group, but it continues to emphasize nutrient-rich foods, fiber, and water. The bottom
of the pyramid is devoted to water intake, as thirst sensations are often impaired in
the elderly and dehydration is not uncommon. Fiber icons (“f+”) are also added
throughout the pyramid to emphasize the importance of choosing fiber-rich foods. 

The modified food pyramid also calls attention to the possible need for supple-
mentation of specific nutrients, specifically vitamin B12, vitamin D, and calcium
(48). As a result of the prevalence of atrophic gastritis in the elderly, vitamin B12 in
the food is not released to bind with the intrinsic factor. The elderly therefore do
not absorb vitamin B12 readily. Meeting the increased needs of calcium and vitamin
D can also be difficult. Many elderly do not consume the three servings of cal-
cium-rich dairy foods that are needed. They may also have difficulty with lactose
and therefore fail to absorb enough calcium. In addition, many elderly do not get
the sun exposure required for endogenous synthesis of vitamin D, particularly in the
winter months. This makes supplementation necessary.

In a University of Arizona study, standardized food frequency questionnaires
were used to evaluate the dietary intakes of free-living adults aged 51 to 85 years.
The intakes were then compared to the original food pyramid and the dietary

FIGURE 4.1 The modified food guide for the elderly has a narrow base (to reflect a decrease
in energy needs), while emphasizing nutrient-dense foods, fiber, and water. In addition, nutri-
ent-specific supplements may be appropriate for many older people. (Adapted from Russell
RM, Rasmussen H, & Lichtenstein AH. J. Nutr. 129: 751–753, 1999. With permission.)

Original Food Guide Pyramid Modified Food Pyramid for 70+ Adults

Fats, Oils & Sweets
USE SPARINGLY

Milk, Yogurt and
Cheese Group
2-3 SERVINGS

Vegetables
Group
3-5 SERVINGS

Fats, Oils & Sweets
USE SPARINGLY

Milk, Yogurt and
Cheese Group
3 SERVINGS

Vegetables
Group
≥3 SERVINGS

Meat, Poultry, Fish, Dry Beans,
Eggs and Nut Group

2-3 SERVINGS

Fruit Group
2-4 SERVINGS

Bread, Cereal,
Rice and Pasta

Group
6-11 SERVINGS

Meat, Poultry, Fish, Dry
Beans, Eggs and Nut Group

≥ 2 SERVINGS

Calcium, vitamin D,
vitamin B-12

SUPPLEMENTS

Fruit Group
≥ 2 SERVINGS

Bread, Cereal,
Rice and Pasta

Group
≥ 6 SERVINGS

Water
≥ 8 SERVINGS

Fat (naturally occurring and added)
Sugars (added)

These symbols show fat and added sugars in foods.

Fat (naturally occurring and added)
Sugars (added)
Fiber (should be present)

These symbols show fat and added sugars in foods.
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reference intakes (DRIs). More than 60% of this population did not meet the average
requirements for vitamins D, E, folate, and calcium, even though their total caloric
and protein intake was higher than recommended (20).

If the dietary pattern suggested by the modified food pyramid is followed,
individuals with daily energy intakes of 1200 to 1600 kcal are more likely to consume
100% of the recommended dietary allowances (RDAs) for protein and essential
micronutrients (48). This may suffice for individuals consuming this level of calories.
Data from NHANES III suggest, however, that by age 80, 1 in 10 men consumes
less than 890 kcal/d, whereas 1 in 10 women consumes less than 750 kcal/d. This
makes meeting nutrient adequacy very difficult. Overt nutrient deficiencies in the
elderly are uncommon, but subclinical deficiencies may be more common and can
adversely affect health and functional status (7). With the development of the DRIs
in 1997 and 1998, the requirements of many micronutrients are now set for individ-
uals over 70 years of age. The 1989 RDAs did not differentiate between individuals
over 50 and those over 70. Current recommendations for vitamins B6 and B12 may
still be too low. Also, the role of folate, its relationship to homocysteine metabolism,
and its possible role in minimizing the incidence of heart disease may alter the DRI
for people over 70. Table 4.1 summarizes some of the age-related changes in body
composition and function that may influence nutrient requirements (7). 

4.4 NUTRITION ASSESSMENT AND SCREENING IN 
THE ELDERLY

Most nutrition assessments rely on anthropometric, biochemical, immunological,
and, more recently, subjective data such as functional status and health self-percep-
tion. Specific screening and assessment tools have been developed for the elderly
through the Nutrition Screening Initiative (NSI; 44). The NSI was developed by a
group of geriatric nutrition experts from the American Dietetic Association, Amer-
ican Academy of Family Physicians, and the National Council on Aging. It is
intended to assist various clinical and program sites in identifying older individuals
with nutritional problems and to assign scores that correspond to the degree of
nutritional risk. There are three key components to the NSI: a screening checklist
titled “Determine Your Nutritional Health,” and Level I and II screens. 

The mini-nutrition assessment (MNA) was developed to complement the NSI
by providing a more in-depth assessment tool that is both reliable and simple to use
in the elderly population (27). It includes anthropometric data such as height, weight,
and weight loss; a dietary assessment; and general geriatric and self-assessment
questions. These validated screening tools are used to identify individuals who
require a full nutrition assessment. 

A comprehensive nutrition assessment should include data on height, weight,
body mass index (BMI), skinfold thickness, and body composition assessments such
as mid-arm muscle circumference. Unfortunately there are no standards for many
of these measurements in the elderly. With aging, 1 to 2.5 cm of height is lost per
decade after maturity. As a result, weight for height assessments are difficult to
interpret. Body weight also changes with advancing age, increasing into middle age,
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stabilizing for 15 to 20 years, and then decreasing (36). Values of BMI at both
extremes, i.e., <18 kg/m2 and >30 kg/m2, are associated with poor health outcomes
(22). If an older person is only a little heavier than average, serious illness may
actually be overcome more easily. However, obesity in the elderly, as in younger
populations, is associated with significant morbidity. 

Bioelectrical impedance measurement (BIA), which measures total body water
and its distribution in the body, as well as the proportion of fat to lean tissue fat-free
mass (FFM), can be used to determine body composition in the elderly. However,
BIA equations must be population-specific and chosen with care; even equations
developed specifically in one group of elderly individuals may under- or overestimate
FFM in other elderly with different body weights and heights (14,25,29,46). 

Biochemical measures, such as albumin, prealbumin, and transferrin levels, are
commonly used to assess visceral protein status, yet all have limitations as nutrition
assessment parameters. Serum albumin, although affected by many clinical condi-
tions, is the most reliable prognostic indicator for rehospitalizations, extended length
of stay, and other complications in the elderly (17). 

A thorough nutrition assessment should also include an evaluation of the multiple
medications many elderly take, many of which have drug–nutrient interactions or
debilitating side effects. A recently published survey (56) assessed the nonvitamin,
nonmineral dietary supplement intake of the elderly. In the cohort of subjects sur-
veyed as part of the New Mexico Aging Process Study, supplement use increased
from 14 to 46% over a 6-year period, with women having a slightly higher usage

TABLE 4.1
Examples of Age-Related Changes in Body Composition and Physiologic 
Function That Influence Nutrient Requirements

Change in Body Composition or 
Physiologic Function Impact on Nutrient Requirement

Sarcopenia Decreased need for calories
Osteopenia Increased need for calcium, vitamin D
Decreased immune function Increased need for vitamin B6, vitamin E, zinc
Increased gastric pH acid Increased need for vitamin B12, folic acid, calcium, 

iron, zinc
Decreased skin capacity for vitamin D synthesis Increased need for vitamin D
Increased wintertime parathyroid hormone 
production

Increased need for vitamin D

Decreased calcium bioavailability Increased need for vitamin D, calcium
Decreased hepatic uptake of retinal Decreased need for vitamin A
Decreased efficiency in metabolic utilization of 
pyridoxal

Increased need for vitamin B6

Increased oxidative stress status Increased need for beta carotene, vitamin C, 
vitamin E

Increased levels of homocysteine Increased need for folate, vitamin B6, vitamin B12

Source: Adapted from Blumberg J. J. Am. Coll. Nutr. 16 (6): 517–523, 1997. With permission. 
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of supplements such as ginkgo biloba, lecithin, black cohosh, and so forth. Often,
patients will not report supplement intake to their physicians, thinking it is not
important. Many supplements have, however, specific and significant interactions
with commonly prescribed medications. A complete nutrition assessment should
also include a review of an elderly individual’s oral health and dentition, as many
individuals have ill-fitting dentures, which may affect the ability to chew food.
Moreover, nutrient deficiencies often have oral manifestations (see Chapter 10). 

A nutrition assessment should also include an evaluation of the socioeconomic
status of the individual as it affects the ability to pay for food and social support
systems. It also reflects the functional status of the individual, that is, how well a
person carries out the activities of daily living (i.e., feeding, cooking, and doing
household tasks), how well the person cares for himself or herself, and how well he
or she can walk or climb stairs.

An area of assessment that has received attention more recently is how nutri-
tional status affects the health-related quality of life (HRQOL). Traditionally, assess-
ment parameters focused on outcomes such as morbidity and mortality. Often these
are less meaningful to the elderly than symptomatic improvement that leads to a
greater degree of HRQOL (1). Good nutrition promotes HRQOL by promoting
health, because it prevents dietary deficiency. Eating is a sensory pleasure and, when
in company, contributes to a person’s psychological well-being. Table 4.2 lists
age-associated nutritional changes that may affect the HRQOL. Even though stan-
dard nutrition assessment measures may not have age-adjusted standards for the
elderly, they still provide useful information that can help prevent or correct nutri-
tion-related problems.

TABLE 4.2
Age-Associated Nutritional Changes That May Affect Quality of Life

Change Possible Consequences

Changes in body composition Decreased muscle mass, strength and ability to perform 
ADL; increased fat tissue, obesity, risk of degenerative 
disease

Functional changes
Diminished thirst and decreased body 
H2O 

Increased susceptibility to dehydration

Age-related changes in nutrient needs Deficient (B12) toxicity (vitamin A)
Changes in taste, vision, smell Decreased enjoyment of food
Broken bones, edentulous Limited food choices due to food consistency

Increased disease incidence Changes in requirements, dietary restrictions
Increased use of prescription drugs Drug–nutrient interactions, appetite changes
Social changes; loss of family, friends Depression, decreased intake; loneliness, isolation
Decreased income Increased food insecurity, insufficient access to food, and 

undernutrition

Source: Adapted from Amarantos E, Martinez A, Dwyer J. J. Geron. Ser. A 56A: 54–64, 2001. With
permission. 
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Practical recommendations for evaluating elderly patients who present to their
primary care provider would include a “nutrition focused” physical exam: a simple
assessment of height, weight, and BMI, as well as the presence or absence of muscle
wasting and edema, and an evaluation of skin turgor, hair, oral mucosa, and dentition.
The physician should ask the patient simple, direct questions regarding dietary
intake, recent weight change, significant changes in bowel habits, the patient’s living
situation, who shops for food, who cooks, and so forth. It would also be useful for
the physician to have the patient fill out the nutrition screen form in the office.
Referrals can be made to dietitians or social workers for more in-depth nutrition
and psychosocial assessments if the physician feels this is necessary. Simply sug-
gesting and prescribing food supplements or coordinating food delivery programs,
such as Meals on Wheels, may make significant improvements in the older person’s
nutrition health.

4.5 OBESITY AND THE ELDERLY

Obesity has become a major problem in the United States for persons of all ages,
including those of advanced maturity (50 to 65 years). This is because of changes
in body composition brought about by a sedentary lifestyle and poor food choices.
Between the years of 1991 and 1998, the incidence of obesity in adults 60 to 69
years old increased by 44.9%. In individuals over 70 years, it increased by 28.6%
(41). Obesity in the elderly causes increased disability and adversely affects quality
of life. Obese persons exhibit signs of disability up to 10 years earlier than controls
(18). Obesity is also associated with an increased incidence of hypertension, hyper-
lipidemia, and diabetes mellitus. These conditions in turn increase the incidence of
cardiovascular disease, the primary cause of death in the elderly. As discussed above,
BMI, the standard anthropometric index that defines obesity, is also a useful param-
eter for the elderly. However, because of changes in height and body composition,
the standards for defining obesity in the elderly on the basis of the BMI need
reevaluation (31). Controversy exists over whether the relationship between obesity
and increased mortality that exists in the younger population persists as we age.
Excess body weight may in fact be protective in the elderly, especially in the oldest
old (4,12). 

One of the largest studies of aging, the Longitudinal Study of Aging, started
with an in-home survey in 1984. Follow-up surveys were performed in 1986, 1988,
and 1990. The relationship between mortality and obesity was analyzed retrospec-
tively, using the initial 1984 data from this study and controlling for many risk
factors, but not for cigarette smoking. Obesity was found to be protective, com-
pared with thin or normal weight individuals; this was confirmed by sensitivity
analysis (26).

The Framingham Heart Study, which excluded former and current smokers,
found increased mortality after age 65 in the obese, before and after adjustment for
medical comorbidities (30). Calle et al. (8) have reported data from the American
Cancer Society’s Cancer Prevention Study II that suggest a U-shaped relationship
between BMI and mortality for all ages. Obesity was most strongly associated with
death in those individuals who had never smoked and had no history of disease. In
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a group of 1448 subjects with a mean age of 79 years who underwent cardiac
surgery, subjects with a lower BMI were shown to have a higher risk of complica-
tions and death from cardiovascular surgery than subjects with a higher BMI.
Moreover, an increased BMI does not increase the risk of complications from
cardiovascular surgery; it does, however, increase the risk of wound infections (37).
However, it has also been demonstrated that in a cohort of 845 elderly subjects of
low socioeconomic status, a BMI above 30 kg/m2 was associated with higher mineral
density of the femoral neck (3). The risk of osteoporosis among men and women
with a BMI greater than 30 was approximately one-third of that of individuals with
a normal BMI. 

The BMI cut-off for obesity and overweight in the elderly remains controversial.
Notwithstanding the protective effect of BMI on mortality, obesity has many adverse
effects on function in old age. Overweight and obesity also increase health care
costs. A recently published longitudinal study that evaluated the relationship of
baseline BMI during middle age with Medicare expenditures during older age found
that as BMI increased, cumulative charges to Medicare increased significantly (13).

In summary, the expert subcommittee on nutrition for the World Health Orga-
nization, in setting standards for the use and interpretation of anthropometry in the
elderly, suggests that overweight individuals with BMI values between 25 kg/m2

and 30 kg/m2 should be considered at risk only while under 70 years of age (51).
Overweight individuals over the age of 70, even without chronic disease, should
maintain their current weight (51). 

4.6 AGING AND IMMUNE FUNCTION

Immune function declines as we age. This process is called immunosenescence. It
leads to an increased risk of infection, specifically upper respiratory infections,
pneumonias, and influenza. The number of immune cells does not seem to decrease
with age. Many of these cells, however, undergo functional alterations (24). The
decline in immune function in the elderly is also associated with an impaired
antibody response to vaccination and is often coupled with a poor nutritional state,
which itself also causes impaired immune function. 

Studies have investigated the effects of nutrient supplementation on immune
function in the elderly, but the results have been mixed. In a recent trial (34), 65
individuals over the age of 65 were recruited from assisted and independent-living
facilities in Florida. Subjects were randomized in a prospective parallel, double-blind
design to receive for 183 days either 8 oz of a nutritional supplement that contained
antioxidants, zinc, selenium, fermentable oligosaccharides, and structured lipids, or
an isocaloric isonitrogenous control formula. The subjects receiving the experimental
formula had fewer days of respiratory infections and exhibited greater lymphocyte
proliferation and a more pronounced antibody response to influenza vaccination.
This is one of the first studies to show a clinically meaningful outcome to a simple
nutritional intervention in an elderly population. 

Similarly, Meydani et al. (39), studying nursing home residents in the Boston
area, found a statistically significant protective effect of a daily dose of 200 IU vitamin
E on the incidence of upper respiratory infections. Although these findings need to
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be extended, they demonstrate how simple, inexpensive nutritional supplements can
have a significant impact on disease outcome and therefore on health in the elderly.
See Chapter 9, “Malnutrition and the Immune System.” 

4.7 UNDERNUTRITION AND THE ROLE OF 
NUTRITIONAL SUPPLEMENTS IN THE ELDERLY

A low BMI and undernutrition are more prevalent in the aged than obesity, with 30
to 40% of men and women over the age of 75 at least 10% below ideal body weight.
Significant protein calorie malnutrition is evident in 5 to 12% of community-dwelling
older persons, whereas in hospitalized and long-term care settings, this figure
increases, ranging from 23 to 85% (53). Over 40% of current hospital admissions
involve elderly people, whose periods of illness and hospitalization tend to be longer
than those of younger adults. As already discussed, the causes of weight loss and
poor nutrition are multifactorial: chronic disease, socioeconomic impediments, poor
oral health, depression, and dementia, as well as the normal functional changes
associated with aging.

Nutritional status will inevitably worsen in the course of hospitalization or
institutionalization, efforts to supplement nutrition intake notwithstanding. The risk
of complications and death increases in direct proportion to the severity of the
nutritional deficits (49). Within 1 year of discharge from a geriatric rehabilitation
unit, the risk of mortality is a direct function of protein-energy undernutrition. Serum
albumin and body weight, when expressed as percent of ideal at discharge, were
each strong independent predictors of mortality (50). 

Recognizing malnutrition, even with the help of the Nutrition Screening Initia-
tive, is still a major problem in hospitals. Patients often are allowed to subsist on
very low energy intakes for prolonged periods of time, and when the need for
nutrition support is recognized, it may be too late. Numerous trials have evaluated
the utility of nutritional supplementation in the elderly at risk for malnutrition. The
Cochrane Metabolic and Endocrine Disorders Group (40) reviewed all randomized
controlled trials of oral protein and energy supplementation in older people through
March 2001. Thirty-one trials with 2464 participants are included in the analysis,
but many trials were of poor quality. Supplementation appears to produce a small
but consistent weight gain, to result in a shorter hospital stay, and to have had a
significant and beneficial effect on mortality. The review indicated the need for
further large-scale, multicenter trials to substantiate the benefits of supplementation
(40). The effects of nutritional supplements on functional status and quality of life
are more difficult to define and measure. In most cases, the study period is too short
to show an effect. 

Calcium and vitamin D supplements have been administered to older individuals
in an attempt to prevent hip fractures. In 1980, 72,337 postmenopausal women from
The Nurses’ Health Study (19) were assessed at baseline, with follow-up assessments
in 1984, 1986, 1990, and 1994. Adequate vitamin D intake had the strongest asso-
ciation with reduced hip fractures. Neither milk nor calcium reduced the risk of
fractures. However, falls were found to have decreased 20% in women (mean age
60 years) whose diets had been supplemented with vitamin D (5). Another Cochrane
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Database Review (2), evaluating the effects of nutritional supplementation for hip
fracture after care, analyzed 15 randomized trials involving 943 elderly subjects
(older than 65 years) who had sustained a hip fracture. Such individuals are often
malnourished, and their nutritional status tends to worsen in the course of their
hospital stay and during rehabilitation. Supplementation with oral protein and cal-
ories was found to have the greatest effect in reducing the length of stay in rehabil-
itation units. In no case was there an effect on mortality (2). However, because the
trials included in this analysis were poor from a methodological viewpoint, the
results should be interpreted with caution.

Supplements have been investigated to determine whether they can mitigate the
functional changes that occur in the elderly with time. Debilitation and muscle
atrophy used to be considered unavoidable, but adequate nutrition, social safety nets,
and exercise can retard or reverse many of these functional changes. In addition to
caloric and protein supplementation, specific micronutrient supplements may help
improve physical function as a person ages. It has been suggested that the age-related
decline in muscle function may result from oxidative damage caused by free radicals.
In the Invecchiare in Chianti Study (10), the effect of a daily intake of antioxidants
was evaluated, and plasma antioxidant levels were related to skeletal muscle strength
and physical performance in a population of 986 Italians over 65 years of age.
Vitamin C, vitamin E, b-carotene, and retinal intakes were estimated from question-
naires, whereas plasma a and g tocopherol concentrations were measured. Plasma
antioxidant concentrations were found to correlate positively with physical strength
and performance. Moreover, high dietary antioxidant intakes, specifically of vitamin
C, were associated with greater strength. It is known that exercise stimulates anti-
oxidant activity and that antioxidants may be necessary for healthy muscle function,
especially during the recovery phase (38). The goal of preventing and treating muscle
atrophy and the resultant debilitation in the elderly is an exciting area of research
that integrates nutrition, exercise physiology, and pharmaceutics in an effort to
improve the quality of life of older persons.

4.8 SARCOPENIA AND THE ELDERLY

The physical frailty and muscle loss associated with aging (the sarcopenia of aging)
is an important research issue in geriatric medicine that directly impacts health and
well-being. Frailty and muscle loss are the major cause of nursing home institution-
alization and hospital admission and, in 2000, were responsible for health care costs
of approximately $18.5 billion (32). The prevalence of clinically significant sarcope-
nia has been estimated to range from 8.8% in young women to 17.5% in old men (43). 

The New Mexico Aging Process Study (23) has attempted to quantify the
relationship of sarcopenia to falls, functional impairment, and disability by utilizing
Dexascan to assess body composition. Four hundred subjects were classified as
sarcopenic-lean, sarcopenic-obese, or obese. Interestingly, functional impairment,
disabilities, and falls were highest in the obese-sarcopenic group or, as Morley terms
them, “fat-frail.” This group also exhibited a greater prevalence of Type 2 diabetes
and gallbladder disease (23).
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The decrease in muscle mass is paralleled by a decrease in muscle efficiency,
in protein synthesis, and in type IIa muscle fibers (fast-twitch; 43). Muscle coordi-
nation is also decreased because of diminished function of the motor units inner-
vating the muscle. Endocrinological changes that take place with aging may also
contribute to sarcopenia. These include a decrease in growth hormone and testoster-
one, and an increase in cortisol and various cytokines, such as TNF-a, IL-1b, and
IL-6. These cytokines are elaborated during critical illness and are associated with
muscle wasting and increased mortality. This is true not only in hospitalized persons,
but also in community-dwelling older adults (47). Other potential etiologies of the
sarcopenia of aging that are currently being investigated include the possibility of
reactive oxygen species causing muscle damage (21) and the role of apoptosis-acti-
vating caspases that promote muscle cell death (35). See Figure 4.2. Nevertheless,
the most important etiologic factors of sarcopenia are a decline in regular physical
activity and poor nutrition. These can be readily corrected through proper and timely
intervention, with resistance exercise a particularly useful approach.

Resistance training is accompanied by increased fiber size, an alteration in fiber
type, and an increase in protein synthesis. Significant increases in strength and
muscle mass can be achieved in short-term training studies (10 to 12 weeks), even
for the frail elderly (>90 years old; 15). This suggests that exercise therapy should
be a part of any public health effort to improve the overall health of the aged and

FIGURE 4.2 The multifactor origin of sarcopenia. (Adapted from Morley JE, Baumgartner RN,
Roubenoff R, Mayer J, & Nair KS. J. Lab. Clin. Med. 137: 231–243, 2001. With permission.)
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to prevent sarcopenia. The optimal exercise modality and its duration and intensity
are yet to be determined in the elderly.

Much is being done for the treatment and prevention of sarcopenia; it is not an
inevitable consequence of aging. Investigators are utilizing anabolic hormones such
as testosterone and growth hormone; exercise, specifically resistance exercise, is
remarkably successful in preventing and reversing muscle atrophy; and nutrition
intervention, both macro- and micronutrient supplementation, may be another appro-
priate treatment option. It is known that testosterone levels decrease with aging and
are associated with decreased muscle mass, and studies have investigated the effects
of testosterone replacement in older men with low or normal testosterone levels.
Testosterone replacement will increase fat-free mass and decrease fat mass, and it
appears that the effects are most pronounced in men whose baseline testosterone
levels were lowest. Most studies in this area did not see an improvement or, more
commonly, did not measure physical function or other health-related outcomes (6).

Exercise is the only therapy available to date that can partly reverse the
age-related decline in muscle strength and muscle mass. Future research may look
to combine exercise and anabolic hormones for optimal effects. 

The anorexia associated with aging is also considered a causative factor of
sarcopenia. Recent evidence suggests that the RDA for protein, at 0.8 g/kg, is too
low for older individuals to maintain skeletal muscle, as evidenced by mid-thigh
muscle area (9). This would indicate that protein supplements may be beneficial.
The use of creatine in athletes has been studied extensively. One study suggests
that in older persons muscle strength is increased with a combination of creatine
and exercise (45). As already discussed, antioxidant supplements in the elderly
may maintain skeletal muscle function. Pharmaceutical agents that reverse
anorexia, such as megestrol acetate and cannabis derivatives, have had mixed results
in the elderly. 

To help people maintain function in old age, it is necessary that researchers
identify factors that improve the quality of life as we age, maximize the nutritional
status of the elderly, provide early identification of individuals at nutritional risk
from undernutrition and obesity, define the optimal protein and micronutrient
requirements, and work to prevent the age-related ravages of skeletal muscle loss
and debilitation. These are also exciting areas for future nutritional research. 
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5.1 INTRODUCTION

Food, necessary for human nutrition, is also a potential source of disease, including
allergy. Food allergy is not uncommon and can range in severity from a simple
annoyance to a rapidly fatal anaphylactic reaction. A correct diagnosis of allergy
and identification of the specific food to which a person is allergic are essential if
future reactions are to be avoided.

The term adverse reactions describes all conditions that may occur when a
particular food is eaten. Food allergy is only one of many possible adverse reactions
and refers to a disease in which a food component is antigenic. The antigen, usually
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a protein that induces an allergic response, is called an allergen. However, not all
immune responses result in allergy. 

Allergy refers to diseases in which the immune response to an environmental
antigen (e.g., a food) induces inflammation that is detrimental to the patient. This
is in contrast to immunity, a situation in which the immune response is protective
against an infectious microorganism or toxic chemical.

Food intolerance is the term used by allergists for an adverse reaction that is
not allergic. Nonallergic reactions to foods are frequently mistaken for allergy. The
condition may be pathologic, or it may be subjective only, and the mechanism may
be known or unknown. For example, certain foods contain chemicals that have
pharmacologic properties, such as caffeine in coffee that causes stimulation or
histamine-like compounds in wines that cause flushing and headache. Some indi-
viduals are susceptible to these effects, while others are not. Those who are suscep-
tible may incorrectly perceive their “sensitivity” as an allergy (see Table 5.1). Toxicity
is the direct effect of a naturally occurring chemical in the food, such as mushroom
poisoning, or a bacterial toxin from a contaminant, such as Staphylococcus or E. coli. 

5.2 THE NORMAL IMMUNE RESPONSE 

The immune response is a stepwise process involving cells that ultimately generate
both antibodies and sensitized lymphocytes that recognize a specific antigen.

Antibodies are referred to chemically as immunoglobulins and are found in the
blood as well as in tissues of the body. There are five classes of immunoglobulin

TABLE 5.1
Foods with Natural Chemicals That May 
Simulate Allergy

Food Chemical Effect

Some cheese Histamine Flushing and itch
Tyramine Headache
Phenylethylamine CNS stimulation

Chocolate Phenylethylamine CNS stimulation
Theobromine CNS stimulation

Red wine Histamine Flushing and itch
Phenylethylamine CNS stimulation

Spinach Histamine Flushing and itch
Eggplant Histamine Flushing and itch
Coffee Caffeine CNS stimulation
Cola Caffeine CNS stimulation
Banana Serotonin CNS stimulation
Avocado Serotonin CNS stimulation
Tomato Serotonin CNS stimulation

Note: CNS = central nervous system.
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molecules, which differ in their chemical structure and are known as isotypes. They
are called IgG, IgA, IgM, IgD, and IgE. These differ in some properties, but all react
with the specific antigen that was responsible for their production. The effect of
antibodies on the system is referred to as humoral immunity. 

Antibodies of the IgG isotype are the most abundant in the serum and are
responsible for long-lasting immunity. IgM antibodies are produced early during the
immune response and are transient. IgA antibodies are generated by the mucosal
immune system, including the gastrointestinal tract. IgE antibodies are responsible
for the common forms of allergic diseases. 

Cell-mediated immunity does not involve antibodies. It refers to specifically
sensitized lymphocytes that are the product of antigenic stimulation and in turn react
with the specific antigen. When the antigen induces inflammation, it is called
cell-mediated hypersensitivity, and the antigen is referred to as an allergen.

Specificity and cross-reactivity are important concepts in immunity and in aller-
gic disease. Specificity refers to the ability of the immune system to recognize very
small differences in the chemical structure of different protein molecules. Cross-reac-
tivity occurs when two or more different allergens contain the same molecular group
and therefore are recognized by the same antibody. There are numerous examples
of cross-reactivity among food allergens. There are also cross-reactions between
allergens in foods and other environmental substances, such as pollens and natural
rubber latex (see Table 5.2).

The gastrointestinal tract has a unique immune system of its own, called the
gastrointestinal associated lymphoid tissue (GALT). Anatomically, GALT encom-
passes lymphoid tissue and cells throughout the gastrointestinal tract; in terms of
volume, it is larger than the systemic immune system. 

TABLE 5.2
Cross-Reactivity of Foods and Other Allergens

Food Other Allergens

Melon Ragweed pollen
Banana Ragweed pollen

Latex
Apple Birch pollen
Pear Birch pollen
Potato Birch pollen
Hazelnut Birch pollen
Carrot Birch pollen
Celery Birch pollen

Mugwort pollen
Grass pollen

Kiwi Birch pollen
Latex

Chestnut Latex
Avocado Latex
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Mucosal immunity differs from systemic immunity in a number of ways. A
unique property of GALT is production of a specialized form of immunity, known
as secretory IgA antibodies (sIgA). These antibodies form molecular complexes with
their corresponding food antigens (Ag), thereby retarding absorption of the intact
food antigen. This in turn lengthens the time during which the complex undergoes
normal digestion by proteolytic enzymes. Nevertheless, intact food protein antigens,
including those that may be allergenic, are absorbed and enter the systemic circu-
lation. This gives rise to low levels of IgG, IgA, and IgM antibodies in the circulation,
as well as cell-mediated immunity. Low antibody levels in response to foods are a
normal occurrence and have no detrimental or pathologic significance. 

Immunological tolerance is a condition in which the immune system does not
respond to an antigen. This provides protection from harmful effects that would
otherwise result from reactions to self-antigens. Disruption of the normal state of
immunologic self-tolerance leads to autoimmune diseases, as exemplified by sys-
temic lupus erythematosus. 

Oral tolerance refers to a situation when the oral administration of an antigen
fails to induce a systemic immune response or when the response is diminished. A
high dose of the antigen given orally prevents the subsequent immune response to
the administered antigen. The effect is specific for that antigen only and does not
constitute a generalized immune suppression. Although oral tolerance can be dem-
onstrated experimentally, its significance as a normal physiologic process is not fully
understood. However, since the normal process of eating foods involves exposing
the immune system to large quantities of potential food antigens, oral immunologic
tolerance may be necessary for normal nutrition because it protects foods from
immunologic attack.

5.3 THE ALLERGIC RESPONSE

Allergy is a two-step process. In the first step, called sensitization, the immune
system recognizes a foreign protein (e.g., in a food) as an antigen, thereby generating
an immune response. The immune response results in specific antibodies and/or
specifically sensitized T lymphocytes. Once a state of sensitivity occurs, subsequent
exposure to the antigen results in an allergic state, often referred to as the elicitation
phase because it elicits the pathology of the disease. 

There are a number of allergic diseases, reflecting the complexity of the immune
response. They are typically classified by the Gell and Coombs system, which is
based on the particular immune pathway involved in the disease (see Table 5.3).

 Type I reactions are mediated by IgE antibodies, which react with the allergen
on tissue mast cells or circulating basophils. These cells then release certain chemical
mediators, such as histamine, resulting in local or systemic pathologic effects. The
effects on blood vessels lead to vasodilation and, if extreme, to hypotension and
shock. Cutaneous and mucosal effects produce pruritus and flushing, usually accom-
panied by urticaria and/or angioedema because of increased vascular permeability.
Airborne allergens cause conjunctival and eyelid itching, rhinitis, and bronchospasm.
Orally ingested allergens cause itching and swelling of the lips, tongue, and palate;
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laryngeal edema; and gastrointestinal smooth muscle spasm resulting in vomiting,
diarrhea, and abdominal pain. All of these effects do not necessarily occur with each
allergen exposure. If the exposure occurs by injection or oral ingestion, multiple
organs may be involved; this is referred to as systemic anaphylaxis.

Type II reactions are mediated by IgG or IgM antibodies, which form a complex
with the antigen. If the antigen is a component of a cell, such as a virus or a transfused
red blood cell, the antigen complex activates the complement system. This results
in cytotoxicity. If the infection is by a virus, cell disruption (lysis) is desirable because
it prevents replication of the virus. It is undesirable, however, in the case of a
mismatched blood transfusion. Type II allergic reactions are typically caused by
drugs that bind to a patient’s blood cells, which are then inadvertently destroyed by
lysis. This mechanism also may occur in very rare instances of milk-induced throm-
bocytopenia (10).

Type III reactions also involve IgG or IgM antibodies and complement, but in
this instance the reactions lead to tissue or organ inflammation. This response may
be the basis for celiac disease, dermatitis herpetiformis, pulmonary hemosiderosis,
and some cases of arthritis and intestinal blood loss, all of which have on occasion
been attributed to a food allergen. To date, however, there is little evidence to support
this hypothesis.

Type IV reactions are cell-mediated forms of hypersensitivity that do not involve
antibodies. They constitute the mechanism of allergic contact dermatitis.

5.4 ALLERGIC DISEASES

Atopy (atopic allergy) refers to a condition affecting about one-third of the population
in whom there is a genetic tendency to produce IgE antibodies in response to certain

TABLE 5.3
Gell and Coombs Classification of Allergic Diseases, Including Mechanisms 
and Testing Methods

Class Mechanism Typical Diseases Skin Tests In Vitro Tests

I IgE antibody–
mediated

Atopy, anaphylaxis Immediate 
wheal/flare

RAST or ELISA

II IgG (or IgM) 
antibody–mediated 
cytolytic

Drug-related 
hemolytic anemia

N/A N/A for food allergy

III IgG (or IgM) 
antibody–mediated 
inflammatory

Serum sickness Intradermal arthus Precipitin assay

IV T cell–mediated Allergic contact 
dermatitis

1. Patch test
2. Intradermal DTH

In vitro lymphocyte 
transformation test

Note: N/A = not applicable; DTH = delayed-type hypersensitivity (48 h); RAST = radioallergosorbent
test; ELISA = enzyme-linked immunosorbent assay.
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protein allergens commonly found in the environment. These include pollens of
trees, grasses, and weeds; mold spores; the house dust mite; and emanations from
animals, such as cats, dogs, and horses. They also include, but to a lesser extent,
some of the natural proteins in foods. The atopic diseases — allergic rhinitis,
bronchial asthma, and atopic dermatitis — can coexist in the same patient. Because
genetic factors predispose to atopy, the condition is often familial. In patients without
the genetic predisposition to atopy, the same natural exposure to allergens in pollens,
molds, dust, or foods does not induce the formation of specific IgE antibodies and
will not lead to atopic disease. 

Many atopic persons have IgE antibodies to food allergens, yet exhibit no clinical
signs of allergic disease. The reasons for this phenomenon are unknown, but it is
essential to recognize that this “sensitization without elicitation (overt disease)” is
very common.

Anaphylaxis is a systemic allergic disease that is also caused by IgE antibodies,
but it is outside the scope of atopic allergy. It is a medical emergency that leads to
the rapid appearance of urticaria, angioedema, bronchospasm, shock, and other
systemic effects. It may be fatal. The allergens most often responsible for anaphylaxis
are organic chemicals, proteins, and nonproteins, especially drugs, foods, and venom
from Hymenoptera stinging insects. Exposure is therefore the result of injection or
ingestion. In a highly sensitive patient, inhalation or contact of the allergen with a
mucous membrane or the skin may on rare occasions be enough to trigger anaphy-
laxis. Urticaria/angioedema is a localized form of anaphylaxis that involves the
vasculature of the skin or mucous membranes and is caused by allergens similar to
those that elicit anaphylaxis. Anaphylaxis and urticaria/angioedema can affect atopic
or nonatopic persons and do not appear to be genetically determined.

Serum sickness is an acute disease characterized by skin rash, joint inflammation,
and fever. It is an allergic reaction to drugs; it has never been clearly associated with
foods. It is caused by IgG or IgM antibodies, which activate the complement system
of blood plasma. Once activated, the complement system generates a systemic
inflammation that is transient and resolves when the patient discontinues using the
drug that caused the disease.

Allergic contact dermatitis is a superficial inflammatory disease of the skin
causing redness, swelling, papules, and vesicles. It affects the skin directly in contact
with the allergen. It is caused by cell-mediated hypersensitivity and does not involve
antibodies (4). The disease is mediated by the effector T lymphocyte, which specif-
ically recognizes the contact allergen. The most common allergen is pentadecylcat-
echol, a chemical in poison ivy, poison oak, and poison sumac. (These are the
common names of the plants and of the diseases. The diseases are in fact allergic,
not poisonous [toxic] conditions.) Allergic contact dermatitis is also frequently
caused by allergens in jewelry, perfumes, cosmetics, rubber products, and some
topical medications. Other items that may contact the skin induce the disease less
commonly. The disease can also be an occupational hazard. 

Allergic contact dermatitis is also the result of an uncommon food allergy (8),
with the skin erupting at sites where the food has come in contact with the skin. In
infants it is primarily the skin around the mouth that is affected. In food handlers,
it affects the hands and constitutes an occupational disease. Allergic contact derma-
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titis is called delayed hypersensitivity, because it requires many hours, typically 12 h
to several days, after skin contact with the food before the reaction begins. The
delayed latency period makes diagnosing the condition challenging. On the other
hand, IgE-mediated allergic diseases, both atopy and anaphylaxis, are often referred
to as immediate hypersensitivity, because onset following exposure typically occurs
within minutes of contact. 

5.5 PREVALENCE OF FOOD ALLERGY

Food allergy is much less common than perceived by the general public (2). Accord-
ing to surveys some 20% of the population believes that they are allergic to foods.
However, in the vast majority of cases, the subjective self-diagnosis cannot be
confirmed. A definitive diagnosis is made by allergy specialists, who rely on a
searching history and examination, appropriate testing for allergy, and confirmation
by double-blind placebo-controlled food challenges. This is the “gold standard” for
diagnosis and reveals that only 1 to 2% of adults have bona fide food allergy (28).
Furthermore, the prevalence of food allergy differs among different population
groups. It depends on age (most common prior to age 2), atopy (more common,
especially in patients with atopic dermatitis), diet (availability of particular foods
depending on geography and cultural practices), breastfeeding, and the presence of
other diseases. Anaphylaxis, the most serious form of food allergy, occurs in 0.004%
(1 in 250,000) of the U.S. population.

5.6 NATURAL HISTORY OF FOOD ALLERGY

Reliable information about the prognosis of food allergy is minimal. In infants and
children, allergy to foods frequently remits after several years, with the notable
exception of anaphylaxis, especially to nuts and peanuts. More than 80% of infants
who exhibit an allergy to milk, egg, wheat, or soy, as demonstrated by a double-blind,
placebo-controlled food trial, had lost their allergy when rechallenged by age 3 (30).
Most adult-onset food allergy reactions are also transient, although they may persist
for years before remitting. Children with documented food allergy should be mon-
itored annually by serial skin testing. They should scrupulously avoid the allergenic
food as long as the test is positive. Only when the test reverts to negative should a
clinical loss of hypersensitivity be considered. To verify the loss of allergy, a small
test dose of the food should be administered in a medical facility where appropriate
treatment is immediately available, should a reaction occur.

5.7 FOOD ALLERGENS

Any food is potentially allergenic, but some foods cause allergic reactions more
commonly than others. In almost all cases, the allergen is a protein, usually about
10,000 to 60,000 Da (10 to 60 kDa) in molecular weight. Each foodstuff typically
contains a number of different proteins, some of which constitute potential allergens,
which vary from patient to patient. The protein allergens in foods, like the inhalant
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allergens such as pollens, often contain a small amount of carbohydrate and are
therefore called glycoproteins. Nevertheless, the allergenicity is in the protein portion
of the molecule. The common allergens are often called major, while those found
infrequently are referred to as minor. An increasing number of food allergens have
been purified and identified (see Table 5.4).

Cow’s milk contains more than 20 different proteins, many of which have been
identified as allergens (5). They are present in both the casein and whey fractions.
Pasteurization does not significantly denature the allergens. Most patients with cow’s
milk allergy tolerate beef without reactions. On the other hand, there is a high degree
of cross-reactivity between cow’s milk and goat and sheep milk, so these may not
be suitable substitutes in patients with allergy to cow’s milk (19). 

Chicken egg allergy is almost always an allergy to the egg white and not the
yolk. Egg white contains 23 different glycoproteins. Four of these are major aller-
gens, of which ovomucoid is the most frequent (16). Although most patients allergic
to chicken egg can tolerate chicken meat and skin, a few with exquisite anaphylactic
sensitivity may react to the meat also. Cross-reactions with egg allergens from other
birds, such as duck, turkey, and goose, are common.

Legumes are the most common allergy-causing foods in the United States.
Peanut allergy is a particularly prominent cause of food-induced anaphylaxis and
therefore the subject of considerable research interest. At least 16 allergenic proteins
have been identified to date, with three of them major peanut allergens. The aller-
genicity due to peanut proteins is not found in peanut oil, but it remains in virtually
all processed peanut products, such as flour. 

Soybean allergy, especially in children and infants, must be taken into account
in infants fed on a soy-based formula because of their allergy or intolerance to cow’s

TABLE 5.4
Nomenclature of Selected Purified Food 
Allergens

Food Allergen Nomenclature

Cow milk Alpha-lactablumin Bos d 4
Beta-lactoglobulin Bos d 5
Albumin Bos d 5

Soy Hydrophobic seed protein Gly m 1
Profilin Gly m 2

Chicken egg Ovomucoid Gal d 1
Ovalbumin Gal d 2
Lysozyme Gal d 4

Shrimp Tropomycin Met e 1
Peanut Vicilin Ara h 1

Conglutin Ara h 2
Lobster Tropomycin Pan s 1
Cod Parvalbumin-beta Gad c 1
Rice Trypsin inhibitor Ory s 1
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milk. Soy is extensively used in many food preparations because of its high protein
content and low cost. Several allergenic soy proteins have been identified. The allergen
is not found in pure soybean oil, but some allergens may be present in commercial
sources of the oil, in lecithin preparations, and in margarines. There is potential
allergic cross-reaction among legumes when tested in the laboratory, but other
legumes, such as beans, peas, and licorice, are far less likely to cause clinically evident
allergic reactions. Most peanut-sensitive patients can tolerate other legumes (6).

Tree nuts cause allergy, especially in adults. These include brazil nuts, cashews,
filberts (hazelnut), hickory nuts, pecans, pine nuts, pistachios, and walnuts. Cross-reac-
tions among these are common but not always present. No known allergenic
cross-reactivity exists between these tree nuts and any legumes, including peanut. 

Fish is the most common food to cause allergy in adults (1). There are hundreds
of edible species of fish. Allergenic cross-reactivity among fish is extensive. 

Crustaceans and mollusks are also important, although the majority of
allergy-like reactions, especially urticaria and angioedema, are not immunologic.
Allergenic cross-reactivity occurs among different crustaceans and among different
mollusks, but not between them. 

