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Clayton College of Natural Health

Abstract

Development of a Self-Directed,

Personalized, Nutrition Education Program

by John A. Pillepich

Chairperson of the Supervisory Committee: Janice Martin, Ed.D.

Background. There is increased interest in preventive medicine and the role
nutrition can play. Diseases such as cancer and heart disease have a nutrient
component in their etiologies. Unfortunately, surveys still show many nutrient
deficiencies and excesses in the population. People need to be educated about
their diet, and motivated to make any necessary changes. Question: Can a
nutrition education program be developed that is both self-directed and
personalized?

Study Design. Find a computerized dietary analysis program that presents the
results in a variety of visual formats. Next, develop a nutrition education
manual that has two purposes: (1) explain and instruct in the interpretation
of the computerized dietary analysis printouts, and (2) provide sufficient
nutritional information to serve as an education and reference guide.

Results. A Personalized Nutrition Education Program (PNEP) was created. It
consists of nine parts, including dietary analysis results; sections on macro
nutrients, vitamins, and minerals; explanation of digestion and metabolism of
food; reference sections; and an extensive glossary of terms commonly used in
nutrition and medicine.

Conclusions. A nutrition education manual was developed that could be used

in a variety of settings to motivate and educate persons to improve their dietary
habits.
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CHAPTER 1

INTRODUCTION

Over the last few decades, the U.S. Congress and various federal agencies have
exhibited greatly increased interest in nutrition in general, and in particular,
the connection between nutrition and disease."*?® Over this same time period,
consumer oriented publications were published by governmental agencies
presenting practical steps toward improving health through changes in diet
and exercise.*® This interest is due partly to rising health costs and the role
preventive medicine (better nutrition?) can play in their reduction, and partly
to individuals wanting to take a more active role in their own health
maintenance and disease prevention.

Unfortunately, very few people receive formal nutrition instruction,
especially in a form that addresses their unique dietary habits. A lay person
may receive general nutrition information from the popular media, such as
“Americans should consume more high-fiber foods,” or from their own
physician, such as “You should consume more high-fiber foods.” However, at
best, most people, or their physicians, have only qualitative information about

their diet. For example, some of their patients may need to consume more



fiber, but how much are these patients currently getting, and how much more

should they get?

Surveys of Nutrient Deficiencies and Excesses
The above would be moot if few people had nutritional deficiencies or excesses,
but surveys show that is not so. (Nutritional surveys considered are from the
1980s and 1990s. In studying a twenty-year time period, dietary fads are less
apt to influence the data, increasing accuracy and consistency in the data.)
Kant et al.® conducted a study using a subset of data from the Second
National Health and Nutrition Examination Survey (NHANES II). This subset
(n=11,529) included all black and white individuals aged 19 to 74, except
where those 24-recalls were considered unsatisfactory, incomplete, imputed,
or obtained from surrogates. The investigators created ten patterns of food
group intake (combinations of dairy, meat, grain, fruit, vegetable) and ranked
them in order of prevalence. The proportion of the population reporting the five
most prevalent food intake patterns were: all food groups, 34%:; no fruit, 24%;
no dairy and fruit, 9%; no dairy, 8%; and no fruit and vegetable, 6%. Only in
the highest group, where all food groups were reported as being consumed,
was the mean consumption of the key vitamins and minerals equal to, or

greater than, the Recommended Dietary Allowances (RDA). Additional analyses



by Kant of NHANES III produced similar results.”® People were eating out more,
with a concomitant increase in energy-dense, nutrient-poor (EDNP) foods. Kant
concluded that this resulted in too many calories consumed, reduced
micronutrient intake, poor compliance with dietary guidelines, and low serum
concentrations of vitamins and carotenoids.

Pennington and Young® selected 234 core foods of the US food supply,
based on data from the Nationwide Food Consumption Survey (NFCS) and
NHANES II. The foods were analyzed and the daily intakes of eleven minerals
were evaluated for eight age-sex groups. Teenage girls were most likely to have
low intakes of minerals (Ca, Mg, Fe, Cu, Mn), followed by adult women (Ca, Mg,
Fe, Cu,), older women (Ca, Mg, Zn, Cu), two-year-olds (Ca, Zn, Cu), older males
and teenage boys (Mg, Cu), and infants and adult men (Cu). In a more recent
study, Pennington found continued deficiencies of calcium, magnesium, iron,
zinc, and copper, in various groups.'°

Block and Subar'' reviewed the data from the 1987 National Health
Interview Survey (NHIS). This study showed that 10% to 25% of the population
may regularly consume considerably less than the RDA (or other goals) for
several nutrients (vitamins A, E, and C, folate, Ca, Fe, K, and fiber), and
excesses for other nutrients (fat, cholesterol, sodium).

Ryan et al.," using a design and methodology similar to that of the

United States Department of Agriculture’s (USDA) Continuing Survey of Food



Intakes by Individuals (CSFII), surveyed 474 older individuals (65-98 yrs).
More than 20% of males had nutrient intakes below two-thirds of the RDA for
vitamins A, E, C, and B-6, folate, Ca, Mg, and Zn. More than 20% of females
had nutrient intakes below two-thirds of the RDA for vitamins A, E, and B-6,
Ca, Mg, and Zn.

Moore et al.'®> examined vitamin D intake from NHANES III (1988-1994)
and CFSII ( 1994-1996) surveys. They found that the lowest intakes of vitamin
D were from females, who were not getting the recommended amounts of this
vitamin. The surveys included vitamin D from supplements, as well as from
food.

Block'* compared the USDA’s Dietary Guidelines for Americans that
recommends five or more servings of vegetables and fruits daily, with data from
NHANES II. The data showed that 41% of the population had no fruit on the
survey day, and only 25% had a fruit or vegetable rich in vitamins A or C. Just
10% consumed the recommended five servings of fruits and vegetables.

In summary, many surveys have shown that a significant portion of the
population has one or more deficiencies of important vitamins and minerals,
and excesses of fat and sodium. Whether any particular nutrient deficiency or
excess is indeed a problem must be considered at the individual level. The
RDAs have a built-in safety factor, such that 97.5% (+2 standard deviations)

of a population’s need for any given nutrient should be met by its RDA.



Consequently, there are individuals whose needs are met, or exceeded, by RDA
levels. On the other hand, the RDAs are not necessarily optimal levels, and “.

. are judged by the Food and Nutrition Board to be adequate to meet the
known nutrient needs of practically all healthy persons [italics added for
emphasis].”’® For more than ten years, the Institute of Medicine (IOM) has
worked on revising the RDAs. They are now part of the Dietary Reference
Intakes (DRIs). Again, it is noted that “ . . these are standards for healthy
people—they are not appropriate for individuals or groups who are ill or for
repletion of deficient individuals.”® Although the RDAs can err on the low or
high side, for the sake of this discussion, the actual RDAs are considered as

appropriate.

Selected Diseases Related to Nutrient Deficiencies and Excesses
The various nutrient deficiencies and excesses contribute to morbidity and
mortality. Just considering a few leading diseases, such as cancer and heart
disease, there is strong evidence linking disease with nutrition.

Nestle!” stated that most of the dietary recommendations for cancer
prevention (reduce fat intake; increase fruit, vegetable, and grain intake; and
moderate intake of alcohol, and salt-cured, salt-pickled, and smoked foods) are

essentially identical to those of other public health agencies for the prevention



and treatment of coronary heart disease, diabetes, hypertension, and other
chronic diseases.

l.18

Kant et al.”® evaluated data from NHANES I Epidemiologic Follow-up
Study (NHEFS, 1982-1987) for variety among the five major food groups. Males
who consumed two or fewer food groups had a relative risk (RR) of mortality of
1.5, while females had an RR of 1.4.

Leis'® reviewed the literature concerning the association of diet to cancer
and heart disease. He stated that the evidence suggests that diet may cause
50% of all cancers. Elevated amounts of some nutrients (fat) and low amounts
of others (fiber, vitamins A, B-6, C, E, and the minerals Se and Zn) may
decrease host resistance, increasing the risk for some cancers. A low-fat and

high-fiber diet may also play a role in decreasing the occurrence of

cardiovascular disease.

Cancer and Diet
Cancer is the second leading cause of death in the United States. More than
500,000 persons die from cancer each year,?® and the overall annual costs for
cancer are estimated at $107 billion.?'

The National Cancer Institute** (NCI) estimated that lifestyle and
environmental factors are related to the development of about 90% of cancer

incidence. Approximately 35% of cancer deaths may be related to dietary



components, which would mean that, annually, about 150,000 lives could be
saved through dietary changes.?® In the cancer chapter of Healthy People 2010:
Understanding and Improving Health, the Centers for Disease Control and
Prevention (CDC) and the National Institutes of Health (NIH) concluded that “.
.. 50 percent or more of cancer can be prevented through smoking cessation
and improved dietary habits, such as reducing fat consumption and increasing
fruit and vegetable consumption [italics added for emphasis].”**

In Meyskens™® review, he referred to the epidemiologic and laboratory
data that support the view that most cancers could be avoided. Meyskens
described the nutritional components in the three levels of cancer prevention.
In primary prevention, genetic lesions are prevented from occurring. Some
nutrients, such as B-carotene, a-tocopherol, selenium, and soybean extract
(protease inhibitors), inhibit genetic damage. Secondary prevention is
concerned with decreasing exposure to cancer promoters. Dietary strategies
include decreasing fat, and increasing fiber, ascorbate, and vitamin A. In
tertiary prevention, retinoids may act as differentiation agents, preventing the
cancerous lesion from progressing to a more malignant condition.

Schapira®® echoed Meyskens, stating that in the United States, possibly
one third of all cancers are caused by dietary elements, and thus may be

preventable. For example, high-fat diets are associated with several common

cancers: colorectal, pancreatic, prostatic, and uterine. In contrast, dietary



factors found in fruits and vegetables, plus fiber, may offer protection against
some cancers.

Heber®” wrote that the evidence from population studies and animal
feeding experiments convincingly demonstrates that certain dietary patterns
are involved in the process of cancer promotion of the breast, colon, uterus,
and prostate. In this country, particular aspects of lifestyle, including diet, and
tobacco and alcohol use, may account for as much as 70% of avoidable
cancers. Heber noted that, according to NHANES II data, only a minority of
individuals consumes sufficient quantities of foods that may be cancer

preventive. In separate studies, Heber et al.,?*?°

showed that selected dietary
components can prevent various cancers.

Block et al,’' in a review of dietary studies that had examined the
connection between and fruit and vegetable consumption, and various cancers,
128 of 156 studies found statistically significant protective effects of fruits and
vegetables. Persons in the lowest quartile of fruit and vegetable intake had
approximately twice the risk for most cancers when compared with the highest
quartile of intake. Protective effects were found for the following cancers: lung,
esophagus, oral cavity, larynx, pancreas, stomach, colorectal, bladder, cervix,
ovary, endometrium, and breast.

Holick et al.®* analyzed associations between lung cancer and several

dietary carotenoids, and found reduced cancer risk with increased intakes of



lycopene, lutein/zeaxanthin, beta-cryptoxanthin, beta-carotene, and total
carotenoids. Colorful vegetables are good sources of carotenoids, as well as
some fruits.

Patterson and Block,*® using data from NHANES II, compared the diets
of 11,658 adults with the cancer dietary guidelines from the National Academy
of Sciences (NAS) and the American Cancer Society (ACS). The percent of
people consuming cancer preventive foods was low, while the percent
consuming foods associated with cancer risk was high. The following were the
percentages of respondents consuming food groups considered as cancer
protective: cruciferous vegetables (18%), fruits and vegetables high in vitamin
A (21%), high fiber breads and cereals (16%). The percentages of respondents
consuming food groups that may increase the risk of cancer were: red meat
(55%), bacon and lunch meats (43%).

High fat and low fiber diets are associated with several cancers,

1** studied the colonic effects of fat

especially cancer of the colon. Suzuki et a
and fiber. Healthy subjects (n=8) were exposed to low-fat (14 E%), high-fat (53
E%), and fiber-supplemented high-fat (25 g, 52 E%) diets. Colonic nuclear
aberration assay, the Ames Salmonella test, and measurement of bile acids
and calcium soaps, were used to assess colon cancer risk factors in feces. In

the colonic epithelium, nuclear aberrations increased during the high-fat diet

phase, but decreased when supplemented with fiber.



Reddy et al*® found that different sources of fiber (wheat, oat, corn)
caused different alterations in the colonic environment, with possibly dissimilar
effects in relation to colon cancer. In another study, Reddy’® showed that one
fiber component of wheat bran, inositol hexaphosphate, had chemopreventive
properties against colon cancer.

Trock et al.®”

used data from 37 observational epidemiologic studies, and
meta-analyses of data from 16 of 23 case-control studies. When the highest
and lowest quantiles were compared, an estimated combined odds ratio (OR)

l.38

of 0.57 was obtained for the highest fiber intake. Iscovich et al.”® and Arbman

1.°% also found fiber to be protective in colon cancer, while Thun*® found

eta
vegetables and grains to be protective. Goodman et al.*"** studied the role of
fat in lung cancer, and fiber with endometrial cancer. Correa*® reviewed the
positive and negative effects of various foods on gastric cancer.