Cereal grains, including wheat, barley, rye, oats, rice, corn, sorghum, and millet,
are a more important cause of allergy in children than in adults. The grains account
for 70% of the world protein consumption. The allergens vary by disease, e.g.,
globulin and glutenin cause IgE oral allergy, and albumin is the allergen in baker’s
asthma. Gliadin is the protein that causes celiac disease. Allergenic cross-reactivity
among grains is common. Occupational food allergy is usually manifested as asthma,
rhinitis, and/or dermatitis and is caused by inhalation of airborne flour dust. In baker’s
asthma, skin tests of cereal grains are positive in more than half of the cases, whereas
clinical disease occurs in only 20% (34). Most patients with baker’s asthma have no
allergic reaction to the ingestion of the same food causing the asthmatic reaction.

5.8 CLINICAL MANIFESTATIONS OF FOOD ALLERGY

5.8.1 IGE-MEDIATED ALLERGIC DISEASES

IgE antibodies cause the large majority of well-documented food allergies. The
specific IgE antibody to the food is identified by the radioallergosorbent skin test
(RAST). The reaction begins promptly after ingestion of the food, and there is
objective evidence of allergic inflammation. 

Anaphylaxis is the most serious form of allergy because of the potential for a
rapid fatal outcome. Food allergy is a frequent cause of anaphylaxis, particularly in
children (27). There are about 100 fatalities per year in the United States from
food-induced anaphylaxis (26) and an estimated 1000 nonfatal but life-threatening
reactions (6). As a general rule, the more quickly the reaction begins after the food
is eaten, the more severe the reaction will become. The amount of allergen causing
anaphylaxis can be exceedingly small. The likelihood of a fatal outcome is increased
in a patient with asthma, even if the asthma is not active at the time. Although
anaphylaxis and the atopic diseases (allergic rhinitis, asthma, and atopic dermatitis)
are both caused by IgE antibodies, atopy is not a precondition for anaphylaxis. Most
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patients with anaphylaxis to a food, however, are atopic. The disease affects females
twice as often as males. In some infants, the reaction occurs on the first feeding of
the food, in which case it is probable that sensitization occurred from exposure to
the allergen through breastfeeding. 

The anaphylactic reaction consists of pruritus, urticaria, angioedema, contact
urticaria, erythema, laryngeal edema, rhinitis, conjunctivitis, bronchospasm,
hypotension or shock, nausea, vomiting, abdominal cramps, diarrhea, and uterine or
bladder cramps. Not all of these symptoms occur in every case, but at least two
organ systems are involved. If treatment is administered immediately, the reaction
subsides promptly, with little or no residual abnormalities after several hours. The
allergist evaluating a patient for food anaphylaxis generally does so after the incident
and therefore must rely on the patient’s history. The most common foods to cause
anaphylaxis are wheat, shellfish, fruit, milk, celery, and fish. Although peanut and
egg white are reported less frequently, they are especially important because minute
amounts may be present in some food preparations unbeknownst to the patient. The
allergen is likely to be hidden when it is contained in a pastry, salad, sandwich, hors
d’oeuvre, or candy. Testing to confirm the specific food sensitivity is done by either
the skin test method or by RAST, which detects the specific IgE antibody in the
patient’s serum. Either test is usually highly reliable to determine specific sensitivity.
Confirmation by double-blind, placebo-controlled food challenge is not recom-
mended because of the potential danger. 

Some patients with exquisite sensitivity to a food — especially fish, mollusks,
crustaceans, eggs, and peanut — may experience an allergic reaction to inhaling
fumes of the food (11). The reaction may consist of allergic rhinitis, conjunctivitis,
laryngeal edema, bronchospasm, vomiting, and even, on rare occasions, anaphylactic
shock. The foods most commonly reported are fish (especially mollusks and crus-
taceans), eggs, and peanut.

Food-dependent, exercise-induced anaphylaxis is an IgE-mediated food reac-
tion that occurs when a patient exercises within 2 to 3 h after or before eating a
meal containing the food allergen (17). In some cases, urticaria or anaphylaxis
without other systemic effects may occur. Foods that are especially likely to be
implicated in this rare disease are celery, shrimp, oyster, chicken, peach, and wheat.
The patient may eat the food with impunity if there is no accompanying physical
exercise, or if exercise in the absence of eating the food during this time interval
fails to induce anaphylaxis.

By definition, anaphylaxis is a systemic disease. However, the term gastrointes-
tinal anaphylaxis is used to describe a reaction that begins within minutes (or up to
2 h) after ingestion of a food. It results in symptoms of nausea, abdominal pain,
cramps, vomiting, and sometimes diarrhea, but without any other symptoms or signs
of systemic anaphylaxis. In children with this condition who ingest the food fre-
quently, it may cause poor appetite and abdominal pain.

Allergic eosinophilic gastroenteritis is an uncommon condition in some atopic
patients who are allergic to both inhalant and food allergens. In adults, the ingestion
of the food allergen causes postprandial nausea and vomiting, abdominal pain,
diarrhea, and occasionally steatorrhea and weight loss (22). Complications include
hypoalbuminemia and iron deficiency anemia. In some infants, it causes protein-
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losing enteropathy with failure to thrive (23). There is eosinophilia in the blood,
intestinal secretions, and ascites fluid, and eosinophilic infiltration throughout the
gastrointestinal tract. Many children and adolescents with this disease do not have
specific IgE antibody to foods. These patients may respond to a nonprotein diet or
to systemic corticosteroid therapy if the specific causative food is not identified and
eliminated. Some patients have evidence of autoimmunity of the gastrointestinal
tract and of other organs. Occasionally this occurs in common variable immunode-
ficiency or IgA deficiency. 

Cutaneous reactions are common. Immediate reactions caused by IgE antibod-
ies produce acute urticaria, angioedema, or both. These occur especially from the
ingestion of fish, shellfish, tree nuts, and peanuts in adults, and from eggs, milk,
peanuts, and tree nuts in children. The reaction subsides promptly and does not
occur unless the food is eaten again. Contact urticaria results when areas of skin
come in contact with raw meats, fish, fruits, and occasionally other foods. Chronic
urticaria/angioedema is a condition of frequently recurring hives or swelling that
persists for weeks or months and is rarely if ever caused by foods. In fact it is
almost always idiopathic because a search for any causative allergen or underlying
condition is usually negative. 

Atopic dermatitis is a manifestation of atopy. Patients with this disease may also
have asthma or allergic rhinitis in addition to the skin disease. It is a chronic pruritic
skin inflammatory disease often in a symmetric distribution. Allergy testing will
frequently, but not always, show evidence of IgE sensitivities to foods as well as to
inhalant allergens, especially to the house dust mite. The role of food allergy in
causing or exacerbating the skin eruption is controversial. However, one-third of
children with severe atopic dermatitis given double-blind, placebo-controlled food
challenge with foods to which they tested positive had immediate pruritic skin
eruptions (8). In some cases, elimination of those foods resulted in improvement.
Foods that gave a negative skin test resulted in a negative challenge. Gastrointestinal
and respiratory symptoms accompanied some of the challenges. Ninety percent of
these food challenge reactions were to egg, milk, peanut, soy, and wheat. Based on
these and other findings, it is likely that some children with atopic dermatitis, perhaps
as many as one-third, have demonstrable food allergy (8).

The oral allergy syndrome is a localized immediate “contact” allergic reaction
of the oropharynx. The symptoms are pruritus and angioedema of the lips, tongue,
palate, and throat, beginning about 5 min after the food enters the mouth and resolves
promptly thereafter. It typically results from eating uncooked fruits and vegetables,
and it affects patients with allergy to those food allergens that cross-react with certain
plant pollens. These patients typically have symptomatic allergic rhinoconjunctivitis
(“hay fever”) to the cross-reacting pollen (3).

5.8.2 NON–IGE-MEDIATED ALLERGIC DISEASES

Heiner’s Syndrome is a rare disease of infants in whom ingestion of milk results in
recurrent pulmonary infiltrates, anemia, and, in some cases, pulmonary hemosidero-
sis. The cause is frequent milk aspiration producing high concentrations of IgG
antibodies to milk. These antibodies then trigger a Type III immune complex allergic
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reaction in the lung (15). The diagnosis can be confirmed by the presence of
precipitating antibodies to milk. 

5.9 NONALLERGIC IMMUNOLOGIC DISEASES 
ASSOCIATED WITH FOOD INTOLERANCE

The gastrointestinal tract is a site of intense immunologic activity because of expo-
sure to potential antigens from harmless bacteria and foods, yet without causing
inflammation. In fact, the mucosal immune system downregulates (inhibits)
responses to these antigens, without preventing the system from suitably responding
to microbial pathogens. A breakdown in this immune regulation causes certain
diseases of the gastrointestinal tract. Some of these conditions are associated with
specific foods, while others are not.

Gluten-sensitive enteropathy (GSE; celiac sprue or nontropical sprue) is genet-
ically determined. It is an inflammatory disease of the small intestine that causes
villous atrophy and malabsorption (35) due to the inability to induce oral tolerance
to cereal grain storage proteins, especially the gliadin (29) fraction of gluten in
wheat, barley, and rye. GSE may be associated with a vesicular skin disease, der-
matitis herpetiformis (GSE-DH), which consists of a pruritic papulovesicular sym-
metric rash (14). In celiac sprue, the pathology of the GI tract is similar to that in
celiac disease, and the intestinal tract responds similarly to a gluten-free diet. 

Lifelong dietary elimination of gliadin-containing foods, even in patients with
mild disease, prevents permanent villous atrophy and complications, which include
intestinal carcinoma and lymphoma. Nutritional supplements and certain anti-inflam-
matory drugs may be required as well. 

There is also a complex spectrum of diseases in which food hypersensitivity
occurs because of exposure to food substances prior to the development of oral
tolerance. Like GSE, these cause intestinal villous atrophy leading to malabsorption,
but without the genetically determined sensitivity to gliadin. 

The most frequent of these conditions is a hypersensitivity to cow’s milk or
other proteins when exposure to the food protein occurs prior to the normal devel-
opment of oral tolerance to that protein. The disease therefore affects young children,
but the condition is transient. 

Enterocolitis syndrome is a disease of infants under 3 months of age, who have
protracted vomiting and diarrhea. These result in dehydration, acidosis, and methe-
moglobinemia (24). It is believed to be caused by allergy to cow’s milk and to soy,
the predominant foods eaten at that age. Deliberate diagnostic challenge with the
suspected food causes diarrhea and vomiting in 1 to 3 h. Symptoms resolve in 72 h
when the food is eliminated from the diet. Occasionally other foods may cause a
similar disease in older children; rarely, seafoods may do so in adults. The stools
contain blood, eosinophils, and neutrophils. Jejunal biopsy reveals flattened villi,
edema, lymphocytes, eosinophils, and mast cells. It is not an IgE-mediated allergic
disease, and the immunopathogenesis is uncertain at this time. 

Eosinophilic colitis occurs during the first few months of life in infants who are
fed cow’s milk and/or soy, but it may occur also in breast-fed infants (20). There is
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no apparent gastrointestinal discomfort in the infant, but there is gross or occult
blood in the stools. Microscopic pathology includes eosinophilia in the epithelium
and lamina propria, and edema and neutrophils in the distal colon. Elimination of
the responsible food results in clearing in 72 h.

Enteropathy is also a disease of early infancy. There is diarrhea with or without
vomiting, failure to thrive, and malabsorption. Cow’s milk is the usual cause, but
soy, egg, wheat, rice, chicken, or fish may be responsible (18). Biopsy of the intestinal
tract shows patchy villous atrophy, mild lymphocytic infiltration, and edema.

5.10 NONIMMUNOLOGIC REACTIONS TO FOODS

Gustatory rhinorrhea refers to a condition of excessive and annoying nasal secretions
that some persons experience after eating certain foods, especially spicy ones, or
even after eating any meal. The condition is caused by stimulation of muscarinic
parasympathetic nerves.

Lactose intolerance is caused by a deficiency of lactase in the gastrointestinal
mucosa. This results in lactose fermentation in the bowel, causing gas and bloating.
Primary lactase deficiency may be found in 80% of North American Blacks, Arabs,
and Asians, but in only 10% of Northern European Caucasians. Secondary lactase
deficiency occurs transiently for about 2 weeks after an acute gastrointestinal infec-
tion. A more permanent secondary deficiency may complicate a variety of chronic
gastrointestinal diseases.

5.11 FOOD ADDITIVES

Thousands of chemicals are routinely added to foods to preserve the food, inhibit
microbial growth, add color, enhance taste, prolong shelf life, and change its physical
properties and appearance. They are not necessarily listed as ingredients in the final
product. Several of these are potential causes of disease, but not of allergy (31).

The frequency of reactions to food additives is difficult to estimate because of
different criteria used for diagnosis, but most studies report that it affects between
0.01% and 0.20% in the general population (9), although the rate is probably higher
(1 to 2%) in children (13). The true prevalence as determined by blinded placebo-con-
trolled challenges would probably be considerably lower.

Sulfites are used to inhibit certain enzymes that cause browning of fresh fruits
and vegetables. Many asthmatic patients experience an acute asthma exacerbation
from inhalation of sulfur and various sulfur compounds (31), and a small percentage
of them react similarly to ingestion of sulfite-containing foods and beverages (12;
see Table 5.5). In some cases the reaction is severe, even fatal. The mechanism is
not thought to have an allergic cause.

Monosodium glutamate (MSG) produces in some susceptible people a complex
of symptoms including headache, burning, and sweating. This is popularly referred
to as the Chinese restaurant syndrome, since MSG is frequently used as a taste
enhancer in some Chinese food. Reproducing these effects in susceptible individuals
by using a double-blind, controlled protocol has proved to be very difficult.
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On the basis of anecdotal reports and uncontrolled studies, tartrazine, the yellow
food dye, is thought to cause chronic urticaria. No properly controlled experimental
study has yet confirmed that this chemical causes urticaria or angioedema (32).

5.12 DIAGNOSIS OF FOOD ALLERGY

A thorough history and complete physical examination are necessary to establish
the nature, extent, and duration of symptoms and their association with the inges-
tion of a suspected food before any form of testing is undertaken. The history
should include the timing of acute reaction following the ingestion of the food,
the quantity of food required to trigger a suspected reaction, and consistency of
the reactions over time. Hidden ingredients in foods must also be considered. A
personal and family history of atopic or other disease patterns may be important,
as is a thorough review of other diseases past and present. A complete physical
examination is critical to detect objective signs of allergic inflammation and to
search for other possible diseases. In some cases the diagnosis may be obvious,
as in a patient with several anaphylactic reactions to peanut, but frequently a
differential diagnosis is necessary. Specific testing is then appropriate to confirm
the correct or most likely diagnosis.

Diet–symptom diaries provide a more accurate documentation if the history is
not adequate. Diaries are especially useful in disproving a patient’s false assumption
that a particular food has caused reactions. It is best to review the diary with the
patient. Such diaries are especially helpful for those with intermittent urti-
caria/angioedema.

Diagnostic elimination diets have long been used by allergists. They are generally
based on the results of skin testing or foods suspected on the basis of the history.
Records, to be accurate, must be complete and must include the time when an item

TABLE 5.5
Some Foods Containing Sulfites 
Likely to Exacerbate Asthma

High Content Medium Content

Wine Wine vinegar
Most dried fruits Dried potatoes
Some fruit juices Some commercial gravies
Molasses Some commercial sauces
Sauerkraut juice Fruit toppings

Maraschino cherries
Pectin
Sauerkraut
Fresh shrimp
Pickled foods
Cocktail onions
Relishes
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of food is eaten, as well as all symptoms or reactions. They also must include other
events, such as medications that may be alternative causes for the patient’s symp-
toms. The diet must be monitored with a written diet–symptom record. The purpose
of the elimination diet is to elucidate symptoms and objective physical or laboratory
findings. If the suspected diet component is eliminated, an open challenge is per-
formed by reincluding the suspect food. A positive response then establishes the
cause but not the mechanism. A reaction in an open challenge could result from
allergy, toxicity, or an enzyme deficiency, or it may even be due to a psychological
response. If ongoing chronic symptoms fail to improve in 2 weeks, the diet should
be abandoned. If symptoms improve or clear completely, the foods that had been
eliminated are added back one at a time, and all changes should be entered in the
food diary. If a particular food causes a reaction consistent with the previous symp-
toms, it is again eliminated and subsequently reintroduced. In general, three succes-
sive positive provocative unblinded tests can be considered significant, although the
mechanism must then be determined. 

Tests for a specific immune response must be appropriate to the suspected
allergic reaction (see Table 5.1). An allergy test is not a test of allergic disease. It
is the procedure used to show that a person has the specific antibodies or T cell
sensitivities being tested. Sensitization is necessary — but is not by itself sufficient
— to diagnose an allergic disease. Many people react positively to tests that show
specific IgE antibodies to one or more food allergens, yet they do not experience a
reaction when they eat the food. This means that they are sensitized but not allergic
to that food. Other factors that are unknown cause expression of the allergy when
that food is eaten. The distinction between sensitization (a positive test without
disease) and allergy (a positive test and disease) is important so as to prevent
unnecessary food avoidance. If the suspected cause is mediated by IgE antibodies,
either the immediate wheal/erythema skin test or the in vitro serum assay for specific
IgE antibodies to foods is appropriate. The skin test is more sensitive, but reading
and interpreting the result are subjective and require training and experience. Imme-
diate skin testing to food allergens should be done exclusively by the prick testing
method using commercially available allergen extracts (33). Testing with a sample
of fresh food can be done as long as the test result is compared with that obtained
in normal nonallergic control subjects. A false negative result can occur from an
inactive extract. The positive predictive value of prick skin test for disease is 50%,
and the negative predictive value is 95%. Skin testing is most useful for suspected
food allergy causing anaphylaxis. Most commercial medical laboratories offer a
panel of food RAST.

The predictive value of patch testing to foods is currently unknown. Nevertheless,
the test should be highly useful in allergic contact dermatitis because it simulates
the disease “in miniature” (33).

Endoscopy of the stomach or small bowel with or without biopsy during oral
challenge with a food allergen to observe for objective changes may be required in
some patients with suspected food-induced gastroenteropathy.

The double-blind placebo-controlled food challenge is the gold standard for
proof of a specific food-induced disease, but a positive result does not provide the
mechanism of the reaction. It is usually appropriate to perform the oral food chal-
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lenge unblinded or single-blinded first; if it is negative, it is unnecessary to proceed
further. The test has been especially valuable for analyzing food-related symptoms
without objective evidence of a physical reaction.

The procedure for double-blind placebo-controlled food challenge is demanding
(7,21). The suspect food is eliminated from the diet for 7 to 13 d or longer to make
the patient asymptomatic. The challenges are administered while the patient is
fasting and free of antihistamines or any other drug that might inhibit or mask the
reaction. The first challenge requires a dose that is unlikely to cause a reaction.
Subsequent challenge doses are doubled and administered every 15 to 60 min until
10 g of the test food is tolerated. At that intake level, the test is considered negative.
Food extracts and placebo controls are given in random order. The food challenges
are administered as lyophilized extracts packed into capsules or dissolved in liquid.
Because false negative reactions occur, a negative result should be repeated with
an open challenge. Following the session, the patient should be observed for up to
2 h if an IgE reaction is suspected, up to 4 to 8 h for milk enterocolitis, and up to
24 to 48 h for eosinophilic enterocolitis and the like. Wherever appropriate and
possible, an objective measure of disease should be included, such as pulmonary
function testing, nasal smear for eosinophils, or histamine or tryptase content of
plasma or urine. 

5.13 TREATMENT 

The only sure treatment of food allergy is elimination of the food from the diet.
Where a suspected food allergen can be identified by skin test or RAST, elimination
from the diet results in disease resolution. In most cases, the allergy is limited to
one food, one class of food, or a small number of different foods. Therefore,
nutritional deficiency is not likely to complicate avoidance therapy. Some infants
and a few adults, however, have multiple food allergies. In those cases, a diet must
be devised that will ensure proper nutrition. 

In some cases it is possible to eliminate the allergen only partially, provided the
diet is accompanied by appropriate drug therapy. Drugs that may offer protection
for IgE-mediated disease include antihistamines, mast cell stabilizers (cromolyn,
ketotifen), and corticosteroids. The efficacy of leukotriene inhibitors alone or in
combination with other drugs has yet to be demonstrated. Immediate injection of
epinephrine is used in cases of anaphylaxis. Patients with anaphylactic sensitivity,
therefore, should carry a supply of epinephrine on them at all times.

IgE-mediated food allergy should not be treated immunologically, although this
could theoretically eliminate or reduce allergic sensitivity to foods. Immunotherapy
has long been known to be effective and safe for patients who have allergic rhinitis
caused by inhalant allergens and for those with anaphylaxis to venom from the stings
of Hymenoptera insects. Currently there is uncertainty about its effectiveness in
allergic asthma from inhalant allergens.

Clinical trials using extracts of foods in patients with food-induced anaphylaxis
to date have been frustrated by excessive numbers of serious and even fatal systemic
reactions. Clinical studies of food immunotherapy are continuing, however, and this
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approach may eventually prove to be useful. If it does, it is likely to require some
type of modification of the allergen to avoid reactions from the treatment itself.

5.14 UNPROVEN “FOOD ALLERGY” CONDITIONS

Behavioral changes in children and adults have sometimes been attributed to the
ingestion of certain foods and food additives. Sugar, dietary salicylates, aspartame
and certain other chemicals, food preservatives, and food coloring agents have
achieved notoriety as the culprits in such conditions as attention deficit hyperactivity
disorder (ADHD), but there is no scientific proof for this theory. Properly controlled
food challenge and elimination protocols have failed to substantiate claims that these
dietary chemicals influence behavior.

Migraine or other types of headache, epilepsy, arthritis, inflammatory bowel
diseases (Crohn’s disease, ulcerative colitis), infantile colic, and sudden infant death
syndrome each have advocates of food allergy as cause. Yet there is no clinical or
scientific basis for such an association.

5.15 CONTROVERSIAL PRACTICES

Unproven theories, diagnostic methods, and treatments are commonly recommended
for food allergy. Pseudomedical practices are called “alternative” or “complemen-
tary,” but they cannot substitute for or add to those based on scientific evidence.
Acupuncture, homeopathy, herbalism, and unsubstantiated nutritional advice form
a large and pervasive industry. Evidence-based medicine can be practiced with
compassion without resorting to these modalities.

5.15.1 CONTROVERSIAL THEORIES

“Allergic toxemia” (allergic tension–fatigue syndrome) applies to persons with
fatigue and other subjective symptoms postulated to be caused by multiple food
allergies. The recommended treatment is elimination of milk, wheat, chocolate, corn,
and sometimes other foods from the diet. There is no mechanism for ascribing fatigue
per se to food allergy or toxicity, and there is no evidence that the diet is effective.
The patient with fatigue should be evaluated for physical disease or a psychopatho-
logical condition.

“Delayed food allergy,” supposedly caused by IgG antibodies to foods, has been
studied but not confirmed. The concept has been used to explain subjective symptoms
that are most likely of psychiatric origin. Such patients may be preoccupied with
complicated elimination diets for many months or years with little or no relief.

5.15.2 INAPPROPRIATE DIAGNOSTIC PROCEDURES

The cytotoxic test examines white blood cells from a patient’s blood sample for
changes when the blood is exposed to a food extract on a microscope slide. This
procedure is uncontrolled, and investigation has shown there is no correlation with
clinical food allergy or intolerance.
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Testing for specific IgG antibodies to foods by the radioallergosorbent (IgG
RAST) procedure can detect small quantities of these antibodies in serum samples
of both allergic and nonallergic patients. The test is not diagnostic for food allergy.

A test for detecting food-immune complexes in the serum has been recom-
mended as a diagnostic test for food allergy. While such complexes can indeed be
detected, especially after eating a meal, there is no evidence that the test is useful
for food allergy diagnosis.

The pulse test monitors for an increase in the pulse rate of greater than 10
beats/min after eating a food. This has been claimed to indicate allergy to that food.
There is neither rationale nor empirical evidence to support such a test.

Provocation–neutralization testing is performed by injecting a food (or other)
allergen extract while recording subjective sensations, which are then interpreted as
allergy to the food. Additional test doses are then given until the patient reports no
symptoms, at which time the “reaction” is said to be neutralized. There is no scientific
basis for this procedure, and controlled studies show that it is useless. The procedure
is sometimes performed sublingually.

Applied kinesiology is a bizarre procedure that supposedly results in the loss of
muscle strength while the patient is exposed to a food whose extract is placed on
the person’s body. There is no physiologic theory to support such a “test,” and there
have been no clinical trials to support its use.

Electrodermal testing for allergy diagnosis is another bizarre procedure, using
a machine to measure the electrical resistance of the skin when a food extract is
placed in the machine’s electrical circuit. This procedure and its theory are untested
and scientifically implausible.

5.15.3 UNPROVEN THERAPIES 

The proponents of the provocation–neutralization procedure recommend sublingual
or subcutaneous administration of allergen extracts to “neutralize” symptoms caused
by foods (or other allergens). There is no substantiation for this claim and no rational
immunologic explanation.

Elimination diets based on the unproven diagnostic methods described above
can never be recommended. The practitioners of these unproven tests often diagnose
multiple food allergies. To avoid highly restrictive diets, they often prescribe a
so-called rotary diversified diet. This consists of a diet plan in which individual
foods are eaten in a rotary schedule so that the same food is not consumed more
frequently than about once every 4 d. It has been claimed that the risk of developing
a food allergy is positively correlated with the frequency of consumption of that
food. However, there is no evidence for that statement. 

Treating allergic diseases with dietary supplements, such as multiple vitamins,
minerals, and amino acids, is not logical, because allergy is not caused by a defi-
ciency of any of these items. There is no evidence that this practice is effective.

Enzyme-potentiated desensitization consists of injecting an extract of a food (or
other allergen) with the enzyme beta-glucuronidase. Various treatment protocols
have been recommended, but there are no reliable studies to support the use of this
procedure.
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5.16 SUMMARY

Foods that are required for nutrition may occasionally be responsible for disease,
including allergic reactions. Food allergy can vary from a mild annoyance to severe
and life-threatening anaphylactic shock. The usual diagnostic methods for detecting
food allergies include a medical and environmental history, physical examination,
skin testing, the radioallergosorbent test, and, if necessary, a diagnostic elimination
diet. Well-documented cases of food allergy are mostly attributable to IgE antibodies.
Rare cases of delayed-onset pulmonary disease in infants and small children believed
to be caused by IgG antibodies have been reported.

Management of food allergy can be accomplished only when it is based on an
accurate diagnosis; generally it requires a specific elimination diet tailored to the
patient. In the case of food anaphylaxis, avoidance of the allergenic food must be
complete.

Those who are involved with the care of food-allergic patients must be aware
of the pitfalls of unproven and unscientific theories and methods of diagnosis and
treatment.
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6.1 INTRODUCTION

Nutrition prior to pregnancy, during pregnancy, and in the postpartum lactation period
can play an important role in a woman’s health and that of her infant. Overall,
pregravid maternal health has become increasingly recognized as a positive predictor
of healthy maternal and neonatal outcomes. Preconceptional health promotion rec-
ognizes that traditional prenatal care often begins too late to impact the most impor-
tant period of time in the pregnancy, organogenesis. Maximizing the health of a
woman during fetal organogenesis, the critical time from days 17 to 56 of gestation,
is a most significant factor in preventing major birth defects (40,49). Nutritious eating
habits and a healthy, active lifestyle are key components that are important for
maintenance of an appropriate weight, body mass index (BMI), and level of physical
fitness. These factors reduce the risk of pregnancy complications, birth defects, and
poor fetal growth, and ultimately optimize the health of both mother and infant. A
health care provider should review these concepts at each encounter or well-woman
examination with women of childbearing age. Nutrition during pregnancy is of
essential importance in supporting and contributing to the growth of the fetus. While
energy needs are increased, optimal nutrition requires the selection of nutrient-dense
foods to ensure adequate intake of nutrients without excess calories. For many
women, this requires a change in their routine eating and drinking habits. Overall,
many physiologic changes occur in the woman with respect to nutrient metabolism
to support pregnancy growth without significantly changing dietary needs. 

Nutrition during pregnancy influences and prepares the woman’s body for the
demands of lactation. Breastfeeding substantially increases the mother’s require-
ments for many nutrients and calories. The magnitude of the increase is affected
by the extent and duration of breastfeeding. Lactating women should be encouraged
to continue to eat a healthy diet and obtain nutrients from foods, supplementing
if necessary. 

An increasing number of women with chronic illnesses and diseases become
pregnant each year. While specific information should be sought regarding the
mother’s particular condition, the general nutrition principles discussed in this chap-
ter will benefit most conditions. This chapter reviews the nutritional considerations
important for the continuum of prepregnancy, pregnancy, and lactational periods of
a woman’s life. It stresses the importance of maximizing all aspects of a woman’s
health prior to conception. 
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6.2 NUTRITIONAL RECOMMENDATIONS FOR ALL 
WOMEN OF CHILDBEARING AGE

Optimization of health outcomes of women and their infants starts with adoption
of healthy lifestyle habits prior to pregnancy. It is unfortunate, however, that few
women seek health and nutrition advice prior to conception. In addition, nearly 60%
of all pregnancies in the United States, and 81% of teen pregnancies, are unintended,
and the women thereby miss the opportunity to optimize maternal nutrition prior
to conception (36). 

The importance of early prenatal care is recognized by the majority of women.
In 2002, 84% of women began prenatal care in their first trimester (2). However,
because the first prenatal visit typically takes place after one or two absent menstrual
cycles, an early opportunity to provide advance nutritional counseling that benefits
the period of fetal organogenesis is again missed. For genuine impact, nutritional
guidance should be given to women in advance so that they can practice it at the
time of conception. Because more than 70% of women 18 to 39 years of age seek
preventive health services each year (75), each health care visit constitutes an
opportunity for health care providers to disseminate preconceptional health care and
nutrition advice. Two proven examples of the success of nutritional preconceptional
maternal care include prevention of birth defects in infants of diabetic mothers with
better periconceptional glycemic control (38) and prevention of neural tube defects
(NTDs) through routine supplementation of folic acid prior to conception (14,48,51).

6.2.1 GENERAL NUTRITIONAL REQUIREMENTS

Nutritional requirements of women generally differ from those of men in that women
need lower energy intake and less protein, fat, and carbohydrates. On the other hand,
women’s calcium and iron needs are higher. In the early 1990s, the U.S. Food and
Nutrition Board defined the dietary reference intakes (DRIs) (33). Two of the DRIs
used frequently in discussing healthy diets include recommended dietary allowances
(RDAs) and adequate intakes (AIs). RDAs describe the average daily nutrient intake
that meets the nutritional needs of nearly all (97 to 98%) of healthy individuals
within a given age and gender group (53). AIs are an estimated adequate intake
value based on the estimated amount consumed by a healthy population. An AI is
used when an RDA cannot be determined. Table 6.1 gives daily DRIs or AIs for
prepregnant, pregnant, and lactating women. 

Good nutrition, derived from essential vitamins and minerals in a diverse,
well-balanced diet, is associated with a decreased risk of poor pregnancy outcomes.
Good nutrition should therefore be a goal for all women, whether or not they plan
to become pregnant. Table 6.2 lists nutrient-rich food sources.

6.2.2 CALORIES AND BODY MASS INDEX

Required energy intakes are lower in women compared to men. Active teenage and
adult women require 2000 to 2200 kcal/d. Sedentary women have lower require-
ments, at 1600 kcal/d. Calculation of BMI is based on a measure of weight for
height, and it correlates with body fat. (See Table 6.3 for formulas used in calculating
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TABLE 6.1
Daily Dietary Reference Intakes or Adequate Intakes for Prepregnant, 
Pregnant, and Lactating Women

Age

All Females Pregnant Females Lactating Females

<18 19–30 31–50 <18 19–30 31–50 <18 19–30 31–50

Calories 2200 2200 2200 2500 2500 2500 2700 2700 2700
Carbohydrate (g) 130 130 130 175 175 175 210 210 210
Protein (g) 46 46 46 71 71 71 71 71 71
Fiber (g)a 26 25 25 28 28 28 29 29 29
Vitamin A (mg) 700 700 700 750 770 770 1200 1300 1300
Vitamin C (mg) 65 75 75 80 85 85 115 120 120
Vitamin D (mg)a 5 5 5 5 5 5 5 5 5
Vitamin E (mg) 15 15 15 15 15 15 19 19 19
Vitamin K (mg)a 75 90 90 75 90 90 75 90 90
Thiamine (B1; mg) 1.0 1.1 1.1 1.4 1.4 1.4 1.4 1.4 1.4
Riboflavin (B2; mg) 1.0 1.1 1.1 1.4 1.4 1.4 1.6 1.6 1.6
Niacin (mg) 14 14 14 18 18 18 17 17 17
Folate (mg) 400 400 400 600 600 600 500 500 500
Vitamin B6 (mg) 1.2 1.3 1.3 1.9 1.9 1.9 2 2 2
Vitamin B12 (mg) 2.4 2.4 2.4 2.6 2.6 2.6 2.8 2.8 2.8
Sodium (g)a 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Potassium (g)a 4.7 4.7 4.7 4.7 4.7 4.7 5.1 5.1 5.1
Chloride (g)a 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
Calcium (mg) 1300 1000 1000 1300 1000 1000 1300 1000 1000
Phosphorus (mg) 1250 700 700 1250 700 700 1250 700 700
Magnesium (mg) 360 310 320 400 350 360 360 310 320
Fluoride (mg)a 3 3 3 3 3 3 3 3 3
Iron (mg) 15 18 18 27 27 27 10 9 9
Zinc (mg) 9 8 8 13 11 11 14 12 12
Iodine (mg) 150 150 150 220 220 220 290 290 290
Selenium (mg) 55 55 55 60 60 60 70 70 70
Chromium (mg)a 24 25 25 29 30 30 44 45 45
Copper (mg) 890 900 900 1000 1000 1000 1300 1300 1300
Manganese (mg)a 1.6 1.8 1.8 2.0 2.0 2.0 2.6 2.6 2.6
Molybdenum (mg) 43 45 45 50 50 50 50 50 50

Note: Values represent Recommended Daily Allowances (RDAs) unless otherwise noted. 

a Adequate intake (AI).

Sources: From Institute of Medicine, Dietary Reference Intakes for Water, Potassium, Sodium, Chloride,
and Sulfate (2004); Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc (2001); Dietary
Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); Dietary Reference Intakes
for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline
(1998); Dietary Reference Intakes for Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride (1997).
With permission. These reports may be accessed via http://www.nap.edu.
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the BMI.) The BMI can assist with prepregnancy nutrition and activity counseling.
A balance between energy intake and energy expenditure is essential for maintenance
of a healthy weight. Moderate daily physical activity of at least 30-minute duration
should be encouraged. 

Women with a BMI that is either high or low may have issues that complicate
pregnancy, fetal growth, or delivery of an infant. Women who maintain a low body
weight or BMI, or who have a history of eating disorders, often take longer to conceive.
Being underweight or exercising vigorously can increase the risk of anovulatory men-
strual cycles, subfertility, and intrauterine growth restriction in pregnancy (69). Obesity,
on the other hand, is a significant and growing problem in the United States. Perhaps
as many as one-third of U.S. women have a BMI above the normal range. Maternal
overweight is associated with a higher risk of a delivery by cesarean section and a
higher incidence of anesthetic and postoperative complications. Low Apgar scores,
macrosomia, and NTDs are more frequent in infants of obese mothers than in infants
of normal-weight mothers (23,64). Infants born to obese women are also at risk of
future obesity (23,74). Both obesity and inadequate weight gain during pregnancy have
negative effects on initiation and continuation of breastfeeding (42).

6.2.3 FOLIC ACID

Multiple studies have demonstrated that periconceptional folic acid supplementation,
i.e., supplementation prior to conception and during the first trimester, significantly

TABLE 6.2
Nutrient-Rich Food Sources

Nutrient Food Sources

Calcium Dairy products, fish with edible bones, tofu processed with calcium sulfate, foods made 
with milk, bok choy, broccoli, collards, kale, mustard, turnip greens

Folate Dark leafy green vegetables, avocados, citrus fruits, eggs, peas, corn, dried beans, liver, 
lean beef, green beans, whole grains, fortified cereals and breads

Magnesium Nuts, seeds, legumes, green vegetables, whole grains, scallops, oysters
Vitamin B6 Bananas, prunes, watermelon, potatoes, sweet potatoes, spinach, some legumes, nuts, 

meat, fish, fortified cereals
Zinc Yogurt, eggs, seeds, legumes, whole grains, meat, poultry, seafood

TABLE 6.3
Body Mass Index Calculation

Metric Calculation

English Calculation

BMI = Weight�in�Kilograms

(Height�in�Meters) (HHeight�in�Meters)

BMI = Weight�in�Pounds

(Height�in�Inches) (Heigght�in�Inches)
703
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reduces the occurrence of NTDs in high-risk patients and low-risk primigravidas
(14,46,48,51,73). The current recommendation of 400 mg/d of folic acid prior to
conception decreases the incidence of NTDs by 50 to 70% (8). These lesions, which
include spina bifida aperta, spina bifida cystica or myelomeningocele, anencephaly,
and rachischisis, constitute a spectrum of one of the most common congenital
malformations in the United States. 

Folic acid is a synthetic precursor of naturally occurring folate. Folate is found
in foods such as leafy green vegetables, legumes, citrus fruits, and melons. However,
naturally occurring folate is less bioavailable than is folic acid and may have to be
taken in quantities greater than the daily recommended dose of 400 mg (28,72). In
addition, several studies reveal that the majority of women do not meet the RDA of
folate from food (28,72). For example, in the study by Werler et al. (72), women
consumed an average of 250 mg/d of folate from naturally occurring foods. Even if
the potential increase in folic acid consumption from fortified food was added, using
the 1998 USDA requirement of cereal grain fortification with folic acid (140 mg/g
of wheat, corn, and rice flours; corn grits and meals; farina; rice; and macaroni and
noodle products) (20), the intake would still be suboptimal at 380 mg/d of folate or
folic acid (72). Moreover, because folate is less bioavailable, a larger intake is needed
to provide the same protective benefit. Many foods are naturally rich in folate; see
Table 6.2. Folate is water soluble and is easily destroyed by cooking. Raw fruits
and vegetables are best, but cooking by microwave or steaming helps to preserve
the folate content. 

More than half of all pregnancies are unplanned (36,49). Therefore, the Center
for Disease Control (CDC) recommends that all women of childbearing age receive
a daily supplement of 400 to 600 mg folic acid to reduce the risk of NTDs (8). This
recommendation and reasoning should be discussed at all routine wellness visits for
women. Supplementation can be achieved with an over-the-counter women’s daily
multivitamin. Folic acid supplementation should begin at least 1 month prior to
conception to ensure adequate levels at the time of neural tube closure (11). Some
experts recommend routine doses of 600 to 800 mg folic acid daily to maximize the
protective effect. 

Many women are at an increased risk of having an infant with an NTD because
of their own past medical history or family history. See Table 6.4 for a list of
additional supplementation advised for women with histories indicating an elevated
risk of NTDs. Women with Type 1 diabetes mellitus or a seizure disorder who are
on antiepileptic drugs, or who have conditions that require folic acid antagonist
medications should take an increased amount of folic acid daily. Women with a
previously affected child or a personal or family history of NTD should take 4 to 5
mg/d of folic acid (43). 

Folic acid supplementation may also reduce the risks of preterm delivery, low
birth weight, and fetal growth retardation (8,61), as well as reduce the risks of major
congenital malformations such as heart defects (12,14,61,63), urinary tract abnor-
malities (12), oral facial clefts (13,27,62,70), limb defects (63), and pyloric stenosis
(26). Future research may uncover additional fetal developmental deformations
whose incidence may also be reduced by folic acid supplementation. 
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6.2.4 CALCIUM 

Calcium is an important nutrient that should be discussed at all routine wellness
visits for women. Data from the USDA suggest that the average daily calcium intake
by women aged 20 to 29 years is 778 mg and by women 30 to 50 years is 719 mg,
amounts far short of the recommended 1000 mg/day for women over the age of 18.
Dairy products, green leafy vegetables, fish with bones, tofu, and many other foods
(see Table 6.2) are good calcium sources in the diet. Calcium fortification of many
common foods is increasing. A woman’s daily calcium intake should be estimated
and, if necessary, supplemented so that intake will approach the 1000 mg/d recom-
mendation. Women under 25 years of age, who have not yet attained peak bone
mass, should be counseled about the benefits of calcium and weight-bearing activities
in maximizing bone density.

6.2.5 IRON

Iron deficiency is the most common nutritional deficiency in the world (44), with an
estimated 90% of women not consuming adequate amounts. Anemia is a very frequent
maternal complication during pregnancy, affecting about half of all U.S. gestations.
During their reproductive years, women are at an increased risk of iron deficiency
and iron deficiency anemia due to menstruation blood loss. Menstrual losses can
account for a loss of 20 to 40 mg/month of iron. Even though the body recycles iron
well, additional iron needs to be provided via the diet or by supplementation. 

Iron deficiency anemia is the most commonly known sequel of iron deficiency.
However, even early iron deficiency that has not yet led to anemia can cause a variety
of problems because of the role played by iron in many proteins, enzymes, and
cofactors. Symptoms and signs can include fatigue, irritability, exercise or work
intolerance, and impaired motor and mental functioning. Iron deficiency (without
anemia) in adolescent females has been associated with decreased learning ability
and memory (5). Women with dietary restrictions such as vegetarianism are at par-

TABLE 6.4
Folate Supplementation for Women of Childbearing Age 

Maternal History Folic Acid Supplement

Healthy 0.4 mg
Insulin-dependent diabetes Type 1 1 mg
On folic acid antagonists (aminopterin, methotrexate) 1 mg
Seizure disorder on medications (valproate or carbamazepine) 0.4–5 mg
Previous child with NTD 4 mg
Personal history of NTD 4 mg
1st, 2nd, or 3rd degree relative with NTD 4 mg

Note: NTD = neural tube defect.

Source: From Locksmith, G.J., & Duff, P. Obstet. Gynecol. 91: 1027–1034, 1998. 
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ticular risk of iron deficiency. The RDA for iron in women ages 11 to 50 is 15 mg/d.
Iron-rich foods are listed in Table 6.5. Routine iron supplementation can be provided
with a once-daily over-the-counter women’s multivitamin-mineral supplement. 

6.3 NUTRITIONAL RECOMMENDATIONS FOR 
PREGNANCY

Pregnancy is a time when maternal anatomy and physiology change significantly to
provide support for the developing fetus. From cell division to expansion of body
fluids and organ size, all of these processes require more energy, vitamins, and water
than in the nonpregnant woman. This section reviews information regarding caloric,
weight gain, protein, vitamin, and mineral requirements, as well as nutritional safety.
In general, U.S. women who are pregnant are unlikely to be deficient in nutrients
other than folic acid and iron. The current recommended DRIs are listed in Table 6.1. 

6.3.1 CALORIES

To meet the increased nutrient needs of pregnancy, the healthy woman will increase
her energy intake by increasing her food and supplement intake. See Table 6.6 for
recommended daily food servings for pregnant and lactating women. In addition to
the pregravid baseline energy needs, energy requirements are greatest between 10
weeks and 30 weeks of gestation, when a substantial proportion of maternal fat is
deposited for third-trimester fetal growth and to support lactation (65). The estimated
additional energy need approximates 300 kcal/d for a woman of average activity
level (39). The additional calories are needed to support placental and fetal growth
and to enhance maternal energy stores. To avoid excessive weight gain, the additional
calories should be thoughtfully met with balanced additions to the diet. 