There may be more active components in food, other than fiber, that can
prevent cancer. Dragsted etal.** listed factors in fruits and vegetables that have
cancer prevention and inhibition potential. Some of these components include:
carotenoids and retinoids, thiols, polyphenols, trace minerals, tocopherols,
terpenes, and degradation products of glucosinolates. Slaven® noted that
whole grains are good sources of nutrients, such as folate, vitamin E, and

selenium, that have been connected with reducing colon cancer risk. Block*®

made a case for the potential of dietary antioxidants in protecting against
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cancers of the stomach, esophagus, oral cavity, and lung.

In summary, the epidemiologic evidence shows that a diet that is lower
in fat, and contains significant amounts of unrefined cereals, fruits, and
vegetables (good fiber sources), may be protective in preventing various
cancers. Whole grains, fruits, and vegetables contain antioxidant vitamins and
minerals (vitamin A, B-carotene, vitamin C, vitamin E, selenium) that may
inhibit carcinogenesis. Other food factors, such as the indoles found in
cruciferous vegetables (broccoli, cabbage, cauliflower) may also inhibit certain

carcinogens.*"*?

Heart Disease and Diet
Shrapnel et al.** concluded from a review of the literature that saturated fatty
acids (SFAs), trans fatty acids (TFAs), dietary cholesterol, and sodium (salt-
sensitive hypertensives) increase coronary risk. Conversely, omega-3 (n-3)
polyunsaturated fatty acids (PUFAs), moderate alcohol, vegetarianism,
potassium (salt-sensitive hypertensives), and possibly n-6 PUFAs and
monounsaturated fatty acids (MUFAs), decrease coronary risk.

Besides their influences on cancer, fat and fiber have effects on heart

disease. In an extensive review of the literature, Anderson et al.*°

reported that
the major modifiable cardiovascular disease factors related to diet are

hyperlipidemia, hypertension, obesity, and diabetes. An increased intake of
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fiber can modify high serum cholesterol, triacylglycerols, and low-density
lipoprotein cholesterol (LDL-C), abnormal apolipoproteins, diabetes, and
hypertension. Additionally, dietary fiber may also modify low serum high-
density lipoprotein cholesterol (HDL-C), and high serum fibrinogen and von
Willebrand factor. Anderson®! also presented data showing that whole grains
have components other than fiber that confer protection against heart disease.

Anderson et al.>® investigated the effects of fat and fiber on serum lipid
concentrations. They found that fiber reduced serum cholesterol independent

of reduced fat intake. Clevidence et al.®>

reported that men who switched to a
low-fat/high-fiber diet had significant decreases in total cholesterol, LDL, and
HDL.

In a separate study, Clevidence et al.>* showed that the type of fat, such
as trans fatty acids, can have negative effects on lipid profiles. Ginsberg et al.®®
studied the effects of switching from an average American diet to the American
Heart Association’s Step 1 Diet or to a monounsaturated fat-enriched Step 1
diet. There were statistically significant reductions in the plasma total
cholesterol level in the groups on the Step 1 diet and the monounsaturated fat-
enriched Step 1 diet. LDL is an independent risk factor for coronary heart
disease (CHD). Van Horn and Ernst® found a dose-response relationship

between saturated fatty acids (SFAs) and LDL. Polyunsaturated fatty acids

(PUFAs) from fish are classified as omega-3 (n-3) fatty acids. Harris®’ showed
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that they are important in lowering triacylglycerols (triglycerides), another risk
factor for CHD.

Marckmann et al.®® also studied the effects of fat and fiber, but instead
of looking at serum lipids, they examined coagulation and fibrinolysis. They
found that men who switched from a high saturated fat diet to a low-fat, high-
fiber diet exhibited a permanent increase in plasma fibrinolytic activity, and a
biphasic decrease in plasma factor VII coagulant activity.

For a variety of known and unknown factors, whole foods affect heart
disease. Bazzano et al.*® surveyed 9,608 adults from NHANES I, focusing on
fruit and vegetable intake. They compared subjects with intakes of fruit and
vegetables three or more times per day with subjects consuming less than one
serving per day. Subjects with the greater intake of fruits and vegetables had
lower incidences of stroke and cardiovascular disease, as well as reduced
mortality.

Hypertension is an important risk factor in coronary heart disease, and
according to Hajjar and Kotchen,®® hypertension may be on the rise. Looking
at data from NHANES III, the percentage of individuals with hypertension
increased almost 4% from earlier survey periods (1988-1991 & 1991-1994) to
the most recent period (1999-2000).

There is a great deal of interest in the roles of calcium, magnesium,

potassium, and sodium with respect to hypertension. This attention is directed
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61,62,63,64,65,66

to the minerals separately, or to the interactions between the

676869 and sodium and

minerals, such as calcium and magnesium,
potassium.’>""”? The minerals in these pairs can be antagonistic to each other,
primarily through competition for absorption, so that a person who does not
have an absolute deficiency (i.e., not below the RDA), could have a relative
deficiency if the mineral’s antagonistic counterpart is excessive.

In summary, as in the prevention of cancer, a reduction of fat intake
(total and saturated) and an increase in fiber intake (soluble and insoluble)
may prevent, or delay, the incidence of heart disease. In addition, reducing
dietary cholesterol and increasing fish oils (omega-3 fatty acids), and the

proper management of hypertension, may also help.”>"*">7°

The Purpose of this Study

From the above discussion, it is clear that not only do many people have
nutrient deficiencies and excesses, but that these dietary imbalances can have
negative health consequences. Well over one million people in the United States
die each year from heart disease and cancer, two diseases that are linked to
nutrient deficiencies and excesses. Various segments of the population,
especially those who rely on convenience foods, may not be getting enough

fiber, antioxidant vitamins, and some minerals, while on the other hand, be
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getting too much fat and sodium. Additionally, there may be instances where
important mineral relationships are out-of-balance.

Nutritionally related health problems are avoidable, but they require
knowledge and motivation at the individual level. Unfortunately, the majority
of people have little or no knowledge about the nutrient content of their diets.
However, with the advent of computerized dietary analysis programs, it is now
relatively easy to get at least a moderately accurate account of nutrient intake,
along with various nutrient ratios (e.g., sodium/potassium). Computer
printouts can present the data in numerous formats, presumably making it
easier to understand the results.

The objective of this project is to develop a nutrition program that
combines the results of a computerized diet analysis with an education
module. The result would be a self-contained, personalized nutrition education
program (PNEP). The computerized diet analysis provides a fact-based
assessment of an individual’s diet. When combined with an education module,

the result could be used as a stand-alone nutrition intervention tool.
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CHAPTER 2

LITERATURE REVIEW

This research project will focus primarily on producing a product for motivation
and education. The results of a person’s computerized diet analysis will serve
as the motivating agent, while the rest of the product will provide the education
component. The combination will be called the Personalized Nutrition
Education Program (PNEP).

A search of the literature concerning intervention studies revealed that
variously directed and self-help programs could result in actual change in
nutrition knowledge and dietary habits. The programs ranged from simple

booklets to multimedia presentations.

Tani and Hankin’’ showed that diabetic patients could learn from a self-
help program. They presented to the experimental group a program consisting
of slides and tape recordings. The subject matter provided theoretical and
practical information on the control of diabetes. The control group received the
usual one-on-one dietary instruction. A questionnaire was used to assess any

gains in knowledge. The results indicated that the self-learning program was

16



as effective as the traditional method for teaching diabetic patients dietary

management.

1.”® conducted a twelve-month weight-loss program with

Wylie-Rosett eta
588 subjects. The subjects were divided into receiving three levels of health and
nutrition information: (1) workbook, (2) workbook plus computerized kiosks,
and (3) workbook, computerized kiosks, and staff consultation.

At the end of the study, participants lost 2.2 pounds (group 1), 4.7
pounds (group 2), and 7.4 pounds (group 3). The cost per subject was $12.33,

$41.99, and $133.74, respectively. (Group 2, workbook plus computer, has

commonality with the current project: PNEP.)

Finnegan et al.”’ developed a home-study program that consisted of six
booklets that were mailed weekly to the 3,711 persons who signed up. Each
booklet highlighted a single dietary topic, all with the intention of reducing
cancer risk. All the booklets contained a pretest, an action plan, refrigerator
reminder sheets, shopping and cooking tips, and recipes.

A survey was mailed to randomly selected course participants (n=300),
with 226 completed surveys returned. Among other things, the survey assessed
knowledge and behavior. The subjects averaged 80% in giving correct answers

to nine true-false statements on nutrition knowledge. On the average, across
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all 18 behaviors, 60% of the respondents reported trying each one.

A high proportion of women and the higher educated participated in the
program. While these people may be less in need for this information, they may
affect those more in need. For example, many women act as family health
gatekeepers, thus affecting their spouses who may benefit more from the
information.

Turnin et al.®°

evaluated the effectiveness of a computerized nutrition
education program, Nutri-Expert, for weight loss and nutrition knowledge. The
study enlisted 557 obese adults, who were divided into two groups: (1)
traditional management involving seven nutritional visits by dieticians, and (2)
the addition of having the computer program available at home. The subjects
were tested for nutrition knowledge at the beginning, at six months, and at
twelve months. Group 2 scored significantly higher in nutrition knowledge than
group 1. The researchers concluded that the computer program would be

particularly useful if follow-up visits were not possible, or if large groups of

patients needed to be treated.

On three groups of subjects, Schapira et al®' tested a three-tiered
intervention program involving cancer prevention through dietary changes

(decrease fat; increase fiber, fruits, and vegetables). The minimum intervention
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group (n=28) received two hours of instruction. The intermediate group (n=33)
received an additional two hours that focused on behavioral tasks and problem
solving. The maximum intervention group (n=13) received twenty-six weeks of
instruction that followed the National Cancer Institute’s (NCI) Women’s Health
Trial Nutrition Study.

All three intervention groups showed significant reductions in fat and
calorie intake, and increases in fiber intake. Even in the minimum intervention
group, there was a decrease in fat intake to <30 E% for 51% of the
participants.

The health locus of control did not affect dietary change in this study.
The authors referred to research that indicated that “. . . subjects with an
external locus respond more easily to structure, whereas subjects with an
internal locus prefer to assume responsibility and work independently.” People
who are internally oriented engage in more preventive health behaviors than
people who are more affected by external influences. The success of all three
interventions led the researchers to believe that the interventions met the

needs of both the internally and externally oriented subjects.

Baron et al.* tested the effects of a nutrition intervention study on 187
subjects (181 controls) who were randomly selected from a group general

practice. The intervention group received instruction in diet and lifestyle
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modification by a nurse. A booklet was given that summarized the advice.
Besides the initial instruction, follow-up sessions were given at one and three
months. Each session lasted about 30 minutes.

At three months and at one year, the subjects were asked about their
efforts to increase fiber intake and decrease saturated fat intake. At three
months, over 65% reported increased fiber intake, and over 75% decreased fat
intake. At one year, over 45% reported increased fiber intake, and over 45%
decreased fat intake. Changes in blood lipid levels confirmed the reported
dietary changes. The controls reported essentially no changes in fiber and fat
intakes. The authors concluded that “. . . despite the relatively brief
intervention, there was substantial reported compliance with the

recommendations at one year.”

Beresford et al.®® conducted a minimal intervention study using self-help
materials. The self-help materials were presented by a nurse (limited to five
minutes) to 120 patients (122 controls) in two primary care clinics. The
materials consisted of cards and a booklet that focused on reducing fat intake
and increasing fiber intake. The self-help information packet included a
checklist to record desirable changes in fat and fiber consumption; a fat and
fiber counter booklet; and low-fat and high-fiber menus. A food frequency

questionnaire (FFQ) was administered at baseline, and at three months, to
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assess fat and fiber intake. A behavioral questionnaire was also given.

The intervention group had small decreases in fat intake and small
increases in fiber intake. For the subgroup of patients that had full or shared
responsibility for meal preparation, the decrease in fat intake was significant.
For the behavioral questionnaire, the percentage with a desirable response to
the questions was consistently greater in the intervention group.

Mojonnier et al.®*

developed the Nutrition Education Project (NEP), a
program intended to modify the eating behavior of 224 free-living,
hyperlipidemic adults (69 controls). The intervention group received about
three hours of instruction via slide-tape units. They were also given two
booklets, “The Heart Saver Eating Style” and “Weight Control the Heart Saver
Way.” The intervention group was divided into four subgroups: self-teaching,
group-teaching, individual-teaching, and multi-method (a combination of the
preceding three). After the teaching sessions, the intervention group returned
for follow-ups at one, two, four, six, and nine months. The usefulness of the
program was assessed by changes in nutrient intake, serum cholesterol levels,
and scores on a nutrition quiz.

At the end of the program (6-9 months), in the intervention group, there

were the following significant changes: improvement in nutritional information

scores; decreases in serum cholesterol; decreases in intake of calories, dietary
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cholesterol, and percent of calories from fat and saturated fat; and increases
in the percent of calories from polyunsaturated fat. There were no significant
differences between the four teaching groups. Adherence to the recommended
dietary program was greater in women than in men, and greater in blacks than

in whites.

A study by Gould et al® showed that sufficient changes in diet and
exercise could have a dramatic impact on cardiovascular disease (CVD). This
was a follow-up study to the Lifestyle Heart Trial (Ornish et al.®®), and was a
randomized, controlled, blinded, arteriographic trial. The treated group was on
a low-cholesterol, low-fat (<10 E%), vegetarian diet, plus they underwent stress
management and moderate aerobic exercise. The control group had a
statistically significant worsening of stenosis flow reserve. The treated group
had a significant improvement in stenosis flow reserve, thus showing that

coronary artery disease in humans can be reversed.