6.3.2 WEIGHT GAIN

Prenatal care visits with a health care provider help ensure a healthy pregnancy
outcome for mother and baby. Monitoring weight gain at these visits provides an

TABLE 6.5
Food Sources Rich in Iron

• Fortified cereals
• Brown rice
• Enriched and whole-grain breads
• Liver and lean meats
• Shellfish
• Dark leafy green vegetables
• Cooked dry beans, peas, lentils
• Apricots
• Prunes
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opportunity to evaluate eating habits and routines. A woman within normal range
for BMI will conceive more easily and is likely to have fewer pregnancy and
delivery complications than a woman with an abnormal BMI. Obese women have
higher rates of hypertension and gestational diabetes, and their deliveries are more
likely to require induction or a cesarean section. In addition, obese women have
more infants born with NTDs (64) and have more problems initiating lactation after
delivery (29,42).

Guidelines for weight gain based on prepregnancy age, weight, height, BMI,
and activity level were published by the Institute of Medicine (IOM) in 1990 (see
Table 6.7). This information was compiled with the goal of delivering a healthy 3-
to 4-kg infant, by balancing optimal fetal growth with a minimum of labor and
delivery risks and of postpartum weight retention. These recommendations were
reevaluated in 1997 by the Department of Health and Human Services Maternal
and Child Health Bureau. Its review concluded that a formal revision of these
guidelines was not yet warranted. The work group made the following recommen-
dations, however:

1. The rate of weight gain as well as total weight gain should be assessed
during all three trimesters of pregnancy (see Table 6.8 for recommended
weight gain by trimester).

2. Healthy eating habits should be promoted, and specific strategies should
be provided to help women stay within the weight gain range.

TABLE 6.6
Recommended Daily Food Servings 
for Pregnant and Lactating Women

Foods Daily Servings

Fruits 2–4
Vegetables 3–5
Whole grains, enriched 
breads, cereals

6–11

Dairy products 3–4
Meat, fish, poultry, 

eggs, nuts, beans, peas
3–4

Fats and sweets Eat sparingly
Alcohol Avoid

Sources: From Healthy Eating During Pregnancy,
International Food Information Council Founda-
tion (January 2003). Adapted from Eating for Two,
March of Dimes (2002), and the Dietary Guide-
lines for Americans, Fifth Edition, U.S. Depart-
ment of Agriculture and the U.S. Department of
Health and Human Services (2004). 
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3. Adolescents less than 2 years postmenarche and African American women
should be advised to stay within the IOM-recommended BMI-specific
weight range, discouraging weight gain at the upper end of the range or
restricting weight gain altogether (68).

In a recent systematic review of fetal and maternal outcome studies, pregnancy
weight gain within the IOM’s recommended ranges was shown to lead to the best
outcome for both mothers and infants. Regrettably, it was also determined that weight
gain in most pregnant women was not within the IOM’s recommendations (1). 

In general, the lower the prepregnancy BMI, the greater the weight gain to be
encouraged so as to build maternal fat stores for pregnancy and lactation. The reason
is that women with a low BMI are more likely to have infants with lower birth
weights. Smaller weight gains are recommended for women with elevated BMIs to
minimize further deposition of adipose tissue, while still providing for an optimal
fetal environment. 

The pattern of weight gain during pregnancy is also proving to be of importance.
Several studies suggest that there are crucial periods in pregnancy when weight gain

TABLE 6.7
Recommended Maternal Weight Gain/Rate of Gain During Pregnancy 

Prepregnancy State
(BMI)

Body Mass Index
(BMI)

Gain
(kg)

Gain
(lb)

Rate of Gain Trimester
2 and 3 per Month

kg lb

Underweight (<19.8) <19.8 12.5–18.0 28–40 2.3 5.0
Normal (19.8–26) 19.8–25.0 11.5–16.0 25–35 1.8 4.0
Overweight (26–29) 26–29 .017–11.5 15–25 1.2 2.6
Obese (>29) >29.0 >7 >15 0.9 2.0
Twin Any BMI 16–20 35–45
Triplet Any BMI 23  50

Sources: From Healthy Eating During Pregnancy, International Food Information Council Foun-
dation (January 2003), Food and Nutrition Board, Institute of Medicine; Nutrition During Preg-
nancy, Washington, DC: National Academy Press (1990). 

TABLE 6.8
Recommended Weight Gain by Pregnancy Trimester

Trimester Weight Gain

1 2–4 lb total
2 1/2–1 lb/week
3 1.2 lb/week

Source: From Nutrition During Pregnancy, Food and Nutrition Board,
Institute of Medicine, Washington, DC: National Academy Press (1990). 
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has the greatest effect on infant birth weight. The pattern of weight gain has impli-
cations for the mother as well. In one small study, mothers who gained excessively
in the first 20 weeks of pregnancy had higher postpartum weight retention, irrespec-
tive of their BMIs (50). Weight gain during the first 3 months should be only 2 to
4 lb. In the second and third trimesters, a weight gain of 1/2 to 1 lb/week is normal
due to the rapid growth of the fetus during that time. Low gestational weight gain
is associated with many fetal problems, including intrauterine growth restriction,
low birth weight, and increased risks of perinatal morbidity and mortality. High
gestational weight gain is associated with fetal macrosomia, the need for a cesarean
section due to cephalopelvic disproportion, and postpartum weight retention (1).

6.3.3 FOLIC ACID

Folic acid supplementation decreases the risk of NTDs and possibly of other con-
genital anomalies. Ideally, supplementation with folic acid should begin in the
preconceptual period, as the neural tube closes between 17 d and 26 d after concep-
tion. The routine recommended daily dose of folic acid supplementation is 400 mg/d,
to start at least 4 weeks prior to conception (see Table 6.4). Higher doses of folic
acid are sometimes recommended. Women known to be at increased risk of having
an infant with NTDs should take up to 4 to 5 mg/d of folic acid. Supplementation
with folic acid should continue at least through the first trimester of pregnancy. 

6.3.4 CALCIUM

Pregnancy and lactation are periods of high calcium need. The mother’s body, by
increasing bone calcium turnover and increasing calcium absorption from the gas-
trointestinal tract, can adapt to meet maternal and fetal needs without requiring an
increase in calcium intake (43,55). Maternal bone mineral turnover increases
throughout pregnancy, thereby facilitating increased calcium transfer across the
placenta with increasing gestational age, particularly in the third trimester. There is
no evidence to suggest that these changes reflect insufficient calcium intake or can
be prevented with an increase in dietary calcium (56). No additional calcium sup-
plementation is required, provided the woman is consuming the recommended 1000
mg/d. Some studies suggest, however, that only 6% of women of childbearing age
report consuming the recommended daily amount of calcium from the food they eat
and other sources. Women who do not eat dairy products or who have other dietary
restrictions will have difficulty reaching this recommendation without supplemen-
tation. Calcium-rich foods are listed in Table 6.2.

The role that calcium may play with respect to prevention and treatment of
gestational hypertension, preeclampsia, and eclampsia is currently unclear (59).
While some studies suggest a benefit, others have not shown that calcium supple-
mentation minimizes the incidence of these conditions. A possible explanation is
that calcium supplementation benefits only women whose diets are low in calcium.
Presently evidence does not support routine calcium supplementation of all pregnant
women. However, additional dietary calcium may benefit pregnant teens, women
with low calcium intake, and those at high risk of pregnancy-induced hypertension.
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6.3.5 IRON

During pregnancy, iron requirements are significantly elevated. However, iron intake
and stores are inadequate in a large number of women, even in developed countries.
Many women enter into pregnancy with a low iron endowment due to poor dietary
intake, closely spaced pregnancies, or menstrual losses. Because maternal blood
volume increases as much as 35 to 40% in pregnancy, the typical diet cannot meet
iron needs, and routine iron supplementation is recommended. Iron intake during
pregnancy should be 30 mg/d (36a) and should start in the first trimester. 

A well-balanced diet that contains meat, fish, or poultry, which contain heme
iron, can provide 12 to 14 mg/d of iron. Non-heme iron, found in whole grains and
produce, is another source. Non-heme iron is more readily absorbed in the presence
of vitamin C, but its absorption may be decreased by other food components such
as calcium in dairy products, oxalic acid in spinach, phosphates in milk and egg
whites, phytates in beans and other vegetables, and tannins in tea. Iron-rich foods
are listed in Table 6.5. Iron supplements are best absorbed and tolerated when taken
with meals. In the face of documented maternal anemia (hemoglobin <11.0), the
intake should be 60 to 120 mg/d of elemental iron. 

Response to supplementation, with an increase in hemoglobin and reticulocyte
count, can be documented within 1 to 2 weeks of starting iron-replacement therapy.
Even in the absence of anemia, routine iron supplementation for all women should
begin by week 12 of gestation.

6.4 DIETARY ENVIRONMENTAL HAZARDS

6.4.1 FISH AND MERCURY CONTAMINATION

Environmental contamination of fish with methylmercury is one of the main concerns
with seafood intake during pregnancy. While virtually all fish contain some trace
amounts of methylmercury, long-living predatory fish such as shark, swordfish,
tilefish, and king mackerel contain the most. These fish should be avoided in preg-
nancy (21). Tuna does not contain as much mercury as the predatory fish, but on
average it has more than cod, haddock, and salmon. Tuna intake should be limited
to no more than two tuna steaks or four medium-sized cans of tuna per week. Other
fish should be limited to an average of 12 oz/week of cooked fish (about two meals)
to minimize the influence the mercury could have on the developing nervous system
of the fetus. Local advisory boards should be consulted about the safety of fish
caught locally in rivers and streams. Find up-to-date information on-line at
http://www.foodsafety.gov. 

6.4.2 HARMFUL BACTERIA

6.4.2.1 Salmonella

Avoidance of uncooked or undercooked eggs and raw meat, poultry, fish, and shell-
fish is recommended during pregnancy due to the potential for illness secondary to
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bacterial contamination with Salmonella. Thoroughly cooking and appropriate han-
dling of these foods should eliminate any cause for concern. 

6.4.2.2 Listeria

Pregnant women are advised against eating pate and soft or mold-ripened cheeses
such as Brie, Camembert, and blue cheeses due to the risk of Listeria. Thorough
cooking of these cheeses should kill Listeria, so eating them after cooking should
be safe. Hard cheeses, such as cheddar, and processed cheeses are considered safe.

6.4.3 OTHER DIETARY HAZARDS

6.4.3.1 Alcohol

The teratogenic effects of alcohol on the developing fetus have been recognized for
centuries. Maternal alcohol abuse has been associated with an increased risk of
spontaneous abortions, increased infant mortality, and intrauterine growth restric-
tion. Birth defects are very common in infants born to women who are heavy
drinkers (defined as five to six drinks per day), with minor or major congenital
malformations occurring at about three times the rate of infants born to women who
abstain from alcohol. 

A spectrum of findings has been documented in infants born to women who
drink alcohol, from fetal alcohol effects (FAEs) to the more commonly known fetal
alcohol syndrome (FAS). FAS was first described in 1973 as a constellation of
abnormalities common to offspring of chronic alcoholic women (10). FAS is at the
more severe end of the spectrum, with problems in the infant such as intrauterine
and postnatal growth retardation, cranio-facial dysmorphology, and central nervous
system effects. The estimated U.S. incidence of FAS is 2.8 to 4.8 per 1000 live births. 

FAE describes less severe alcohol-related effects associated with wide patterns
of drinking (9). Findings include lower birth weights and impaired brain growth, as
well as changes in child behaviors such as a higher level of activity, greater difficulty
in following instructions, temper tantrums, and eating problems (9,19). Slower
cognitive processing and mental developmental delays are reported among infants
exposed to 0.5 oz/d of alcohol (37). 

The most deleterious effects of alcohol occur during the first trimester of
pregnancy, the period of organogenesis, when structural and functional abnormal-
ities occur. Exposure to alcohol later in pregnancy contributes to growth restric-
tion. Abstinence from alcoholic beverages is recommended during the preconcep-
tional period, as well as during pregnancy, as no safe level of alcohol intake has
been established. 

6.4.3.2 Caffeine

The effect of caffeine on pregnancy has been well studied over the past two decades.
Despite early suggestions that caffeine was related to an increased rate of miscarriage,
birth defects, and low birth weight, recent studies have not shown moderate caffeine
intake to be a problem. The Food and Drug Administration (FDA) has evaluated the
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evidence and recommends that consumption of moderate amounts of caffeine is
acceptable. But, as with other dietary habits, pregnant women should consume
caffeine in moderation <300 mg per day, i.e., the equivalent of 1–2 cups of coffee (32).

6.4.3.3 Herbs

The use of complementary and alternative medicine, an umbrella term used to
describe a number of therapies that fall outside conventional allopathic medicine,
has increased dramatically in the United States. Herbal medicine can be defined as
the use of plants and plant remedies in the treatment and prevention of disease.
Many Americans believe that herbal supplements, other than standard vitamins and
minerals, are generally good for their health and are safe because they are found in
nature. Current U.S. law defines herbal products as dietary supplements, and, there-
fore, they are not subject to FDA regulation. Manufacturers of herbal products are
not required to document safety or effectiveness. In addition, no quality standards
have been established, and individual products may vary or be contaminated. Few
studies have been conducted that have tested the use of herbal preparations in
pregnant women. Pregnancy-related symptoms should be discussed with the
woman’s physician. Neither she nor her physician should assume that it is safe to
take an herbal remedy. Because the use of alternative therapies has become increas-
ingly popular, it is important for health care providers to initiate conversations with
patients about their use of herbal remedies. 

6.4.3.4 Low-Calorie Sweeteners

There are multiple low-calorie sweeteners on the market, such as aspartame, sac-
charin, acesulfame K, sucralose, and neotame. The FDA has approved all of these
for use in pregnant women, and studies have shown no reproductive risk to offspring
(34). As with all dietary recommendations, use in moderation is prudent.

6.4.3.5 Peanuts

Peanuts and peanut butter are excellent sources of folate and protein and are still
considered to be safe for women without personal or family histories of peanut
allergy. There is scant literature to suggest allergic sensitization of infants by women
who consume peanut products while pregnant (22). 

6.5 NUTRITIONAL CONSIDERATIONS IN THE 
MANAGEMENT OF LACTATION

Human milk is the gold standard of infant nutrition. In order to produce a pre-
mium-quality product such as breast milk, it is often assumed that the diet consumed
by a breastfeeding mother has to be of high quality and nutritional value. Famine,
war, and natural disasters have shown that even when nutritional staples are sparse,
breastfeeding mothers continue to provide excellent nutrition for their infants, often
at the expense of depleting their own stores (3,16). Nevertheless, promotion of optimal
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maternal nutrition and energy intake should continue to be the goal in the transition
from pregnancy to the postpartum period. Energy and nutrients are needed to promote
lactation, as well as to provide for the continued health and healing of the mother. 

Pregnancy is often an impetus for health behavior change. Many women report
making healthier lifestyle and dietary decisions during pregnancy than they would
otherwise (4). Women often choose to breastfeed because of the numerous health
benefits for the infant. The decision to breastfeed may contribute to maintaining a
healthier maternal lifestyle. It is a prime opportunity for health care personnel to
recognize and encourage the continuation of positive behavior changes. 

Lactation is an energy-expensive process, estimated at 750 kcal/d. Breast milk
production directly affects short- and long-term maternal nutritional status and body
composition. Lactating women have increased demands for energy and nutrients
above both the prepregnancy and pregnancy requirements. The metabolic adjust-
ments that redirect nutrient utilization from maternal needs to milk synthesis and
secretion involve nearly every maternal organ system. In general, the amounts of
nutrients the mother secretes into milk are directly related to the extent and duration
of lactation. Fortunately, lactating women who meet the RDA for energy are likely
to meet the RDA for all nutrients except calcium and zinc (see Table 6.1). If nutrient
intake is lower than the total demand for both maternal maintenance needs and milk
production, the mother’s body will mobilize available nutrients from body tissues
during lactation. At intakes less than 2700 kcal/d, nutrient density may be low for
calcium, magnesium, zinc, vitamin B6, and folate (35). Specific recommendations
for women with restricted eating patterns are noted in Table 6.9.

6.5.1 NUTRITIONAL REQUIREMENTS

To establish nutritional requirements for the lactating mother, it is necessary to take
into consideration the preexisting health status of the woman and the volume and
composition of her breast milk. Women often express concern about the quality of
their breast milk because they do not eat a well-balanced diet. Studies of breastfeed-

TABLE 6.9
Supplementation Recommendations for Women with Restricted 
Eating Patterns

Condition Description Supplement Recommended

Caloric restriction <1800 kcal/d Multivitamin/mineral supplement
Complete vegetarianism Avoidance of all animal products 

including meat, fish, dairy, eggs
Increase B12-containing foods
B12 supplement (2.6 mg/d)

Dairy avoidance Avoidance of milk, cheese, or 
calcium-rich foods

Increase calcium-rich foods
Supplement elemental calcium

Vitamin D avoidance
Limited sun exposure

Dark-skinned individuals
Sunlight restrictive clothing or 
headcoverings

Vitamin D (10 mg/d maternal 
supplement)

Infant supplementation with vitamin 
D (200 IU/d)
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ing women in the United States have demonstrated that, overall, the women were
well nourished. However, there have been only a limited number of studies, and
their subjects were not of diverse socioeconomic backgrounds. As the number of
women who choose to breastfeed their infants rises, studies may reveal more nutri-
tional inadequacies. If one assumes that lactating and nonlactating women have
similar diets, it is likely the intake of calcium, folate, vitamin B6, magnesium, and
zinc in both groups are insufficient. These nutrients are found in a wide variety of
foods eaten by most women daily (see Table 6.2).

Women are often concerned that their volume of milk is directly related to their
own food intake. Milk production, however, most closely correlates with the fre-
quency of feeding and the amount of milk that is regularly removed from the breast
by the nursing infant or breast pump (54). Women are also concerned that certain
foods will be transferred to the infant via breast milk and will cause adverse reactions.
There is no evidence that any particular foods should be limited in the maternal diet.
Observation of the infant and recall of maternal dietary intake may be necessary if
concerns regarding the infant arise. 

Human milk is a unique dynamic fluid, made to order as the infant grows. For
example, the milk for the premature infant on day 3 is higher in total calories, lipid,
protein, sodium, and chloride and lower in lactose than milk for a term infant of the
same age. However, even with the adaptive changes in composition, human milk
alone cannot sustain the very small premature infant. The composition of human
milk nevertheless is remarkably constant as far as fat, protein, vitamins, minerals,
and trace elements are concerned. Nursing mothers should be encouraged to eat a
well-balanced diet, keeping in mind the DRIs and Nutritional Requirements for
Americans with a few additions (see Table 6.1 and Table 6.6). Continuation during
lactation of prenatal vitamins or a multivitamin supplement is recommended. 

6.5.2 CALORIES

Lactation is supported in part by mobilization of maternal tissue stores accumulated
prior to and during the pregnancy. The additional energy comes from maternal dietary
intake. In general, caloric intake should be at least 1800 kcal/d. A few sources
recommend as much as 2700 kcal/day (24,35). Well-nourished women are able to
mobilize some energy from tissue stores; however, an addition of 400 to 500 kcal/d
to the average woman’s prepregnant diet is recommended. If women can eat a variety
of foods to meet their hunger and drink to their thirst, counting calories is not
necessary (41). Recommended daily food servings are listed in Table 6.6.

6.5.3 FLUIDS

There is also an increased need for free water during lactation. Women should drink
enough fluids to prevent thirst. Excess fluid consumption has been associated with
decreased milk production in some women (18). New mothers should adopt the
practice of having something to drink each time they nurse their infant. Contrary to
some cultural beliefs, a woman does not need to drink milk to make abundant breast
milk. In fact, some infants whose mothers drink an excessive or even a routine
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amount of cow’s milk may develop milk protein intolerance. Cow’s milk protein
can pass through the breast milk to the infant, causing symptoms such as intestinal
gas, fussiness, and occasionally occult or visible blood in the stool. Cutting back or
eliminating dairy products from the maternal diet may be necessary. Intake of
beverages containing caffeine should be in moderation. 

6.5.4 MATERNAL NUTRITION AND MILK SUPPLY

Concern over insufficient milk volume, real or perceived, is the most common reason
women cite for discontinuing breastfeeding. Very few women cannot lactate due to
anatomic or hormonal abnormalities. Therefore, lactogenesis progresses normally
in the majority of mothers, and it is secondary lactational management problems
that interfere with milk supply. The majority of women can provide an abundant
supply of breast milk if breastfeeding practices are optimal. While good maternal
nutrition and rest are important, milk removal from the breast is absolutely essential
to maintain lactation. Early, frequent, and thorough milk removal from the breasts
ensures a growing and stable breast milk supply. 

To achieve this, breastfeeding should begin within 1 h of delivery. Mothers
should strive for 8 to 12 feedings at the breast daily. In the event the infant is
premature or ill and unable to breastfeed, the mother should begin to express milk
from the breasts. This can be done by hand or with a variety of manual or electric
breast pumps. Initially, milk expression should occur at least every 3 h. Once
maternal supply is abundant, one study suggests that pumping at least 5 times per
day for a total of more than 100 min is necessary to maintain significant milk
production (30). It is essential that hospital policies support these practices. 

The most common cause of insufficient breast milk is mismanagement. Manage-
ment problems include inadequate opportunities to breastfeed, such as mater-
nal–infant separation, fatigue, inadequate breastfeeding sessions due to insufficient
latch, inappropriate supplementation with formula, or a sleepy infant. Recognition of
the milk removal/production principle helps staff and families realize the importance
of milk removal for maintaining adequate yield. Families should be educated on
breastfeeding well in advance of arrival of the infant. 

When there is a concern about milk supply, the assistance of a lactation con-
sultant is invaluable. Problems can often be remedied by observing feeding practices,
by reassuring the mother, and by increasing milk removal by the nursing infant or
by a breast pump. In some situations, galactagogues such as metoclopromide may
provide assistance in increasing milk supply. 

6.5.5 WEIGHT LOSS DURING LACTATION

Most women who gain the recommended amount of weight during pregnancy can
return to prepregnancy weight by 6 months after delivery (60). While studies are
conflicting and the differences in weight loss are marginal, breastfeeding women
appear to lose slightly more weight postpartum than do women who choose not to
breastfeed. Maternal weight loss is greater in the first 12 months postpartum in
breastfeeding mothers and most marked in the second 6 months (15). Calorie restric-
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tion does not adversely affect milk production as long as caloric intake for the mother
is in excess of 1500 kcal/d (7,58,67).

Many women wish to diet and focus on weight loss with or without exercise
while breastfeeding. Several studies of short and long duration with diet and activity
modification indicate that weight loss has no adverse effects on the mother, infant,
or lactation (6,18,45,47). In most cases, a weight loss of 1 to 1.5 lb/week can be
sustained during lactation without effect on breast milk supply or fat content. Regular
exercise is beneficial for the mother, and moderate physical activity has not been
shown to affect lactation. With vigorous activity, lactic acid in the breast milk
increases rapidly, and infants may refuse to nurse. This can be remedied by breast-
feeding prior to vigorous exercise and just after recovery from the exercise (17). 

 Mothers should be encouraged to lower intake of calories from fat and to
increase physical activity, rather than choosing fad-diet regimens. The use of
low-carbohydrate diets during lactation has not been studied. Theoretical concerns
with respect to elevated plasma lipids, prolonged ketosis, reduced milk supply, and
dietary deficiencies in micronutrients and fiber seem to make a low-carbohydrate
intake undesirable. 

 Specific nutritional high-risk situations are noted in Table 6.10. Women who
are underweight prior to pregnancy or who have low weight gain during pregnancy
should increase their energy intake by 650 kcal/d for the first 6 months of lactation.
Supplementation recommendations for women with restricted eating patterns are
noted in Table 6.9.

6.5.6 CALCIUM

Lactation involves the continued mobilization of calcium from the maternal skeleton.
Approximately 200 mg/d of calcium is secreted in breast milk. Significant, yet revers-
ible changes in the maternal skeleton occur in the first 3 to 6 months of lactation and
are then reversed during later lactation and within 3 months postweaning (56). Accord-
ing to Prentice, “On the strength of current evidence it appears that pregnancy and
lactation are associated with physiological adaptive changes in mineral metabolism

TABLE 6.10
Mothers at High Risk for Nutritional 
Deficiencies During Lactation

• Teen mothers
• Mothers of multiples
• Past or present history of dietary restriction
• Maternal weight less than 85% of recommended
• Suboptimal weight gain during pregnancy
• Economic deprivation
• Rapid weight loss while breastfeeding
• Pregnant while breastfeeding

Source: Adapted from American Dietetic Association (1996). 



Nutritional Considerations in the Management of Pregnancy and Lactation 143

that are independent of maternal mineral supply within the range of normal dietary
intakes. These processes provide the minerals necessary for fetal growth and breast
milk production without requiring an increase in maternal dietary intake or compro-
mising maternal bone health in the long term” (57). The CDC calcium recommenda-
tion is therefore not increased during lactation but remains at 1200 mg/d (55). 

Achieving this level of calcium intake may be difficult for women who have
dietary limitations. Calcium supplementation may be particularly important to
breastfeeding mothers under the age of 25 whose own bone mass is still increasing.
Vitamin D supplementation should be considered for those at risk for vitamin D
deficiency. Rebuilding and maintaining maternal calcium stores, especially in light
of future pregnancies and increased calcium demand, is important to protect against
the risk of osteoporosis in the future. 

6.5.7 IRON

The recommended amount of iron intake during lactation is the same as before
pregnancy, i.e., 15 mg/d. Maternal history of anemia or excessive blood loss at
delivery would increase the need for maternal supplementation with iron. Approx-
imately 14% of maternal iron stores are lost through breast milk in the course of 6
months of breastfeeding. This represents half of what would be lost via menses.
Supplementation may be needed if the mother is still breastfeeding when menstru-
ation resumes. 

6.5.8 OTHER NUTRITIONAL CONSIDERATIONS

6.5.8.1 Alcohol

Excessive alcohol consumption during lactation should be avoided as significant
amounts of alcohol are secreted into breast milk. If the amount and duration of
alcohol consumption are limited, the effects on the infant are not considered to be
harmful. Excess alcohol consumption may lead to decreased milk production and
perhaps decreased intake due to alteration of milk taste. The immediate effects of
excessive alcohol transfer on the infant may include drowsiness, irritability, or weak
suck. Prolonged exposure could harm development and decrease linear growth (25).
The occasional alcoholic beverage when consumed with food is generally compatible
with breastfeeding. One ounce of alcohol (the amount in one serving of beer or wine
or one mixed drink) is metabolized in the adult in 3 h. Mothers can generally return
to breastfeeding when they are no longer feeling the effects of the alcohol. Chronic
or excessive alcohol users should not breastfeed their infants.

6.5.8.2 Caffeine

Maternal consumption of caffeine in moderation during lactation is thought to be
safe. Some mothers report a change in infant sleep or behavior patterns when caffeine
is in their diet. However, the amount of caffeine that passes into breast milk is
minimal, with a relative infant dose of less than 6% of the maternal dose (25).
Caffeine rapidly enters breast milk, and the decay of caffeine in milk is similar to
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plasma (66). Peak levels of caffeine are noted 60 to 120 min after ingestion. The
half-life in adults is 4.9 h; the half-life in neonates is as high as 97.5 h (25). There
is some evidence that chronic intake of caffeinated coffee may reduce the iron content
of breast milk (52). It is recommended that breastfeeding women limit consumption
of caffeine to the equivalent of 1 to 3 cups of coffee per day. 

6.5.8.3 Peanuts

Peanuts and peanut butter are a readily available, convenient source of protein for
breastfeeding mothers. Allergic sensitization to peanuts, however, is becoming
increasingly common. Several studies have documented a relationship between
peanut consumption by pregnant and breastfeeding mothers and the increased like-
lihood of allergic sensitization to peanuts by their child (31,71). Exposure to food
allergens in breast milk originating from the maternal diet is thought to be responsible
for occult sensitization. Families with a history of atopy and siblings with peanut
allergy are at highest risk (31). Currently, there is no recommendation regarding
peanut product avoidance during pregnancy and lactation. However, it may be
prudent that mothers with personal or family history of peanut sensitivity or atopy
refrain from including peanut products in their diets (22).
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7.1 INTRODUCTION

Effective nutritional management is of critical importance in the treatment of patients
with chronic conditions and diseases (5,6). However, for a great many patients,
starting and sustaining new nutritional regimens at home and work requires a sig-
nificant change in behavior, for which they need support. Patients must be able to
accept clinician-recommended behavior change, understand what needs to be done
differently, establish these changes in their daily lives, receive feedback on progress,
and sustain the changes over time. Psychologists have long been concerned with the
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challenges associated with initiating and sustaining behavior change and have been
active in developing and testing approaches for increasing patient adherence to
medical regimens (7,8). This chapter discusses behavioral challenges facing patients,
as well as the role of clinicians, in clinical nutritional management; summarizes
relevant psychological theory that emphasizes applied behavior analysis and social
cognitive theory approaches; provides a selective review of research on simple and
comprehensive behavioral interventions used to promote nutritional adherence; pre-
sents a practical, evidence-based model for promoting patient adherence; and iden-
tifies important areas for future research and practice.

It is beyond the scope of this chapter to address the unique nutritional manage-
ment challenges associated with each disorder or disease covered in this volume.
Accordingly, two illustrative areas will be addressed: obesity and cystic fibrosis. We
believe that both the nutritional management challenges and the intervention
approaches addressed by the body of research in these areas provide the foundation
for how behavioral intervention may be applied more generally to other conditions. 

7.2 BEHAVIORAL CHALLENGES: PATIENT ADHERENCE 
AND THE ROLE OF CLINICIANS IN NUTRITIONAL 
MANAGEMENT

Patience adherence to clinician-prescribed treatment regimens is a significant prob-
lem in the management of many chronic conditions and diseases (7,8). In this
volume, Peebles and Hammer (28) describe the complex familial and psychosocial
factors involved in the treatment of childhood obesity. Obesity presents a constel-
lation of medical risks. Unchecked in childhood and adolescence, it can lead to Type
2 diabetes, heart disease, and other chronic conditions later in life. Obesity is also
socially stigmatizing. Patients’ (even children’s) patterns of overeating often are
entrenched firmly and resistant to change. Adding to the problem is the fact that the
social environment perpetuates sedentary behavior and consumption of large portions
and energy-dense foods. 

Increasingly, clinicians and associates need to alert families to the potential for
overweight and obesity in their children (e.g., through assessing body mass index on
a routine basis) and to assist them in becoming better educated about sound nutritional
practices. They will also need to be prepared to provide or refer families to skills-train-
ing programs that result in effective parental modeling and reinforcement at home.
These skills are needed to promote the lifestyle changes in child eating and physical
activity that are needed to combat the problem in the long term. Chapter 2 in this
volume addresses adult obesity (36), an area in which the need for behavioral man-
agement is comparable, but where the opportunity to use cognitive behavioral inter-
vention to improve patient self-control and self-management is greater. 

Cystic fibrosis is a genetic disease that affects primarily the respiratory and
pancreatic systems, resulting in recurrent pulmonary infections, pancreatic insuffi-
ciency, and fat malabsorption (41). Approximately 30,000 persons in the United
States (1 in 2500 births) currently are affected (4). Treatment requires strict adherence
to a complex daily nutritional regimen to ensure adequate caloric intake, along with
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chest physiotherapy and vigorous exercise to remove sputum. Despite the serious
consequences associated with not following this regimen, nonadherence has been
estimated to be 50% in pediatric populations (22), a problem shared with treatment
regimens for other conditions that are similarly complex and intensive (19). Inter-
ventions must address parent education, parenting skills, the child’s level of emotional
maturity and understanding, and the clarity and specificity of physician–family com-
munication. Cystic fibrosis is just one case in which the immediacy of consequences
associated with adherence and nonadherence affects behavior. For example, the
relatively immediate relief of symptoms after taking antibiotics may reinforce adher-
ence to that behavior. By contrast, outcomes that are more delayed, subtle, or incre-
mental, e.g., maintenance of health status associated with taking prescribed vitamins
on a daily basis, may not be sufficient to reinforce and maintain that behavior (4).

It is important to note that variables that influence nutritional adherence in these
and other areas extend well beyond the patient’s personal motivation or “will power”
to change. For example, obesity is greatly influenced by the “pull” of environment,
which more than ever encourages the consumption of convenient energy-dense
foods, large portions, and sedentary behavior. The most recent expert recommenda-
tions for curbing this epidemic call for the development of health-promoting school
policies and cultural norms, safe community environments, and programs that facil-
itate physical activity (25). Also called for are government legislative and regulatory
policies that support the choice of healthy foods, as well as family education and
training with respect to those choices. In other words, there is a public health need
to change the environment so as to minimize obesity. Until these policies are adopted,
patients suffering from obesity and other conditions must learn to succeed in their
current environment, largely by changing their behavior. Encouragement and com-
passion will be needed from clinicians and associates. 

Research suggests that physicians’ attitudes about patients with obesity may
contribute to a lack of intervention. In a survey of 620 primary care physicians, it
was found that more than half viewed their obese patients as “awkward, unattractive,
and noncompliant” (16). The physicians often perceived obesity as a personal psy-
chological problem and had little sensitivity to the powerful influence of environ-
ment. Moreover, less than half of the physicians felt competent in prescribing weight
loss programs; only 14% felt they had met with success in helping obese patients
to lose weight. In short, a more informed, compassionate, and stepwise approach
seems needed to assist patients in their battle with obesity. 

What is the role of the clinician and associates in the treatment of nutritional
management problems? Office-based advice, brief counseling, instructions, and the
use of protocols for patient monitoring represent the first line of intervention to
promote adherence. Formal educational programs may also be indicated, particularly
when complex nutritional decisions will be required of the patient or family. How-
ever, in the many cases in which the patient’s current lifestyle and motivation must
be changed substantially, a comprehensive behavioral intervention program will be
needed. Yet clinicians typically do not have training in behavioral approaches.
Comprehensive behavioral programs are difficult if not impossible to implement in
most office practices, due in part to the need for an intensive, team-based approach
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(38). An approach for providing simple to comprehensive behavioral interventions
will be described later. 

Specific procedures used in behavioral intervention depend on the nature and
treatment requirements associated with the medical condition, patient characteristics
(age, cognitive/developmental level, motivation, expectations, self-confidence), the
patient’s social and environmental context, and more. However, behavioral
approaches derive from a powerful psychological model of human learning that
encompasses individual assessment, education (knowledge), training (skills), and
follow-through. The model, described next, is sufficiently general to apply to a range
of conditions. 

7.3 PSYCHOLOGICAL THEORY: APPLIED BEHAVIOR 
ANALYSIS, SOCIAL COGNITIVE  THEORY, AND 
THE TRANSTHEORETICAL MODEL

Psychological factors affecting nutritional adherence include patients’ working
knowledge of their condition, the rationale for change, their expectations and con-
fidence that they will succeed, the nature and strength of their current behavioral
patterns, and the nature and influence of their social and physical environment. Each
of these factors must be addressed in some manner for the patient to have the best
chance of success. The areas of behavioral and cognitive–behavioral psychology,
referred to more specifically as applied behavior analysis (ABA) and social cognitive
theory (SCT), respectively, have produced a better understanding of external envi-
ronmental influences on personal health–related behavior and a host of clinically
effective approaches for promoting individual behavior change. 

7.3.1 APPLIED BEHAVIOR ANALYSIS

Applied behavior analysis, often referred to as “behavior modification” (but ABA
encompasses a more complete and nuanced approach to assessment and interven-
tion), is an assessment and treatment approach that is restricted to the consideration
of objectively verifiable events. Stated differently, ABA is characterized by the
following features: 

• An emphasis on observable and measurable behavior (what people pub-
licly say or do)

• Analysis of social and physical events that reliably precede and trigger
relevant behaviors, referred to as antecedents, and events that follow and
positively reinforce or punish behaviors, known as consequences

• Treatments that involve the systematic presentation of antecedents and
consequences, with the dual purpose of inducing and reinforcing desired
behaviors

• Regular recording and data-based monitoring of behavior for ongoing
evaluation and feedback

• A self-correcting process of revision and continued monitoring
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ABA derives from B. F. Skinner’s early research at Harvard University, which
changed psychologists’ understanding of how behavior “operates” (hence the term
operant psychology) in the individual’s environmental context and how the conse-
quences of behavior in that context can dramatically impact future occurrence and
form. Beginning in the late 1960s, researchers began to apply Skinner’s operant
principles, particularly positive reinforcement, to the treatment of important human
problems. ABA research and practice continue, holding a small but important if not
reemergent niche in psychology. Complete coverage of ABA is beyond the scope
of this chapter; the reader is referred to time-honored texts by Sulzer-Azaroff and
Mayer (39) and Cooper, Heron, and Heward (9). 

The three-term contingency (also referred to as A-B-C, in which A = anteced-
ent, B = behavior, and C = consequence) is at the conceptual heart of ABA. It
refers to the process by which desired behavior change comes to be established
firmly in its environmental context. Consider an example: The parents of an
overweight child plan to positively reinforce (C) their son’s healthy eating behavior
(B), leading ultimately to improved weight control. The parents have been taught
that they need to pay close attention to some specific antecedents (A) to encourage
healthy eating. They have shopped with their child (a distal antecedent, or setting
event) and stocked the refrigerator and cupboards with healthy foods, eliminating
most of the unhealthy choices. Next, they involve the child in meal preparation,
including the identification and selection of foods for the meal. They comment,
“What a healthy meal this will be! Hey, after dinner, let’s celebrate by playing a
game … your choice.” 

The parents’ actions and words, as well as the food itself, serve as more proximal
antecedents to desired behavior of healthy eating, which takes place during the meal.
This meal-preparation–eating-reinforcement scenario is illustrative of the contingen-
cies that are planned and implemented systematically in family-based ABA inter-
ventions. Of utmost importance is that such experiences occur frequently and with
procedural consistency. When they do, the experience of reinforcement for healthy
eating strengthens the function of the antecedents: planning meals, shopping, pre-
paring meals, the sight of healthy foods, cooking, and the parents’ encouraging
words. Once the relationship between antecedents, behavior, and reinforcement is
strengthened through repetition, the antecedents begin to exert independent positive
influence over the child’s behavior, a principle referred to as stimulus control. The
development of such environmental influence greatly enhances the likelihood that
favorable behavior change will occur and be maintained.

The three-term contingency can also be applied to the way clinicians prepare
patients to follow their nutritional regimens. For example, clinician advice and
instructions (A) given in the office are apt to be followed by some initial changes
in patient behavior (B). The patient’s initial efforts provide an opportunity to rein-
force and thus strengthen adherence. As advised by the clinician, the patient would
record his or her daily adherence on a monitoring chart and then be asked to report
the results, in response to a phone call from the office at the end of the first week
and at a follow-up appointment in 2 weeks. The patient’s reporting provides the
opportunity for positive reinforcement by the clinician in the form of praise and
approving feedback (C). Completing this A-B-C cycle will strengthen both patient
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behavior (through positive reinforcement) and the influence of brief antecedents
(because follow-through will result in reinforcement). For patients who are highly
motivated and well organized, antecedents alone may provide the impetus for behav-
ior change, with sufficient reinforcement coming in the form of self-satisfaction.
However, research on training for behavioral adherence has demonstrated repeatedly
that without external reinforcement for behavior change, antecedents alone tend to
be ineffective (7,8,14).

It is common but unfortunate for clinicians to rely solely on antecedents in
the form of office-based advice, brief counseling, and instructions, with the
expectation that patients will act on what they are told. While antecedents may
increase patients’ knowledge about the reasons for adhering to treatment and may
provide their initial motivation, they do not address the most critical behavioral
aspects for long-term follow-through: development of skills to plan and implement
changes in behavior, and positive reinforcement for those efforts. For example,
research on diabetes prevention has shown that intensive lifestyle intervention is
more effective than standard nutrition education for preventing new cases of
diabetes in high-risk, overweight individuals with impaired glucose tolerance (40).
This and other studies, reviewed later, suggest that instructions and nutrition
education programs are necessary but far from sufficient to ensure nutritional
adherence by patients. 

ABA research has shown that for individuals to succeed at changing long-term
behavior, they need to practice and learn new skills, and have their behavior and
key outcomes monitored (including self-monitoring). In addition, they must receive
credible feedback and contingent reinforcement, and must be encouraged to set
incremental goals. Who will provide follow-up monitoring, feedback, and assistance
with goal setting to patients? Physicians may need to hire auxiliary personnel or
limit the size of their practice to assist patients. Hopefully, future research will show
that follow-up services are cost effective and will be reimbursed. 

7.3.2 SOCIAL COGNITIVE THEORY

Albert Bandura (1) expanded upon ABA’s three-term contingency and its reliance
on observable events to develop and test a model (originally social learning
theory) that included cognitive mediators of action. Cognitive mediators were
viewed as private, or covert, behaviors that intervene between environmental
antecedents and behavior. Of particular importance were the ways in which people
interpreted, perceived, assessed, and planned their behavior in response to distinct
personal or social situations. Researchers’ increased emphasis on cognition,
which paralleled the cognitive revolution in psychology, has evolved and has
come to be known as social cognitive theory. In their review of health behavior
change approaches, Baranowski et al. (2) review SCT in detail and describe
important cognitive mediators. Of greatest importance are individuals’ expectancy
outcomes, considered a motivational variable, and perceived self-efficacy, a
resource variable. 

Outcome expectancy refers to the way in which people weigh the advantages
and disadvantages of behavior change prior to committing to action. For example,
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the advantages of eating healthier and increasing physical activity may include
improved health, vitality, and appearance, along with a decreased risk of serious
health problems. Disadvantages may include the emotional and appetitive discomfort
of abstaining from certain foods, the experience of discomfort while exercising, and
the impatience associated with such a long-term commitment. 

If behavior change is viewed as desirable, self-efficacy comes into play. It refers
to perceived confidence in the ability to succeed at a task, such as following a specific
nutritional regimen. Self-efficacy derives from successful, reinforced experience and
has been correlated with treatment outcomes in recent research (2). There are two
practical implications: prior experience and resulting self-efficacy may predispose
a patient to greater success at behavior change, and interventions should promote
early reinforcement and success. How is this accomplished? By goal setting, sup-
ported by reinforcement for goal accomplishment. Goal setting refers to developing
challenging but achievable short-term goals, and a motivational strategy to help build
success. Research on goal setting has shown it to be an important component in
adult behavioral treatment in obesity (34). 

7.3.3 THE TRANSTHEORETICAL MODEL

The transtheoretical model (TTM) of behavior change (33) asserts that change is a
temporal process in which individuals adopt or discontinue behaviors as a function
of four factors:

• The extent to which they are prepared to alter their behavior at a given
point of time (stages of change)

• An assessment of the advantages and disadvantages of maintaining their
current behavior (outcome expectancies)

• Their confidence in their ability to undertake and succeed at change
(self-efficacy)

• The actual processes involved in implementing change

The TTM approach posits five stages of change. In the precontemplation stage,
the individual has no plans to change or has not even considered that change is
warranted. In the contemplation stage, the person recognizes that change may be
advantageous, considers taking it within the next 6 months, but may remain ambiv-
alent. An individual in the preparation stage plans to make a change within the next
month and may have begun to take preliminary steps, such as purchasing exercise
equipment or low-fat snacks. During the action stage, the individual is engaged in
the process of change but has been doing so for less than 6 months. Considerable
energy and commitment is expended, and external rewards, such as social recogni-
tion, or material rewards usually are required to sustain momentum. In the mainte-
nance phase, the individual has sustained behavioral change for more than 6 months,
with new behaviors becoming more habitual and requiring less personal energy.
Rewards may become internalized, for example, a sense of personal accomplishment
and satisfaction. The challenge during maintenance is to sustain change and address
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factors that may lead to relapse. This may be accomplished through the use of
cognitive behavioral methods.