In the Women’s Health Trial (WHT), Urban et al.®” showed that not only
could women lower their dietary fat intake, but that the changes lasted well
beyond the end of the intervention period. The program consisted of group
sessions where the women were taught to keep track of their fat intake by

counting grams of fat, with the intent on reducing fat intake to 20% of total
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energy (20 E%).

After completion of the trial, for a period of 5-20 months, a follow-up
food frequency questionnaire was mailed to a random sample of women who
had participated in the WHT. At the beginning of the study, baseline mean
percentage of fat was 40.0 E%, and at the end of the trial, it was 26.3 E%.
When follow-up FFQs were given twenty months after the end of the study, the
energy from fat had increased to 27.7 E%.

.88 Their Women’s Nutrition

A similar study was conducted by Heber et a
Program was patterned after the Women’s Health Trial. The dietary intervention
involved eight weekly and four monthly group sessions over a six-month
period. The women were taught by dietitians to monitor their fat intake by a fat
gram counting method, with a fat reduction goal of 20 E%. Four-day diet
records were used to measure dietary fat at the time of enrollment, and at six
months into the intervention. The subjects were not asked to compensate any
reduction in fat calories with calories from other sources.

At baseline, based on data from the four-day diet records, the energy
from fat was 38.2 E%, and at six months, was 21.7 E%. This represented a
43% reduction in fat intake. However, the authors noted that diet records have
been shown to initially overestimate food intake, while succeeding diet records

l.89

are inclined to underestimate food intake. Nordevang et al.”” had similar results
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in a comparable study.

Mitic®® showed that senior citizens are amenable to making dietary
changes. His study incorporated an Activated Health Education Model
(Dennison®') that was based on assisting individuals to become more active in
maintaining their health, more aware of the elements that impact on their
health, and more responsible for formulating and executing their own health
maintenance plan.

Subjects were selected from senior citizens who ate lunch at a Salvation
Army Center. They were given a 24-hour dietary recall (pre-test), and those who
had intakes of at least one nutrient below 67% of the RDA, were randomly
divided into an experimental group and a control group. The experimental
group received a four-week nutrition education program, while the control
group received no training. Both groups were given 24-hour dietary recalls at
the end of the education program (post-test 1), and once more six weeks later
(post-test 2).

The nutrition education program consisted of three phases. Phase I
(nutrition skills experiences) was the active phase of the Activated Health
Education Model. The subjects were first taught how to evaluate their current
eating practices, and then were shown how to prepare more balanced and

complete meals. Phase II (cognitive nutrition instruction) was the aware phase,
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where the participants were taught basic nutrition, including the connection
between nutrition and health. Phase III (affective instruction) was the
responsible phase, where the subjects took responsibility for designing and
executing their own plan for eating nutritionally sound meals.

As per the selection of the subjects, no one was classified as eating
satisfactorily for the pre-test. For post-test 1, 62% of the experimental group
was categorized as eating adequately (9% for the controls), and for post-test 2,
73% of the experimental group was categorized as eating adequately (9% for
the controls).

Dennison et al.,”?

conducted a study that incorporated a computerized
dietary analysis program. Senior citizens were divided into three groups. Group
1 received four 60-minute nutrition classes, and also used a nutrient analysis
computer program during class. Group 2 also attended the four nutrition
classes, but did not use the computer program. Group 3 received no
instruction, nor used the computer program.

For each class, the subjects in groups 1 and 2 received data from their
own three-day food records. The seniors were prompted to modify their dietary
habits, based on the results of their dietary analyses. The subjects were also

given a program-satisfaction questionnaire to survey satisfaction with the

course content and method of instruction.
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Group 1 seniors reduced their monounsaturated fat intake from 11.6 E%
to 9.9 E%, and their saturated fat intake from 11.2 E% to 9.4 E%. Group 2
seniors reduced their monounsaturated fat intake from 12.5 E% to 9.9 E%,
and their saturated fat intake from 11.7 E% to 9.2 E%. There were essentially

no changes in the control group.

Rosander and Sims®® investigated the influence of feelings on nutrition
education. The authors considered the writings of social psychologists who
propose that behavior change may be dependent on attitude change, and
further, that attitude change must come before knowledge acquisition and
behavior change. If the preceding were true, the authors hypothesized that an
affective-based nutrition education program that incorporates the learners
feelings about food, in addition to knowledge acquisition, could be more
productive than an exclusively cognitive-based approach.

From the Special Supplemental Food Program for Women, Infants, and
Children (WIC), 69 women were offered the opportunity to participate in the
nutrition education intervention and post-testing segments of the study, and
23 accepted (instructed group). Another group of 22 women (uninstructed
group) completed pre- and post-testing, but did not attend any of the nutrition
education sessions. The cognitive component related proper intakes of calcium,

iron, and folacin to the health and well-being of pregnant women, highlighting
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the food sources and functions of these three nutrients. The affective
component featured the developmental stages of self-esteem, belief in personal
control, and decision-making ability. Evaluation was done through a nutrition
knowledge test, two attitude scales, and a food frequency questionnaire.
Nutrition knowledge was measured through a combination of true-false
and multiple-choice questions. Attitude was assessed using questions that
dealt with how the respondent felt about particular food and health issues.
Regarding the attitude scores, the instructed group had significantly
greater mean post-testing scores than either their pre-test scores, or those of
the uninstructed group, pre- and post-test. Considering the nutrition
education intervention, the instructed group showed improved scores for all
food groups, but significantly only for the bread and cereal group. The
researchers concluded that “. . . the affective-based approach to nutrition
education is effective, not only in improving knowledge and attitudes, but also

in our most important objective, dietary behavior.”

A study conducted by Brug et al’® showed the importance of
personalization. Their subjects (n=347) were either given computer-generated
feedback letters based on their personal dietary behavior and attitudes, or
general nutrition information. The researchers measured changes in fat,

vegetable, and fruit consumption. At the end of the study, the experimental
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group significantly lowered their fat intake compared to the control group. Also,
the experimental group was more satisfied with the information they received

and expressed greater intention to improve their diet.

Walt and Forgione®® designed a study that was partially analogous to this
project. Two hundred people registered in the Computer Nutrition Analysis
(CNA) program. The participants recorded food intake and activity for three
days. After their diets had been analyzed, the subjects received their CNA
printout, which included a report providing nutrient sources and functions.
Within a week of receiving their CNA report, the participants were asked if they
had any questions, and were also offered information on nutrition counseling
workshops (1 per month, for 4 months).

Of the two hundred who registered for the CNA program, half completed
the food and activity records. The follow-up personal counseling sessions were
used by 58 participants, and 55 attended the educational workshops. The
analysis indicated that 89% of the participants had at least one dietary risk
factor.

A six-month evaluation questionnaire was mailed. Thirty-six forms were
returned, with 28 (78%) reporting no problems in comprehending their CNA
results, while 8 (22%) had difficulty understanding the information. Of these

thirty-six respondents, 13 (36%) stated that they had decreased their intake of
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cholesterol, 11 (31%) their intake of total fat, 10 (27%) their intake of saturated

fat, 11 (31%) their intake of sodium, and 12 (33%) increased their fiber intake.

Another study showed the effectiveness of personalized information.
Levetan et al.’® had their subjects (n=150) given standard care (usual diabetes
healthcare advice provided by their physician during the study period), or a
laminated color poster with a bulleted list of personalized goals and
recommended steps for achieving the goals. Both the control and intervention
groups received diabetes education for three months leading up to the study.
Blood sugar levels (HbA.sub.1c) were measured at the beginning of the study
and at six months. (Glycosylated hemoglobin is a blood test that reflects the
blood glucose concentration over the life span of red blood cells; about 120
days. Hemoglobin Alc or HbAlc, is a measurement of the glycosylation.)

At the end of the study, the intervention group had a much greater
reduction in blood glucose (17.0% vs. 8.6%). The researchers concluded that
“This unique and personalized computer-generated intervention resulted in

[HbA.sub.1c] lowering comparable to that of hypoglycemic agents.”

The preceding review demonstrates that people can indeed change their
dietary habits. Interventions ranging from a few hours of nutrition instruction

to more complex programs certainly have short-term effects on nutrition
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knowledge and nutrient intake, and may have long-lived consequences.

From a national public health standpoint, some of the above
interventions, such as individualized instruction or multi-session courses,
would be prohibitive in both cost and manpower. However, a simplified, self-
help program could be devised that would not require a major investment in
materials and personnel. A self-contained program could be offered in public
school systems and primary care practices, two places where significant
numbers of people would be reached.

In a minimal intervention program, change at the individual level would
be small, but in terms of its affect on the U.S. population as a whole, the
savings in cost alone could be significant. This would be especially true if the
intervention programs were instituted early enough, possibly before students
enter high school.

For example, with the development of coronary heart disease reaching
its “endpoint” after thirty or more years, even a small reduction in fat intake,
along with a modest increase in fiber intake, may delay cardiac events, such
as myocardial infarctions, to the point where they have caught up to, and are
“competing” with, other less avoidable mortal events.

The preceding would also apply to cancer, and possibly to some
degenerative diseases. This would serve to rectangularize the life cycle, making

the final, mortal degeneration of organ systems a steeper decline. The steeper
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the decline, the shorter in duration, and thus the lower in financial costs for
both the individual and the nation. Of course, personal suffering would also be
reduced.

I believe that the cornerstone of a nutrition self-help program should be
computerized dietary analysis. This would be a program that can take general

nutritional advice and personalize the message.
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CHAPTER 3

STUDY DESIGN

The purpose of this study is to produce a product for learning nutrition. The
goal is to combine a nutrition education module with the printout from a
computerized dietary analysis. Therefore, the product, Personalized Nutrition
and Education Program (PNEP), will consist of two parts: the Education Module

(EM) and the Computerized Dietary Analysis (CDA) printout.

Education Module
The Education Module will be divided into nine sections (see below). Taken as
a whole, this module serves as a reference guide. Except for the Digestion and
Metabolism of Food (Part 6), there will be little narrative form. The format will
consist mostly of outlines and tables, making it easy to find information.

A variety of references will be used in the development the Education

Module. Krause’s Food, Nutrition, & Diet Therapy®’ will provide the bulk of the

nutrition information. This text is the most comprehensive (1300 pages) and

progressive graduate-level nutrition textbook this researcher has seen.
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Advanced Nutrition and Human Metabolism®® will be used for describing

the metabolic pathways (Part 6), and as a source of additional information
concerning nutrition, deficiencies, and disease states. While at only 600 pages,
this textbook clearly and concisely presents the relationships between nutrition
and human intermediary metabolism.

Part 4 (Vitamins) and Part 5 (Minerals) will list major food sources of

their respective nutrients. Nutrients in Food”® will serve as the source of this

information. This reference book was supplied with the computer software
used for the CDA section (Part 2). This book is essentially a printout of the food
database (26,000 foods) contained in the computer program.

Part 4 (Vitamins) and Part 5 (Minerals) will also have a section listing
possible therapeutic applications of their respective nutrients. The PDR for

100

Nutritional Supplements ™ will supply this information. The principal author,

Sheldon Saul Hendler, PhD, MD, has been interested in the use of nutritional
supplements for more than three decades. Having degrees in both medicine

and biochemistry adds to his credibility.

Part 1: Introduction

The introduction will serve as a brief pep talk about the importance of sound

nutrition. It will also have an overview of what is contained in the PNEP.
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Part 2: Dietary Analysis Section

This section will contain the actual printout of the 3-page CDA, along with
guidance on how to interpret it. Preceding each printout, a page will walk the
reader through it. The information will be presented in a variety of graphical

formats.

Part 3: Carbohydrates, Protein, and Fats
This section will devote several pages to each subject. The information will be
categorized into several sections, including Recommended Dietary Allowance

(RDA), good food sources, and importance to health.

Part 4: Vitamins

This section will provide basic information on vitamins. The information will be
broken down into various sections, including RDA, good food sources,
importance to health, deficiency symptoms, and health conditions that may be

helped.

Part 5: Minerals

This section will provide basic information on minerals. The format will be the

same as for the vitamin section (Part 4).
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Part 6: Digestion and Metabolism of Food

This section will be divided into two parts. The first part will follow food
through the entire G.I. tract, describing the digestive process. The second part
will explain what happens to food after it is digested. The three energy sources,
carbohydrates, fat, and protein, will be treated separately. Using the various

metabolic pathways, the connection between food and vitamins will be made.

Part 7: Measurements and Conversions
This section will serve as reference guide for measuring food amounts, as well

as converting measurements between English and Metric systems.

Part 8: Abbreviations

This section will contain abbreviations often found in nutrition and medicine.

Part 9: Glossary
The final section will contain definitions on many words commonly found in

nutrition and medicine.

Computerized Dietary Analysis

Computer programs for analyzing diet records have been available for more
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than twenty years. They make the task of identifying and quantifying the
ingredients in a food or diet much easier. Over the years, the number of foods
available to be analyzed has greatly increased. Twenty years ago, a database
might contain one thousand foods, whereas now many computer databases
contain more than twenty thousand foods.

The Food Processor”, the program to be used for this project, was first
released in 1984. It was developed by ESHA Research in Salem, Oregon.
Released in 2003, version 8.0 of this program will be used.