At present, TTM offers a useful approach to viewing the process of behavior
change as a complex and highly individual experience that occurs over time. How-
ever, scientific evidence that supports the reliability and predictive validity of TTM
is lacking (24,30). 

7.4 REVIEW OF RESEARCH ON BEHAVIORAL 
INTERVENTIONS TO PROMOTE PATIENT 
ADHERENCE

Research on behavioral intervention has investigated various programmatic combi-
nations of ABA and SCT procedures, also referred to as treatment “components.”
Multicomponent programs have proved to be more effective than simpler anteced-
ent-based procedures (advice, brief counseling, and educational sessions). Common
among comprehensive programs is the recognition that participants in behav-
ior-change programs must be: 

• As ready for and committed to change as is possible
• Educated as to the reasons and behaviors associated with the regimen they

are about to undertake
• Trained to mastery in the host of skills necessary to succeed
• Engaged in structured and supportive follow-through procedures

Comprehensive behavioral programs are time and resource intensive, which may
require that the treating physician refer the patient to a specialized program. Accord-
ingly, it is reasonable first to ask how effective less-intensive antecedent procedures
have been in promoting patient adherence. 

7.4.1 ANTECEDENT INTERVENTIONS: ADVICE, COUNSELING, 
AND EDUCATION

Kreuter et al. (21) questioned the assumption stated in the Healthy People 2000
(10) national disease prevention objectives and the Preventive Task Force practice
guidelines (32) that “patients who receive physician advice are often more likely
to successfully enact behavioral changes” (p. 426). Four hundred and ninety-six
(496) adult patients who earlier had received illustrated educational materials com-
pleted baseline and follow-up questionnaires on their cigarette smoking, physical
activity, and dietary fat consumption. They were also asked whether subsequently
they had received advice from their physician about lifestyle behavior. Forty-four
percent reported that their physician had indeed advised them to change at least
one of the three health behaviors, allowing the creation of two groups (advice vs.
no advice). 

There was no between-group difference in patients’ recall of having received
educational materials. There were no statistical differences between the proportion
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of patients who reported reading or keeping the materials. Smokers who had
received physician advice were 37% more likely to have quit smoking for at least
24 h, but they were no more likely than those who had not received advice to have
quit for at least seven consecutive days. There were no differences between patients
who had and had not received advice with respect to lowering dietary fat and
reducing fat intake from meat sources and fried foods. Patients who had received
physician advice had reduced their fat intake from dairy sources slightly more than
those who had not. Thus, while physician advice may serve as a catalyst for patient
behavior change, a more coordinated system of individualized information,
resources, and services, including monitoring and reinforcement, seems needed to
promote adherence. 

 In another study on physician advice, the duration of advice was found to be
a strong predictor of patient recall (15). Visit context also proved important. Recall
was somewhat more likely when advice was given during well care rather than
general illness visits. However, there was a twofold increase when advice was given
during a visit by a patient with a health behavior–relevant diagnosis. This indicates
that physicians may be able to identify and capitalize on “teachable moments” with
their patients. Unfortunately, the study did not discuss the deep chasm between recall
of advice and actual behavior change. In a related study, obese and overweight
patients in primary care reported that what they most wanted from their physician
was dietary advice in the form of help with setting realistic weight goals and
recommendations for appropriate exercise (29). The authors discussed the need for
increased advice and encouragement for patients with weight problems, but they
barely mentioned the relationship between advice and behavior change. 

Stark (37) asked whether nutrition counseling could be made more behavioral
in the treatment of childhood cystic fibrosis, where weight gain and the expectoration
of sputum through chest physiotherapy and exercise are the goal. The author’s
comprehensive treatment approach, Behavioral Intervention for Change Around
Growth and Energy, or Be In CHARGE, combines nutrition education (systematic
counseling) and behavioral intervention. That combination has been found to be
almost twice as effective as nutrition counseling alone. Stark recommends that
nutrition counseling should be made more behavioral by including patient or parental
self-monitoring, feedback, and goal setting, and by tailoring interventions to the
individual. Given the complexity and frequency of cystic fibrosis treatment, the most
intensive form of behavioral intervention is likely to be needed. This would include
removing antecedent stimuli that are known to sidetrack treatment, establishing new
antecedents that promote adherence (stimulus control), setting achievable goals,
providing frequent positive reinforcement and feedback, and developing written
agreements (behavioral “contracts”) between parent and child that establish how
reinforcement is provided when goals are met. 

As mentioned, studies on diabetes prevention have shown that intensive lifestyle
intervention (ILI) is more effective than standard nutrition education (SNE) in
preventing new cases of diabetes in high-risk overweight individuals with impaired
glucose tolerance (40). The Diabetes Prevention Program (DPP), a 27-center ran-
domized control trial in the United States, was designed to determine whether ILI
would delay the onset of diabetes in overweight individuals with impaired glucose
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tolerance (11). ILI was compared to a group receiving SNE and another group
receiving the drug metformin and standard lifestyle therapy. The ILI group received
behavioral intervention and lifestyle coaching. Group members had frequent contact
with their health professional, their programs were individualized, and they had
access to a network for resources and support. Goals were set for both weight loss
and physical activity. Subjects in the SNE group were presented with written infor-
mation and had an annual 20- to 30-min meeting that focused on healthy eating and
appropriate physical activity. The ILI group showed significantly greater weight loss
and a lower incidence of Type 2 diabetes than the other two groups. 

Wolf et al. (43) conducted a randomized controlled study to compare the case
management approach led by a registered dietitian with “usual care” in patients with
obesity and Type 2 diabetes. The patients in the case management group had indi-
vidual visits with a dietitian, attended six small group meetings, and received
monthly phone calls over a 1-year period. Patients in the usual care group were
provided antecedents in the form of educational materials and were free to participate
in other programs (but not the case management program). Results indicate that the
case management approach was associated with greater weight loss than the usual
care approach. This suggests that this moderate-cost program (approximately
$350/person) is effective in improving the health of persons with Type 2 diabetes. 

Mayer-Davis et al. (26) conducted a randomized control trial in individuals with
diabetes who live in two medically underserved rural communities in South Carolina.
One group received an ILI, modified from the DPP study discussed above. A second
group received a reimbursed lifestyle intervention (a condensed version of the ILI
program). A third group received an individual session (nutrition education, advice,
counseling) with a nutritionist at the start of the 12-month study period. Weight loss
after 12 months was significant only in the ILI group. 

The American Diabetes Association, the American Society for Clinical Nutrition,
and the North American Association for the Study of Obesity have recently published
a set of recommended strategies for achieving and maintaining a healthy body weight
through lifestyle intervention. In this collective statement, the groups acknowledge
the difficulty patients face in attempting long-term health-related behavior change
(eating and activity) and state, “the role of the clinician is to encourage, monitor
and support the patient during this process.” They suggest an approach in which the
clinician first identifies problem behaviors and then, with the patient, agrees on
achievable target goals (goal setting). Next, office-based strategies are identified to
encourage behavior change. They include self-monitoring, stimulus control, and
problem solving. Even though frequent contact between the health provider and the
patient (as often as once weekly or once every 2 weeks) leads to a better outcome,
the relatively limited time a physician could make available suggests that other health
professionals in the office (nurses, assistants) may need to be employed to provide
more frequent contact. Referrals could also be made to a registered dietitian or other
team members (20).

This brief review of the effectiveness of antecedents vs. more comprehensive
approaches indicates the need for behavioral intervention that targets encourage-
ment, monitoring, and reinforcement of behavior change in patients. The recom-
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mendations described here are likely to apply also to other illnesses that require
behavior modification. 

What comprises a comprehensive, intensive lifestyle behavioral intervention
program? The following section addresses this question by reviewing research in
two well-developed and challenging areas of behavior change, childhood obesity
and cystic fibrosis. 

7.4.2 COMPREHENSIVE BEHAVIORAL INTERVENTION PROGRAMS

The research literature on ABA and SCT is particularly well developed in the area
of childhood obesity. A brief review will illustrate how clinicians might capitalize
on family involvement and what effective behavioral programs should entail. Peebles
and Hammer (28) emphasize the need for family involvement in the behavioral
treatment of childhood obesity. Citing Barlow and Dietz (3), they recommend “an
assessment of patient and family readiness to engage in treatment” and “the appro-
priate teaching of parenting skills and family support” as “a foundation of any weight
maintenance or weight loss program for children.” In a review of behavior interven-
tion research in childhood obesity, Robinson (35) summarized the following steps
for parents: provide healthful food choices, develop children’s abilities to make
healthful decisions, encourage and support physical activity, limit television and
other screen time to less than 2 h/d, serve as positive role models for eating and
activity, and discuss children’s health status with the family’s health care provider.
Current evidence-based recommendations in childhood obesity stress the need for
intensive behavioral intervention, which will begin in the clinician’s office but needs
to extend beyond the office through targeted referral. 

Family-based weight reduction (FBWR) programs that combine nutrition and
physical activity education with ABA strategies have been shown to be effective
with overweight children (27,12,13). McLean et al. (27) reviewed 16 randomized
controlled trials of FBWR interventions that included at least 1-year follow-up.
Beneficial effects were seen when a comprehensive set of behavior change methods
was used and when parents and children participated together in learning and apply-
ing ABA and SCT methods. Epstein et al. (12) conducted a 10-year follow-up study
with 76 of their prior research participants (families of overweight or obese children)
and found that parent participation, including parent goals for dietary improvements,
was an important psychosocial mechanism in effective behavior change. 

Does behavioral intervention work equally well for all patients? This question
is important for other areas of nutritional adherence in which patients face difficult
challenges. Epstein and colleagues’ research (12,13) in obesity has been primarily
with children with moderate obesity. Levine et al. (23) conducted a systematic
replication of Epstein’s program, this time targeting children with severe obesity.
The authors also sought to determine whether children’s participation would affect
indices of psychological health, including depression, anxiety, and eating attitudes.
Twenty-four families completed an initial assessment and participated in the inten-
sive 10- to 12-session program, which addressed the goals of increasing healthy
eating and physical activity, while decreasing unhealthy eating and sedentary behav-
iors. Epstein’s Stoplight program was used to specify healthy vs. unhealthy food
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types and to define portion sizes in a manner that could be monitored with ease.
Calorie goals were set between 1200 kcal/d and 1500 kcal/d, depending on the
child’s initial body weight. 

Results indicated that one-third of participants dropped out, citing logistical
difficulties and schedule conflicts; children lost an average of 5.5 lb during the 10-
to 12-week intervention phase, with parallel decreases noted in body mass index
(BMI) and percent overweight; weight losses were not maintained at follow-up, 4
to 13 months postintervention; and children gained an average of 19 lb between
the end of the intervention and the 13-month follow-up, but they also grew an
average of 1.6 in. The children reported significant improvement in psychosocial
measures over the course of the intervention, particularly in self-reported mood
(symptoms of depression and anxiety), which were maintained at follow-up, despite
weight re-gain. In addition, the authors reported that, although the number of
participants was small, significantly more African American than White families
dropped out. They also noted that attendance at early sessions may predict com-
pletion of the full intervention program. This suggests that motivational contingen-
cies may be needed to reinforce early attendance. In short, the study highlights
how a specific clinical subpopulation may respond differently to comprehensive
educational and behavioral interventions, and that research with different popula-
tions or subpopulations is needed. 

Cystic fibrosis is another area in which behavioral interventions have been
investigated extensively. A recent systematic review concluded that ABA methods
can be used effectively to increase adherence to diet and chest physiotherapy treat-
ments, but that little research has been conducted on adherence to exercise regimens
(4). Exercise adherence, particularly when the regimen is tedious and time consum-
ing, presents an understandable challenge, but research to date suggests that indi-
vidualized selection of enjoyable activities, frequent supervision, and parent man-
agement of the ABA program have been effective (31). 

A recent article in The New Yorker provides an interesting anecdote illustrating
how an astute physician might successfully assess and modify the adherence behav-
ior of older children with cystic fibrosis through brief office-based intervention (17).
Dr. Warren Warwick, a noted pediatrician specializing in cystic fibrosis, was con-
ducting a routine 3-month check-up with a 17-year-old female patient. He noticed
a slight dip in the patient’s latest lung-function measurement and asked her to explain
how that might have occurred. Some confrontational but respectful probing revealed
that the patient had not been taking her treatments regularly. That was due in large
part to her having a new boyfriend and a new job, which made taking treatments
less practical and publicly more visible and stigmatizing. Dr. Warwick took a moment
with his patient to sketch out the cumulative effects of decreased lung functioning
in patients with cystic fibrosis, recognizing that, to his patient, there were no imme-
diate adverse effects of missing a treatment. After more conversation, Dr. Warwick
had sufficient information to propose some practical but firm behavioral contingen-
cies: his patient would employ her friend to hold her to her daily breathing treatments,
she would keep her medications with her and take them on her own at school
(rebelliously defying the school nurse!), and, immediately, she would start extra
therapy at the hospital to regain lost ground. In short, effective behavioral interven-
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tion is borne of a clinician’s sincere and probing interest in the factors affecting a
patient’s adherence, and of recognition that such factors are both powerful and
modifiable. In some cases the solution may be relatively simple, as in this anecdote;
in others it will be more involved. 

7.5 A PRACTICAL MODEL FOR PROMOTING PATIENT 
ADHERENCE

Table 7.1 offers an evidence-based model for clinicians who seek to provide optimal
office- and referral-based interventions. The left-hand column describes office-based
procedures that should be used when initiating any nutritional regimen with a patient.
The emphasis is on clear and empathic communication, as the physician explains
the medical rationale and specific behavioral requirements of the regimen. The
physician should interview the patient in order to identify and overcome challenges
that the patient will face in following the regimen at home. The patient should be
asked to describe the regimen and its implementation. With complex regimens, the
patient should be asked to practice (role-play) with auxiliary personnel. The patient
should be provided a monitoring form and instructed to record daily adherence to
the regimen and to write down questions for the physician. Finally, weekly follow-up
calls are scheduled: the physician or an auxiliary staff member calls the patient to
review the monitoring forms and answer questions. The next office visit is scheduled
for 2 weeks to 1 month hence. During the follow-up visit, the physician determines
the need for additional education or comprehensive behavioral intervention, based
on the patient’s level of adherence. Educational and behavioral programs may be
offered through the office or by referral to high-quality providers. 

Additional education is required for patients who need assistance in making
complex decisions to carry out their regimen, e.g., meal and physical activity plan-
ning. The components of high-quality education programs are outlined in the top
half of the center column of Table 7.1. If the patient struggles to adhere to the
regimen due to ineffective self-management skills or poor motivation, training in
behavior management skills is warranted. Components of effective behavioral inter-
ventions are listed in the bottom half of the center column. Education and training
may be provided in the office, if staffed to do so, or through referral. The right-hand
column lists essential follow-up steps that must be taken by the physician and
auxiliary personnel to reinforce patient adherence positively. Coordination between
the referral agency (if one is used) and the office is essential. 

7.6 CONCLUSIONS AND FUTURE RESEARCH

In summary, the use of comprehensive behavioral interventions to improve patient
adherence to nutritional regimens has received significant attention in recent years.
Controlled research has shown that behavioral interventions are generally effective
but labor intensive and require a high level of well-defined and coordinated effort.
It is important to note that antecedent-based interventions in the form of advice,
brief counseling, instructions, and education alone are insufficient to produce behav-
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ioral change in a great many patients, particularly when the nutritional regimen is
complex or represents a drastic shift from the patient’s entrenched habits. However,
this is not to downplay the role of an astute clinician who may be able to counsel,
instruct, and motivate patients to action, particularly in the case of older children
and adults. Clinicians may not be able to provide complete behavioral intervention
services from their office-based practices, but to optimize patient adherence they
can follow a model (see Table 7.1) in which they provide high-quality advice,
counseling, and instructions when nutritional regimens are initiated; arrange for
patient monitoring (supply forms and instructions) and office-initiated follow-up that
includes positive reinforcement for incremental adherence; and refer patients to more
comprehensive programs when they are observed to struggle with adherence, despite
initial office-based efforts. 

In future research, attention must be given to ways in which the cost of delivering
comprehensive behavioral interventions can be reduced without reducing clinical
effectiveness. In one study, group behavioral intervention was found to be as effective
as a combination of group and individual interventions, and thus more cost effective
(18). Also, pending more investigation, it may prove unnecessary to include all
procedural components that have been used in the research on behavioral intervention
to date. Component analysis research has been scant, but it would help to determine
the necessary make-up and cost effectiveness of interventions. Ultimately the results
would guide clinicians in determining how best to allocate their time and when
referral to a comprehensive program is needed. 

Recent research on the use of the Internet may also provide a cost-effective
means of providing behavioral intervention (42). In a study with overweight ado-
lescent African American girls, an Internet-based family behavioral intervention
was more effective than a formal nutrition and physical activity education curricu-
lum, also delivered on-line, in reducing adiposity. Although the Internet-based
behavioral intervention was not as effective as similarly configured in vivo behav-
ioral interventions reported in prior research, this study establishes the potential for
the Internet to be used as a cost-effective adjunct to in vivo interventions, including
office-based efforts. 

REFERENCES

1. Bandura, A. Social Foundations of Thought and Action: A Social Cognitive Theory.
Englewood Cliffs, NJ: Prentice Hall, 1986. 

2. Baranowski, T, Cullen, KW, Nicklas, T, Thompson, D, & Baranowski, J. Are current
health behavioral change models helpful in guiding prevention of weight gain efforts?
Obes. Res. 11: 23S–43S, 2003.

3. Barlow, S, & Dietz, WH. Obesity evaluation and treatment: Expert committee rec-
ommendations. Pediatrics 102: e29, 1998.

4. Bernard, RS, & Cohen, LL. Increasing adherence to cystic fibrosis treatment: A
systematic review of behavioral techniques. Ped. Pulmon. 37: 8–16, 2004.

5. Bronner, F (Ed.). Nutrition and Clinical Management of Chronic Conditions and
Diseases. Boca Raton: CRC Press, 2005.



164 Nutritional and Clinical Management of Chronic Conditions and Diseases

6. Bronner, F (Ed.). Nutritional Aspects and Clinical Management of Chronic Disorders
and Diseases. Boca Raton: CRC Press, 2003.

7. Brownell, KD, & Cohen, LR. Adherence to dietary regimens. 1: An overview of
research. Behav. Med. 20: 149–154, 1995.

8. Brownell, KD, & Cohen, LR. Adherence to dietary regimens. 2: Components of
effective interventions. Behav. Med. 20: 155–165, 1995.

9. Cooper, JO, Heron, TE, & Heward, WL. Applied Behavior Analysis. New York:
Macmillan, 1987.

10. Department of Health and Human Services. Healthy People 2000: National Health
Promotion and Disease Prevention Objectives. Washington, DC: Dept. of Health and
Human Services, 1991. DHHS publication PHS 91-50212.

11. Diabetes Prevention Program (DPP): Description of lifestyle intervention. Diabetes
Care 25: 2165–2172, 2002.

12. Epstein, LH, Valoski, A, Wing, RR, & McCurley, J. Ten-year follow-up of behavioral,
family-based treatment for obese children. JAMA 264: 2519–2523, 1990.

13. Epstein, LH. Family-based behavioral intervention for obese children. Int. J. Obes.
Relat. Metab. Dis. 20: S14–21, 1996.

14. Fleming, RK. An integrated behavioral approach to transfer of interpersonal leader-
ship skills. J. Management Educ. 16: 341–353, 1992.

15. Flocke, SA, & Stange, KC. Direct observation and patient recall of health behavior
advice. Prev. Med. 38: 343–349, 2004.

16. Foster, GD, Wadden, TA, Makris, AP, Davidson, D, Sanderson, RS, Allison, DB, &
Kessler, A. Primary care physicians’ attitudes about obesity and its treatment. Obes.
Res. 11: 1168–1177, 2003.

17. Gawande, A. The bell curve: What happens when patients find out how good their
doctors really are? The New Yorker, Dec. 6, 2004.

18. Goldfield, GS, Epstein, LH, Kilanowski, CK, Pauch, RA, & Kogut-Bossler, B. Cost-
effectiveness of group and mixed family-based treatment for childhood obesity. Int.
J. Obes. Relat. Metab. Disord. 25: 1843–1849, 2001.

19. Hudson, J, Fielding, D, Jones, S, & McKendrick, T. Adherence to medical regime
and related factors in youngsters on dialysis. Br. J. Clin. Psychol. 26: 61–62, 1987.

20. Klein, S, Sheard, NF, Pi-Sunyer, X, Daly, A, Rosett, JW, Kulkarni, K, & Clark, NG.
Weight management through lifestyle modification for the prevention and manage-
ment of type 2 diabetes: Rationale and strategies. Diabetes Care 27: 2067–2070,
2004.

21. Kreuter, MW, Chheda, SG, & Bull, FC. How does physician advice influence patient
behavior? Evidence for a priming effect. Arch. Fam. Med. 9: 426–433, 2000.

22. La Greca, A, & Schuman, WB. Adherence to prescribed medical regimens. In MC
Roberts (Ed.), Handbook of Pediatric Psychology (2nd ed.). New York: Guilford
Press, pp. 55–83, 1995.

23. Levine, MD, Ringham, RM, Kalarchian, MA, Wisniewski, L, & Marcus, MD. Is
family-based behavioral weight control appropriate for severe pediatric obesity? Int.
J. Eat. Disord. 30: 318–328, 2001.

24. Littell, JH, & Girvin, H. Stages of change: A critique. Behav. Mod. 26: 223–273, 2002 
25. Lobstein, T, Baur, L, & Uauy, R. Obesity in children and young people: A crisis in

public health. Obes. Rev. 5: 4–104, 2004.
26. Mayer-Davis, EJ, D’Antonio, AM, Smith, SM, Kirkner, G, Martin, SL, Parra-Medina,

D, & Schultz, R. Pounds off with empowerment (POWER): A clinical trial of weight
management strategies for black and white adults with diabetes who live in medically
underserved rural communities. AJPH 94: 1736–1742, 2004.



Facilitating Patient Behavior Change in Clinical Nutritional Management 165

27. McLean, N, Griffin, S, Toney, K, & Hardeman, W. Family involvement in weight
control, weight management and weight-loss interventions: A systematic review of
randomized trials. Int. J. Obes. Relat. Metab. Dis. 27: 987–1005, 2003.

28. Peebles, R, & Hammer, LD. Childhood obesity. In F Bronner (Ed.), Nutrition and
Clinical Management of Chronic Conditions and Diseases. Boca Raton: CRC Press,
2005.

29. Potter, MB, Vu, JD, & Croughan-Minihane, M. Weight management: What patients
want from their primary care physicians. J. Fam. Pract. 50: 513–518, 2001.

30. Povey, R, Conner, M, Sparks, P, James, R, & Shepherd, R. A critical examination of
the application of the Transtheoretical Model’s stages of change to dietary behaviours.
Health Ed. Res.: Theory Prac. 14: 641–651, 1999.

31. Prasad, SA, & Cerny, FJ. Factors that influence adherence to exercise and their
effectiveness: Application to cystic fibrosis. Pediatr. Pulmonol. 34: 66–72, 2002.

32. Preventive Task Force. Guide to Clinical Preventive Services (2nd ed.). Baltimore,
MD: Williams & Wilkins, 1996.

33. Prochaska, JO, Johnson, SS, & Lee, P. The transtheoretical model of behavior change.
In: E Schron, J Ockene, S Schumaker, & WM Exum (Eds), The Handbook of
Behavioral Change (2nd ed.). New York: Springer, pp. 159–84, 1998.

34. Robinson, TN. Behavioural treatment of childhood and adolescent obesity. Int. J.
Obes. Relat. Metab. Disord. 23: S52–57, 1999.

35. Robinson, TN. The IOM Report on Preventing Childhood Obesity: Health in Balance.
North American Association for the Study of Obesity Annual Scientific Meeting, Las
Vegas, NV, 2005.

36. Sharma, NS, Calleo-Cross, A, & Aronne, LJ. Adult obesity, with special reference to
bariatric surgery. In F Bronner (Ed.), Nutrition and Clinical Management of Chronic
Conditions and Diseases. Boca Raton: CRC Press, 2005.

37. Stark, LJ. Can nutrition counseling be more behavioral? Lessons learned from dietary
management of cystic fibrosis. Proc. Nutr. Soc. 62: 793–799, 2003.

38. Stettler, N. The global epidemic of childhood obesity: Is there a role for the paedia-
trician? Obes. Rev. 5: 91–92, 2004.

39. Sulzer-Azaroff, B, & Mayer, GR. Behavior Analysis for Lasting Change. Forth Worth,
TX: Harcourt Brace College Publishers, 1991.

40. Tuomilehto, J, Lindstrom, J, Eriksson, JG, Valle, TT, Hamalainen, H, Ilane-Parikka,
P, Keinanen-Kiukaanniemi, S, Laakso, M, Louheranta, A, Rastas, M, Salminen, V,
& Uusitupa, M. Finnish Diabetes Prevention Study Group: Prevention of type 2
diabetes mellitus by changes in lifestyle among subjects with impaired glucose
tolerance. New Engl. J. Med. 344: 1342–1350, 2001.

41. Valentine, CJ, Griffin, IJ, & Abrams, SA. Nutritional support in children. In F Bronner
(Ed.). Nutritional Aspects and Clinical Management of Chronic Disorders and Dis-
eases. Boca Raton: CRC Press, 2003.

42. White, MA, Martin, PD, Newton, RL, Walden, HM, York-Crowe, EE, Gordon, ST,
Ryan, DH, & Williamson, DA. Mediators of weight loss in a family-based intervention
presented over the Internet. Obes. Res. 12: 1050–1059, 2004.

43. Wolf, AM, Conaway, MR, Crowther, JQ, Hazen, KY, Nadler, JL, Oneida, B, &
Bovbjerg, VE. Translating lifestyle intervention to practice in obese patients with
type 2 diabetes: Improving control with activity and nutrition (ICAN) study. Diabet.
Care 27: 1570–1576, 2004.





167

8 Genetic Diseases and 
Errors of Metabolism

Kimberlee Michals Matalon
and Reuben Matalon

CONTENTS

8.1 Introduction ..................................................................................................167
8.2 Phenylketonuria............................................................................................168

8.2.1 NIH Treatment Guidelines...............................................................170
8.2.2 Tetrahydrobiopterin-Responsive PAH Deficiency ...........................171

8.3 Maternal PKU ..............................................................................................171
8.4 Galactosemia ................................................................................................171
8.5 Biotinidase....................................................................................................172
8.6 Isovaleric Acidemia......................................................................................173
8.7 Maple Syrup Urine Disease.........................................................................173
8.8 Urea Cycle Defects ......................................................................................174
8.9 Summary ......................................................................................................175
References..............................................................................................................175

8.1 INTRODUCTION

The concept “inborn error of metabolism” was introduced by Garrod to describe a
block in a metabolic process, causing diseases that follow a familial pattern (17).
Identification of intermediary metabolites from inborn errors of metabolism resulted
in the discovery of enzyme defects leading to the presence in the body of metabolites
not normally detected. A high level of such a metabolite indicates a block in the
natural flow of metabolic processes, resulting in a disease — an inborn error of
metabolism. Modulation of intermediary metabolites is a method of treatment for
some inborn errors of metabolism. 

For example, in phenylketonuria (PKU), the treatment involves dietary modu-
lation of phenylalanine. The treatment of inborn errors of metabolism must begin
early in life, before irreversible damage occurs. In 1963, Guthrie and Susi published
a bacterial inhibition assay for detecting PKU in the newborn; this assay has become
the universal basis for screening for this disease (21). Since then, screening of the
newborn has been expanded to indentify many more inborn errors of metabolism
by using the novel technology of gas chromatography and tandem mass spectroscopy
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(GC/MS/MS; 12). Treatment strategies vary with each disease and include restriction
of substrate, vitamin or cofactor supplementation, supplementation of a deficient
product, or conjugation of a toxic metabolite. This chapter reviews examples of
treatment strategies in various inborn errors of metabolism, with emphasis on PKU
as the classic example of a genetic disease treated by dietary restriction of the
substrate, phenylalanine.

8.2 PHENYLKETONURIA

Phenylketonuria is an autosomal recessive error of phenylalanine metabolism that
occurs in about 1 in 10,000 to 15,000 births in the United States (51). The disease
is found in all ethnic groups, but it is more common in persons of Northern European
background. Folling, in 1934, first described siblings with mental retardation asso-
ciated with phenylketones in their urine, hence the name phenylketonuria (16). In
1947, Jervis identified the defective enzyme as phenylalanine hydroxylase (PAH),
which hydroxylates phenylalanine to tyrosine (Figure 8.1; 26). In 1953, Bickel et al.
(7) documented that restricting the substrate, phenylalanine, in patients with PKU
prevented the severe manifestations of the disease. The successful treatment led to
mandatory newborn screening programs in the United States. 

The clinical features of untreated PKU include developmental delay and mental
retardation. Patients often have seizures, microcephaly, eczema, and pigment dilu-
tion, and they emit a peculiar odor. As patients get older, hyperkinesis becomes a
feature of the untreated patient (51). 

The biochemical findings in patients with untreated PKU include elevated
phenylalanine in the blood, urine, and spinal fluid. The normal concentration of
blood phenylalanine is 60 to 180 mmol/l (1 to 2 mg/dl). Patients with untreated
PKU have blood phenylalanine concentrations that often exceed 1200 mmol/l (20

FIGURE 8.1 The first step in the catabolism of phenyalanine is its hydroxylation to tyrosine.
This requires the enzyme phenylalanine hydroxylase (PAH) and the cofactor tetrahydrobiopterin
(BH4). When tyrosine is formed, BH4 is oxidized to quinonoid dihydropteridine (qBH2), which
is reduced by the enzyme dihydropteridine reductase (DHPR), and PAH is activated again.

BH4

DHPR

qBH2

Phenylalanine

Tyrosine

PAH
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mg/dl). When an infant is found to have an elevated blood level of phenylalanine,
this must be confirmed by quantifying the infant’s levels of amino acids in the
blood. To confirm a PKU diagnosis, the infant’s blood level of phenylalanine should
be elevated, and its tyrosine blood concentration should be normal. Phenylalanine
hydroxylase requires the cofactor tetrahydrobiopterin (BH4) to convert phenylala-
nine to tyrosine (Figure 8.1). The cofactor BH4 is also involved in the hydroxylation
of tyrosine to dopamine and in the hydroxylation of tryptophan to 5-hydroxytryp-
tophan in the pathway of serotonin. Infants with deficiency of the cofactor (BH4)
will have elevated blood phenylalanine concentrations; however, the treatment for
BH4 cofactor problems is completely different from that for treatment for PKU
(37). Infants with elevated blood phenylalanine concentrations must be evaluated
for BH4 problems.

Phenylketonuria has a wide clinical spectrum. More than 400 mutations have
been identified on the PAH gene that lead to a range of clinical severity of PKU
(52). The most common, severe mutation among European individuals is substitution
of tryptophan for arginine in position 408 (R408W) of PAH. Y414C is an example
of a mutation associated with a milder form of PKU. 

The blood phenylalanine concentration is the result of the type of formula fed
to the infant and of the length of time that has elapsed before the diagnosis. Phenyl-
alanine concentrations in the range of 120 to 360 mmol/l, while the infant is on a
normal diet, indicate benign hyperphenylalaninemia, a condition that occurs in about
10% of PKU patients. These do not require diet therapy, but their blood phenylalanine
concentrations need to be monitored. Blood phenylalanine concentrations greater
than 360 mmol/l require dietary phenylalanine restriction (51).

Dietary management involves restriction of dietary phenylalanine, an essential
amino acid that cannot be produced in the body. Some phenylalanine must be
provided for normal growth and tissue maintenance. Tyrosine, the hydroxylation
product of phenylalanine, becomes an essential amino acid for a patient with PKU.
Special medical foods that contain no phenylalanine and adequate amounts of
tyrosine are available. Most are fortified with vitamins and minerals and some are
quite energy rich. 

The special medical food provides 80 to 90% of the dietary protein. Initially the
infant is started at about 45 mg/kg phenylalanine, along with adequate protein and
energy intake. Breast milk or commercial formula is used to provide essential
phenylalanine, and intake is adjusted to maintain the blood phenylalanine concen-
tration in the range 120 to 360 mmol/l. Appropriate weight gain is the best indicator
of dietary adequacy. As infants get older, phenylalanine provided in the breast milk
or commercial formula is replaced with phenylalanine from solid foods. Measured
amounts of fruits, vegetables, and starchy foods are given along with the medical
food. High-protein foods such as meat, eggs, milk, and cheese are not introduced,
as their phenylalanine content is very high. The National Collaborative Study for
PKU found that low blood phenylalanine concentrations are correlated with good
dietary control and lead to good outcome in children with PKU (3,25,41). Reports
show that PKU patients tend to have neurological deterioration after discontinuing
diet therapy, and a lifelong diet low in phenylalanine is now advocated (15,23,57).
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8.2.1 NIH TREATMENT GUIDELINES

To formulate guidelines for metabolic clinic physicians and dietitians, the National
Institutes of Health held a Consensus Development Conference, “Phenylketonuria:
Screening and Management,” on October 16–18, 2000. The conference resulted in
a statement that gives guidelines to the metabolic clinics regarding the screening
and management of PKU (48). The NIH Consensus recommended that clinics in
the United States follow the guidelines of maintaining blood phenylalanine concen-
trations in the range 120 to 360 mmol/l (2 to 6 mg/dl) until patients with PKU are
13 years of age. After that age, the recommendation is 120 to 900 mmol/l (2 to 15
mg/dl), while a narrower range of 120 to 600 mmol/l (2 to 10 mg/dl) is strongly
encouraged. Monitoring needs to be individualized during the initial phase of treat-
ment. Once the blood phenylalanine concentration is in the desired range, the NIH
Consensus guidelines recommend that blood be monitored once per week for the
first year of life, twice monthly from 1 year until 13 years of age, and once per
month thereafter. Table 8.1 summarizes treatment guidelines based on the NIH
Consensus Development Conference Statement. 

The NIH Consensus Guidelines also recommend that a phenylalanine-restricted
diet must be started as early in the newborn period as possible (age <10 d) in order
to prevent the mental retardation associated with PKU. Dietary phenylalanine restric-
tion is used for any infant with persistent blood phenylalanine concentrations above
600 mmol/l (10 mg/dl). The dietary regime includes reduction of dietary phenylala-
nine to a level that will promote normal growth and development without allowing
the blood phenylalanine to become too high. Tyrosine becomes an essential amino
acid and needs to be provided in increased amounts.

A low-phenylalanine diet should be followed throughout life as loss of intelli-
gence quotient, decline in school performance, increased behavior problems, and
white matter abnormalities have been reported in patients who discontinued the
diet (48).

TABLE 8.1
Guidelines for Treatment of PKU Based on the National 
Institutes of Health Consensus Development Conference 
Statement

• Confirm diagnosis and start dietary treatment no later than 10 days of age

• Blood phenylalanine goals:

• 120 to 360 mmol/l (2 to 6 mg/dl) from birth through 12 years

• 120 to 900 mmol/l (2 to 15 mg/dl) after 13 years
(120 to 600 mmol/l strongly encouraged) 

• Monitoring blood phenylalanine levels:

• Birth to 1 year, once per week

• 1 through 12 years, twice per month

• After 13 years, once per month 

• Lifelong treatment for all patients
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8.2.2 TETRAHYDROBIOPTERIN-RESPONSIVE PAH DEFICIENCY

Kure et al. (31) were the first to report on four patients with PAH deficiency whose
blood phenylalanine levels went down after oral intake of the cofactor BH4. Since
then, there have appeared many reports of patients with PAH deficiency who
responded to BH4 (4,10,24,34,35,38,40,47,53,54,55,58, 59,62). In these cases the
metabolism of the cofactor was normal. However, the addition of a large dose of
BH4 normalized the blood phenylalanine concentration. In one U.S. study, as many
as 50 to 60% of patients with PKU responded to a single load of BH4 (40). The
number of patients who respond to BH4 and the impact of BH4 supplementation on
the treatment of PKU remain unknown and require further study. Neither pharma-
cokinetics of BH4 nor the Km mutation of PAH fully explain all the cases that
respond to BH4 (9,14,38). Conceivably BH4 acts as a chemical chaperone that
extends the half-life and the residual activity of PAH. Patients with mutations of
PAH, with the enzyme retaining residual activity, can benefit from BH4 supplemen-
tation. It is recommended to genotype patients with PKU (48), inasmuch as the
PKU data bank has information on the residual activity and phenotype associated
with such mutations (8). 

8.3 MATERNAL PKU

Women with PKU who are not on a low-phenylalanine diet and have elevated blood
phenylalanine concentrations are at risk to have babies that are small for gestational
age and have mental retardation, microcephaly, and congenital heart disease (33).
The effect of high blood phenylalanine in the pregnant woman leads to the “maternal
PKU syndrome.” The infants have facial dysmorphology similar to that of infants
born with fetal alcohol syndrome. 

In 1984, a study was initiated to find out whether a diet restricted in phenyla-
lanine during pregnancy would reduce the morbidity associated with maternal PKU
(29,30,39,49). Relationships between the maternal genotype, phenotype, and cog-
nitive outcome have been reported (20,22). Factors that affect offspring size include
the maternal blood level of phenylalanine, dietary protein intake, dietary intake of
energy, and maternal weight gain (42). Adequate intake of vitamin B12 is required
to prevent congenital heart disease in mothers with the PKU syndrome (43). Blood
phenylalanine concentrations should be reduced to <6 mg/dl prior to conception and
maintained in the range 2 to 6 mg/dl throughout the pregnancy. Blood phenylalanine
should be determined at least weekly. During pregnancy the overall nutritional status,
with emphasis on protein, calories, and vitamins such as folate and vitamin B12,
needs to be addressed and social support encouraged. Adequate intake of these
nutrients may help prevent congenital heart disease and microcephaly in children
born to PKU mothers (42,44). 

8.4 GALACTOSEMIA

Galactosemia is an inherited autosomal recessive disease caused by deficient activity
of the enzymes galactokinase, epimerase, and galactose-1-phosphate uridyltrans-
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ferase (GALT; 6). Most states screen for GALT deficiency but do not screen for the
other disease-related steps involved in galactose metabolism, i.e., kinase or epime-
rase deficiency, as these diseases are less severe for the affected individual. Patients
with GALT deficiency present with failure to thrive after ingestion of a lactose-con-
taining formula. Frequently, newborns have vomiting or diarrhea. Liver dysfunction
is manifested by jaundice and a higher than normal plasma concentration of conju-
gated bilirubin. Cataracts are visible by ophthalmoscopic examination. Untreated
babies tend to die from E. coli sepsis early in life. 

 Restriction of lactose intake leads to dramatic improvement. However, improve-
ment is not always complete. Some patients may have residual neurological abnor-
malities or speech problems, and females often have ovarian dysfunction (27,50,60).
It is not known whether the residual effects are caused by ingestion of small amounts
of dietary galactose. 

Most patients with galactosemia are treated with a powdered soy formula that
contains small amounts of galactose. Casein hydrolysates, added to liquid soy for-
mulas, increase the galactose content of the diet. “Lactose free” formulas contain
even higher amounts of galactose. As the patient gets older and eats a greater variety
of foods, the sources of galactose become more numerous. Many foods contain free
galactose, whereas others contain bound galactose that is released upon digestion.
Meats contain bound galactose in the form of glycoproteins and glycolipids. The
galactose content of many foods is now known, thus making it possible to limit the
galactose content of the diet (1,18). Recently, new elemental formulas have become
available that contain no galactose. The elemental formulas and knowledge of the
galactose content of foods make for a better treatment response. Whether strict
avoidance of dietary galactose will reduce the side effects associated with treated
galactosemia is not known. 

The gene for GALT has been cloned, and mutations have been described (6).
Of particular interest is a “classic” mutation where arginine replaces glutamine in
amino acid position 188 of the enzyme molecule, Q188R. This is the most common
and most severe mutation in GALT. Patients with the mild Duarte Variant often have
serine 135 substituted for leucine in the polypeptide chain (S135L). This allele is
common among African American patients. Patients with the Duarte Variant may
need galactose restriction only in the first year of life.

How to follow treatment of galactosemia is not clear. In many centers, galac-
tose-1-phosphate in RBC is used as a measure of dietary compliance. Recent reports
suggest that galactitol also needs to be monitored (5).

8.5 BIOTINIDASE

Biotinidase deficiency, an autosomal recessive disease, is an example of an inborn
error of metabolism that is treated by supplementation of the cofactor for carboxy-
lases, biotin (64). Biotinidase cleaves biotin from holocarboxylases during metabolic
degradation. The liberated biotin is then reutilized. 

In patients with biotinidase deficiency, not enough biotin is present for reuse by
the three mitochondrial biotin-dependent carboxylases: propionyl-CoA carboxylase,
3-methylcrotonyl-CoA carboxylase, and pyruvate carboxylase. Untreated patients
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present with hypotonia, seizures, skin rash, and alopecia (19,28,32,46,61). The urine
contains metabolites, such as 3-hydroxyisovalerate, 3-methylcrotonylglycine, meth-
ylcitrate, 3-methylcrotonate, and 3-hydroxypropionate. The treatment involves sup-
plementation with 10 mg biotin taken once daily. 

Screening of the newborn identifies infants with the disease. The gene has
been cloned, and mutations have been analyzed. Some patients have partial defects
with considerable residual enzyme activity; this results in mild disease and excel-
lent prognosis. All forms of biotinidase deficiency respond promptly to biotin
supplementation. 

8.6 ISOVALERIC ACIDEMIA

The binding of toxic substances produced by a metabolic block is yet another mode
of therapy for some inborn errors of metabolism. Isovaleric acidemia is caused by
deficiency of the enzyme isovaleryl-Co-A dehydrogenase, which is in the pathway
of leucine catabolism (56). The abnormal accumulation of isovalerylglycine in urine
and isovalerylcarnitine in serum is diagnostic. Most patients develop vomiting,
acidosis, lethargy, and coma in the newborn period; however, some patients exhibit
these symptoms only with underlying illness. Isovaleric acid in urine and sweat
gives a peculiar odor of “sweaty feet syndrome” during a period of crisis. 

Isovaleric acidemia responds well to treatment with protein restriction and sup-
plementation with glycine (250 mg/kg), which binds to isovaleric acid and is excreted
as isovalerylglycine. Carnitine also binds to isovaleric acid, and carnitine supple-
mentation may be added to the treatment regime.

The disease is autosomal recessive, and mutation analysis can be done (63).
The prognosis is good, provided treatment starts early in life and compliance is
maintained.

8.7 MAPLE SYRUP URINE DISEASE

The decarboxylation of the branched chain amino acids, leucine, isoleucine, and
valine, requires a multiunit enzyme system, i.e., the branched chain ketoacid dehy-
drogenase (13). Deficiency of any of the subunits of this enzyme leads to maple
syrup urine disease (MSUD). The worldwide incidence of the disease is approxi-
mately 1:200,000. However, in the Mennonite community in Pennsylvania the inci-
dence is 1:176. Among Mennonites, the component E1a of the branched chain
ketoacid dehydrogenase is deficient, caused by substituting for tyrosine by aspar-
agine at amino acid 393 (Y393N). The high frequency of this mutation among
Mennonites is due to the “founder” effect. It is possible to detect the mutation before
birth in informative families and to start treatment at birth (36,45). 

Maple syrup urine disease is subdivided into three forms: classic, intermittent,
and mild; the classic is the most severe form. Some forms may be thiamin respon-
sive. In the classic form, diagnosis may be made because the urine smells of maple
syrup. These infants appear normal at birth but, during the first week of life, develop
vomiting, lethargy, ketosis, and coma. The diagnosis is established by a high plasma
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level of leucine, isoleucine, valine, and allo-isoleucine, and by increased excretion
of the keto-acids of the branched chain amino acids. The treatment of MSUD
involves dietary restriction of the branched chain amino acids, while preventing
deficiency of any branched chain amino acids. If isoleucine is restricted too severely,
adverse results will ensue. For treatment protocols, see Acosta and Yannicelli (2).

Patients with the intermittent form of MSUD develop ataxia following intercur-
rent infections. The mild form is due to an increase in residual activity of the
dehydrogenase complex. In cases of mild forms of MSUD, thiamin administration
may increase the enzyme half-life. This in turn leads to dramatic clinical and
biochemical improvement. When thiamin is administered initially, it may take 2 to
3 weeks of treatment before a favorable response is observed.

All forms of MSUD are autosomal recessive, and the deficiency of the different
subunits of the enzyme may account for the wide spectrum of clinical and biochem-
ical variability. 

8.8 UREA CYCLE DEFECTS

The urea cycle enzymes have two roles: to prevent the accumulation of ammonia
and to synthesize arginine. Urea cycle defects are classified as inborn errors of
metabolism that lead to hyperammonemia and arginine deficiency (11). Table 8.2
lists the enzymes in the urea cycle. Treatment includes protein restriction and the
use of an alternate pathway for the synthesis and excretion of waste nitrogen. If
there is a urea cycle defect, nitrogen accumulates as glutamate, alanine, or ammonia,
with ammonia the most toxic. 

The signs and symptoms of the disease depend on the plasma concentration of
ammonia. As ammonia starts to rise there is lethargy, vomiting, and refusal to eat.
As the ammonia increases, the lethargy becomes more pronounced and is accom-
panied by hyperventilation and grunting respirations. This stage is followed by
seizures, coma, respiratory arrest, increased intracranial pressure, and dilated pupils.
In the severe forms, infants become comatose within 2 to 4 d of life. In the acute
treatment phase, peritoneal or hemodialysis is used to remove ammonia. Precursor
compounds are given to promote conjugation of nitrogen and lead to nitrogen

TABLE 8.2
The Urea Cycle Enzymes

Enzyme Substrates Product

N-acetylglutamate synthase Glutamic acid + acetylCoA N-acetylglutamate (NAGS)
Carbamylphosphate synthase CO2 + NH3 + ATP + NAGS Carbamylphosphate
Ornithine transcarbamylase Ornithine + carbamylphosphate Citrulline
Arginine succinate synthase Citrulline + aspartate Argininosuccinic acid
Argininosuccinase Argininosuccinic acid Arginine + fumeric acid
Arginase Arginine Urea + ornithine

Note: Eliminate ammonia, produce arginine and ornithine to keep the cycle going.
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excretion through an alternative pathway. Examples are sodium benzoate, which
binds glycine and is then excreted as hippuric acid, and sodium phenylacetate, which
binds with glutamate to increase excretion as sodium phenylacetylglutamate. When
oral intake becomes possible, sodium phenylbutyrate is given to increase nitrogen
excretion. Because of defects in the urea cycle, dietary nitrogen intake has to be
limited. If infants are treated after a serious episode in the newborn period, the
prognosis is guarded (11). 

Most enzymatic defects in the urea cycle are autosomal recessive, except for
ornithine transcarbamylase, which is sex linked. DNA-based diagnosis has allowed
for direct mutation analysis and has improved diagnosis. The outcome is better when
siblings are treated immediately after birth (11).

8.9 SUMMARY

The availability of gas chromatography and tandem mass spectroscopy
(GC/MS/MS), now utilized by most states in the United States, makes it possible
to identify more inborn errors of metabolism in the newborn. In the past, programs
typically screened newborns for two to four diseases, yet today most state programs
can screen for at least 10 diseases. Treatment for many of these includes a change
in dietary intake, with varying success. Commercially prepared medical foods are
available to treat many of these diseases. In most cases, treatment or special medical
foods need to be adhered to throughout life to prevent acute metabolic crises or
undesirable developmental changes in later life.
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9.1 INTRODUCTION

For millennia, society has recognized the critical importance of dietary intake and
health. This includes protection from infection as depicted in the Four Horsemen of
the Apocalypse. Malnutrition aggravates the risk of infection, and this has been
documented in numerous epidemiological studies in the past 50 years. Besides poor
sanitation, contaminated food and water, overcrowding, lack of knowledge of health
and nutrition, and inadequate immunization, impaired immune response is a key
pathogenetic factor in the malnutrition–infection interaction. This applies both to
what may be called resurgent diseases, such as influenza, measles, tuberculosis,
diarrhea, and respiratory infections, and to newly emergent diseases, such as HIV
(human immunodeficiency virus) infection, Legionnaire’s disease, Ebola, and SARS
(severe acute respiratory syndrome). It is to be emphasized that both nutrient defi-
ciencies and excesses impair the function of the immune system and make the host
vulnerable to infectious disease and other disorders (2–4). Growing data indicate
that changes in nutritional immune status may have a causal role in many chronic
diseases, including cancer, inflammatory bowel disease, autoimmune disorders,
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allergy, and others. This selective review highlights the well-known findings and
provides a few practical recommendations. 

Early epidemiologic studies in Asia, Africa, and South America established the
relationship between overt protein–energy malnutrition (PEM) and increased inci-
dence and severity of common respiratory and gastrointestinal infections resulting
in higher mortality among young children (12). For example, in children with PEM,
the incidence of diarrhea is increased by at least 40% and the duration of each
episode is two to three times longer than in well-nourished controls. Similar findings
have been reported for lower respiratory tract infections, both bacterial and viral. 

9.2 THE IMMUNE SYSTEM

Host resistance depends on a number of factors. The immune system forms the
central pillar of this defense and can be likened to an umbrella (see Figure 9.1).
Traditionally the immune system is divided into two tiers, nonspecific and specific.
Nonspecific or innate immunity consists of physical barriers such as skin and mucous
membranes, cilia, mucus, phagocytes, complement system, lysozymes, natural killer
(NK) cells, and others. Specific or adaptive immunity is of two types: antibodies of
five different immunoglobulin isotypes (IgG, IgA, IgM, IgD, and IgE) and cell-medi-
ated immunity, which depends primarily on T-lymphocytes and their activation
products (such as interferon, interleukins, and tumor necrosis factors). The nonspe-
cific and specific factors of immunity are not entirely independent and interact with
each other.

The immune responses can be influenced by several factors, including genetic
endowment, diet and nutritional status (vide infra), nutrient supplements, physical
exercise, emotional stress, temperature of the body and of the environment, and
chronic diseases, including infections. For example, modest physical exercise
enhances several immune responses, but prolonged intense vigorous exercise, such
as marathon racing, impairs immunity and often results in a bout of acute respiratory
infection. Stress such as that preceding a university examination reduces the function
of NK cells and phagocytes and may result in common infections.

9.3 PROTEIN–ENERGY MALNUTRITION AND 
DEFICIENCIES OF INDIVIDUAL NUTRIENTS

The effect of nutritional deficiencies on immunity has been the subject of many
books and review articles. Briefly, protein–energy malnutrition results in a reduction
in cell-mediated immunity, fewer T-lymphocytes (especially CD4+ helper cells),
phagocyte dysfunction such as chemotactic migration and microbicidal capacity,
reduced levels of complement proteins C3 and factor B, and decreased production
of interferon-gamma and interleukin-2 (see Figure 9.2). Similar findings have been
noted in deficiency of individual nutrients such as zinc, iron, selenium, vitamin A,
vitamin B6, folic acid, and vitamin E. For example, zinc deficiency results in impaired
delayed hypersensitivity reactions, decreased migration of microphages, and reduced
cytokine production. In addition, reduced activity of serum thymulin, a nine–amino
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acid polypeptide secreted by thymic epithelial cells, is a sensitive nutrient-specific
measure of zinc deficiency. Iron deficiency decreases the ability of phagocytes to
kill ingested bacteria and fungi; it also reduces NK cell activity. The data have been
replicated in all age groups and in laboratory animals.

The importance of nutrition for immunity has been demonstrated for all age
groups, but three periods of life need particular emphasis. 

9.4 LOW BIRTH WEIGHT INFANTS

In different parts of the world, the incidence of low birth weight, defined as weight
less than 2.5 kg for babies born after 37 weeks, varies from 7 to 41% (13). In addition
to other physiologic handicaps, these infants are prone to infection. This may well
be due to impaired immune responses. In many infants, these problems with immu-

FIGURE 9.1 A simple view of host defenses as a protective umbrella, consisting of skin and
mucous membranes, complement system, interferon, lysozymes, phagocytes, immunoglobu-
lins, and cell-mediated immunity.
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nity may last for several years, as has also been documented in animal models of
intrauterine malnutrition. The provision of extra amounts of zinc and/or iron
improves immune responses, but the best result is observed when all essential
vitamins and trace elements are given as a supplement for the first 6 to 12 months
of life. Such an intervention results in enhanced immune responses and reduced
morbidity (5). In animal models of intrauterine malnutrition, the effect on immune
responses is observed for at least three generations.

9.5 ADOLESCENTS

Another vulnerable population group is adolescents. In many countries, the preva-
lence of eating disorders such as anorexia nervosa and bulimia has reached epidemic
proportions. In individuals with these disorders, evidence of nutritional deficiencies
and of impaired immunity parallels what has been observed in young children with
protein-energy malnutrition (10). Iron deficiency is rampant among teenagers and
affects several physiological systems, including immunity, cognition, gastrointestinal

FIGURE 9.2 Host defenses are breached in malnutrition, resulting in infections.
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function, scholastic performance, and temperature homeostasis (14). Once again,
the provision of a suitable supplement containing optimum amounts of trace elements
and vitamins is associated with heightened immune responses and reduced occur-
rence of infection. Improved cognitive function is an added benefit.

9.6 ELDERLY

Renewed interest in the health of the elderly is due principally to two reasons. First,
the proportion and absolute number of older persons is increasing in every country.
In India and China, a 1% increase in this age group means an increase of 10 million
individuals. Second, older persons are ill more often, and their illnesses last longer.
For example, pneumonia is usually an easily treatable illness in the young, requiring
about a week of antibiotic therapy. In seniors, pneumonia requires more aggressive
and longer therapy and can be fatal. It has now been shown that aging is associated
with a variety of immunologic deficiencies (1). The response to common vaccines
is diminished in the elderly, thereby decreasing the protective efficacy of immuni-
zation, a factor of immense public health importance. 

Many studies have looked at individual nutrients in the elderly, but this is unlikely
to be the logical approach, because deficiencies are often multiple. Based on surveys
of the prevalence and severity of nutritional deficiencies and on dose–response curves
to discover the optimum amount of each vitamin and trace element, supplements
have been devised and tested in randomized controlled trials (6; see Table 9.1). It
has been shown that the provision of a supplement containing modest amounts of
all essential micronutrients is associated with enhanced immune responses and
reduced occurrence of respiratory and other infections. Given the high cost of health

TABLE 9.1
Immunological Data in Elderly Subjects Given a Placebo 
or a Micronutrient Supplement

Variable Placebo Supplement

T cells %:
CD3+ 52.8 66.1
CD4+ 42.1 48.9

NK cells % 9.3 12.7
NK cell activity 27 41
IL-2 (units/ml) 3.6 12.8
Antibody response to influenza virus vaccine 2.1a 3.2a

Note: Data are given for observations made after 12 months of use of placebo
or supplement. Data are shown as means. All values between the two groups
are statistically significantly different. NK = natural killer.

a Log reciprocal.

Source: From Chandra RK. Lancet 340: 1124–1127 (1992). With permission. 
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care in most countries, this is a highly cost-effective preventive strategy. At the same
time, recent data suggest that megadoses of nutrients carry significant side effects
and are detrimental for the immune system, resulting in more frequent and more
severe infection. In addition to benefits for the immune system, the provision of
micronutrient supplements is advantageous for cognitive functions and for preven-
tion of osteoporosis and macular degeneration.

9.7 OTHER DISORDERS

Besides these age groups, the role of nutrition in maintenance and enhancement of
immunity has been examined in a number of disease states (9), including HIV
infection, cancer, diabetes, inflammatory bowel diseases such as Crohn’s disease
and ulcerative colitis, eating disorders, and chronic infection. Recent work in pop-
ulations with high prevalence of HIV has shown that the provision of good diet and
of nutritional supplements improves the quality of life, decreases infections, and
increases the length of survival. Also, such interventions reduce the mother-to-infant
transmission of the viral infection. In inflammatory bowel disorders, nutritional
supports increase general well-being and reduce the need for or dose of corticos-
teroid therapy. In tuberculosis, the provision of an appropriate micronutrient sup-
plement accelerates the conversion of sputum that is positive for acid-fast Myco-
bacterium tuberculosis organisms to a sputum-negative status (7). This is of
enormous public health significance and would reduce the cost of national programs
for control of tuberculosis.

9.8 OBESITY AND EXCESS INTAKE OF NUTRIENTS

Obesity may also be considered a form of “malnutrition,” and, as in protein–energy
malnutrition, it is accompanied by a number of changes in immune responses (8,11).
These include reduced lymphocyte stimulation response and phagocyte dysfunction.
The incidence of upper and lower respiratory infections is increased. In addition to
obesity, an excess intake of several nutrients, including zinc, iron, vitamin A, and
vitamin E, is associated with reduced immune responses and increased morbidity
due to infection, fractures, and bleeding. Thus, moderation should be the key rec-
ommendation in nutritional advice.

There is recent evidence to suggest that obese individuals have higher levels of
many markers of inflammation, including C-reactive protein and interleukin-6 (8).
This could be one of the mechanisms for the development of atherosclerosis in
high-risk individuals.

9.9 PRACTICAL ADVICE

9.9.1 CHILDREN

From infants to adolescents, children are picky eaters, and their nutritional intake
is less than optimum in the majority of individuals. Occasionally this may result in
overt clinical deficiencies, such as iron-deficiency anemia among teenage girls. In
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the majority, however, such dietary practices lead to subclinical deficiencies. Of
course, the first step must be to take a detailed history of dietary intake and any
associated factors that affect food intake, absorption, and needs, e.g., smoking or
use of contraceptive pills. This should then lead to practical advice about optimum
food intake. Adolescents should be given a wide variety of choices in each major
food group. 

It is often observed that subclinical deficiencies of vitamins and trace elements
exist in the majority of children. For this reason, it is prudent to advise a suitable
multivitamin supplement to be administered daily. This will ensure prevention and
correction of subclinical deficiencies and result in better immunity, fewer infections,
improved cognition, and higher bone mineral density.

9.9.2 SENIOR CITIZENS

Many factors increase the risk of nutrient deficiencies in those over 60 years of age,
including loss of spouse, physical and psychological isolation, physical disability
such as arthritis, malabsorption, diseases such as diabetes and cancer, multiple
medications, and alcohol abuse. Common deficiencies involve folic acid and vita-
mins B6, B12, C, D, and E. These deficiencies are often subclinical. It is neither
practical nor economic to test every person’s blood to identify those who have
nutritional problems. At the same time, the administration of modest amounts of
vitamins and trace elements is without side effects and can be recommended for
everyone above the age of 60. There is much evidence to suggest that this will result
in better immunity, fewer infections, reduced occurrence of hospitalization, better
physical capacity, less risk of cataract and macular degeneration, and more positive
health in general. The preparation chosen should preferably be based on
dose–response curves for each of its ingredients and should in any case be backed
by credible objective research.

9.10 CONCLUSION

Nutrition is undeniably a critical determinant of immunity and good health. In
addition to a balanced diet, many age groups require and would benefit from the
regular use of a micronutrient supplement that would enhance immunity and reduce
infection, thereby decreasing suffering and improving survival. These groups include
small-for-gestation low birth weight infants, school-age children, adolescents, and
the elderly.
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10.1 INTRODUCTION

Dental caries and periodontal diseases are, by far, the most common oral diseases
worldwide and may well be the most common chronic diseases of mankind. Diverse
lesions of the oral mucosa are also widespread. Caries and periodontal disease have
been extensively investigated and are now recognized as constituting chronic infec-
tions. Data to indicate nutritional determinants of susceptibility and progression are
sparse for periodontal diseases; however, with respect to dental caries, there are
extensive data to indicate potent dietary, albeit not overall nutritional, influences on
it. Mucosal lesions are often associated with nutritional deficiency states.
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Partial or total loss of teeth (edentulous status) often is the outcome of dental
caries and periodontal disease and may have significant nutritional impact. None-
theless, people can live without teeth and not profoundly suffer physically; yet, the
quality of life and nutrient intake may be significantly affected by tooth loss. In
some societies, the disfigurement that results from major tooth loss has an effect on
social acceptance or standing. 

This chapter deals with nutritional and dietary considerations as they affect oral
mucosal disease, gingival/periodontal disease, and dental caries. In addition, the
chapter explores consequences to nutrition of partial or total tooth loss and use of
artificial dentures. Issues related to the management of these diseases are briefly
considered, but a detailed discussion of treatment strategies is beyond the scope of
this chapter. Gaps in knowledge that may inhibit enlightened management of
patients with nutritional problems are pointed out as either fertile or problematic
areas for research.

10.2 ORAL MUCOSAL DISEASE

Images of oral mucosal abnormalities, especially those of the tongue, that have been
attributed to nutritional deficiency states appear in many textbooks of oral pathology,
medicine, and diagnosis (9,90). These abnormalities, especially those described as
“bald” tongues with atrophy of filiform papillae or as beefy-red, fissured, or pale
tongues, have been attributed to deficiencies of various vitamins (B1, B2, B6, niacin)
or to anemia due to deficiency of vitamin B12 or iron. 

It is evident from the literature, whether based on studies of isolated patients or
of endemic areas of malnutrition, that micronutrient deficiencies are associated with
mucosal and tongue manifestations (30). Generalizations from isolated cases and
attribution of causes are, however, hazardous and may divert attention from other
more common disease states, at least in the developed world. Extensive search of
the literature reveals there are only very limited data available from controlled studies
on mucosal disease causation. The same applies to the effects of nutritional defi-
ciency on pathogenesis of oral diseases in impoverished people in the developed or
undeveloped worlds. No interventional studies appear to have been reported. 

Unquestionably, many normal people have fissured tongues, and many, if not
most, chronically xerostomic (dry mouth) patients have fissured, bald, or red tongues
that reflect a combination of diminished salivary flow rate, altered salivary defense
molecule abundances or composition, and associated changes of oral flora. Oral
floral shifts in dry mouth patients commonly favor mucosal surface ascendancy of
Candida species, usually C. albicans, which appears to be a low-level indigenous
microorganism of the human mouth, especially in males (16,45,116). Thus, oral
atrophic or erythematous candidiasis can be considered an opportunistic infection
in the setting of xerostomia. In fact, entities termed chronic atrophic candidiasis and
chronic erythematous candidiasis are now recognized as common in patients with
Sjögren’s syndrome (45,51,91,107,108). In many cases, these atrophic and erythema-
tous changes remit with anti-Candida topical therapy (20) or, in the case of chronic
anticholinergic medication use, with their discontinuation (21). Clinicians should
not assume that oral candidiasis is manifested by thrush (pseudomembranous can-
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didiasis) in such patients; thrush is more usually observed in patients who are
immunosuppressed or using broad spectrum antibiotics chronically (9,90).

It is thus important to regard most abnormalities of the oral and especially tongue
mucosa as nonspecific, unless there is compelling reason to allow attribution to
specific disease. Management with vitamin therapy, cholinomimetic agents, lubri-
cants, or antifungal agents should be based on diagnostic data with therapy contin-
gent upon diagnosis. It should be recognized that many millions of Americans
chronically use a variety of agents that are either anticholinergic-by-intent (e.g.,
antispasmodic) or anticholinergic-by-side-effect (e.g., many antidepressant, antipsy-
chotic, antihistaminic, and some antihypertensive drugs). Furthermore, the number
of Americans with Sjögren’s syndrome ranges from 1.5 to 2.5 million in a population
of roughly 280 million. About 9 out of 10 Sjögren’s sufferers are women of peri-
to postmenopausal age. If one assumes that half the population is female, and that
half of them are peri- or postmenopausal, 3 to 4% of peri- and postmenopausal
women seen by physicians and dentists are likely to have Sjögren’s syndrome, with
its characteristic progressive xerostomia and resultant mucosal changes. The number
of individuals who take medications with anticholinergic effect is even more impres-
sive (71,88). Because these conditions are much more common in the developed
countries than frank deficiency diseases, they are a far more likely cause of oral
mucosal abnormalities than an underlying nutritional deficiency. 

Caution must be voiced regarding individuals with cancer or disease states that
affect ingestion, absorption, or energy metabolism or that result from unmet func-
tional dependencies of the elderly or disabled. Because oral diseases per se are
seldom seen as posing survival risks, they are seldom the focus of attention among
care givers to dependents or nursing home residents, yet they can have significant
impact on health and the quality of life (82,104,126,130). 

Common diseases of the oral mucosa, often incorrectly attributed to having
arisen from nutritional deficiency states, include aphthous ulcers (canker sores),
benign migratory glossitis (geographic tongue), erythema migrans, both reticular
and erosive forms of lichen planus, pemphigus, and mucous membrane pemphigoid.
There are no strong data that associate nutrient deficiency states with either their
induction or modification (83). 

10.3 PERIODONTAL DISEASES

Most people in the developed world may not appear to be nutritionally deficient,
but they frequently have gingivitis/periodontitis. Before considering how nutritional
status can affect periodontal health, it is necessary to briefly review these diseases
of the gums (gingivae). Many diseases affect the gingivae and the tooth-supporting
deeper tissues of the jaws (collectively called the periodontium), but by far the most
common are termed gingivitis (gingival inflammation) and chronic periodontitis, to
which gingivitis frequently but not invariably evolves. Periodontitis is an inflamma-
tory state that leads to progressive migration of the attachment of the gingivae along
the roots of the teeth, resulting in destruction of the ligament that connects the teeth
to the alveolar (tooth socket) bone, resorption of that bone, and eventual loosening
and exfoliation of the teeth. Relatively infrequent acute gingivitis/periodontitis enti-
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ties will not be discussed here. Common gingivitis and periodontitis are chronic
conditions that undergo periods of remission and exacerbation (102), a situation that
complicates their study. Between 10 years and some 60 years may elapse between
inception of gingivitis and exfoliation of teeth due to periodontitis. Often individual
teeth rather than the entire dentition are affected. With time, partial loss of the
dentition may evolve into a state of total edentulism.

The chronicity of these infectious, inflammatory diseases, especially in the
setting of multiple potent confounding variables, may, however, obscure real nutri-
tional influences. The potency of the covariates — most notably, effectiveness of
patient oral hygiene to remove dental plaque; professional tooth surface debridement
of dental plaque and calculus (19); smoking (48,87); and diabetes (32,54,97,105)
— superimposed on the oscillatory (102) progression of these diseases, discourages
investigation from a nutritional standpoint. Moreover, a nutritional signal may be
obscured by the background noise of the infection, the host’s immune response to
it, and the potent covariants.

Malnutrition has been suggested as a risk factor in acutely exacerbating the
gingivitis/periodontitis that has been described as necrotizing ulcerative gingivitis
(trench mouth; 33).

Probably the best-known nutritional association with gingivitis and, specifically,
its sometimes acute inflammation and bleeding is the severe vitamin C deficiency
of early seafarers. The deficiency was ameliorated, historically, by citrus fruit inges-
tion, with the consequent, now-quaint description of British sailors as “limeys” (52).
Vitamin C deficiency was later shown not to be causative of gingivitis/periodontitis
but rather to be superimposed on its bacteriological/host response bases. Vitamin C
treatment of either laboratory animals or humans with gingivitis/periodontitis had
no clear beneficial effects (64), and epidemiological studies indicate there is only a
weak association between the two conditions (57). Thus neither case-control nor
interventional studies support the notion that gingivitis is a direct result of vitamin
C deficiency. 

Even though no convincing dietary or nutritional conditions are known to be
associated with various periodontitis states (5), it may be premature to exclude these
entirely. Both gingivitis and periodontitis reflect host responses to colonization by
certain bacteria found in the dental plaque biofilm, especially that located between
the teeth and the gingivae, an area referred to as the gingival crevice and, when
deeper, the periodontal pocket. Frequent mechanical and chemotherapeutic removal
of this plaque mitigates the inflammation and disease progression. If, however,
certain floral components become established in this space, the risk for gingivi-
tis/periodontitis increases, as does the aggressiveness of effects that lead to accel-
erated alveolar bone loss (101). The efficacy of antimicrobial interventions against
periodontitis is clear (1,49,85), but it is diminished in smokers (48,87) and in
uncontrolled diabetics (54,97), although some uncertainty remains with regard to
diabetics (105). This indicates not only the complexity of requirements for effective
therapy, but also possible nutritional effects. Because the inflammatory and bone
reabsorptive effects of gingivitis/periodontitis result from the bacterial composition
of the plaque biofilm and the immune responses of the host, one cannot exclude
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possible nutritional effects on the B- and T-cell immune systems and on nonspecific
innate host-protective mechanisms, all of which modulate disease expression. 

It must be noted that most studies of gingivitis/periodontitis have been done in
nominally healthy individuals. We are aware of no systematic longitudinal or inter-
ventional studies in nutritional-deficiency or nutritional-excess states that assess
either the risk for these infections or the progression of these common diseases.
There are, nonetheless, reports that associate obesity with periodontitis in relatively
young individuals (2,93), but these effects could be manifestations of covariates,
such as SES, oral hygiene practices, and diabetes. 

In considering the relationship between nutrition and oral diseases, one must
not omit considering the elderly or infirm, whose abilities to obtain proper nutrients
while free-living are highly variable. The situation of residents of nursing homes or
of institutions for the disabled in this respect is equally uncertain. Commonly, the
very poor health status of many elderly includes severe gingivitis and periodontitis
(92). The extent to which these are conditioned by nutrition or have resulted from
the kind or number of microbial cells of the dental plaque biofilm, from compromises
of the host immunity, from inattention to or inability to carry out proper oral hygiene,
from smoking behavior, and so forth are difficult to determine and largely unstudied.
There is also evidence that the host flora undergoes change when individuals are
placed in institutions such as nursing homes or hospitals. The nosocomial effects of
changes on the oral flora are now gaining attention (94). 

10.4 DENTAL CARIES (TOOTH DECAY)

10.4.1 CHANGING PREVALENCE AND POPULATIONS AFFECTED

Dental caries was formerly thought to be a disease primarily of childhood and
adolescence, because most of its lesions (cavities) developed within about 3 years
of the eruption of a tooth (17). It is now recognized that this extremely common
infectious disease is chronic in nature and continues throughout life (40,84). Several
factors have contributed to this change in prevalence. These include protection of
the dental enamel of young people due to water fluoridation or topical fluoride
treatment (42), with resultant dentition survival into adulthood and beyond (75,110);
increased longevity of the population, with more teeth at risk for caries attack
(84,137); increased exposure of root surfaces due to chronic periodontitis, with
resultant supragingival plaque colonization; increased number of dental fillings, the
margins of which are at high risk for secondary caries (43); and increased use of
medications with anticholinergic and, thus, salivation-inhibiting effects (71). In
addition, dietary and nutritional effects that occur in the older years may assume
significance that only recently has attracted attention (40,98). 

Low birth weight children (often the offspring of malnourished mothers) have
been thought to have more severe caries, but this is not supported by the relevant
literature (14). Investigations of comparable communities with greatly different
caries experience have not supported a role of trace elements (11), other than for
the well-known potent caries-inhibiting effects of fluoride (42,138). 
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The progressive shift from sucrose to corn-derived sweetener use, especially in
soft drinks, substantially began in the United States in the mid-1970s (13,111). This
practice may have played a significant role in decreasing carious lesion prevalence
in youth and adolescence, thus also increasing availability of teeth to risk for caries
in the senior years. But this possibly beneficial impact may be difficult to quantify
due to the confounding concomitant increase of consumption of soft drinks (58).
The possibility of relatively less cariogenic effects of this alternative soft drink
sweetener, by comparison with sucrose, is supported by the observation that decay
of the smooth surfaces of the teeth is more prevalent in the United Kingdom, where
soft drinks are made primarily with sucrose, than in the United States, where they
are made predominantly with high-fructose corn sweetener, despite the higher con-
sumption of soft drinks in the United States than in the United Kingdom (13). Data
from experimental animals support this view (114). The human data are further
confounded by the potent effects of fluoride, used widely since the 1970s in our
society, mostly in the form of dentifrices and fluoridated water. 

The prevalance of carious lesions no longer follows a normal distribution in those
developed countries where relevant data are available. Rather, the distribution is
skewed — a small percentage of people have most of the lesions (129,131). The cost
of dental services for repair of carious lesions and the expenses of the cascade of
restorative, endodontic, prosthetic, and oral surgical services consequent to caries
(29) are, by contrast, mostly borne by those who have dental insurance or who are
relatively affluent (28,80). Children from economically disadvantaged families have
not enjoyed the same benefits of reduction in caries as those from higher-income
families (126), yet they bear the burden of a disparate share of this disease, a
phenomenon seen also in other countries (67). The disadvantaged adult population,
of course, also has the least ability to pay for repair of the effects of this disease
(126). Dental caries is especially prevalent in the elderly and the disabled
(40,77,86,132,140), a topic that appears to be underinvestigated in nationwide studies.

10.4.2 INFECTIOUS NATURE, CAUSATIVE BACTERIA, AND 
INTERACTIONS WITH DIET

Dental caries is an infectious disease. Its expression is potently conditioned by diet.
Germ-free animals do not develop caries, no matter what their diet or genetic back-
ground. Rodents and humans previously thought to be genetically resistant or
“immune” to dental caries develop the disease when infected by cariogenic bacteria,
provided the host consumes a diet that is high in carbohydrates fermentable by the
infectious bacteria, largely Streptococcus mutans. This is especially so when that diet
contains sucrose frequently and for the long term (76,117,118). These seminal points
require elaboration. The interdependence of factors contributory to this disease, work-
ing in concert over time, is represented by the series of diagrams shown in Figure 10.1. 

10.4.3 EVIDENCE ON THE INFECTIOUS NATURE OF CARIES

Caries was discovered to be a transmissible disease in a remarkable series of
experiments done by Paul H. Keyes and Robert J. Fitzgerald in hamsters and rats
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in the late 1950s and 1960s (for review, see 117). In brief, the development of
lesions of the disease was shown to be dependent on colonization of teeth by certain
streptococci, now termed the mutans group of streptococci, if accompanied by
consumption of a diet high in simple carbohydrates. The ability of mutans strepto-
cocci to colonize the teeth and the severity and tooth surface distribution of lesions
that affect not only the fissures of the teeth but their smooth surfaces were augmented
by supply of a sucrose-rich diet in animals inoculated by these streptococci
(35,39,44,69,114,128). Studies in rodents led to analogous results in studies of
nonhuman primates (10) and in hundreds of human studies (for review, see 122).
The name Streptococcus mutans had first been proposed in 1924 for unusual strep-
tococci that were found in human carious lesions in England (18). These bacteria
were discovered anew in hamsters and rats some 35 years later by Keyes and
Fitzgerald. They were eventually recognized to colonize the teeth of humans in a
remarkably localized fashion, and their colonization sites were those where lesions
subsequently developed. Colonization of sites was remarkably constant over time.
Sites that were not colonized remained free of lesions in the same mouths where
lesions developed elsewhere (4,27,56).

Taxonomists now recognize several species of mutans streptococci (22). Humans
commonly harbor only two of them (S. mutans and S. sobrinus). These bacteria,
when isolated in the pure state and inoculated into experimental animals previously
free of them, induce caries, if the animals are on a caries-supportive diet, that is,
one rich in sucrose. If rodents, primates, or people consume sucrose frequently, these
bacteria become more abundant in the dental plaque biofilm found above the gum
line (supragingival plaque; 3,25,36,70,95,109,114). They adhere to and accumulate
on the teeth under the selective ecological pressure of sucrose but are dislodged into
saliva as a result of chewing and other ordinary oral functions. Mutans streptococci
make up at most 1% of the total cultivable flora of 108 to 109 colony-forming units/ml
of saliva. Mothers who have relatively high levels of mutans streptococci in the
saliva during chewing (typically 105 to 107 colony-forming units/ml) have children
whose teeth become colonized and develop carious lesions early in life (66,103).
That these bacteria are transmitted vertically, mostly from mother to child, is con-
firmed by the identical bacteriocin patterns, genotypes, and ribotypes of the mutans
streptococci in mothers and their children (6,7,31,72,89). Fathers much less fre-
quently appear to be the donors of the infection (122). It is not clear whether this
mother vs. father distinction results from cultural feeding and nurturing patterns or
other biological factors. 

The incidence of carious lesions is positively correlated with the level of colo-
nization of the dentition by mutans streptococci and the number of sites on the
dentition that are colonized (24,41). In an interesting study of naval recruits previ-
ously referred to as “caries resistant,” “caries immune,” or “genetically resistant,”
about 60% of a cohort who had been free of carious lesions up to about 19 years
of age in fact developed carious lesions during about 1 year in “boot camp.” This
was associated with a change in diet and the emergence of detectable colonization
of the teeth by mutans streptococci at lesion sites (63). New acquisition of these
bacteria could not be excluded. This was reminiscent of the reports of hamster, rat,
and desert rodent strains previously thought to be genetically resistant to caries, but
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which turned out merely not to be infected by mutans streptococci (74,117). In those
studies, multiple generations of hamsters vertically transmitted this disease, but
transmission was blocked by antibiotic treatment of either disease-affected animals
or their unaffected cage-mates. Although generations of hamsters developed severe
lesions if infected by mutans streptococci while eating a sucrose-rich diet, the lesions
failed to develop in subsequent generations if weanlings ate a diet free of sucrose,
even if rich in glucose or starch. However, the lesions developed again when wean-
lings of the next generations were switched back to the sucrose-rich diet. Disease
expression (lesion development), thus, appeared to require both infection and appro-
priate diet, working in concert (see Figure 10.1). These observations did not support
the role of genetics of the host. Rather, they gave rise to the concept of an infectious
process that is profoundly influenced by diet in its pathogenesis and lesion mani-
festation. In effect, caries is an opportunistic infection.

Two rare human genetic diseases are instructive. In hereditary fructose intoler-
ance (HFI), the disaccharide sucrose and its component fructose are assiduously
avoided due to risk of fatty liver degeneration that results from a defect of liver
fructose-6-phosphate aldolase. HFI patients eat glucose and starch, however. Intes-
tinal sucrase deficiency (SD) patients cannot cleave sucrose in the small intestine to
its absorbable components, glucose and fructose, and consequently develop osmotic
diarrhea and flatulence. They assiduously avoid sucrose but eat glucose, fructose,
and starch without ill effect. Both HFI and SD patients have vanishingly low levels
of tooth colonization by mutans streptococci and have virtually no carious lesions
(53,127). 
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In an exhaustive review of the literature on all of the microorganisms implicated
in human primary dental caries, almost no other oral bacteria were seen to have
convincing associations with induction of the disease (122). An exception is the case
of unspeciated lactobacilli. Lactobacilli characteristically and preferentially colonize
the tongue epithelium, after streptococci colonize the mouth. The lactobacilli colo-
nize tooth surfaces poorly. However, they appear to colonize already-established

FIGURE 10.1 (See figure, facing page.) The interactions of susceptible teeth, cariogenic
bacteria, and cariogenic diet necessary for expression of dental caries, and the influence of
saliva. This group of Venn diagrams depicts the interactive elements in dental caries and the
effects of caries-mitigating and caries-exacerbating influences. The elements — susceptible
teeth, cariogenic diet, and cariogenic plaque flora rich in mutans streptococci (MS) — are
shown as interacting spheres. Saliva, pictured as ellipsoids influencing those elements, func-
tions to dissociate them. The magnitude of salivary action to dissociate these spheres is
illustrated by the lengths of the ellipsoids, pulling the interactive elements apart. The central
figure (A) indicates that in the presence of normal salivary flow and composition, carious
lesions occur in susceptible teeth that are colonized by a cariogenic bacterial flora, the most
important element of which is the mutans streptococci, when the teeth are exposed frequently
to a cariogenic diet over time. The component of the diet critical for cariogenicity is sucrose,
though other fermentable sugars are involved as substrate for the flora. Saliva, by diverse
mechanisms, clears food and MS from the surfaces of the teeth, buffers acid produced by the
cariogenic flora adherent to the teeth, and supplies salivary calcium, phosphate, fluoride, and
proteins, at a pH above that existing in the depth of the plaque biofilm. They jointly inhibit
demineralization of the tooth surface and, especially, restore and maintain those surfaces in
a process termed remineralization. (B) Through sucrose restriction the most potent dietary
supporter of caries is reduced, not only by removal of that key substrate for acid production
by MS, but also by removal of the ecological selection pressure that fosters MS colonization
of the teeth and MS ascendancy in the plaque biofilm. Thus, the effects of restriction on the
MS are direct. (C) Through augmented exposure to fluoride, the solubility of tooth mineral
is decreased and remineralization of the teeth by saliva is promoted. Although fluoride inhibits
glycolysis by MS, the duration of MS exposure to fluoride in its usual delivery systems (water,
toothpaste, gels) at metabolically inhibitory concentrations is brief and generally not thought
to be biologically significant. (D) Through frequent exposure to xylitol, there is substitution
of the highly caries-supportive between-meal snack food component (sucrose) by a nonfer-
mentable confection. This appears to decrease colonization levels of MS on the teeth as well
as to inhibit transmission of MS from mother to child. Previously hypothesized direct alter-
ation of salivary secretion or direct xylitol effect on teeth does not presently appear supported
by controlled studies. Rather, remineralization of the teeth in xylitol users appears mediated
indirectly by deletion of a cariogenic component of snack foods and by xylitol’s effects on
acid production by MS. These reduce the acidogenic challenge to the teeth, enabling the
balance of calcium and phosphate exchanges between the tooth surface and the saliva to shift
in favor of remineralization. The causes of xylitol’s inhibition of MS transmission from
mothers to their children are complex and remain unsettled. (E) Compromise of salivary flow,
and perhaps qualitative as well as quantitative compositional changes, as occur with anticho-
linergic medications, Sjögren’s syndrome, and radiation damage to salivary glands, diminish
the saliva-mediated dissociation of the three interactive spheres of caries, leading to greatly
increased lesion development risk, albeit by mechanisms that affect the elements of the disease
by different mechanisms. (Modified from J.M. Tanzer, Risk Assessment in Dentistry, 1990,
and J.M. Tanzer, Int. Dent. J. 45: 65–76, 1995.) 
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carious lesions, especially those found on the tooth’s root surfaces, and may be
associated with lesions of the dentin (122). 

10.4.4 EVIDENCE FROM THE LITERATURE ON DIETARY CORRELATES 
OF CARIES

Mandel (79) and Keene (61) have written particularly cogent reviews on the history
of the association of caries with sugar consumption by humans. Keene’s review
includes some of the microbiological data that were becoming available at that time.
Some aspects of these reviews are worth recalling. Skeletal remains found in Europe
and Hawaii reveal root surface caries to have been an ancient disease, associated
with periodontal disease-resultant exposure of the root surfaces to the oral environ-
ment. The crowns of the teeth of these skeletons, however, were remarkably free of
carious lesions. With the commercial growth and widespread distribution of sucrose,
beginning in the mid-19th century, lesions of the crowns of the teeth became much
more prominent in dated skeletal remains, not only in Western populations but also
among societies where coronal dental caries had previously been rarely observed
— for example, Inuits, Eskimos, Tristan da Cunhans, and residents of the Isle of
Lewis. Coronal caries spread explosively in association with this apparent dietary
change. It is possible that commercial transport of sugar to and acceptance by isolated
peoples not only could have brought sucrose to new populations, but also could have
brought mutans streptococci–infected people into contact with uninfected ones; no
data are available on this latter possibility. 

Sugar deprivation, as occurred during the Nazi occupation of Western Europe
and among Japanese children during World War II, was associated with sharp
declines of carious lesions. These lesions returned during the postwar recovery years,
corresponding with the restitution of former diets higher in sucrose. While war diets
were also low in protein and fat, sugar and sugar-containing foods were in particu-
larly short supply during World War II (112,123,124). 

How diet affects caries was studied in notable controlled interventional clinical
trials done after World War II. Some detailed the strong positive correlation of caries
incidence in institutionalized adults in Sweden with the “stickiness” of sugary foods
eaten at high frequency between meals and, by contrast, the relatively weak associ-
ation of the same food quantities taken with meals (47). This potent effect of
between-meal sweets, almost entirely sucrose in content, probably reflected not
stickiness per se, but dwell time of the food in the mouth. A study of U.S. children
with deciduous teeth documented the potent effect of decreasing frequency of
between-meal snack consumption, almost entirely sucrose sweetened, on the drop
in the rate of caries (134). A study that switched the entire diet of Australian
adolescents from a meat/sugar-rich one to a lacto/vegetarian one was associated with
profoundly decreased incidence of caries. A return to the earlier caries incidence
occurred when the adolescents resumed their former diets (50). The famous Turku
Sugar Studies, a single-blinded study of mainly young adults, studied fruc-
tose-for-sucrose or xylitol-for-sucrose substitutions in the entire diet, by comparison
with that same diet made with its usual sucrose (96). There was decreased caries
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incidence among subjects on the fructose-for-sucrose substitution and essential ces-
sation of decay among subjects on the xylitol-for-sucrose substitutions. 

Several specific food substitution studies have been done. Perhaps the most
notable is that with Belizian 10- to 13-year-olds who used chewing gums containing
either sucrose, sorbitol, xylitol, or mixtures of sorbitol and xylitol, or no gum, during
40 months. The study was done in a society with high background sucrose use. It
revealed significant cariogenicity of sucrose in this between-meal-consumed vehicle
and beneficial effects of the sucrose substitutes, especially of the nonfermentable
xylitol (78), which clearly reduced caries incidence by comparison with non-gum
use. This was not just a sucrose substitution effect, but also an anticaries effect. Of
course, the virtually decay-free state of HFI and SD patients, who must not eat
sucrose, should be recalled. Randomized interventional studies that increased sucrose
consumption in humans resulted in significant caries incidence increases (36,109). 

It must be remembered that in the United States, since about 1975, much of
caloric dietary sweetener use has shifted from sucrose to corn-derived sweeteners,
mostly glucose and high-fructose corn syrups (13,111); the greatest part of this use
is in soft drinks. This time frame, 1975 to the present, is the same as that when
fluoridated drinking water and fluoridated toothpastes (virtually 100% of toothpaste
now sold) became prevalent. Consequently, current studies of the effects on caries
prevalence as a function of the consumption of sweets show blunted correlations
with decay. Most studies do not discriminate between which sweetener is being
consumed or in which form, thereby possibly disguising potent variables, and recent
studies in the developed world have been done in the setting of high population
exposure to fluoride (for example, 15). 