The Food Processor contains four nutrient databases, containing more
than 26,000 food items. ESHA compiles this database from 1,300 sources,
including the U.S. Department of Agriculture (USDA). The program can analyze
foods for 133 nutritional components. However, not all foods can be analyzed
for every component. Many foods may have limited data, and only the common
components, such as calories, fat, carbohydrates, protein, fiber, and most
vitamins and minerals, are available for all foods. For example, choline, boron,
chromium, essential fatty acids, and trans fatty acids, are incompletely
represented in food databases.

Using The Food Processor program to do a personal CDA involves three
primary steps. The first is to enter the dietary information collected from a diet
record. In this project (PNEP), the diet record will represent all the foods eaten

over a three-day period. Each food is entered or searched by name, then a
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quantity and serving type (ounce, cup, gram, each, etc.) are entered.

The second step is to create a personal profile, which makes the
recommended nutrients more appropriate for the individual. The personal
profile consists of gender, activity level, height, weight, and age. The result is
RDAs specific for the person being analyzed.

The third step is to compare the individual’s diet record with their
personal profile. The comparison can be presented in a variety of reports as
graphs, tables, and spreadsheets. These reports, when inserted into the EM,
will make the PNEP personal.

The Food Processor program is very customizable. The program allows
the user to select what is to be analyzed. As noted before, the program can
analyze for 133 food components. To improve accuracy and reduce complexity,
about thirty food components will be analyzed. Also, while the program can
print nine reports, a selection will be used that will provide a range of
information, without being overwhelming.

Separate from the PNEP will be the directions and forms for completing
the 3-day diet record. The directions will be complete and clear, giving step-by-
step guidelines and examples for recording food intake over the three-day
period. This is important, because the intention is to have the PNEP as self-

contained as possible, requiring little assistance from outside sources.
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There are three methods for estimating dietary intake: 1) food record or
diary; 2) 24-hour recall; and 3) food frequency questionnaire. There are
advantages and disadvantages for each method.'"

The food record has the potential of being the most accurate, especially
if the foods being eaten are recorded on the same day. The primary
disadvantage is that the more days being recorded, the more laborious the
process is. The 3-day diet record is a good compromise between not enough
data for a fair representation of a person’s diet, and risking a person dropping
out because it became too intrusive over too long of a period of time. Another
disadvantage is that the burden is on the individual, and following the
directions and completing the forms requires a greater degree of literacy.

The 24-hour recall is just that. A person is asked what they ate over the
last twenty four hours. The main advantage is one of convenience. Usually it
will take less than thirty minutes to recall what had been eaten. There are
several disadvantages, though. First, there may be difficulty in recalling the
kinds and amounts of food eaten. Second, the last twenty four hours may not
represent the individual’s usual dietary intake. Third, there is a tendency for
persons to over report low intakes of some foods and under report high intakes
of other foods.

Food frequency questionnaires (FFQ) usually contain about one hundred

foods, but may contain only a few foods if the analysis is being limited to a
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particular nutrient (e.g., vitamin A). The foods are organized into groups
containing common nutrients. For example, vegetables would be in one group,
and protein foods in another. The format consists of questions, such as “How
often do you eat desserts?”, or “Which fruits do you eat?”. The amounts eaten
are assigned a frequency, such as daily, weekly, or monthly. For example, a
person may consume one cup of milk daily, but eat three ounces of liver just
once per month. As with the 24-recall, the main advantage is convenience.
Usually a person can complete an FFQ within an hour. One disadvantage of an
FFQ is that it must be validated, meaning that the selection of foods it contains
needs to represent what most individuals would commonly eat. Also, many

disadvantages of the 24-hour recall also apply to the FFQ.

For this project, the EM and CDA will be formatted for a 3-day diet
record. The PNEP could also be easily adapted for a 24-hour recall format.
While the latter would not be as accurate as a 3-day diet record, it could be
done in “real time” in a health practice, providing same-day results for the

client.
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CHAPTER 4

RESULTS AND FINDINGS

The completed Personalized Nutrition Education Program (PNEP) is in
Appendix 1. (For proper presentation, documents in the appendices are in two-
sided format.) The PNEP consists of the Education Module (EM) and the
Computerized Dietary Analysis printout (CDA). The combination resulted in a
56-page text (pages A-1 to A-56). The PNEP is divided into nine parts (see Table

of Contents on page A-3):

PNEP (A-1 to A-56)

Part 1: Introduction (A-4 to A-5)

The introduction is limited to two pages. The first page tells the reader that (1)
most diets have deficiencies and excesses; (2) dietary imbalances are
associated with at least five of the top ten causes of death; (3) an improved diet
will make life easier and more enjoyable; and (4) a healthier population will

reduce medical insurance and medical bills, benefitting both the individual and
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the nation. The second page outlines what is contained in the PNEP.

Part 2: Dietary Analysis Section (A-6 to A-15)

This section contains the actual printouts of the 3-day CDA (three yellow
pages), along with guidance on how to interpret them. Preceding each printout,
a page walks the reader through it. Three kinds of computer printouts were
chosen: Bar Graph, Ratios and Percents, and Food Pyramid.

Bar Graph (Printout 1) is in the format of a horizontal bar graph. Thirty-
nine nutrients are analyzed. They are divided into five categories: Basic
Components, Vitamins, Minerals, Other Fats, and Other. To the right of each
nutrient, its Value (g, mg, mcg, IU) is listed, followed by its Goal % (based on
gender, activity level, weight, and age). These are followed by the horizontal
bars, which visually depict the percent of goal (0%-100%).

Ratios and Percents (Printout 2) is divided into four categories: Source
of Calories, Source of Fat, Exchanges, and Ratios. The Source of Calories lists
the percent of calories coming from protein, carbohydrates, fat, and alcohol, as
well as presenting this information in the form of a horizontal bar graph. The
Source of Fat is similar, providing the percents of fat broken down into
saturated, monounsaturated, polyunsaturated, and other/missing. Exchanges
is helpful for people who have diabetes, and Ratios computes four ratios, two

for minerals, and two for fat.
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Food Pyramid (Printout 3) numerically and graphically presents an
analysis of the diet based on the USDA’s Food Guide Pyramid. It compares the
computed servings from six food groups with the suggested number of servings
recommended by the USDA.

The Dietary Analysis Section of the PNEP is designed so that the
description of each printout appears on the left, and the actual printout is on
the right. This format makes it easy for the reader to go back and forth from
description to printout.

Following the Food Pyramid printout, two pages assist the reader in
using the remainder of the PNEP. It takes each nutrient category (Calories,
Carbohydrates, Dietary Fiber, Protein, Fat, Vitamins, and Minerals) and tells
where in the PNEP the reader can get additional information.

This section ends in with a final note that their CDA will not be 100%

accurate. It lists six factors that can reduce its accuracy.