To some degree, this shift of caloric sweetener type was and remains a consequence
of the complex factors that result in lower prices in the United States for corn-derived
sweeteners as compared to sucrose, economic factors that do not apply in most of the
rest of the world. Increased distribution of sucrose to the developing world, especially
in the form of soft drinks, raises concern about increased caries prevalence in those
countries, where soft drinks appear to be increasingly marketed and used (23,58,139).
This is supported by the strong positive correlation between world sucrose consump-
tion — estimated on the basis of sugar inventory — and worldwide incidence of caries
(81). This correlation becomes weaker, however, in countries where there is widespread
use of fluorides (58) and where, as in the United States, corn-derived sweeteners are
replacing sucrose in the processing of soft drinks (13).

10.4.5 RELATIONSHIPS BETWEEN VIRULENCE OF THE MUTANS 
STREPTOCOCCI AND FERMENTABLE CARBOHYDRATES, 
ESPECIALLY SUCROSE

Streptococci are obligate carbohydrate fermentors, deriving essentially all of their
energy from glycolysis. They have no intact respiratory or Krebs cycle enzyme
systems. There is strong association between their metabolism of simple fermentable
carbohydrates, especially sucrose, and their expression of virulence. The mutans
streptococci ferment a particularly wide array of hexoses, hexose alcohols, and
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disaccharides (including sucrose) found in food and are equipped with transport
systems to enable this fermentation (99,100,135). They do not ferment pentoses or
pentose alcohols such as xylitol (125). If the sugar supply is adequate and if the pH
in the mouth is below 7, they convert hexoses and disaccharides to lactic acid
(113,119). The acid then acts on the tooth surface and causes its demineralization,
and, eventually, cavities form. Lactic acid dehydrogenase mutants (LDH–), unable
to make lactic from pyruvic acid, are not cariogenic, even though they convert
pyruvic to acetic and formic acid end products (34,60). However, the pKs of these
two acids are higher than that of lactic acid. The mutants can colonize the teeth, but
they do not cause decay, apparently because demineralization of enamel requires
the lowering of plaque pH to levels created by a lactic acid-rich environment. 

Also, in states of exogenous carbohydrate abundance (for example, when the
host is eating and there are fermentable food residues near the teeth), the mutans
streptococci (except S. sobrinus) synthesize intracellular glycogen-like polysaccha-
ride from common exogenous mono- or disaccharides (8). The resultant endogenous
storage molecule is degraded to hexose phosphates and then to acid when the supply
of exogenous fermentable carbohydrate is exhausted, such as occurs between meals
or when the host sleeps. The intracellular polysaccharide’s storage and catabolism
thus enable long-term ATP generation, pH depression in dental plaque biofilm, and
provide an apparent ecological advantage over less acid-tolerant oral bacteria that
otherwise reside on the teeth. Mutants defective in synthesis of this storage polysac-
charide substantially lose virulence (121). 

It is the synthesis of peculiar extracellular glucose homopolymers (glucans)
uniquely from sucrose, however, that substantially explains the special significance
of this dietary carbohydrate to virulence of the mutans streptococci. Such polymers
are constitutively produced by three cell-surface/extracellular glucosyl-transferases.
Those glucans containing abundant a-1-3 linkages among their a-1-6 linkages that
are produced in situ on the teeth apparently confer the ability to adhere to the teeth
and gain great ecological advantage at that locus. Mutants defective in synthesis of
these extracellular water-insoluble glucans fail to colonize smooth surfaces of teeth
and fail to induce carious lesions there (37,38,73,120). Wild type mutans strepto-
cocci, once they have colonized essentially irreversibly, based on this sucrose-depen-
dent adhesion phenomenon, can apparently support their energetic needs from either
sucrose or other fermentable monosaccharides, with resultant production of lactic
acid. They cannot ferment starch, and unboiled starch by itself does not appear to
be cariogenic in either humans or experimental animals (115,122). Of course, there
are abundant experimental animal and human data to indicate that the more frequent
the sucrose presentation, the more potent the cariogenic challenge. Similar data are
not available with respect to the impact per se of high-fructose corn sweetener
consumed in soft drinks. 

The synthesis by most mutans streptococci of water-soluble extracellular fruc-
tose polymers, also from sucrose (or raffinose), and their subsequent degradation in
times of exogenous carbohydrate substrate paucity are relatively weak virulence
determinants (12,136).

There has been great interest in possible immunization against caries by targeting
the sucrose/glucosyl-transferase/adhesion/cell-surface-binding-site system. There
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has also been great interest in competitive infection utilizing LDH– bacteriocin-pro-
ducing engineered strains of S. mutans. Both topics are beyond the scope of this
paper, and neither strategy is available for human use today.

Several other traits of the mutans streptococci have been implicated in their
virulence (73), and more are being recognized.

10.4.6 RANDOMIZED CLINICAL TRIALS TO INHIBIT CARIES

At least 25 studies have attempted to inhibit the caries process among normal subjects
by reduction of colonization levels of mutans streptococci. In some studies, subjects
were stratified on the basis of bacterial levels into high-risk and low-risk categories.
In other studies, the levels of infection were used to intervene again when the key
bacterial titers had risen to the point that was considered to represent heightened
risk. These studies, for obvious ethical and practical reasons, were often multistra-
tegic (e.g., 46) and, thus, variably confounded, because they also provided patients
what were deemed to be best probable caries-preventive strategies and treatment.
Among the confounding strategies used were ones focused on mitigating the solu-
bility of the teeth and fostering remineralizing incipient white spot carious lesions
(done with topical fluoride treatments, fluoride toothpaste, and drinking water fluo-
ride); excavation and repair of carious lesions and sealing of high-risk tooth areas
(tooth pits and fissures); and intensive tooth-brushing instruction and professional
tooth cleaning (to remove dental plaque). Possible anticaries benefits that would
result from reducing cariogenic flora were most directly addressed by periodic
topical disinfection of the teeth with antiseptics and use of sucrose substitutes in the
diet. In nearly all studies, the fundamental strategy consisted of reducing the intake
of fermentable carbohydrates. 

The multistrategy approaches to caries inhibition studies thus set a very high
threshold for detection of specific effects of dietary and antimicrobial interventions
per se, and their isolated impact on caries incidence was difficult to quantify. Some
studies, however, were sufficiently well controlled to make the dietary and antimi-
crobial effects unambiguous. These studies have been reviewed, and extensive sup-
porting evidence tables have been published (122). Among the most striking findings
were the observation that high levels of mutans streptococci in the maternal saliva
of mothers were associated with the early transmission of the bacteria to their
children and thus with high prevalence and incidence of carious lesions in their
children (65,66). While the interventions during childhood were transient, the ben-
efits have so far been documented for up to 7 years. An arguably unexpected result
was seen in studies of mothers randomly assigned to frequently use high-content
xylitol chewing gum from the approximate time of eruption of the deciduous den-
tition of their children. Two accepted strategies (by the Finnish public health guide-
lines) for reducing caries in mothers and the probability of transmission of mutans
streptococci to their children — the repeated sealing of mothers’ teeth with either
fluoride-supplemented or chlorhexidine-supplemented varnish — served as control
interventions for a randomized, blinded trial that monitored the effects on the chil-
dren. The strategies were imposed until the children were 3 years old. Five years
after inception of the study, the xylitol strategy had greatly reduced the probability
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of transmission of mutans streptococci to the children and had dramatically reduced
their caries incidence, even after the treatments of mothers had ended 2 years
previously (59,103).

10.4.7 SPECIAL PATIENT NEEDS AND POTENTIAL STRATEGIES

In patients with the autoimmune disease Sjögren’s syndrome, salivary secretion is
compromised and involves both flow and compositional changes. They often develop
oral mucositis and aggressive tooth decay (45,106,108; Figure 10.1). Salivary gland
shutdown is severe and rapid in head/neck radiation patients, some chemotherapy
patients, and patients who have suffered salivary gland excision or duct ligation due
to malignancy. It is also widely recognized by dental, if not many medical practi-
tioners, that patients who use antipsychotics, antidepressants that have norepineph-
rine reuptake inhibition properties, antispasmodics, some antihypertensives, antihis-
tamines, and so forth have an increased risk for caries (141). These patients, in trying
to keep their mouth moist, are often counseled to suck on hard candies or drink fruit
juice in an effort to mitigate the xerostomia that is a great obstacle to speech,
chewing, and swallowing. Such advice increases their caries risk and complicates
caries management. 

Another group of patients who are not often thought of as being at heightened
caries risk is those who have chronic pancreatitis or gallbladder disease. They are
placed on extremely low-fat diets, with simple carbohydrates, commonly sucrose
syrup, becoming a major source of calories. 

Virtually none of these or similar patient management problems have been the
subject of interventional studies that involve dietary substitutions or replacements
to mitigate caries risk, even though constructive and useful caries inhibitory strategies
have been known for more than three decades to be effective for head/neck cancer
patients (see 26,62). There may be reluctance to mount such studies, because of the
recognition that to study untreated controls would likely be ethically problematic.

10.5 NUTRITIONAL CONSEQUENCES OF 
EDENTULOUS STATUS

Both dental caries and periodontal disease have a high probability of leading to the
loss of teeth. Generally, this occurs by the extraction or exfoliation of single or
groups of teeth. In addition to the esthetic consequences of tooth loss, chewing
function is impaired (133). Today, fewer people in the United States are edentulous
than in the past (84,126), but this improvement has not been shared by all segments
of American society (137). 

There are limited data on nutritional deficiencies that result from partial or total
edentulism. It is a common experience for those sharing meals with partially or
totally edentulous individuals to observe their dramatically altered food choices.
More data are available on diet changes by edentate patients who wear artificial
dentures. Here, food choices are associated with nutritional deficiencies, best doc-
umented for vitamins, fiber, zinc, magnesium, calcium, and macronutrients (55,68).
Yet millions of people who have few or no natural teeth do not suffer from apparent
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nutritional deficiencies. Education and food supplements can help in preventing
deficiencies, but minimizing dental caries and periodontal disease is bound to be the
surest way of preventing nutritional problems due to loss of teeth.
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11.1 INTRODUCTION: THE ROLE OF NUTRITION 
IN DERMATOLOGY

There are several well-recognized relationships between nutrition and dermatology,
including dermatitis herpetiformis and gluten, acrodermatitis enteropathica and zinc,
and erythropoietic porphyria and b-carotene.

Dermatitis herpetiformis (DH) is a chronic, extremely pruritic, grouped papular
and vesicular skin disorder associated with a gluten-sensitive enteropathy with intes-
tinal inflammation and villous atrophy. Gluten in the gut triggers an immune response
resulting in deposits of IgA and complement at the dermal–epidermal junction. These
deposits ultimately cause the pruritic rash. Relief is achieved with sulfone medica-
tions such as Dapsone, but these medications do not cure the disease. To achieve
complete remission of the disorder, patients need to adhere to a strict gluten-free
diet, eliminating all foods containing wheat, rye, and barley. 

Acrodermatitis enteropathica (AE) is an autosomal recessive disorder of zinc
absorption due to defective zinc transport. Patients with AE present in infancy after
breastfeeding has ceased. Presenting signs include an erythematous eczematous rash
periorally, on acral skin, and in the anogenital region. Associated symptoms include
gastrointestinal disturbance, irritability, lethargy, and failure to thrive. The patho-
genesis of AE relates to the immune functions of zinc. In AE, T cell number and
mitogen-induced activation are decreased, delayed-type hypersensitivity is reduced,
thymic hormone levels are lower, and neutrophil responses including chemotaxis
and phagocytosis are reduced. Oral zinc supplementation (30 to 45 mg/d) induces
complete remission of the disorder.

The porphyrias are a group of disorders caused by enzymatic defects in heme
biosynthesis. Erythropoietic porphyria develops as a result of defects in ferroche-
latase. Porphyrins accumulate in the skin and generate free radicals that damage the
skin when patients are exposed to sunlight. Skin begins to burn, itch, develop
erythema, and swell within a short time of exposure to the sun. Relief can be obtained
with b-carotene, which functions by scavenging cutaneous free radicals.

The complete etiologies of more prevalent dermatoses, including acne vulgaris,
acne rosacea, atopic dermatitis, and psoriasis, are unknown. Even though the specific
causes of these diseases are not known, immune activation appears to play a role
in their pathogenesis. The cause of the heightened immune responses is unclear,
but it is most likely a combination of genetic and environmental influences. The
human genome has changed relatively little in the past several thousands of years;
our environment has changed significantly. Changes include urbanization, immuni-
zation programs, and the industrialization of the food supply, to name a few. It is
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only recently that we have begun studying the impact of these changes on human
immune defenses.

Research in the areas of nutritional biochemistry and immunology is revealing
an immunological connection between two of our largest immune organs, the gut
and the skin. Foreign antigen encountered in the gut, in the form of food antigen or
bacterial products, can prime immune cells to produce an immune response in organs
such as the skin. Understanding this link may give insight into the prevention of
diseases like psoriasis and atopic dermatitis. Inflammatory responses generated in
the gut activate the release of neuropeptides from peripheral nerve fibers, leading to
vasodilation and flushing of the skin. Discovering the specific triggers of this mech-
anism may help control symptoms of acne rosacea. The health of the gut thus appears
to have an impact on dermatological diseases.

The balance of nutrients that are consumed also appears to affect the skin. Due
to the industrialization of food, many edibles are not consumed in their native form.
To extend shelf life, fats and oils are stripped of vitamin E and essential fatty acids
prior to bottling. The result is the consumption of oxidized unessential fat. Essential
fatty acids and antioxidants, necessary for many cellular processes, direct immune
responses through the production of specific fatty acid hormones (prostanoids) and
influence oxidation-sensitive genes and enzymes. In the serum of infants who
develop atopic dermatitis, the ratio of pro-inflammatory to anti-inflammatory fatty
acids is high. Also, the essential long chain fatty acid, gamma-linolenic acid (GLA),
may reduce the metastatic potential of cancerous cells such as melanoma by influ-
encing the strength of basement membrane proteins. 

In acne vulgaris, the age-old debate of the impact of sugar and refined foods on
acne formation will be addressed with some interesting new research regarding the
role of insulin and insulin-like growth factor-1. Additionally, the initiating event in
acnegenesis will be scrutinized, as pro-inflammatory fatty acids like arachidonic
acid (not hyperdesquamation of keratinocytes) may be at the root of acne formation.

In acne rosacea, gastrointestinal disorders associated with gut inflammation will
be addressed with a review of Helicobacter pylori, bacterial-induced toxins, and
gut-derived bradykinin (a potent vasodilator induced by gut inflammation). Nutri-
tionals such as fiber, found to be beneficial in rosacea, will be discussed.

In atopic dermatitis, exposure to foreign antigen in the gut early in life and
defects in the intestinal barrier may be the initiating events that cause children to
develop this pruritic inflammatory skin disorder. Breastfeeding may be the earliest
preventive measure against atopic dermatitis. Furthermore, the role played by the
ratio of anti-inflammatory to pro-inflammatory essential fatty acids in the develop-
ment and treatment of atopic dermatitis will be analyzed.

In psoriasis, bacteria-derived endotoxin in the gut may be a cause of the disease.
Controlling toxins and oxidative stress in the gut will be reviewed as treatments for
psoriasis.

In skin cancer, obesity has been associated with a higher risk of developing
melanoma in men. To prevent development of melanoma and nonmelanoma skin
cancer, caloric restriction, the use of antioxidants, and vitamin D have been advo-
cated; the evidence for these approaches will be reviewed.
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11.2 ACNE VULGARIS

11.2.1 DESCRIPTION OF ACNE VULGARIS

Acne vulgaris is the most common skin disorder in the United States, affecting
nearly 17 million people, including 85% of individuals between the ages of 11 and
30 (95). It arises from dysfunction of pilosebaceous units. It has been shown that
four events lead to the formation of acne, including:

• Increased activity of sebaceous glands
• Abnormal differentiation of the follicle with hyperdesquamation of kera-

tinocytes
• Colonization and proliferation of Propionibacterium acnes with bac-

terial-induced enzymic cleavage of free fatty acids
• Inflammation and host reactivity

The exact etiology of acne is still being investigated, but it is well established
to be multifactorial, with heredity, hormones, and environmental factors playing a
role. Some medications are known to cause acneiform eruptions, including anabolic
steroids, corticosteroids, halogenated products, and many others (131). Recent inves-
tigations point to inflammation being the initiating event (88).

Evidence against bacteria initiating acne lesions comes from the observation
that bacteria colonize both normal follicles and acne lesions (75); likewise, the
severity of acne does not correlate with the numbers of bacteria within the follicle
(25). In addition, it has been shown that sebocytes in culture can independently
manufacture fatty acids in the absence of bacteria (53). It is possible that bacteria
perpetuate inflammation but are not required for lesion initiation.

Table 11.1 describes treatments for acne.

11.2.2 NUTRITIONAL ASPECTS

Proinflammatory lipids such as arachidonic acid (AA) possess properties that could
initiate acne lesions. AA and products of AA metabolism, 12-hydroxyeicostet-
raeinoic acid (12-HETE) and leukotriene-B4 (LTB-4), as well as interleukin-1
(IL-1), are capable of disrupting the follicle wall and permitting spread of the
folliculo-sebaceous contents to the dermis with subsequent infiltration of inflam-
matory cells. Evidence shows that these inflammatory fats may be at the root of
acnegenesis (60,82,88,127,140,195).

Hyperdesquamation of keratinocytes has been thought to spawn acne lesions,
with bacterial proliferation and inflammation occurring secondary to follicular plug-
ging. However, in 2002 Jeremy and colleagues found that skin from acne patients
had higher levels of inflammatory mediators, such as IL-1, and inflammatory adhe-
sion molecules, including E-selectin and vascular adhesion molecule-1, whether or
not the sample was taken from specific lesions or uninvolved skin (88). This suggests
that patients with acne have, within the environment of their skin, a milieu of
inflammatory factors that favors hypercornification of the epithelium. In fact, addi-
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TABLE 11.1 
Treatments for Acne

Structure and Function Comments

Topical Agents
1. Tretinoin All-cis-retinoic acid; normalizes 

follicular keratinization
Drug of choice for comedonal 
acne

2. Adapalene Napthoic acid derivative; 
normalizes follicular 
keratinization

Drug of choice for comedonal 
acne

3. Tazarotene Synthetic, acetylenic retinoid; 
normalizes follicular 
keratinization; 
anti-inflammatory; 
immunomodulatory 

Drug of choice for comedonal 
acne; erythema, pruritus, and 
peeling more common

4. Salicylic acid Comedolytic activity Used for comedonal and mild 
inflammatory acne when 1–3 not 
tolerated; can be used in 
combination with topical 
retinoids

5. Azeleic acid Dicarboxylic acid with 
bactericidal activities

Used for comedonal acne when 
1–3 not tolerated; can be used in 
combination with topical 
retinoids

6. Glycolic acid Used for comedonal acne when 
1–3 not tolerated, or in 
combination with topical 
retinoids

7. Benzoyl peroxide Oxidizes bacterial proteins; 
bactericidal and comedolytic

Used for comedonal acne when 
1–3 not tolerated; used for mildly 
inflammatory acne; may be used 
in combination with topical 
retinoid for better effect; when 
combined with topical antibiotic 
helps prevent resistance; may be 
used in combination with 
glycolic acid and zinc

8. Antibiotics: erythromycin,
clindamycin, sodium
sulfacetamide

Eliminates P. acnes from follicles; 
suppresses chemotaxis

Used for mild to moderate 
inflammatory acne; skin 
irritation is rare

Oral Agents
1. Antibiotics: tetracycline, 

doxycycline, minocycline
Antibacterial; direct 
anti-inflammatory properties of 
tetracycline

Used for inflammatory acne; 
tetracycline is low cost and has 
high efficacy; subantimicrobial 
doses of doxycycline (20 mg 
twice daily) is effective for adults 
with moderate acne
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2. Contraceptives Ethinyl estradiol plus 
progesterone (± antiandrogenic 
effects)

Used for hormonally induced 
acne; Orthotricyclen, Yasmin, 
Orthocept, Desogen, 
Orthocycline

3. Isoretinoin 13-Cis-retinoic acid; targets all 
four pathogenic steps

Used for severe, recurrent, or 
scarring acne; teratogenic

Light Therapies
1. Blue light 405 to 420 nm Expensive; used with topical 20% 

5-aminolevulinic acid (ALA)
2. Laser Low irradiation energy density Mild to moderate inflammatory 

acne; expensive

Nutritional Treatments
1. Reduce intake of refined 

carbohydrates, fried foods, 
and hydrogenated fats

Proposed mechanisms include 
lowering insulin-induced 
follicular changes and reducing 
saturated fat-induced adhesion 
molecule expression

2. Avoid halogens Avoid consuming chlorinated 
water and soft drinks that contain 
natural and synthetic bromides

3. Fiber Reduces erythema in acneiform 
disorders; use of ground 
flaxseeds (containing g-linolenic 
acid) increases ratio of w-3 fatty 
acids and may help reduce 
proinflammatory milieu of skin 
environment 

Ground flaxseeds (containing 
g-linolenic acid); 1 to 2 
tablespoon/d

4. Probiotics Restore optimal intestinal flora Important with oral antibiotics use 
(Natren; Metagenics Ultra 
Flora); 2 billion colony 
equivalents daily

5. Multivitamin containing 
vitamin A, vitamin E, and 
zinc

Antioxidants; reduce free 
radical–induced tissue damage 
and inflammation

Crayhon Research Body 
Vibrance: 1 packet/d, or Biotics 
Bio-Multi-Plus (available 
iron-free and iron- and 
copper-free): 3 tablets/d

6. Chromium; alpha-lipoic 
acid 

Blood sugar stabilization Designs for Health Chromium 
Synergy: 200 mg/d; Designs for 
Health Alpha-Lipoic Acid: 100 
to 300 mg twice daily

TABLE 11.1 (Continued)
Treatments for Acne

Structure and Function Comments
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tion of exogenous IL-1a to follicles in vitro induces spontaneous cornification,
similar to the acne precursor lesion, the microcomedo (60).

It has been suggested that the relative deficiency of anti-inflammatory essential
fatty acids such as dihomogammalinolenic acid (DGLA), an omega-6 (w-6) fatty acid,
and eicosapentanoic acid (EPA) and docosahexanoic acid (DHA), omega-3 (w-3) fatty
acids, in the keratinocyte may lead to a disruption in the barrier function of the follicle,
as these fats have been shown to maintain the integrity of basement membrane inter-
actions (127). Inadequate cutaneous concentrations of essential fats may cause a
perpetuation of inflammation (127). Linoleic acid, derived from sesame oil and a
precursor to DGLA, reduces the expression of neutrophil-recruiting adhesion mole-
cules when applied to the endothelium (140). Palmitic acid, a saturated fatty acid found
in many processed foods, causes no reduction in adhesion molecule expression (140).

Another AA product, LTB-4, has been implicated in acnegenesis (195). It stim-
ulates the recruitment of neutrophils, macrophages, and eosinophils and production
of other pro-inflammatory cytokines. A small-scale study tested the effects of an
anti-inflammatory agent, Zileuton, which inhibits the formation of LTB-4. After 3
months of treatment, patients had a 70% reduction in inflammatory acne lesions
(195). Interestingly, isotretinoin was found in one study to inhibit LTB-4-induced
neutrophil migration, which may be a mechanism of its antiacne actions (188). 

In addition, LTB-4 is a ligand for the peroxisome proliferator–activator receptor
(PPAR) alpha (PPARa) (39). PPARs are members of the nuclear hormone receptor
superfamily that includes the retinoic acid receptors, vitamin D receptor, and thyroid
hormone receptors, all of which exert effects on keratinocyte differentiation and
proliferation, epidermal hydration barrier, wound healing, and sebaceous gland activity
(75). Activation of PPARa was found to stimulate the accumulation of lipid in cultured
sebocytes (144). When dihydrotestosterone was added to PPAR activators such as
LTB-4, an additive effect in lipid droplet formation was seen (144). PPAR activation
may therefore cause changes in the sebocyte distinct from androgens. Supplementation
with EPA and DHA, inhibitors of LTB-4 formation, may attenuate the formation of
acne via direct anti-inflammatory activities or through modulation of PPAR receptors.
However, no clinical trials on EPA, DHA, and acne have been performed.

The role of sugar in acne vulgaris is the subject of an age-old debate, and many
investigations about the relationship were conducted in the 1960s and 1970s. Some

7. Omega-3 fats; Evening 
Primrose Oil (EPO), GLA 

Increase ratio of w-3 fatty acids 
and may help reduce 
proinflammatory milieu of skin 
environment

Nordic Naturals Cod Liver Oil: 1 
to 2 g daily; EPO: 100 mg daily

8. Topical tea tree oil (10%) 
after mild cleansing

Bactericidal agent Test small area for contact 
sensitivity before use

TABLE 11.1 (Continued)
Treatments for Acne

Structure and Function Comments
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intriguing new evidence about the role of sugar in acne comes from the work of
Cordain et al. (35), who determined the prevalence of acne vulgaris in two nonwest-
ernized populations: the Kitavan Islanders of Papua New Guinea and the Ache
hunter-gatherers of Paraguay. Cordain and his colleagues examined 1200 Kitavan
individuals — 300 of whom were aged 15 to 25 years — and found no single case
of acne vulgaris. Similarly, no acne was seen in 115 Ache individuals. These inves-
tigators propose that the diets of these two populations are responsible for the absence
of acne and that the vast quantities of high-glycemic foods consumed by Westerners
cause acne. Cordain and colleagues recognize the impact of genetics but point out
that South American Indians and Pacific Islanders, with a gene pool similar to that
of the Ache and Kitavan, have acne since adopting a western lifestyle.

Hyperinsulinemia causes high levels of insulin-like growth factor-1 (IGF-1) and
low levels of insulin-like growth factor binding protein 3 (IGFBP-3). IGF-1 is
required for keratinocyte proliferation (145). IGFBP-3 inhibits growth by binding
IGF-1. An elevated ratio of IGF-1:IGFBP-3 leads to unregulated growth and thus
abnormal keratinocyte differentiation, a main feature of acne. In addition, insulin
and IGF-1 both stimulate androgen synthesis and sebum production, another con-
tributor to acne formation. Indeed, past studies have shown that proper glycemic
control through the use of tolbutamide (38), a sulfonylurea that increases insulin
release from pancreatic b cells, and chromium (113), a nutrient that improves the
insulin sensitivity of peripheral tissues, leads to improvements in acne.

Due to the side effects of high doses of vitamin A in acne treatment, the synthetic
derivative isotretinoin (13-cis-retinoic acid) replaces it with great efficacy (99). The
molecular mechanisms of isotretinoin are not fully known. It appears to inhibit cell
proliferation and lipid synthesis of sebaceous gland cells (194), decrease androgen
receptor expression (160), and decrease 5-alpha-reductase activity (134) — all key
contributors to acne formation. It is the most effective acne treatment available at
this time (99). It is not without side effects, however (99), and women of childbearing
age who are taking isotretinoin must adhere to a strict birth control regimen, as
abnormal fetal development is reported with isotretinoin exposure.

Nontoxic levels of vitamin A, if combined with vitamin E, can be effective in
the treatment of hyperkeratotic disorders (5). Vitamin E appears to regulate retinol
levels, as rats fed a vitamin E–deficient diet had low blood levels of vitamin A, no
matter how much vitamin A was supplemented; levels returned to normal once
vitamin E was restored (4). In addition, Michaelsson and Edqvist showed that men
with severe acne and low activity of glutathione peroxidase — a selenium-dependent
enzyme — had improvement in their acne after supplementation with 0.2 mg of
selenium and 10 mg of tocopheryl succinate twice daily for 6 to 12 weeks (117).

Vitamin B5 (pantothenic acid) and vitamin B6 (pyridoxine) are involved in steroid
hormone synthesis and may help regulate fluctuating hormone levels during pre-
menstrual acne flares (155). High levels of B6 may cause acne (131). 

Zinc has been shown to be an effective treatment for acne. The exact mechanism
is unknown, but it may be related to the zinc-dependent oxidation of retinol to retinoic
acid. Other zinc-dependent processes include synthesis of retinol-binding protein,
inhibition of 5-alpha reduction of testosterone, wound healing, and immune modula-
tion. Zinc sulfate has shown mild efficacy, but nausea, vomiting, and diarrhea limit
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its utility (184). When 30 mg zinc gluconate was administered for 3 months, a
reduction in acne lesions was observed (43). However, daily intake of 100 mg minocy-
cline, a tetracycline derivative, was found to be even more effective than zinc. Topical
zinc oxide combined with chloroxylenol (Nels cream), an antiseptic, proved to be as
efficacious as 5% benzoyl peroxide when applied twice daily for 8 weeks (128). 

Tea tree oil is an extract from the Australian tree Melaleuca alternifolia. It is
known for its bactericidal properties. In a randomized trial, 10% tea tree oil was
more effective at clearing methicillin-resistant staph aureus (MRSA) colonization
from skin lesions than chlorhexidine or silver sulfadiazine (44). In a single blind
trial, 5% tea tree oil gel was as effective as 5% benzoyl peroxide lotion in reducing
the number of inflammatory acne lesions and comedones. Benzoyl peroxide was
found to work more quickly, but tea tree oil had fewer side effects.8 Allergic contact
dermatitis as a result of tea tree oil has been reported (30). This may be due to
oxidized oil in shelf-aged products. 

11.3 ACNE ROSACEA

11.3.1 DESCRIPTION OF ACNE ROSACEA

Rosacea is an acneiform disorder and most commonly affects people in the third to
sixth decades of life. The etiology is unknown, and there is no known cure. Some
evidence points to infection by hair follicle mites Demodex follicularum and Demo-
dex brevis, as patients with rosacea have greater numbers of these skin mites (142).
Treatment with tetracycline has led to improvement in rosacea symptoms but to no
change in the number of mites (16). The bacterium Helicobacter pylori (H. pylori)
has also been implicated in the pathogenesis of the disorder (40), as have other
gastrointestinal insults. Factors known to cause flares in symptoms include caffeine,
alcohol, spicy foods, exposure to the warm sun or to cold, strong emotion, and stress.

Rosacea is a chronic disorder with relapsing and remitting periods. Classic signs
include facial erythema on the nose, cheeks, chin, and forehead, accompanied by
papules, pustules, nodules, and telangectasias. People with chronic inflammation
can develop hypertrophy of the sebaceous glands in the nose (rhinophyma). The
features of rosacea that distinguish it from acne vulgaris are the classically distributed
erythema, telangectasias, and absence of comedones.

Patients with rosacea have a hypersensitive facial vasculature. Specific triggers
cause intense flushing, with redness and heat. Extravasation of fluid and immune
cells leads to edema and inflammation. The cause of blood vessel hypersensitivity
is unknown. 

Table 11.2 describes treatments for rosacea.

11.3.2 NUTRITIONAL ASPECTS

Rosacea has been associated with gastrointestinal tract disorders, including H. pylori
infection (40), insufficient acid secretion (hypochlorhydria and achlorhydria) (146),
other digestion defects, and inflammatory disorders such as ulcerative colitis (UC)
(181).
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TABLE 11.2 
Treatments for Rosacea

Structure and Function Comments

Topical Agents
1. Antibiotics: 

metronidazole 
Antibacterial Maintenance therapy; indicated for 

generalized erythema and 
inflammatory lesions

2. Azelaic acid (Finacea) Dicarboxylic acid with bactericidal 
activities

Maintenance therapy; indicated for 
generalized erythema and 
inflammatory lesions

3. Sulfacetamide/sulfur Antibacterial agent that 
competitively antagonizes 
para-aminobenzoic acid/ 
keratolytic

Maintenance therapy; indicated for 
generalized erythema and 
inflammatory lesions

4. Tacrolimus Suppresses cellular immunity 
(inhibits T lymphocyte activation), 
possibly by binding to an 
intracellular protein, FKBP-12

Alternative to topical steroids; FDA 
approved for children 2 years and 
older; does not cause skin atrophy; 
safe on face and neck

5. Picrolimus Suppresses cellular immunity 
(inhibits T lymphocyte activation), 
possibly by binding to an 
intracellular protein, FKBP-12

Alternative to topical steroids; FDA 
approved for children 2 years and 
older; does not cause skin atrophy; 
safe on face and neck

Oral Agents
1. Antibiotics: tetracycline 

250 to 1500 mg daily; 
doxycycline 50 to 100 mg 
once to twice daily; 
minocycline 50 to 200 mg 
daily; Periostat 20 mg 
twice daily

Antibacterial and 
anti-inflammatory

Indicated for nodular and ocular 
rosacea and persistent symptoms; 
duration: 4 weeks with tapering 
dose for 4 weeks; Periostat: a 
subantimicrobial dose is 
suggested to have greater efficacy 
in treating erythema

2. Clonidine Stimulates alpha2-adrenoceptors in 
the brain stem, inhibiting 
sympathetic outflow from the 
central nervous system

Prevents flushing

Light Treatments
1. Pulse dye laser 585 nm May help improve stubborn 

erythema and telangectasias

Surgical Treatments
1. Scalpel shaving; 

microdebrider
Removes excess soft tissue Used for rhinophyma

Nutritional Treatments
1. Eliminate all trigger foods These foods are generally 

patient-specific
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In a study looking at the prevalence of H. pylori infection, controls and indi-
viduals with rosacea had similar responses to H. pylori serologic testing (150); this
suggests that the presence of H. pylori does not correlate well with rosacea. In a
comparable study, no difference in H. pylori serologic results was obtained between
controls and rosacea subjects; yet, patients with rosacea showed improvement in
symptoms after anti-H. pylori treatment consisting of amoxicillin, metronidazole,
and bismuth (168).

Serological evidence of H. pylori does not signify active infection. Rather, it is
an indication of a history of exposure. This may be the reason for the conflicting
evidence regarding the association of H. pylori and rosacea (136). A specific indicator
of active infection is the urea breath test. In a pilot study by Diaz et al. (40), patients
with advanced rosacea tested positive for H. pylori in both the 13C-urea breath test
and by ELISA (40). People with advanced forms of rosacea, compared to those with
more mild disease, may therefore have active H. pylori infection. Further evidence
for the role of H. pylori in the pathogenesis of rosacea is that many empiric therapies
for rosacea include anti-H. pylori antibiotics, such as metronidazole, clindamycin,
and penicillins (136). 

Early studies found that patients with rosacea had reduced baseline levels of
gastric acid secretion (146). A case report by Vasquez tells of a man who ingested
acidic substances like vinegar and lemon to get rid of his symptoms of cutaneous
lesions (resembling rosacea) and dysuria (173). When the acids were not taken, his
symptoms recurred. Subsequent gastric biopsy revealed H. pylori infection. Treat-
ment of H. pylori resulted in permanent resolution of symptoms. Another study
found that patients with rosacea had significantly less secretion of pancreatic lipase
than controls (7). Rosacea patients with both digestive symptoms and skin involve-

2. Use alcohol, caffeine, and 
spicy foods sparingly

Vasodilating foods exacerbate 
flushing

3. Probiotics Restore optimal intestinal flora with 
chronic use of antibiotics

Metagenics Ultra Flora: includes 
fructo-oligosaccharides (fuel for 
lactobacillus and bifidobacteria)

4. L-glutamine Major nutrient for enterocyte repair 
and healing; improves intestinal 
barrier function

Designs for Health/Biotics: 1 to 3 
g/d

5. Digestive enzymes Include pancreatic enzymes found 
to improve symptoms in rosacea

Biotics Intenzyme Forte: with each 
meal

6. Fiber (ground flaxseeds) Increases membrane ratio of w-3 
fatty acids and helps bind 
intestinal toxins

Containing g-linolenic acid: 1 to 2 
tablespoons/d

7. Topical alpha-lipoic-acid/
CoQ10/Vitamin C 

Topical antioxidants have shown to 
be effective in rosacea

Designs for Health Derma-Q gel 
cream

TABLE 11.2 (Continued)
Treatments for Rosacea

Structure and Function Comments
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ment who received pancreatic enzyme supplements achieved resolution of both
symptoms.

There have been several case reports of patients with concomitant ulcerative
colitis and rosacea (181). The two disorders may be linked through vasoactive
mediators induced by gut inflammation. Inflammation could be the result of many
intestinal insults including UC, tumor, food antigen, H. pylori, or others. H. pylori
infection is associated with increased leukotriene C4 (LTC-4) levels (3). Inflamma-
tion in the GI tract, or any tissue, leads to activation of inflammatory mediators,
including the vasodilating substance kallikrein. Kallikrein is metabolized to brady-
kinin, a potent vasodilating agent. Patients with rosacea exhibit kallikrein-kinin
activation in their blood (93,156), and peak flushing correlates with increased brady-
kinin levels (59). This suggests that the flushing erythema in rosacea patients is due
to the effects of high circulating levels of kallikrein-kinin produced by gut inflam-
mation acting on facial blood vessels. Another mechanism by which bradykinin
produced in the gut can lead to facial flushing is through stimulation of afferent
nerve fibers. Neurokinins such as Substance P are expressed in afferent nerve fibers
and enteric neurons of the gut and also in intestinal muscle, epithelium, and the
vascular system. These neuropeptides are released from sensory nerve fibers during
intestinal inflammation and are known to evoke flushing (73,186). Evidence for this
mechanism in rosacea is the finding of abundant Substance P–secreting neurons
localized around affected blood vessels in rosacea patients (93,110). 

Colon cancer and rosacea were linked in a report of an 80-year-old man who had
undergone an orchiectomy due to prostate cancer. The colon cancer recurred in this
patient coincident with his first presentation of rosacea (110). Hormonal changes and
tumor-derived vasoactive substances may have caused this patient’s rosacea (110).

In another case, a patient with rosacea without gastrointestinal disturbance
was given fiber in the form of wheat bran along with an activated charcoal tracer
and was cleared of her rosacea symptoms (93). The investigators suggested that
intestinal bacteria may be responsible for activation of kallikrein-kinin and that
increasing intestinal propulsion may reduce this activation. Another mechanism
is that the bacteria-induced toxins that cause intestinal inflammation became bound
to the charcoal.

Some believe that patients with rosacea have a breakdown of the antioxidant
defense system. A study by Oztas and colleagues (126) found that patients with mild
rosacea have higher than normal superoxide dismutase activity and normal malond-
ialdehyde levels (a marker of ROS-mediated lipid peroxidation). Patients with severe
disease have lower levels of superoxide dismutase and higher levels of malondial-
dehyde compared to controls. This suggests that patients with severe disease do not
have adequate concentrations of antioxidants to handle free radical–induced damage.
Patients with mild disease, on the other hand, can adapt to increased free radical
generation by upregulating the activity of superoxide dismutase.

Vitamins C, A, and B have been reported to play a role in rosacea therapy.
Topical vitamin C has been shown to help reduce erythema in rosacea (29). In an
observer-blinded, placebo-controlled study, 75% of participants achieved reductions
in erythema by using a topical 5% vitamin C preparation (29). Low-dose oral
isotretinoin (10 mg/d) and tretinoin cream (0.025%) have been shown to be beneficial



Dermatology and Nutrition 223

in the treatment of acne rosacea (46,167). There have been early reports of successful
management of rosacea with B vitamins; however, more current reports suggest that
high doses of vitamin B2 (riboflavin), vitamin B6 (pyridoxine), and vitamin B12

(cobalamin) cause facial eruptions similar to rosacea (85). No adverse findings have
been reported for niacin (vitamin B3); however, this vitamin, unless taken in the
inositol hexanicotinate form, is known to cause flushing.

11.4 ATOPIC DERMATITIS

11.4.1 DESCRIPTION OF ATOPIC DERMATITIS

Atopic dermatitis (AD), also known as eczema, is a chronic, pruritic, inflammatory
skin disorder with a tendency for excessive inflammation. It affects up to 17% of
children (100) and 3% of adults (122). The initial symptom is pruritus without a
rash; therefore, it is known as “the itch that rashes, not the rash that itches.” The
disorder typically presents in childhood, with 50% of patients developing AD in the
first year of life (91). 

The complete etiology of AD is not known, but it is most likely the product of
a complicated interaction of susceptibility genes (18,20,34,102), defects in the skin
barrier (77), environmental triggers (22,24,26,94,104,147,180,182), and heightened
immunological responses (66,124,165). A decreased amount of fatty acids has been
reported in the stratum corneum of AD patients (77), which would predispose them
to chronic dry skin and susceptibility to invasion by environmental antigens. Envi-
ronmental triggers include early exposure to food proteins, especially eggs, cow’s
milk, wheat, soy, and peanuts (147). Aeroallergens such as pollens (180), mold (94),
dust mites (26), animal dander, and cockroach allergen (182) have also been impli-
cated, as have bacteria such as Staphylococcus aureus (104) and yeasts such as
Pityrosporum ovale (24), Trychophyton sp., Candida sp., and Malassezia sp. (22).
There appear to be two types of AD, so-called “extrinsic” — affecting 80%, with
immunoglobulin E (IgE)–mediated sensitization — and “intrinsic” — affecting 20%,
without IgE-mediated sensitization (123). Defects in immune function are observed
in AD. Patients have defective cell-mediated immunity, decreased regulatory T cells,
elevated levels of IgE in the majority of cases, blood eosinophilia, and a predomi-
nance of Th2-type cytokines (62). 

Table 11.3 describes treatments for AD.

11.4.2 NUTRITIONAL ASPECTS

For many children, early foreign antigen exposure in the gut appears to be an
initiating event in the development of AD. Impairment of junctional closures between
enterocytes has been suggested as a cause for the heightened immunological
responses to food antigens in children with AD. A study by Majamaa and Isolauri
found that sections of small intestine from children with AD had increased perme-
ability to intact horseradish peroxidase, compared to those of age-matched controls
(108). A higher than normal intestinal transfer of antigen may therefore be respon-
sible for invoking immune responses to food antigens.
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TABLE 11.3 
Treatments for Atopic Dermatitis

Structure and Function Comments

Topical Agents
1. Corticosteroids Anti-inflammatory, 

antiproliferative, 
immunosuppressive

Low potency (hydrocortisone) for 
mild AD; medium potency 
(triamcinolone) for more severe 
AD; high potency (dipropionate) 
for short periods with AD flares

2. Calcineurin inhibitors: 
tacrolimus, picrolimus

Suppresses cellular immunity 
(inhibits T lymphocyte 
activation), possibly by binding 
to an intracellular protein, 
FKBP-12

Alternative to topical steroids; 
FDA approved for children 2 
years and older; does not cause 
skin atrophy; safe on face and 
neck; effective for eyelid AD; 
may cause stinging of the skin

3. Emollients: ointments 
(petroleum jelly, 
Aquaphor), creams 
(Eucerin, Cetaphil)

Low water content ointments and 
creams; protect against xerosis

Hydrating bath followed by 
immediate application of 
emollient may be more effective

Oral Agents
1. Antihistamines Block histamine Sedating antihistamines are more 

effective (diphenhydramine)
2. Corticosteroids Function not known; 

anti-inflammatory, 
antiproliferative, 
immunosuppressive

Used for acute exacerbations

3. Cyclosporin T-cell suppressant Effective for severe AD; renal 
toxicity and hypertension limit 
utility; topical cyclosporin does 
not seem to be effective

Light Therapies
1. UVB 280 to 320 nm; thought to have 

immune modulating effects
Used for extensive disease

2. Narrow band UVB 311 to 313 nm; thought to have 
immune modulating effects

Used for extensive disease; 
equally efficacious with 
suberythemal doses; optimum 
wavelength for T-cell apoptosis; 
more expensive

3. PUVA 8-Methoxypsoralen is a 
photosensitizing drug; plus UVA 
at 320 to 400 nm

Used for extensive disease; 
increased incidence of 
melanoma and NMSC, as well as 
genital cancer in men
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Nutritional Treatments
1. Breast milk Many mechanisms have been 

proposed for the ability of breast 
milk to reduce the incidence and 
severity of atopy

Atopic mothers who choose to 
breastfeed should try to 
eliminate all high-allergen foods, 
such as cow’s milk, soy, egg, and 
peanuts for their newborn’s first 
6 months. Digestive enzymes 
(Biotics Intenzyme Forte) to 
adults and mothers with each 
meal

2. Hydrolyzed formula Formulas consisting of amino 
acids have been shown to be less 
allergenic than cow’s milk 
protein formulas and to protect 
against the development of AD

Mothers who opt not to breastfeed 
should consider using a 
hydrolyzed formula such as 
Alimentum Advance (Similac), 
Nutramigen with Lipil 
(Enfamil), or Neocate (SHS) for 
at least the first 6 months, or 
longer

3. L-glutamine Major nutrient for enterocyte 
repair and healing; improves 
intestinal barrier function

Designs for Health/Biotics to 
adults, mothers, and infants older 
than 6 months: 1 to 3 g/d

4. Rotating schedule for food Prevents sensitization to specific 
foods

Introduce foods to children 
individually and on a rotating 
schedule (do not give the same 
food more than once per week) 
and avoid high-allergen foods for 
first year

5. Caprylic acid Reduces yeast colonization Ecological Formulas Capricin 
(ages 6 and older): 1 to 3 
capsules/d to improve skin 
superinfection or gut 
colonization

6. Probiotics Restore optimal intestinal flora 
after use of antibiotics

Metagenics Ultra Flora (for adults 
and mothers): adult dose, 24 
billion colony equivalents twice 
daily for 1 month; newborn dose, 
3 billion colony equivalents daily 
for 1 month or longer for babies 
whose mothers were treated with 
penicillin for Group B Strep

TABLE 11.3 (Continued)
Treatments for Atopic Dermatitis

Structure and Function Comments



226 Nutritional and Clinical Management of Chronic Conditions and Diseases

Most studies have shown that breastfeeding has a protective effect on the devel-
opment of atopic dermatitis in children (9,55). The mechanisms by which breast
milk may prevent allergic diseases such as AD include the following:

• Breast milk contains factors that help the gut mature, creating an effective
barrier against sensitization to extrinsic food antigens. Some of these
factors include epidermal growth factor (EGF) and polyamines implicated
in enterocyte proliferation and maturation (114,115).

• Exclusive breastfeeding delays the introduction of foreign antigen into
the infant’s intestinal tract.

• Development of gut mucosal immunity in the infant is enhanced by
passive delivery of immune cells and secretory immunoglobulin A (sIGA).

• The specific type of fatty acid incorporated into breast milk appears to
have an effect; atopic disease is seen more often in children whose
mother’s milk has lower amounts of a-linolenic acid (an w-3 fat) (45).

• Breastfeeding mothers who adhere to elimination diets — removing
potentially allergenic foods such as egg, cow’s milk, and peanuts — may
reduce the incidence of atopy in their children (84). A study by Vadas et
al. reported that 11 of 23 women who ingested 50 g of peanuts secreted
peanut protein allergens Ara h 1 and Ara h 2 into their milk within 2 to
6 h after consuming the peanuts (169).

• Breastfeeding causes the beneficial bacteria lactobacilli and bifidobacteria,
known as probiotics, to colonize the neonatal intestine (68). In a dou-
ble-blind, placebo-controlled, crossover study, administration of probiot-
ics to 1- to 13-year-old children with AD for 6 weeks led to improvement
in 56% of participants (143).

• Also, hydrolyzed protein formulas seem to provide some protection from
allergy (63,67).

7. Vitamin E Reduces erythema, 
lichenification, and pruritus and 
has been shown to induce 
remission in some patients with 
AD

400 IU/d for adults and children 
older than 1 year

8. Omega-3 fats Reduce proinflammatory 
mediators and has been shown to 
improve symptoms in moderate 
to severe atopic dermatitis

Nordic Naturals Cod Liver Oil 
(for adults): 2 to 4 g/d for at least 
3 months

9. Compounded extract Reduces bacterial colonization 
and has anti-inflammatory 
properties

1 part witch hazel with 1 part 
glycyrrhetinic acid daily

TABLE 11.3 (Continued)
Treatments for Atopic Dermatitis

Structure and Function Comments
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Prostanoid products derived from the metabolism of essential fatty acids impact
the inflammatory response by affecting the production of specific cytokines. The
ratio of pro-inflammatory w-6 fatty acids compared to anti-inflammatory w-3 fatty
acids has been shown to be higher in children with atopic disease. Yu and Bjorksten
compared the serum phospholipids of children ages 12 to 15 and found lower levels
of the w-3 fatty acid docosahexanoic acid and total long chain w-3 fatty acids in
children with eczema and asthma compared to nonatopic children (193). In addition,
the concentration of w-6 fatty acids correlated with serum IgE, a major mediator in
extrinsic AD (193). Duchen et al. found that when insufficient levels of w-3 fatty
acids are found in breast milk, along with a high w-6:w-3 ratio in human milk and
infant serum, more atopic symptoms are found in infants at 18 months of age (45).
Therefore, improving the ratio of anti-inflammatory to pro-inflammatory essential
fats in children (and breastfeeding mothers) could lead to a decreased incidence or
severity of AD. In 1987, Bjorneboe et al. found that itch, scale, and overall severity
of AD were improved when 1.8 g of EPA was administered for 12 weeks to a
treatment group (n = 12) compared with a control group (n = 11) (12). More recently,
Mayser et al. found that, compared to soybean oil, fish oil supplementation by lipid
infusion reduced the severity of atopic lesions in patients hospitalized for moderate
to severe atopic dermatitis (111).

Vitamin E was found to be effective in reducing the symptoms of eczema in an
8-month, single-blind, placebo-controlled trial by Tsoureli-Nikita et al. (166).
Twenty-three persons taking vitamin E (n = 50), and one taking placebo (n = 46),
showed “great improvement.” Seven subjects taking vitamin E had a complete
remission of their AD, compared to none in the placebo group. Subjective improve-
ment was seen in facial erythema, lichenification, and pruritus. Serum IgE levels
were reduced by 62% in the treatment group, with a 34% decrease reported in the
placebo group.

The extracts of licorice (Glycyrrhiza glabra) have been shown to be beneficial
for inflammatory disorders of the skin. The active ingredient of this root, glycyrrhe-
tinic acid, potentiates the effects of hydrocortisone and inhibits cortisol from being
catabolized to the inactive metabolite cortisone (163). 

Topical witch hazel may be a beneficial adjunct to AD maintenance therapy, as
it reduces bacterial colonization in vivo and in vitro, in addition to possessing
anti-inflammatory, hydrating, and barrier-stabilizing effects (57).

11.5 PSORIASIS

11.5.1 DESCRIPTION OF PSORIASIS

Psoriasis is a chronic inflammatory disorder of the skin that classically presents with
papules and plaques, with a characteristic silvery scale. It affects more than 4.5
million people in the United States (76). The age of presentation is biphasic with
peaks near the third and sixth decades (72). The etiology of psoriasis is complex,
and evidence points toward a combination of genetic, environmental, and immuno-
logic factors. The first presentation of psoriasis may occur in childhood after an
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episode of streptococcal pharyngitis. Many other factors can exacerbate psoriasis.
Some include:

• Medications (lithium, b-blockers, NSAIDS, withdrawal of corticosteroids,
antimalarial drugs) (1,187)

• Bacterial and viral infections
• Trauma to the skin
• Alcoholism (48)

Psoriasis was once regarded as a primary hyperproliferative disorder due to the
blatant scale evident on lesions. Although keratinocytes in psoriasis have an accel-
erated cell cycle — 36 h compared to 311 h in normal skin — this seems to be a
symptom of the underlying inflammatory process. It is not known how these immu-
nologic mechanisms are coordinated to produce the final psoriatic lesion, but the
following findings have been recognized (97):

• Increased trafficking of T cells into the dermis and epidermis in response
to a specific (unknown) antigen.

• Activated T cells secreting interleukin 2 (IL-2) and interferon gamma
(IFN-g). This in turn leads to the production of tumor necrosis factor alpha
(TNF-a), interleukin 8 (IL-8), and granulocyte-monocyte colony-stimu-
lating factor (GM-CSF) by other immune cells.

Table 11.4 describes treatments for psoriasis.

11.5.2 NUTRITIONAL ASPECTS

Microorganisms such as Candida albicans, Staphylococcus aureus, and Streptococcus,
as well as microbial factors such as endotoxin (LPS), have been implicated in the
pathogenesis of psoriasis (61,153,179). Interestingly, many symptoms observed in acute
psoriasis resemble acute endotoxemia, including fever, leukocytosis, enhanced capillary
leak, lower levels of complement, and elevated liver function tests (61). Smilax sarspa-
rilla, a compound that binds LPS, led to great improvements in 92 patients in a 1942
study (164). More recently, Gyurcsovics and Bertok (61) found that 78.8% of patients
with psoriasis (n = 551) treated with oral bile acid supplementation, known to help
solubilize LPS, became asymptomatic after 8 weeks. At a 2-year follow-up, 147
remained asymptomatic. Other factors that help the body handle gut-derived toxins
include fiber and liver detoxification. Silymarin marianum, a flavonoid, enhances liver
function, reduces inflammation, and may be of help in psoriasis (74).

Patients with psoriasis have greater intestinal permeability than controls, on the
basis of increased urinary excretion of 51-Cr-EDTA (78). Intestinal defects increase
intestinal exposure to gut-derived toxins, including LPS.

Free fatty acid levels are elevated in psoriatic plaques, with arachidonic acid
metabolites predominant, including 12-HETE and LTB-4. 12-HETE, known to stim-
ulate proliferation of the epidermis and induce skin inflammation, is overexpressed
in keratinocytes of psoriatic plaques (80). In a separate study, LTB-4 but not
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TABLE 11.4 
Treatments for Psoriasis

Structure and Function Comments

Topical Agents
1. Emollients: petrolatum Minimizes itching, tenderness, 

and flaking
Inexpensive; good adjunct 
treatment

2. Corticosteroids Anti-inflammatory, 
antiproliferative, 
immunosuppressive

Mainstay of topical treatment; low 
potency (hydrocortisone) for 
face and intertriginous areas; 
higher potency for thick plaques 
and extensor surfaces; available 
in gels, lotions, and foams

3. Tar May have antiproliferative effect 
and is photosensitizing

Available in shampoos, creams, 
and oils; may cause staining; 
inexpensive

4. Calcipotriene (Dovonex) Vitamin D analog; affects growth 
and differentiation of 
keratinocytes

As effective as high-potency 
topical corticosteroids; may 
cause skin irritation; more 
expensive than topical steroids

5. Tazarotene 13-Cis-retinoic acid Combination treatment with 
topical steroids minimizes skin 
irritation and reduces chance of 
skin atrophy from topical 
steroids

Systemic Treatments
1. Methotrexate Folic acid antagonist; most likely 

a T-cell immune suppressor vs. 
antiproliferative for 
keratinocytes 

Effective for psoriasis, psoriatic 
arthritis, and nail disease; oral, 
IM, SC dosing q wk; need to 
monitor for bone marrow and 
liver toxicity during treatment

2. Retinoids: acitretin 9-Cis-retinoic acid Used for severe forms of 
psoriasis; can be used with UVB 
or PUVA for increased 
effectiveness in plaque psoriasis; 
rapid response achieved in 
pustular psoriasis; excellent 
monotherapy for palmoplantar 
disease; teratogenic

3. Cyclosporin T-cell suppressant Renal toxicity and hypertension 
limit utility

4. Efalizumab (Raptiva) Inhibits T-cell activation and 
T-cell trafficking

For moderate to severe plaque 
psoriasis; monitor platelet count; 
risk for rebound with 
discontinuation in 
nonresponders
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5. Etanercept (Entrel) TNF-a inhibitor Used for psoriasis and psoriatic 
arthritis; caution with MS

6. Alefacept (Amerive) Inhibits memory T cells Used for moderate to severe 
chronic plaque psoriasis; 
monitor CD4 count weekly

Light Treatments
1. UVB 280 to 320 nm; thought to have 

immune modulating effects
Used for extensive disease; can be 
used in combination with topical 
tar; erythema-inducing doses 
3/week until resolution, then 
maintenance visits

2. Narrow band UVB 311 to 313 nm; thought to have 
immune modulating effects

Equally efficacious with 
suberythemal doses; optimum 
wavelength for T-cell apoptosis; 
equipment is more expensive

3. PUVA 8-Methoxypsoralen is a 
photosensitizing drug; plus UVA 
at 320 to 400 nm

Increased incidence of melanoma 
and NMSC, as well as cutaneous 
genital cancer in men (if 
exposed)

Nutritional Treatments
1. L-glutamine Major nutrient for enterocyte 

repair and healing; improves 
intestinal barrier function

Designs for Health/Biotics: 1 to 3 
g/d

2. Ground flaxseeds Increases membrane ratio of w-3 
fatty acids and helps bind 
intestinal toxins

Containing g-linolenic acid: 1 to 2 
tablespoons/d

3. Omega-3 fats Reduces generation of pro-
inflammatory mediators

Nordic Naturals Cod Liver Oil: 2 
to 4 g/d for at least 3 months

4. Selenium Cofactor for glutathione 
peroxidase; inhibits pro-
inflammatory leukotrienes; aids 
in liver detoxification

200 mg/d

5. Capsaicin cream Depletes Substance P from 
sensory fibers

Improves pain and itch 

6. Aloe vera extract Anti-inflammatory; inhibits the 
arachidonic acid pathway via 
cyclooxygenase

Apply 0.5% extract to skin after 
hydrating shower

TABLE 11.4 (Continued)
Treatments for Psoriasis

Structure and Function Comments
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12-HETE was elevated in lesions of guttate psoriasis (51). Addition of LTB-4
inhibitors improves psoriatic lesions (13). Injection of 10 mmol/l 15-hydroxyeico-
satetraenoic acid (15-HETE), a product of DGLA known to inhibit the formation
of LTB-4 and 12-HETE, into psoriatic plaques led to complete clearing of lesions
in 4 out of 13 participants and significant improvement in seven people (52). 

Fish oil supplementation, consisting of EPA and DHA, has produced differing
results depending on the mode of administration. No improvement was seen with
topical application (71) or oral supplementation (157). Marked improvement was
seen with IV supplementation (112). Mayser et al., in a randomized double-blind
study, found that patients hospitalized for chronic plaque-type psoriasis gained greater
improvement with an EPA/DHA infusion of 4.2 g each vs. a conventional w-6
preparation containing <0.1 g/100 ml of EPA and DHA. The body area covered by
psoriasis was reduced, as were erythema, scaling, and infiltration. Serum levels of
leukotriene B5 (LTB-5) and thromboxane A3 (TXA-3), less potent mediators, were
increased in the w-3 infused group within the first few days (112). It is likely that
oral administration requires a longer treatment period than intravenous administration.

Levels of vitamin A have been shown to be low in patients with psoriasis (109).
Treatment with etretinate and, more recently, with acitretin and topical tazarotene
is effective because of the antiproliferative properties of these synthetic vitamin A
analogs (56). Combination therapy consisting of acitretin and photochemotherapy
(psoralen/UVA; PUVA) is highly effective.

Vitamin D regulates keratinocyte differentiation, and vitamin D analogs have
become established drugs in the treatment of psoriasis. Calcipotriene, a vitamin D
analog, is one such agent and is as effective as high-potency topical steroids. Studies
comparing the effects of vitamin D analogs vs. coal tar, a mainstay treatment in
psoriasis, have been encouraging (149). The efficacy of UV therapy may be partly
due to an increase in vitamin D synthesis.

A cream made of vitamin B12 and avocado oil has been found to be as effective
in the treatment of plaque-type psoriasis as the vitamin D3 analog calcipotriol (161).
The effects of the vitamin B12 cream were maintained over the entire 12-week period,
with better tolerability, whereas the calcipotriol lost effectiveness after 4 weeks. 

Selenium is a trace mineral with antioxidant and immunomodulatory properties.
Patients with psoriasis typically have lowered levels of selenium (116). Selenium is
necessary for the activation of glutathione peroxidase, an inhibitor of 5-lipoxygenase
and therefore of pro-inflammatory leukotrienes. Excess alcohol consumption appears
to be associated with low glutathione peroxidase activity and increased disease
severity (148). Oral supplementation has not been shown to increase the selenium
concentration in normal or lesional skin (49,69). Despite this, a statistically signif-
icant increase in the number of CD4+ T cells in the reticular dermis of psoriatic
lesions was seen in patients given 400 mg/d for 6 weeks (69). The implications of
this immune modulation are unknown. Topical application of selenium-containing
shampoos has shown to be effective in psoriasis (17).

The active component of Glycyrrhiza glabra (licorice root), glycyrrhetinic acid,
has been found to have effects similar to topical hydrocortisone. It also potentiates
the effects of hydrocortisone by inhibiting 11-beta-hydroxysteroid dehydrogenase,
the enzyme responsible for breaking down hydrocortisone (163).
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Topical application of capsaicin has been shown to improve pain and itch in
psoriasis (139). Capsaicin’s effects are thought to be due to its ability to deplete the
neuropeptide Substance P from sensory fibers in the skin (11).

A 12-month double-blind, placebo-controlled trial found that aloe vera, when
applied topically three times daily, cleared psoriatic lesions in 25 of 30 patients
(162). Aloe vera’s effects are likely due to its ability to inhibit the arachidonic acid
pathway via cyclo-oxygenase (172).

11.6 PREMALIGNANT AND MALIGNANT 
NONMELANOMA SKIN CANCER AND 
MELANOMA

11.6.1 DESCRIPTION OF NONMELANOMA SKIN CANCER 
AND MELANOMA

Actinic keratoses (AKs) are common precursor lesions to squamous cell carcinoma
(SCC). In fact, the same abnormal keratinocytes are observed in AKs as in SCCs,
except that the malignant cells do not breach the basement membrane (i.e., AKs are
carcinomas in situ). The propensity to progress to SCC is around 0.085%/lesion/year
(41). Hence, individuals with more lesions have a greater overall risk of SCC and
require more aggressive treatment and more frequent follow-up. AKs arise as a result
of cumulative sun exposure and age; people with fair skin are at greater risk than
dark-skinned people. Individuals who are immunosuppressed are also at greater risk,
as transplant patients are 65 times more likely to develop AKs than controls (87).
AKs usually present as red macules or slight papules with overlying scale. UV
radiation causes DNA damage along with mutations in the tumor suppressor gene
p53 (21), thereby inhibiting its normal function of allowing for DNA repair and
preventing damaged cells from entering the cell cycle. Continued exposure to UV
radiation may induce the cell to proliferate clonally and generate an AK or, with
greater exposure, an SCC.

Half of all cancer is skin cancer! Nonmelanoma skin cancers (NMSC) include
SCC and basal cell carcinoma (BCC). The majority of NMSC are BCC (approxi-
mately 80%); the remainder are SCC (20%). There is no formal tumor registry
available for SCCs or BCCs. Yet some 200,000 SCCs (and 800,000 BCCs) were
diagnosed in the United States in 1999, with the incidence of NMSC projected to
increase by 2 to 3%/year (119). 

SCC is the second most commonly occurring skin cancer, with incidence prob-
ably underestimated. SCC is common among the Caucasian population, occurring
most often in fair-skinned individuals. The most common cause of skin cancer is
ultraviolet radiation (176). Chronic sun exposure tends to lead to SCC (54), whereas
intermittent exposure is a risk for BCC (96). As mentioned, UV irradiation causes
mutations in the p53 tumor suppressor gene and has been linked to SCC development
(21). Other agents implicated in SCC development include polycyclic aromatic
hydrocarbons, ionizing radiation, arsenic exposure (usually from a contaminated
water supply), and photochemotherapy (PUVA) therapy for refractory dermatoses
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(47,159). Clinically, SCC usually presents as a keratoic nodule. SCC can metastasize
to regional nodes and other organs.

Basal cell cancer is the most common human cancer (132). It is generally a
disease of Caucasian populations, with a predilection for fair-skinned, red-haired
persons who freckle rather than tan (58). BCC occurs more often in adult populations
than children, but 20% of BCCs occur in people younger than 50 years (103).
Ultraviolet radiation may play a role, but the effect of UV radiation on SCC appears
greater (177). Lesions are usually found on the scalp, neck, and face, especially the
nose — areas of sun exposure — but also at the inner canthus, behind the ear, the
genital area, and the breasts — areas protected from direct UV exposure. The genetics
of BCC may differ from that of the SCC, because defects in p53 are not common in
BCC (133). A typical BCC presents as a pearly, eroded papule or nodule, often with
superficial telangectasia. Patients typically complain of a nonhealing ulcer that fre-
quently bleeds. Basal cell tumors grow by contiguous spread and rarely metastasize.

Malignant melanoma (MM) is a malignancy of the pigment-producing cell, the
melanocyte. Clinically these lesions most often present as a new or changing
pigmented lesion that demonstrates asymmetry, variegated color, poorly circum-
scribed borders, and a changing diameter. The incidence of MM has tripled since
1980, and it is now rated as the most common cancer in women between 25 and
29 years of age and the second most common cancer (after breast cancer) for women
30 to 34 years old. Tumor thickness is the most important prognostic factor. Early
diagnosis and complete excision constitute the best chance of cure. UV radiation
may play a causative role, but the linkage is not as direct as in SCC and BCC.
Because melanocytes are resistant to UV-induced apoptosis, they survive with
UV-induced DNA mutations and clonally proliferate with the potential of evolving
into a precursor of MM.

Table 11.5 describes treatments for skin cancer.

11.6.2 NUTRITIONAL ASPECTS

11.6.2.1 Calorie Restriction, Obesity, and Malignant 
Melanoma

Sir Francis Bacon observed that overindulging in food may cause many diseases
such as cancer. In fact, calorie restriction is the most effective treatment for prevent-
ing cancer formation in experimental animals (79). Mice fed a calorie-restricted diet
and subsequently injected with B16 melanoma tumor cells displayed tumors with
slower growth. Calorie expenditure via exercise has also been shown to exert protein.
A telephone survey in the state of Washington revealed that individuals exercising
5 d/week had a lower risk of developing MM, whereas men in the highest quartiles
of height and body surface area had an increased risk of MM. No association was
found between anthropomorphic data and MM incidence in women, however (152). 

11.6.2.2 Dietary Fat and Nonmelanoma Skin Cancer

Animal studies have shown that high dietary fat intake increases the number of skin
tumors that develop after exposure to UV radiation and decreases the length of time
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TABLE 11.5 
Nutritional Treatments for Skin Cancer

Structure and Function Comments

1. Maintain normal BMI Elevated BMI is associated with 
increased melanoma risk.

Exercise and reduction of caloric 
intake are recommended.

2. Reduce refined sugars; 
use milk free from bovine 
growth hormone

Elevated insulin leads to increased 
IGF-1 levels; IGF-1 promotes 
the growth, migration, and 
survival of melanoma cells.

IGF-1 levels are 2 to 10 times 
higher in cows injected with 
rBGH.

3. Reduce total dietary fat 
intake

Reduction in total dietary fat led 
to a reduction in AK and NMSC 
in skin cancer patients after 
adopting a low-fat diet.

4. Reduce fried food intake 2-Amino-3,8-dimethylimidazo[4,
5-f]-quinoxaline (MeIQx) is a 
potent mutagen isolated from 
fried beef and present in various 
cooked foods.

MeIQx has been shown to 
increase the incidence of 
squamous cell carcinoma in 
experimental animals.

5. Supplement diet with 
fruits and vegetables

Calcium glucarate is the calcium 
salt of D-glucaric acid present in 
fruits, vegetables, and seeds.

Calcium glucarate has been shown 
to prevent tumor formation in 
mouse skin.

6. Increase intake of 
cold-water fish

Cold-water fish contains a high 
level of DHA and EPA, which 
have demonstrated 
photoprotective properties.

A 20-year study of the Inuit 
revealed they had low rates of 
both MM and NMSC.

7. Ground flaxseeds Flaxseeds are a source of dietary 
fiber, w-3 fat (as alpha-linolenic 
acid), and lignans. The lignans in 
flaxseed are metabolized in the 
digestive tract to enterodiol and 
enterolactone, which have 
estrogenic activity.

Flaxseeds have been shown to 
reduce skin tumors in mice in a 
dose-dependent manner.

8. Green tea Catechins have multiple 
preventive effects on skin 
carcinogenesis.

5 cups/d.

9. Probiotics Restore intestinal immune 
function and reduce diarrhea.

For patients on chemotherapy, 
restore optimal intestinal flora 
(Natren; Metagenics Ultra 
Flora); Saccharomyces boulardii 
(Moss Nutrition Florastor).

10. L-glutamine Heals intestinal enterocytes. For patients on chemotherapy.
11. Antioxidants Demonstrate many 

photoprotective properties.
Designs for Health Ultimate 
Antiox-LS: lipid-soluble 
antioxidants including 
conjugated linoleic acid, mixed 
tocopherols, grapeseed extract,

Continued.
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between UV exposure and tumor appearance (14). Adopting a low-fat diet after a
potentially cancer-causing dose of UV can negate the effects of a previous high-fat
diet. Black found that reducing dietary fat intake by 20% led to fewer NMSC and
premalignant lesions (15).

11.6.2.3 Omega-6 Fatty Acids and Nonmelanoma Skin Cancer

The exact role of arachidonic acid and other w-6 fatty acids in tumorigenesis is not
known; however, Fischer et al. (50) showed that inhibitors of cyclooxygenase and
lipoxygenase inhibit tumor promotion. These authors hypothesize that tumorigenesis
depends, at least in part, on products of arachidonic acid transformation, including
12-HETE, prostaglandin E2 (PGE2), and prostaglandin F2a (PGF2a) (50). Vander-
veen et al. (170) found that PGE2 and PGF2a were present in greater amounts in
BCCs exhibiting more aggressive growth patterns. Muller and colleagues (121)
found that transgenic mice overexpressing epidermis-type 12-S-lipoxygenase had
high levels of 12S-HETE and higher tumor levels compared to the wild-type. 

11.6.2.4 Omega-3 Fatty Acids and Nonmelanoma Skin Cancer

The w-3 fatty acids arise from dietary ingestion of a-linolenic acid; the more potent
fatty acids, EPA and DHA, are synthesized through a series of enzymatic steps from
this precursor fat. The greatest source of a-linolenic acid is flaxseeds; EPA and
DHA are in highest concentration in cold-water fish. The abundance of EPA and
DHA found in cold-water fish may play a protective role in skin carcinogenesis.
Miller and Gaudette, in a 20-year observational study of the Inuit, a population
known for its high fish consumption, reported low rates of both MM and NMSC

lutein, and lycopene; Designs for 
Health Three-A-Day 
Antioxidants: water-soluble 
antioxidants including vitamin 
C, NAC, biotin, selenium, green 
tea, and turmeric. 3 softgels of 
each daily.

12. Selenium Patients with the lowest serum 
levels of selenium had the 
highest melanoma grade.

200 mg/d.

13. Vitamin D Regulates apoptosis, tumor 
invasion, and angiogenesis, 
events important in 
carcinogenesis.

No evidence regarding 
supplementation; 400 to 800 
IU/d.

TABLE 11.5 (Continued)
Nutritional Treatments for Skin Cancer

Structure and Function Comments
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(118). On the basis of this and other studies, EPA and DHA show promise as
cancer-protective nutrients.

Rhodes et al. investigated the mechanisms behind the photoprotective abilities
of EPA and found that subjects given 4 g/d of purified EPA for 3 months had an
increased sunburn threshold, reduced p-53 expression (interpreted as less oxidative
damage to DNA), and fewer strand breaks in peripheral blood leukocytes (141).

11.6.2.5 Omega-6 Fatty Acids and Melanoma

Metabolites of the arachidonic acid cascade may promote carcinogenesis. Liu et al.
found that the highly metastatic amelanotic melanoma cell line HM340 produced
four times more 12-HETE than did cells with low metastatic potential (107). Fur-
thermore, when cyclooxygenase and lipoxygenase inhibitors were applied to mouse
melanoma tumor cells, the cells became noninvasive (138).

In contrast to metabolites of arachidonic acid, w-6 fatty acids that are metabo-
lized to linoleic acid appear to reduce the potential of melanoma cell lines. Smith
and Salerno found that sesame oil (linoleic acid) reduced the proliferation rate of
both normal and malignant melanocytes grown in culture (154). Similar fat exists
in cow’s milk, known as conjugated linoleic acid, and has been found to inhibit MM
cell lines (129). Perkins and Duncan reported that high doses of GLA reduce the
growth of the murine melanoma cell line, BL-6 (130) 

When cancer cells, including MM, are cultured with GLA, the expression of
E-cadherin, a cell adhesion molecule, increases; this could reduce a cell’s propensity
to metastasize. Neither linoleic acid nor arachidonic acid upregulates E-cadherin
(89). GLA has other antimetastatic activities, including upregulating Maspin, a serine
protease inhibitor and tumor suppressor gene, that decreases metastatic cell motility
(89). GLA added to cell culture also upregulates the desmosomal protein Desmoglein
(90). 

11.6.2.6 Omega-3 Fatty Acids and Melanoma

Yan et al. (189) found that when 2.5, 5, and 10% ground flaxseed was added to a
basal mouse diet, there resulted a 32, 54, and 63% decrease, respectively, in meta-
static melanoma. Few studies have addressed the impact of polyunsaturated fatty
acids (PUFAs) on melanoma in humans. When the diets of Australian women with
melanoma were compared with those of cancer-free women in the same community,
a strong inverse relationship was found between high PUFA consumption and mel-
anoma incidence (6). In the same study, a 40% reduction of risk was observed in
those eating more fish; however, this drop in risk did not reach statistical significance
(p = 0.18).

In a Norwegian study, the dietary habits of more than 50,000 men and women
were analyzed between the years of 1977 and 1983 to find risk factors for the
development of melanoma. Contrary to the findings in the Australian women, use
of cod liver oil supplementation and intake of PUFAs were associated with a greater
risk of developing melanoma after normalization for height, body mass index, body
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surface area, education, smoking, and physical activity (174). Therefore, it is uncer-
tain whether w-3 fats induce or reduce the incidence of melanoma. 

11.6.2.7 Retinoids

Retinoids are necessary for normal cellular differentiation. They also inhibit the
induction of ornithine decarboxylase, a rate-limiting enzyme in tumor cell prolifer-
ation (175). The utility of vitamin A in melanoma may relate to its ability to filter
out harmful UV radiation and thereby to protect against UV-induced damage at the
epidermal surface (31). Topical application of retinyl palmitate has been shown to
be as effective as sun protection factor 20 (SPF20) at reducing erythema and thymine
dimer formation, a marker of DNA damage, in the skin of volunteers exposed to
UV radiation (31). Topical tretinoin may also be preventive in the development of
melanoma by reducing mole atypia. Halpern and colleagues (65) examined five male
patients with dysplastic nevi and instructed the men to apply topical tretinoin to half
of their backs. Before and after photographs and histological exam of four nevi from
both the treated and untreated sides were used to assess changes in mole morphology.
One subject dropped out due to skin irritation. The four remaining patients showed
reduced atypia of treated nevi by photography; histological evaluation of the treated
sides revealed that 4 of 16 met criteria for atypia, compared with 13 of 16 on the
untreated sides (65). Hence, topical tretinoin may be effective for reducing mole
atypia, but treatment-induced inflammation may limit its utility. Provitamin A car-
otenoids, taken orally, have also been shown to protect against the development of
UV-induced erythema when taken as a long-term supplement prior to UV exposure
(70,158).

11.6.2.8 Vitamin D and Melanoma

1,25-Dihydroxy-vitamin D3 (1,25(OH)2D3), the most active form of the steroid hor-
mone vitamin D, has been gaining much attention lately because it can modulate the
activity of cancer cells, including melanoma (125). Vitamin D has antiproliferative
effects on cells that express the vitamin D receptor because it inhibits entry into the
G1/S cell cycle checkpoint (125). Vitamin D also has prodifferentiation properties,
transforming cellular precursors to more mature phenotypes. More recently, vitamin
D has been shown to regulate apoptosis, tumor invasion, and angiogenesis, events
important in carcinogenesis. How vitamin D modulates apoptosis is incompletely
understood, but it may have to do with the vitamin’s ability to inhibit the activity of
insulin-like growth factor (IGF), a strong antiapoptotic agent involved in the devel-
opment of breast cancer (33). Vitamin D can also have direct antiapoptotic actions;
for example, it can reduce cellular death following UV-induced injury (101). Cell
culture experiments have shown that physiologic levels of vitamin D can inhibit
growth of malignant cells of the lung (192). This is partly due to the ability of vitamin
D to inhibit angiogenesis (10). Patients with MM have lower serum levels of
1,25(OH)2D3, but the different was not statistically significant (36). Whether dietary
supplementation can help prevent the development of MM has yet to be shown.
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11.6.2.9 Vitamin C

Ascorbic acid (vitamin C) is a water-soluble antioxidant that works in conjunction
with other antioxidants to remove free radicals from the cellular environment. Vita-
min C is thought to protect the skin from UV-induced free radical damage, which
leads to cancer formation. Vural et al. (178) found that plasma and red blood cell
samples of patients with AKs (n = 13) and BCCs (n = 12) contained less ascorbate,
as well as less vitamin E, thiol groups, ceruloplasmin, and RBC glutathione, when
compared with controls (n = 16). Lin et al. found that topical application of 15%
L-ascorbic acid with 1% alpha-tocopherol protected pig skin from the formation of
sunburn cells, thymine dimers, and erythema. Both vitamin C and E were effective
when applied alone, but a more substantial effect was seen when the two were
combined (105).

11.6.2.10 Vitamin E

Vitamin E is a term for a general class of lipophilic antioxidants that consists of
eight naturally occurring compounds known as tocopherols or tocotrienols. These
compounds protect cells from UV-induced damage by directly reducing thymine
dimer formation, a marker of DNA damage, and by preventing UV-induced immu-
nosuppression and loss of Langerhans cells and of scavenging lipid radicals (64,98).
Recent evidence has shown that vitamin E also influences tumorigenesis by modu-
lating cellular transduction cascades (190). 

Burke et al. investigated the ability of various combinations of vitamin E, with
and without L-selenomethionine, to protect Skh:2 hairless mice from UV-induced skin
changes and tumor formation. Topical L-selenomethionine, alone and in combination
with topical vitamin E, produced the greatest reduction in skin damage resulting from
blistering and pigmentation changes (27). Studies from hairless mice have also shown
that oral vitamin E administered for 17 weeks reduced the incidence of papillomas
with no adverse effects. In humans, tocopherol and tocopherol acetate, when applied
after UVB exposure, reduced skin erythema by 27% (120). In the same study, topical
glutathione and topical superoxide dismutase, applied postexposure, inhibited
erythema by 53 and 41%, respectively. None of the treatments was effective when
applied prior to irradiation. On the other hand, Drehe et al. found no protective effect
for vitamin E, melatonin, or vitamin C, whether applied topically, alone or in combi-
nation, after UV irradiation (42). Oral administration of vitamin E was not effective
in a small, double-blind, placebo-controlled study (18). 

11.6.2.11 Synergy

Studies on the ability of antioxidants to protect against UV damage or tumorigenesis
have led to conflicting results. Briganti and Picardo (23), in a recent review, propose
four reasons why studies investigating antioxidants produce inconsistent results:

• Dietary administration of antioxidants may provide poor cutaneous bio-
availability; along with this, topical application may have poor penetra-
tion, causing the quantities of antioxidants to be insufficient (23). Gut
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microorganisms are known to degrade flavonoids; therefore, only a small
proportion of antioxidants may reach the bloodstream (183).

• Antioxidants, under certain circumstances, may cause pro-oxidant activ-
ity. If the oxidation state is low and the generation of peroxyl radicals is
slow, or if insufficient co-oxidant molecules are present, tocoperoxyl
radicals may initiate an oxidation cascade with the surrounding PUFAs
(19,83,171). 

• Evaluating the efficacy of a single antioxidant does not account for the
interplay of various antioxidants to regenerate one another, as is the case
for vitamin C and ubiquinol, which together replenish vitamin E.

The beneficial effects of antioxidants to protect cells when ROS concentrations
are high may be detrimental when moderate amounts of ROS are present. The
oxidation state of the cell is known to influence signal transduction cascades, which
may impact pathways leading to cell survival or apoptosis (23).

11.6.2.12 Selenium and Nonmelanoma Skin Cancer

The first clue to the importance of selenium in cancer came from epidemiological
studies by Schrauzer et al. in the 1970s (135). These investigators reported an inverse
relationship of dietary selenium intake and total age-adjusted cancer mortality. Sev-
eral other studies found similar results. A prospective study by Yoshiwaza et al. found
that male patients with selenium concentrations in the lowest quintile had triple the
risk of developing advanced prostate cancer than men in the highest quintile (191).

Clark et al. investigated the effects of selenium supplementation on skin cancer
in the Nutritional Prevention of Cancer Trial (32), in which 1312 patients with a
prior history of NMSC were enrolled in a multicenter, double-blind, randomized
placebo-controlled trial. Although a 37% lower cancer incidence and 50% reduction
in total cancer mortality were found in the selenium-supplemented group, the inci-
dence of NMSC was not significantly affected. Indeed, selenium supplementation
may have led to an increased incidence of NMSC.

11.6.2.13 Selenium and Melanoma

The ability of selenium to prevent melanoma has not been investigated in clinical
trials, but Redman et al. found that when selenomethionine was added to melanoma
cell cultures, growth was inhibited (137). Deffuant found that the plasma level of
selenium and the tumor stage of melanoma varied inversely in 200 patients. More-
over, the likelihood of recurrence was highest in patients with lowest plasma sele-
nium levels (37).

11.6.2.14 Botanicals

Tea, the world’s most popular beverage, has three main types: green, black, and
oolong. It is derived from the leaves of the Camellia sinensis plant and contains
abundant antioxidants known as catechins (polyphenols), which have been found to
have multiple preventive effects on skin cancer, including inhibiting UVB-induced
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inflammation (2), skin carcinogenesis, lipid peroxidation, and regression of present
tumors (183).

Curcumin (diferuloylmethane) is a yellow compound derived from the root of the
turmeric plant Curcuma longa Linn, known since ancient times for its medicinal prop-
erties. It has been shown to cause apoptosis in cell lines of both BCC (86) and MM (28).

Silymarin is a compound of several polyphenolic flavonoids derived from the
milk thistle plant. Topical application has been shown to prevent skin cancer for-
mation in mice (92). Additionally, silymarin seems to protect against UVB-induced
skin edema, erythema, and cellular apoptosis in mice (92).

Garlic (Allium sativum) contains organosulfurs including water-soluble allyl
amino acid derivatives and lipid-soluble allyl sulfides, flavonoids, and saponins. The
ability of garlic to affect cancer formation is most likely due to its antioxidant
properties. Two water-soluble allyl amino acid derivatives, S-allylcysteine and
S-allylmercaptocysteine, have antioxidant activities (81).

Extracts made from the leaves of the Ginkgo biloba tree contain a number of
flavonoids, including epicatechin, catechin, rutin, apigenin, luteolin, and quercetin,
which have anti-inflammatory and antioxidant properties (151). Application of Ginkgo
biloba extract to the skin of Sprague–Dawley rats induced superoxide dismutase and
catalase activity, and protected from UVB-induced damage (106).

11.7 CONCLUSION

We are only beginning to learn how diet and supplemental nutrients affect the skin.
It is likely that topical and systemic nutrients and diet modification will, in the near
future, become a viable approach to the prevention and treatment of skin diseases.
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12.1 INTRODUCTION

The prognosis for individuals afflicted with an upper gastrointestinal malignancy is
relatively poor. With limited treatment options available to this patient population,
nutrition support becomes a major component of palliative care, with the aim to
correct nutritional defects and prevent further cachexia. The success of a supportive
nutritional regimen either by enteral or parenteral administration is dependent on
much more than just providing a calorie load to the patient. The provider must
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understand not only the pathophysiology of a disease state, but also its effects on
the nutritional status of the patient. Comprehension of the principles of enteral and
parenteral nutrition is also of paramount importance. 

This chapter reviews the current practice standards of nutritional management
for patients with neoplastic illnesses of the esophagus, stomach, and pancreas. It
highlights the role nutrition may play in disease, as well as the use of enteral or
parenteral supplementation to correct nutritional deficiencies in this select group of
patients. Although a complete review of these malignancies is beyond the scope of
this chapter, the basics of pathology and treatment regimens are also discussed.

12.2 SPECIFIC NUTRITIONAL CONCEPTS IN 
ESOPHAGEAL CANCER

12.2.1 BRIEF SUMMARY OF ESOPHAGEAL CANCER

Esophageal cancer is one of the least studied malignancies worldwide and carries a
rather heavy mortality burden. The poor prognosis for this neoplasm is evident in a
relative 5-year survival rate of less than 15% (21). Potentially, patients may be cured
with surgery or multimodality therapy if diagnosed at an early stage of the disease.
Unfortunately, more than 50% of patients have either unresectable tumors or radio-
graphic evidence of metastases at the time of diagnosis (41).

The majority of esophageal cancers are either squamous cell cancers or adeno-
carcinomas. Although esophageal neoplasms are the sixth leading cause of cancer
death globally (38), cancers arising from the esophagus are relatively uncommon in
the United States (21). For example, it was anticipated that 14,250 new cases would
surface in 2004, and nearly 13,300 would die from the disease. Squamous cell
carcinomas comprised the vast majority of esophageal cancers diagnosed in Amer-
icans for much of the 20th century. Over the past 20 years, however, the incidence
of esophageal adenocarcinoma has increased significantly in Western countries such
that squamous cell and adenocarcinoma malignancies now occur with almost equal
frequency (2,12).

Although the pathogenesis of esophageal cancer remains unclear, results from
animal studies suggest that oxidative damage at the cellular level may initiate the
carcinogenic process. Numerous factors, such as smoking or gastroesophageal reflux,
which leads to inflammation, esophagitis, and increased cell turnover, might all play
a role in the etiology of these highly virulent tumors (46). The risk factors for
developing either form of esophageal cancer are varied but can include tobacco and
alcohol use, reflux symptoms, dietary regimens, obesity, injury to the esophagus,
consumption of hot beverages, and the use of certain prescription drugs such as
beta-blockers or aminophylline (14). The relative importance of specific risk factors
varies in different geographic regions.

The management of local-regional esophageal cancer has undergone a major
evolution over the past decade, but optimal therapy for potentially resectable tumors
remains unclear. In clinical practice, surgery is considered the standard treatment
for early stage esophageal cancer, but its utility as monotherapy has been challenged
(13,10). A combination of chemotherapy and radiation is often utilized preopera-
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tively in those patients who are candidates for surgery, or this combination treatment
can serve as a reasonable alternative for those individuals with unresectable tumors.

12.2.2 DIETARY ISSUES LINKED TO CANCER INCIDENCE

Several dietary practices associated with squamous cell carcinoma of the esophagus
have been uncovered in Asia, a continent where esophageal cancer is particularly
endemic. Pickled vegetables and preserved foods that contain nitrates, and thus give
rise to N-nitroso compounds including nitrosamines, have long been implicated as
constituting an increased risk of esophageal cancer (40). These carcinogenic com-
pounds are believed to exert their mutagenic properties by inducing the host DNA
to synthesize harmful alkyl adducts (50).

The chewing of betel nuts (Areca catechu) is a widespread custom in certain
Eastern regions of the world. Many individuals indulge in the practice to experience
psychoactive stimulation, but others believe it has dental protective properties. What-
ever the rationale, the practice has been identified as a potential risk factor for the
development of esophageal squamous cell carcinoma (37). The mechanism is
believed to involve the induction of collagen synthesis secondary to the release of
copper from the betel nut (49).

In other regions where this cancer is endemic, such as Iran, Russia, and South
Africa, the ingestion of very hot foods and beverages has been linked to esophageal
cancer. Individuals who consume large quantities of tea at temperatures greater
than 65ºC may suffer thermal injury, which in turn may explain the high prevalence
of diffuse esophagitis in these persons (36). The consumption of spicy foods or
excessive amounts of chili is also positively associated with the risk of esophageal
cancer. 

One factor that may contribute to the rising incidence of esophageal adenocar-
cinoma in the Western world is the increasing prevalence of obesity (9). It has been
postulated that obesity increases intra-abdominal pressure and promotes gastroe-
sophageal reflux. One recent study, however, provided contradictory results; another
investigation found this hypothesis to be true only in women (24,34).

Certain dietary factors may also serve as a protector against esophageal cancer.
Numerous case-control and cohort studies have demonstrated that fruit and vegetable
consumption have a protective effect. A high intake of cereal fiber has been noted
to moderately decrease the risk of esophageal adenocarcinoma, but this is not the
case in squamous cell carcinoma (47). The protective effects of cereal fibers may
be due to their inability to neutralize the conversion of salivary nitrates to nitro-
samines, which are mutagens. However, studies of individual foods and their cellular
mechanisms of action in carcinogenesis are few. A number of observational studies,
on the other hand, do exist. For example, it was determined from a study in Linxian,
China, that low levels of serum selenium are associated with the development of
squamous cell cancer of the esophagus (27). Two trials performed in this region
suggested that selenium supplementation may be associated with a reduced risk of
this cancer (3,26). In a nationwide, population-based, case-control study from Swe-
den with 165 cases of esophageal squamous cell carcinoma compared with 815
control subjects, those with a high intake of vitamin C, b-carotene, and a-tocopherol
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showed a 40 to 50% decreased risk of squamous cell carcinoma as compared with
those with low intake (46).

12.2.3 RISK FACTORS FOR MALNUTRITION

Malnutrition is a common finding in patients with malignancy and can adversely
affect the clinical course of patients if not properly addressed. Nearly 20% of patients
with esophageal carcinoma die from the resultant cachexia associated with this
cancer (4). Therefore, an appraisal of nutrition status in the patient prior to surgery
or radiation therapy is important.

Weight loss is reported in 57% of patients and is an independent indicator of a
poor prognosis if the loss of body mass is greater than 10% (16). Up to 74% of
patients with esophageal cancer have dysphagia; 17% report odynophagia at the
time of diagnosis (11). Both pathologies contribute significantly to the loss of weight.
Obstruction of the esophagus by a tumor can cause progressive solid food dysphagia,
and this usually occurs when the esophageal lumen diameter is less than 13 mm, a
situation that indicates advanced disease. Palliative endoscopic maneuvers such as
esophageal dilation, laser therapy, mucosal resection, or placement of esophageal
stents may be of benefit to symptomatic patients who are not candidates for tumor
resection or chemoradiotherapy. Those individuals who suffer recurrent dysphagia
following primary chemoradiotherapy may secure temporary relief by having an
endoscopic procedure as well.

Surgical resection of localized esophageal cancer often involves partial removal
of the esophagus and stomach, then connecting the residual structures to reestablish
continuity of the gastrointestinal tract. Anatomical alterations of these organs
usually result in a bilateral vagotomy, an outcome that has a profound effect on
the function of the gastrointestinal tract. Postoperative complications can include
reflux, early satiety, dysphagia, diarrhea, steatorrhea, and dumping syndrome.
Complications often follow an esophagectomy and can limit the ability of an
individual to obtain adequate caloric intake. Such complications can include anas-
tomotic leak, dysmotility, early satiety, regurgitation, and vomiting. Vitamin B12

absorption may be decreased when a large section of the proximal stomach is
removed. It is also not uncommon for esophageal strictures to develop after surgery
done to inhibit the passage of foodstuff. Repeated endoscopic dilation of the
remaining esophageal structure may resolve this anatomical obstruction. Esoph-
ageal stents constitute an alternative treatment option in patients who are not
candidates for surgical intervention. Placement of these devices maintains the
integrity of the esophageal lumen and serves as palliative care to those suffering
from severe dysphagia.

Radiation therapy to the esophagus can trigger esophagitis in some patients.
This complication most often resolves following cessation of treatment; however,
some patients may develop fibrosis with resultant esophageal strictures. Esophago-
tracheal fistulas and hemorrhage are often associated with a regrowth of the malig-
nancy and limit the possibility of enteral feeding.
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12.2.4 NUTRITIONAL MANAGEMENT IN THE ESOPHAGEAL 
CANCER PATIENT

A properly designed nutritional support regimen can prevent or ameliorate malnu-
trition and weight loss, both negative prognostic factors in this patient population.
Nutritional support has been shown to suppress gluconeogenesis in patients with
esophageal carcinoma, as well as increase protein synthesis and decrease catabolism
(7). Individuals with mildly obstructive symptoms can be repleted with oral supple-
mentations prior to surgery. Preoperative total parenteral nutrition (TPN) should be
reserved for those patients with near total esophageal occlusion and cachexia. 

When designing a nutritional support regimen, clinicians should target a caloric
goal that is nearly 1.5 times the resting energy expenditure of the patient. The food
or TPN should contain at least 2 g of protein per kilogram of body weight and should
be provided for a minimum of 1 week preoperatively. Postoperative TPN can con-
tinue until the patient is tolerating adequate oral intake. Jejunal feeding tubes are
often placed at the time of surgery in patients who undergo elective esophagogas-
trectomy procedures. Feedings may be resumed when normal peristalsis returns.
Tube enterostomies are ideal for the patient who undergoes palliative radiation
therapy because the response to radiation may only become apparent after several
weeks of treatment. Complications following surgery may include an anastomotic
leak that requires the patient to remain on intravenous nutrition until surgical inter-
vention is achieved. When oral intake is possible following esophagectomy, the diet
should provide for small, frequent meals rich in carbohydrates with sufficient protein
and fat components. 

12.3 SPECIFIC NUTRITIONAL CONCEPTS IN GASTRIC 
CANCER 

12.3.1 BRIEF SUMMARY OF GASTRIC CANCER

The incidence of gastric cancer varies widely as a function of geographical location.
In general, this malignancy shows a predilection for urban and lower socioeconomic
groups and occurs with far less frequency in industrialized nations. For example, in
the United States the annual incidence of gastric cancer has markedly declined over
the past 50 years, from 33 to 10 cases per 100,000 men and from 30 to 5 cases per
100,000 women (33,53). Forty years ago, gastric cancer was the major human cancer
afflicting Americans. The reason for the decline in the United States is not completely
understood. Nevertheless, gastric cancer continues to carry a high fatality rate and
remains a serious public health concern (21).

While the vast majority of malignant neoplasms of the stomach are adenocar-
cinomas, gastric cancers can assume a myriad of morphologic configurations and
are often dependent upon the location of the lesion within the stomach. As with
most other cancers, the etiology of gastric cancer remains elusive. Environmental
and genetic factors and a number of underlying disorders have been associated with
the development of gastric cancer. Predisposing conditions that have been associated
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with an increased risk of gastric cancer include Helicobacter pylori (the causative
agent of chronic antral gastritis), pernicious anemia (a sequel of autoimmune chronic
atrophic gastritis), polyps of the stomach, hypertrophic gastropathy, immunodefi-
ciency syndromes, and Barrett’s esophagus.

The high mortality rate of gastric cancer reflects the prevalence of advanced
disease at presentation. As a result, there has been renewed interest in exploring ways
to improve treatment by a variety of adjuvant and neoadjuvant therapies. Strategies
to combat this malignancy include radiotherapy, systemic chemotherapy, combined
radiochemotherapy, and intraperitoneal chemotherapy. Although controlled trials of
neoadjuvant immunotherapy have failed to demonstrate a significant survival advan-
tage compared with surgery alone, research continues, and this modality may become
important in the future (19,45). Currently surgical eradication of a gastric tumor offers
the best chance for long-term survival for patients with localized disease, particularly
when combined with adjuvant chemoradiotherapy (25). Some superficial gastric
lesions can be treated endoscopically, but gastrectomy is the most widely used
approach for the treatment of invasive gastric cancer. Total gastrectomy is usually
performed for lesions in the proximal region of the stomach, while distal subtotal
gastrectomy with resection of adjacent lymph nodes appears to be sufficient for lesions
in the distal region of the stomach. Palliative therapy is employed in those patients
with metastatic disease, but this can include surgery to relieve gastric obstruction.

12.3.2 DIETARY ISSUES LINKED TO CANCER INCIDENCE

The causes of this malignancy are attributed to dietary factors such as the consumption
of heated fats or of smoked or adulterated foods. Diets rich in complex carbohydrates,
in salted, pickled, or smoked foods, in dried fish, and in cooking oil have all been
linked to an increased risk of gastric cancer. Such diets, although calorically sufficient
or excessive, fail to provide what is necessary for optimal cellular and tissue functions
because micronutrient intake, especially of vitamin A and other similar cofactors, may
be deficient or borderline. The ability to ward off toxins or other chemical carcinogens
is compromised in these patients and may be particularly pronounced in the stomach,
the portal of entry for many carcinogens.

The nitrates and nitrites found in preserved foods have also been associated with
an increased risk of gastric cancer (17). The practice of nitrite addition to preserve
meat and fish has changed considerably over the years. Nitrate concentrations in
food have declined, and this may be a reason why total nitrite intake has gone down.
The reduced consumption of nitrites and nitrates may account for some of the decline
in the prevalence of gastric cancer in the United States.

Reduced levels of ascorbic acid have been linked to the development of distal
gastric cancer. Ascorbic acid is normally secreted in the stomach, but it declines in
the presence of H. pylori gastritis (43). Because H. pylori is a risk factor for the
development of gastric carcinomas, restoring normal ascorbic acid levels in the
stomach may overcome the adverse effects of H. pylori and other ingested mutagens. 

Consumption of a diet rich in fruits and vegetables is associated with a decreased
incidence of gastric cancer. These foods may overcome the nutrient deficiency that
exists in high-risk populations and minimize the effects of a potential carcinogen
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responsible for gastric neoplasms. Green tea is another food that has been shown to
be protective against the development of gastric cancer (23).

12.3.3 RISK FACTORS FOR MALNUTRITION

A primary tumor in the stomach is silent, and its host has no symptoms early in the
course of the disease. The first signs of illness are secondary to metastasis and often
involve anorexia and weight loss. Early satiety, bloating, pain, and vomiting are
frequently signs of advanced disease. Cancer in the cardiac region of the stomach
may obstruct the esophageal outlet and cause dysphagia. High nutrient uptake by
the tumor and diminished intake or impaired digestion lead to subnormal levels of
plasma proteins and a significant decrease in the total adenine nucleotide, creatine,
and glycogen pools (44). 

Postsurgical alterations in gastric anatomy can have profound effects on the
storage function of the stomach and pyloric emptying mechanism. The most common
nutritional problems that patients face after gastrectomy are early satiety and the
inability to ingest adequate amounts of food during a meal. While malabsorption
contributes to the weight loss in patients following a gastrectomy, the primary cause
is poor oral intake.

Gastric cancer patients are also at risk of developing dumping syndrome fol-
lowing a gastrectomy procedure. Dumping syndrome occurs because of the rapid
delivery of large amounts of osmotically active solids and liquids to the duodenum.
Symptoms of dumping syndrome include early satiety, crampy abdominal pain,
nausea, vomiting, and explosive diarrhea. Vasomotor symptoms may manifest them-
selves as diaphoresis, flushing, dizziness, palpitations, and an intense desire to lie
down. Patients with severe dumping must often limit their food intake to avoid
symptoms that in turn can lead to weight loss and, with time, to nutrient deficiencies.
Individuals suffering from dumping syndrome should be encouraged to eat small,
frequent meals (five or six meals per day) and maximize the protein intake in their
diet. Foods chosen by the patient should be relatively low in insoluble fiber, since
high fiber concentrations increase satiety and decrease transit time.

Late dumping symptoms such as sweating, fatigue, disturbed consciousness,
tremor, and tachycardia can also occur in this patient population. These physiological
responses result from a rapid rise and subsequent fall in blood glucose levels that
appear 1 to 3 h after meals. Blunting this endocrine response can be achieved by
adding a pectin derivative to the diet that prolongs gastric emptying (22).

Patients undergoing a total or near-total gastrectomy may develop fat malab-
sorption, which ultimately leads to a deficiency in fat-soluble vitamins. Deficits in
vitamin B12 arise because of a lack of gastric acidity and intrinsic factor. Insufficient
serum iron and calcium levels can also become evident in the postoperative setting. 

12.3.4 NUTRITIONAL MANAGEMENT IN THE GASTRIC 
CANCER PATIENT

Indications for perioperative nutritional support for the stomach cancer patient are
similar to those for esophageal cancer. TPN is indicated during the preoperative
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stage for those patients suffering from complete gastric outlet obstruction. Patients
who do not have an outlet obstruction should be allowed an ad lib diet that can be
enhanced by calorically dense liquid regimens if needed.

Following a curative resection, removal of part or all of the stomach reduces its
reservoir volume and significantly alters its digestive, secretory, and diluting func-
tions. Mild to severe nutritional consequences are likely to develop in the postop-
erative setting. The limitations of a small gastric pouch may mean that the patient
needs to consume multiple, small, balanced meals throughout the day. In many cases,
inadequate gastric emptying can delay the time of discharging the patient. To avoid
this, a feeding jejunostomy can be placed at the time of gastrectomy. This enteral
access device requires minimal patient training, can be utilized on an outpatient
basis, and provides caloric supplementation. Nocturnal jejunal feedings are also
beneficial to prevent further weight loss and to maintain hydration in patients who
continue to lose weight, dietary adjustments notwithstanding.

Iron, calcium, and fat-soluble vitamin deficiencies can be prevented with the aid
of specific supplements or multivitamin preparations. To prevent B12 deficiencies
requires monthly injections of cyanocobalamin. If patients become lactose intolerant,
lactase-treated milk or yogurt can take the place of the standard products. 

12.4 SPECIFIC NUTRITIONAL CONCEPTS IN 
PANCREATIC CANCER 

12.4.1 BRIEF SUMMARY OF PANCREATIC CANCER

Pancreatic cancer is one of the deadliest cancers, with a dismal 5-year survival rate
of only 4% (21). In the United States, the incidence of pancreatic cancer has been
relatively stable since the 1970s. Approximately 31,860 Americans will be diagnosed
with pancreatic adenocarcinoma in 2004, and nearly all are expected to die from
the disease. The malignancy occurs rarely before the age of 45, but its incidence
rises sharply thereafter. Surgical resection is the only potentially curative treatment
for pancreatic cancer. Unfortunately, because patients present late with the disease,
only 15 to 20% are candidates for pancreatectomy. Furthermore, the prognosis is
poor even in those in whom resection is still advisable. The 5-year survival following
pancreaticoduodenectomy is only about 25 to 30% for node-negative tumors and
10% for node-positive tumors.

Pancreatic cancers include both exocrine and endocrine/islet cell tumors. The
exocrine tumors are divided into two broad categories. Periampullary lesions —
most commonly adenocarcinoma of the head of the pancreas and, less frequently,
malignant lesions of the ampulla, duodenum, and common bile duct — lead to
jaundice, weight loss, and abdominal pain. Malignancies of the body and the tail of
the pancreas comprise the second category of pancreatic cancers and account for
25% of adenocarcinomas of the pancreas. Due to retroperitoneal location and dis-
tance from the common bile duct, lesions are usually large at the time of diagnosis.
Common symptoms are weight loss and pain. Exocrine malignancies are rare. Most
tumors secrete biologically active substances that result in specific clinical syn-
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dromes. Insulinoma, gastrinoma, and other secretory tumors are examples of endo-
crine/islet cell cancers.

The etiology of pancreatic cancer is not known; however, there are many risk
factors associated with development of the disease. Hereditary factors are important.
Familial aggregation and genetic susceptibility are thought to play a role in as many
as 10% of patients with pancreatic cancer (48). There appears to be no link between
individuals suffering from heredity chronic pancreatitis and those developing pan-
creatic cancer. Some findings suggest, however, that patients with nonhereditary
pancreatitis are at increased risk of developing pancreatic cancer.

Numerous epidemiologic studies have reported an association between diabetes
mellitus and pancreatic cancer (42,51). Abnormal glucose metabolism, in the absence
of self-reported diabetes mellitus, and diets composed of high glycemic loads have
also been linked to pancreatic cancer (18). As with most cancers, cigarette smoking,
diet, obesity, and physical inactivity are believed to play a role in the development
of pancreatic cancer.

Management of the patient with pancreatic cancer is highly variable. It is influ-
enced by the overall health of the patient, the presence of metastases, and the location
and size of the tumor. Pancreatic cancer is usually diagnosed in a locally advanced
or metastatic stage, neither of which is amenable to the only known curative therapy,
complete surgical resection. Patients who have undergone surgical resection appear
to benefit from adjuvant therapy using chemoradiation. Physicians should encourage
patients with unresectable local-regional or metastatic pancreatic cancer to partici-
pate in investigational trials or to consider emphasis on palliative measures, rather
than on aggressive attempts at treatment.

12.4.2 DIETARY ISSUES LINKED TO CANCER INCIDENCE

A diet high in fat or meat, particularly smoked or processed meats, has been linked
to the occurrence of pancreatic cancer in many patients (32), but not all studies
support this association (31). In experimental settings, dietary fat and protein act as
promoters of pancreatic carcinogenesis. Pancreatic cancer has also been tied to
obesity and physical activity. This relationship, illustrated in a cohort study, revealed
a significantly increased risk of pancreatic cancer in patients with a BMI of 30 kg/m2

or more and whose regular physical activity was minimal (30).
Consumption of fresh fruits and vegetables may provide a protective effect

against pancreatic cancer (35). Diets high in fiber are also likely to decrease the risk
of pancreatic cancer (28). Low serum levels of selenium and lycopene, a carotenoid
present in fruits, have been found in subjects who subsequently developed pancreatic
cancer (6). 

12.4.3 RISK FACTORS FOR MALNUTRITION

There are myriad symptoms related to pancreatic cancer, but those that can have a
negative impact on the nutritional status of a patient include pain, upper gastrointes-
tinal obstruction, acute pancreatitis, anorexia, and dysgeusia. These symptoms are
likely to precede actual diagnosis by at least 6 months. If patients continue on their
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habitual diet, their pain may aggravate further. The Pancreatic Cancer Task Force
has reported that 80% of patients with pancreatic cancer have lost weight at presen-
tation (39), a loss that continues. At the time of death, the median loss is 25% of
the pre-illness body weight (52).

Patients with pancreatic cancer often report a decrease in food intake. Gastric
outlet obstruction may develop, with resultant vomiting and the inability to ingest
nutrients. Pancreatic carcinomas can lead to digestive enzyme deficiencies that result
in malabsorption or bile insufficiency, thereby causing reduced absorption of fats
and fat-soluble vitamins. New-onset diabetes may further complicate nutritional
derangements and result in continued weight loss. As food intake decreases, cachexia
ensues (see Chapter 13).

12.4.4 NUTRITIONAL MANAGEMENT OF THE PANCREATIC 
CANCER PATIENT

Nutritional status and quality of life can be excellent in those patients who do not
have cancer recurrence following a Whipple procedure (pancreaticoduodenectomy).
Postoperative complications of a Whipple procedure include malabsorption in nearly
25% of patients, as well as early satiety, rapid intestinal transit, and anorexia (29).
It is necessary to try to stop diarrhea and to maintain appropriate body weight even
though fat absorption cannot be restored to normal. One way to achieve this is to
include pancreatic enzymes with each meal. Prescription enzyme replacement ther-
apy may help to prevent weight loss in patients with unresectable cancer of the
pancreatic head or pancreatic duct obstruction (5).

There are few clinical studies that suggest beneficial dietary interventions for
patients with advanced pancreatic cancer. The administration of enteral supplements
enriched with fish oils may provide weight stabilization and even weight gain and
improved appetite (1). Fish oils contain w-3 polyunsaturated fatty acids such as
eicosapentanoic acid (EPA) and docosahexanoic acid. In contrast to the w-6 fatty
acids in vegetable oils, w-3 fatty acids suppress inflammation, inhibit blood coagu-
lation, and impede tumor growth. Polyunsaturated fatty acids such as EPA exert an
inhibitory effect on human pancreatic carcinoma cell lines in vitro (15).

Patients suffering from an incurable or debilitating illness will often turn to
complementary medical therapies as an alternative treatment modality. In one such
pilot study, patients with unresectable pancreatic cancer received large doses of
pancreatic enzymes and nutritional supplements. Study participants also received
detoxification procedures and consumed an organic diet (20). Even though survival
rates varied from 1 to 3 years, enough interest was generated to secure funding for
phase III clinical trials. Another trial examined the use of a macrobiotic diet with
meat and dairy product consumption reduced and intake of cereal grains and cru-
ciferous and other dark vegetables increased. Mean survival of 23 patients on the
macrobiotic diet was 17 months, whereas it was only 6 months for the controls (8). 
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13.1 INTRODUCTION

The inflammatory response, recognized for decades as the major metabolic feature
of injury and infection, is one of the main reasons why nutrition support in such
patients can be a challenge. What is only recently becoming appreciated is the extent
to which the inflammatory response underlies the nutritional issues of chronic
diseases (1,19). An inflammatory component may be a significant cause of changes
in body composition in such disparate diseases as congestive heart failure, cancer,
chronic obstructive pulmonary disease, HIV, and rheumatological disorders
(11,12,17,19,28). The recognition that inflammation may drive what until recently
has been thought of as purely nutritional effects of disease opens a new avenue for
the management of the body wasting of disease (cachexia). This chapter will address
the mechanism of the inflammatory response that leads to cachexia, distinguish
emaciation due to starvation from that due to inflammation, and explore potential
ways of managing the problem.
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13.2 CLINICAL PRESENTATION OF CACHEXIA

Cachexia is a condition in which body protein and/or fat is wasted. It usually is
accompanied by weight loss and anorexia. The condition has been defined in several
ways. The simplest and most common description is an unintentional weight loss
that exceeds 7 to 10% over a 6-month period (2). Some experts define the condition
by means of markers that are specific to the protein mass of the whole body rather
than body weight. This definition places the emphasis on protein as the critical body
compartment. Moreover, fluid retention can mask weight loss. Cachexia can be and
often is thought of as a form of malnutrition. There is much commonality and
interaction between the two conditions (see Figure 13.1), yet when emaciation due
to starvation or malnutrition is equated with cachexia of inflammation, some impor-
tant differences are neglected.

13.3 SEMISTARVATION VS. INFLAMMATION IN THE 
GENESIS OF CACHEXIA

Starvation or malnutrition results from inadequate food intake, either because of
a dysfunctional bowel, dysphagia, lack of appetite, or socioeconomic constraints
on access to food. In the absence of disease, the body’s metabolism can adapt to
the lack of intake by sparing body protein and by limiting release of protein and
fat from the body. Importantly, resumption of nutrient intake reverses this type
of malnutrition.

Cachexia, driven by an inflammatory response, typically involves loss of
appetite (anorexia) and a resulting decrease in nutrient intake. Erosion of body
protein will occur, however, even if there is no interruption of nutrient supply
(1,2,19). The metabolic changes in inflammation seem to be directed at quickly
mobilizing muscle protein and body fat to support acute phase protein and glucose
synthesis. This helps the body overcome the acute challenges to homeostasis that
occur with infection or injury (19,21,24). In cachexia, the metabolic system does
not spare protein as in starvation and is not turned off when nutrient intake
becomes adequate. 

FIGURE 13.1 Nexus of overnutrition, undernutrition, infection, and disease with inflamma-
tory response.

Starvation Undernutrition

Infection Inflammation Overnutrition

Chronic Disease
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13.4 THE INFLAMMATORY RESPONSE

The inflammatory response is a primitive, complicated, and indispensable part of
the nonspecific immune system (9). Changes in body composition caused by inflam-
mation are not imposed by the inflammatory stimulus but are in fact a part of the
body’s orchestrated response to the acute challenge to homeostasis that the inflam-
mation represents. There exist, moreover, different levels of inflammation.
Small-scale localized inflammatory responses occur frequently in the body with no
systemic consequences (9). In fact, such responses may represent an important
mechanism to increase exposure of the cellular immune system to antigen. At the
next level, severity is still localized, but its effects are more obvious. This can be
illustrated by the response to a foreign material, such as a wood splinter. Here the
classic signs of inflammation can be seen: rubor, tumor, calor, dolor, and functio
laesa (redness, swelling, pain, heat, and loss of function) (9). 

A more serious challenge to homeostasis is represented by multiple injury due
to trauma or surgery. Here the inflammation is more exuberant, and the systemic
effects become manifest: hypermetabolism, protein catabolism, insulin resistance,
fever, and acute phase protein response. At this level of inflammation, though severe,
the body can still adapt and recover. However, dysregulation of inflammation at this
point may cause uncontrolled sepsis leading to multiple organ failure with wide-
spread endothelial damage and organ dysfunction. In addition, the intermediary
metabolism may become deranged, and cellular immune function may collapse
(9,29). It is this type of inflammation-driven illness that is the major cause of death
in the ICU (9). Cachexia is a feature of patients who survive this. Once convalescence
is achieved, the inflammatory metabolism normalizes and the body’s normal func-
tions can be restored with proper nutrition and exercise.

The inflammatory response, for reasons not fully understood, can become
chronic. In that condition, acute phase protein synthesis is altered, the intermediary
metabolism is impaired, and cachexia is present (2,11,12,17,19,28,29). This form
of inflammation is believed to be maladaptive, and it is common in numerous disease
states. As shown in Table 13.1 and Figure 13.1, aging and obesity also have
inflammatory features that contribute to changes in body composition, function, and
overall health, but these are not a topic in the current chapter. Because the inflam-
mation never resolves, the loss of body protein and function continues to a critical
level (2).

Teleologically, the inflammatory response seems to have evolved as a defense
mechanism for short-term (5 to 7 d) challenges to homeostasis, such as trauma or
infection. As human beings developed effective medical practices, sanitation/hygiene
systems, and food production techniques, people became healthier and survived
acute illnesses, living to an older age. This led to chronic illnesses becoming more
common. Many of these conditions stimulate a chronic inflammatory response
(2,11,12,17,19,28,29), probably a result that counteracts the initial “purpose” of the
acute inflammatory response. Thus, while inflammation is important for recovery
from acute illnesses, in chronic illness it may become pathological. Ironically,
although the inflammatory response is part of the immune system, excessive or
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chronic stimulation of the inflammatory response can downregulate a person’s over-
all immune response, making the person more susceptible to infection (10).

Notwithstanding its costs to the body, inflammation confers many advantages,
including the following:

1. Rapid mobilization of fuel and substrates from muscle and adipose tissue
to maximize visceral functions leading to recovery (gluconeogenesis,
glutamine synthesis, acute phase protein synthesis)

2. Initiation of the process of local control and elimination of the offending
agent (fever response, neutrophil and macrophage recruitment)

3. Presentation of antigen to the specific immune system to induce its par-
ticipation in eliminating the offending agent

4. Reduction of fluid loss to maintain hydration in the face of interrupted
intake. 

In other words, the inflammatory response may be thought of as providing
internal nutrition, fluid resuscitation, and antibiotic therapy.

Inflammation is mediated by a host of biochemicals, including hormones, growth
factors, enzymes, kinins, complements, cytokines, and eicosanoids (Figure 13.2).
The initial injury stimulates local mast cells to release numerous mediators (9) that
attract neutrophils and monocytes (macrophages) to the site. The cells phagocytize
antigen and cell debris and release the mediators that propagate inflammation. Chief
among these mediators are the cytokines and the eicosanoids. There are pro- and
anti-inflammatory forms of each of these. At first, pro-inflammatory forms predom-
inate; these are tumor necrosis factor (TNF), interleukin (IL)-1, IL-6, prostaglandin-2

TABLE 13.1
Diseases and Conditions That May Have an Important
Inflammatory Component Leading to Cachexia

• Injury (surgical or traumatic)
• Infection
• Cancer
• Congestive heart failure (cardiac cachexia)
• End-stage renal disease
• End-stage liver disease
• Chronic obstructive pulmonary disease (COPD)
• Acute respiratory distress syndrome (ARDS)
• HIV/AIDS
• Inflammatory bowel diseases
• Pancreatitis
• Rheumatological diseases
• Obesitya

• Aginga

a These conditions are not considered in the current chapter. See Chapters 1–4.
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series (PGE2), and leukotriene-4 (LT4). TNF and the prostaglandins are expressed
early and along with IL-1 help elicit the acute phase response (fever, acute phase
protein synthesis, insulin resistance). TNF and IL-1 peak early and then disappear
from plasma but have stimulated IL-6 release (9). One of the effects of IL-6 is to
reduce the level of insulin-like growth factor (IGF-1), a factor that leads to muscle
depletion and is central to the development of cachexia (3,14,25,30).

As the agent causing inflammation is overcome and eliminated, the anti-inflam-
matory cytokines (IL-4, IL-10, IL-13) and eicosanoids (PGE3, LT5) become predom-
inant and bring the inflammatory response to a conclusion. This is not to say that
only pro- or anti-inflammatory mediators are being expressed. Rather, there is inter-
play between the two types of mediators, with the anti-inflammatory molecules
becoming dominant as the inflammation is resolved.

In chronic inflammation, the mediators are predominantly proinflammatory; this
leads to prolonged tissue damage and systemic effects on immune function, body
composition, and metabolism (i.e., cachexia). Table 13.2 lists changes in body
composition and function during inflammation and methods for their detection.

13.5 CACHEXIA IN CHRONIC ILLNESS

Several theories have been advanced to explain the development of cachexia in
chronic illness. These include malabsorption of nutrients, inadequate nutrient intake,

FIGURE 13.2 Simplified inflammatory cascade and potential areas to interrupt the cascade.
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and reduction in physical activity leading to muscle atrophy (12). While these
conditions may contribute to the development of cachexia, it is chronic inflammation
that is now thought to be the major cause (12,19).

Induction of the inflammatory response requires a stimulus. Physical injury and
antigen invasion are the stimuli most often described in conditions such as trauma,
pancreatitis, or infection. Local areas of hypoxia may also constitute an inflammatory
stimulus. Therefore, heart failure and COPD may be added to the list of conditions
that cause inflammation. Conversion of self to nonself tissue (e.g., cancer) or faulty
recognition of self vs. nonself tissue (e.g., inflammatory bowel disease, rheumato-
logic conditions) can also elicit inflammation. Table 13.1 lists a large number of
chronic conditions that can have an inflammatory component.

13.6 DIAGNOSIS AND MONITORING

Cachexia of illness presents superficially like semistarvation or malnutrition. Patients
suffer weight loss, hypoalbuminemia, lethargy, and so forth. Furthermore, if they
have no appetite, their nutrient intake is decreased. It is easy, therefore, to confuse
cachexia of illness with semistarvation or malnutrition. Also, a patient with true
starvation or malnutrition may develop an infection or an acute inflammation for
other reasons. This must be recognized as a separate problem from cachexia due to
chronic inflammatory response. For the problem to be properly managed, it is
necessary to recognize that inflammation is present. The development of cachexia
in chronic illness is associated with increased mortality (18). The factors that set
cachexia of illness apart from semistarvation and malnutrition include:

TABLE 13.2
Changes in Body Composition and Function During Inflammation and 
Methods for Their Detection

Parameter Change Detection Method

Metabolic rate Increased resting metabolic rate
Decreased physical activity
Little change overall

Indirect calorimetry (portable or 
hand-held) (for resting metabolic 
rate)a

Body composition Muscle atrophy
Reduction in fat mass
No change in extracellular water
+ Weight loss depending on water status

Body weight
Anthropometry
Creatinine height index
Bioelectrical impedance 
plethysmography

Serum proteins Acute phase protein response
Decreased albumin, prealbumin
Increased C-reactive protein,
fibrinogen

Serum albumin and C-reactive protein

Appetite May be decreased or may be unchanged Diet history, food records

a Resting metabolic rate must be interpreted in light of changes in body composition.
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• There might be no interruption in nutritional intake, yet weight loss and
emaciation may be occurring anyway. Body composition will show a
decrease in body cell mass and possibly fat-free mass, although fat-free
mass includes extracellular water, which might be expanded.

• C-reactive protein levels are likely elevated, along with depression of
serum albumin, prealbumin, and transferrin.

• Oxygen consumption at rest will be elevated.
• Fever may be present.

Changes in body composition can be identified qualitatively by physical exam-
ination and anthropometrics. Temporal wasting, prominent clavicles and scapulas,
and squared shoulders all tell of wasting of body protein and fat mass. The presence
of edema is indicative of expanded extracellular water. A more quantitative identi-
fication of the clinical changes in fat-free mass, body cell mass, and body fat mass,
as well as intracellular and extracellular water volumes, can be followed serially in
the clinic using bioelectrical impedance (8,20).

Hypermetabolism can be diagnosed and monitored with indirect calorimetry.
With portable calorimetry devices, this technique is becoming more practical to use
in the clinical setting (26). Raw resting metabolic rate (RMR) data are not useful
and so are often indexed. The traditional method of indexing the metabolic rate is
as a ratio of the measured to the calculated resting metabolism of a healthy person,
adjusted to body size (e.g., the Harris–Benedict equation, Mifflin–St. Jeor equation)
(16,23). However, this indexing method is too imprecise and variable (13) to be used
in patients who have body compositional changes and changes in body temperature
that will change the relationship between metabolic rate and body size. Metabolic
rate data in the patients with cachexia are most meaningful if indexed to changes
in body cell mass rather than the body weight or fat-free mass (both of which are
influenced by retention of fluid in the extracellular compartment). 

For techniques such as bioelectrical impedance and indirect calorimetry to be
useful in the diagnosis and monitoring of cachexia, standard methods of measure-
ment must be established and followed. These are most meaningful if the patient
serves as his or her own control. Otherwise, a change in values due to nonstandard
conditions is likely to be incorrectly interpreted as constitutiting improvement or
deterioration in the patient’s metabolic state. Most clinical laboratories are equipped
to measure serum albumin and C-reactive protein levels. Serum albumin may be
depressed due to a variety of nutritional and nonnutritional reasons, but C-reactive
protein is elevated only if inflammation is present. It is therefore essential to measure
both in patients with or suspected of having cachexia.

13.7 TREATMENT

Treatment for semistarvation or malnutrition involves reestablishing adequate nutri-
ent intake. This requires identifying and resolving physical, psychological, and
financial barriers, such as dysphagia, depression, polypharmacy, social isolation,
lack of access, and so forth. If weight gain and protein repletion are not attained by



272 Nutritional and Clinical Management of Chronic Conditions and Diseases

nutritional means, i.e., by calculating and providing adequate amounts of energy
and protein, the true requirements can be estimated with the aid of indirect calorim-
etry and an evaluation of the nitrogen balance. If weight gain and protein repletion
are still inadequate, alteration of metabolism by inflammation is a likely cause.

In addition to providing adequate caloric and protein intake, the cachexia of
chronic illness also requires interrupting the inflammatory response, thus allowing
anabolic utilization of nutrients as they are consumed. The acute inflammatory
response is halted when the acute problem is resolved, as when an infection is
controlled or an injury has healed. Chronic illness cannot be cured but can only be
managed. This means that the stimulus for inflammation cannot be stopped. Inflam-
mation can be managed by providing medications or substances that interrupt or
modify the inflammatory cascade in an anti-inflammatory direction (Figure 13.2).
Several possible strategies for interrupting inflammation are under investigation;

TABLE 13.3
n-3 (a-linolenic, eicosapentanoic, dososahexanoic) and n-6 Fatty Acid 
(a-linoleic) Contents of Certain Foods

Food Portion

a-Linolenic
Acid
(mg)

Eicosapentanoic
Acid
(mg)

Docosahexanoic
Acid
(mg)

a-Linoleic
Acid
(mg)

Beef sirloin 100 g 51 0 0 272
Chicken breast 100 g 30 10 20 590
Catfish 

(farmed)
100 g 82 49 128 1,029

Atlantic salmon 
(farmed)

100 g 113 690 1,457 666

Pink salmon 100 g 44 537 1,230 64
Sardines, in 
tomato sauce

100 g 235 532 865 123

Tuna, blue fin 100 g 0 363 1,141 68
Tuna, canned in 
water

100 g 2 47 223 9

Tuna, yellow fin 100 g 15 47 232 10
Soybean oil 100 g 6,800 0 0 51,000
Corn oil 100 g 700 0 0 58,000
Canola oil 100 g 9,300 0 0 20,300
Flaxseed oil 100 g 53,300 0 0 12,700
Menhaden oila 100 g 1,490 13,168 8,562 2,154
Fish oil 
capsulesb

100 g 0 180,000 120,000 0

a Menhaden oil is a marine oil used in certain tube feedings.
b Fish oil capsules are 1 g in size; portion of 100 g has been used in this table for comparison with foods
only. Per-capsule amounts are 1800 mg eicosapentanoic acid and 1200 mg docosahexanoic acid.

Source: From USDA National Nutrient Database for standard reference.
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nutritional and drug products incorporating this research have been marketed. Phar-
macological options for interruption of inflammation include several of the nonste-
roidal anti-inflammatory drugs and anticytokine medications. Nutritional strategies
range from regular foods to functional foods to food supplements. 

Among the most promising nutritional agents for promoting an anti-inflamma-
tory milieu is the balance of n-6 to n-3 fatty acids in the body (4). Diet is the source
of these fatty acids, which quickly become part of the cell membranes, influencing
their characteristics and function. These fatty acids are also the raw material for
eicosanoid production (27), with the type of eicosanoid a function of the membrane
fatty acids. The dietary n-6 fatty acid is linoleic acid, which is incorporated into cell
membranes as arachidonic acid. Arachidonic acid gives rise to proinflammatory PG2

and LT4. The dietary n-3 fatty acids are alpha-linolenic, eicosapentanoic (EPA), and
docosahexanoic acid (DHA). The alpha-linolenic acid can be enzymatically elon-
gated into EPA and DHA, and each of these is incorporated into cell membranes.
EPA and DHA give rise to the more anti-inflammatory PG3 and LT5. These
anti-inflammatory eicosanoids interrupt the release of IL-6, thus normalizing IGF-1
levels (31). 

The typical modern Western diet is high in total fat, with the ratio of n-6 to n-3
fatty acids about 15:1. A more desirable ratio would be 2:1 to 4:1. See Table 13.3
for a list of foods rich in the various n-3 fatty acids. The nutritional treatment of the
cachexia of chronic illness involves increasing caloric and protein intake by all
available means. This often means ingesting dairy foods and nonmarine proteins.
Such a diet will, however, keep the n-6:n-3 ratio high.

Interestingly, many pharmacological approaches to managing inflammation are
aimed at blocking the enzymes that convert fatty acids to their corresponding
eicosanoids (i.e., cyclooxygenase inhibitors, lipoxygenase inhibitors). Managing the
inflammation process by changing dietary intake instead of inhibiting enzyme con-
version may be more beneficial, because the enzymes that are being inhibited play
other roles that would not be interfered with if the enzyme inhibitor is avoided.

13.8 RESEARCH FINDINGS

One of the difficulties in modulating the inflammatory response in chronic illness
by nutritional means is that a given protocol applies to a specific disease, and the
results cannot necessarily be generalized. For example, a study that shows an
improvement in body composition and quality of life in cancer patients may not
apply to patients with congestive heart failure.

Novel approaches to the management of cachexia are increasingly being applied,
but this should not involve ignoring the current standard of supplemental macro-
and micronutrients. Anker and Cederholm (1) have reviewed the literature on the
nutritional treatment of nonmalignant cachexia. They report that in 36 randomized
controlled trials, standard supplementation of nutrient intake improved function/mor-
bidity by 60%. In 41 randomized controlled trials, standard supplementation
improved anthropometric variables by 80%. However, in a large percentage of
studies, standard support of caloric, protein, and micronutrient intake did not have
a positive effect. The intriguing question is whether in these negative studies a more
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targeted form of nutrition support would have had the desired effect. n-3 fatty acids
are one of the nutrients with potential to attenuate the inflammation of cachexia.
They induce anti-inflammatory prostaglandins that reduce secretion of the inflam-
matory IL-6 (4,27,31).

In three studies, pancreatic cancer patients consumed 3 g of EPA, a marine
source of n-3 fatty acid, in a calorie/protein liquid supplement (5,6,7). As a result,
patients gained weight (as fat-free mass, an indicator of anabolism), increased their
grip strength, and reduced their levels of C-reactive protein and IL-6, as well as their
resting metabolic rate — all markers of decreased inflammation. Responses to quality
of life and functional status questionnaires indicated improved scores. In another
randomized trial, daily supplementation of 18 g n-3 fatty acid improved survival
time in malnourished patients with solid tumors (15).

Amino acid supplementation — specifically of arginine, glutamine, leucine,
isoleucine, and valine — represents another possible mode of nutritional interven-
tion. Because the metabolic pathways of these amino acids intersect, supplementa-
tion with all may not be required. Interestingly, two double-blind, randomized trials
utilizing a commercially available amino acid supplement that contains 14 g arginine,
14 g glutamine, and 3 gb-hydroxy-b-methylbutyrate (an analog of leucine) have
shown that such supplementation can increase the fat-free mass of cachectic cancer
patients (with stage IV solid tumors) and of patients with stage III AIDS (10,22).

13.9 SUMMARY

Cachexia is a common feature of many chronic illnesses. Chronic stimulation of the
inflammatory response is often the cause of cachexia in a large variety of diseases.
As cachexia develops, the quality of life diminishes and death may ensue. To prevent
cachexia from progressing and perhaps to reverse it, it is necessary to interrupt or
slow chronic inflammation, thus restoring more normal metabolism and repleting
body protein. Interventions utilizing drugs or nutritional agents tend to increase body
protein mass and to improve quality of life. However, mortality rates have not
decreased. Therefore, simple, inexpensive nutritional interventions to manage the
cachexia of illness may be more appropriate than more expensive and invasive drug
therapies. A nutritional program to manage cachexia includes the following steps:

1. An early screening process to identify patients who have cachexia and
to differentiate them from patients suffering from semistarvation/
malnutrition.

2. Measuring C-reactive protein and albumin levels to permit further distinc-
tion of cachexia from inflammatory response and semistarvation malnu-
trition. Indirect calorimetry can determine if hypermetabolism is present.
Bioelectrical impedance measurements provide information on the loss
of fat-free mass.

3. Steps to maximize the intake of calories, protein, and micronutrients
(education on oral feeding and expertise in managing tube feeding or
parenteral nutrition).
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4. Incorporation of anti-inflammatory nutrients (e.g., n-3 fatty acids) into the
diet or tube feeding plans.

5. Review and discussion of new findings with colleagues and initiation of
clinical research protocols to elucidate the role of anti-inflammation strat-
egies in the management of the cachexia of chronic illness.
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