Part 3: Carbohydrates, Protein, and Fats (A-16 to A-20)

This section devotes one or two pages to each subject. The information is
categorized into three sections: DRI (RDA or Al for Adults), Major Sources, and
Non-Therapeutic Importance. The format is mostly informal, talking directly to

the reader.
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Part 4: Vitamins (A-21 to A-28)

This section provides basic information on vitamins. The information is broken
down into six sections: DRI (RDA or Al for Adults), Major Sources, and Non-
Therapeutic Importance, Deficiency Symptoms, Increased Risk for Deficiency,
and Possible Therapeutic Applications. The format consists of lists, so the

information is readily accessible.

Part 5: Minerals (A-29 to A-36)
This section provides basic information on minerals. The format is the same as

for the vitamin section (Part 4).

Part 6: Digestion and Metabolism of Food (A-37 to A-40)

This section is divided into two parts. The first part (Digestion, Absorption,
Transport, and Excretion) follows food through the entire G.I. tract, describing
the digestive process. The second part (Metabolism of Food Nutrients) explains
what happens to food after it is digested. The three energy sources,
carbohydrates, fat, and protein, are treated separately. Most metabolic
pathways require one or more nutrients. By showing the reliance of the
pathways on dietary nutrients, the connection between food, vitamins, and
proper function of the body is made. As in Part 3, the format is mostly

informal, talking directly to the reader. It is a difficult subject, and the
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intention was to make it as approachable as possible.

Part 7: Measurements and Conversions (A-41)
This section serves as reference guide for measuring food amounts, as well as
converting measurements between English and Metric systems. It is duplicated

on the 3-Day Diet Record Form (Appendix 3).

Part 8: Abbreviations (A-42 to A-45)
This section, in table format, contains approximately 250 abbreviations often

found in nutrition and medicine. It ends with a ruled section for note taking.

Part 9: Glossary (A-46 to A-56)
The final section contains definitions on more than 300 words commonly found
in nutrition and medicine. The relative completeness of the glossary adds to the

PNEP being a self-contained nutrition education and reference guide.

Directions for Completing the Diet Record Form (A-57 to A-58)
Appendix 2 contains the directions for recording dietary intake over a three-day
period. It was designed to be as complete and specific as possible, since a

dietary analysis will only be as accurate as the information supplied.
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Step-by-step instructions are given for filling out the diet record form,
including an example of the actual form. The instructions are written with the

intention that a medical practice is using the PNEP.

The 3-Day Diet Record Form (A-59 to A-63)

Appendix 3 contains the forms for recording all the information needed for
doing a 3-day diet analysis. Besides written directions, an example of recording
a complete breakfast is given. Three ruled pages are provided for recording
foods consumed over the three-day period. The final page provides
measurement and conversion tables to assist in determining portion types (mg,

g, ml, tsp, tbsp, etc.).
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CHAPTER 5

CONCLUSIONS AND IMPLICATIONS

The intention of this study was to design a self-contained, personalized,
nutrition education program (PNEP) that could change a person’s dietary
behavior. The result was a 56-page book that serves both as a nutrition
education course, as well as a handy reference guide. The inclusion of the
person’s diet analysis makes the PNEP more personal, rather than just another
generalized book about nutrition.

When it comes to making changes in behavior, especially in areas as
personal and fundamental as diet, motivation that is driven by a person’s
beliefs is paramount. According to the Ajzen and Fishbein theory of reasoned
action,'® and Ajzen’s theory of planned behavior'®, behavior can be predicted
by a person’s intention to perform that behavior.

There are two factors that lead to this intention. One is the individual’s
own beliefs about the behavior and its consequences. The other is the
expectation of the individual’s behavior by external influences, such as family
members, or authoritative individuals or groups. In other words, does the

individual think that other people condone, or not condone, the intended
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behavior.

A previous study by this researcher'® showed that just the results of a
dietary analysis printout could affect the individual’s own beliefs about his or
her diet, and thus create an intention to change unhealthy dietary behaviors.
The second component, addressed in this study, was the PNEP, which could
be argued as acting as the external influence, especially if the PNEP were

offered in a healthcare setting.

In conclusion, there is certainly a segment of the population that may
respond to a nutrition intervention consisting of no more than a computer
printout of their diet. These are the people who already know that nutrition is
important, and may have initiated their own course of nutrition education
through popular health magazines and books. They are also the people who are
surprised to learn that, in spite of their interest in nutrition, their diet still
contains nutrient deficiencies and excesses, and when they learn this, they are
motivated to act on this knowledge. For other people, seeing the results of their
diet analysis may be the stimulus to take an interest in nutrition. Many people
may assume that they have an adequate diet, and thus have no interest in the
impersonal nutrition information that they are constantly bombarded with. The
diet analysis, on the other hand, makes it personal.

With their ease of implementation, computerized dietary analysis
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programs are finding a place in nutrition intervention programs. To take this
two small steps further, the incorporation of the printout into a self-guided
nutrition instruction booklet that is presented by an accepted individual
(health professional) or institution, could be a low-cost nutrition screening and
intervention tool.

Since it is important to start good dietary habits early, the ideal situation
would be for a school dietitian to offer diet analyses as part of a general health
course, perhaps at the high school level. Also, community colleges often offer
noncredit, adult education courses, usually involving two to four meetings. The
PNEP could serve as the course material. Finally, if a doctor wanted to
incorporate a nutrition component into the medical practice without adding to
the staff’s workload, the PNEP could be the answer. As can be seen, the PNEP

could be adapted to a variety of settings.
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Part I: INTRODUCTION

Why You Should Be Concerned About What You Eat

Simply put, most diets have at least some nutrient deficiencies and excesses. And some of these
nutrient deficiencies and excesses can cause disease. For example, low intakes of the antioxidant
nutrients, such as vitamin C, vitamin E, and beta-carotene, are associated with heart disease and certain
cancers. On the other hand, excesses of some other nutrients, especially saturated fat, are also
associated with heart disease and some cancers.

Nutritional imbalances are associated with heart disease, cancer, hypertension, stroke, diabetes,
osteoporosis, obesity, and other diseases and disorders. In fact, of the ten leading causes of death in
the United States, diet plays a role in at least five, including the top three, heart disease, cancer, and
stroke, which account for 60% of all deaths! Some lifestyle choices, including the use of cigarettes and
alcohol, and physical inactivity, also increase the chances for disease to happen. Research, surveys, and
medical statistics indicate that we are a society plagued with overconsumption and undernutrition.

On a personal level, changes in diet and nutrient intake can be used to treat or prevent diseases. In the
long run, it is much easier and cheaper to prevent disease than it is to treat it after it occurs. Proper
nutrition also gives the benefit of increased overall well-being. Who doesn’t want to be able to deal
with life’s stresses better, to have more energy, to have greater mental clarity, etc.?

On a national level, the best way to check the rising costs of health care in our country is to reduce the
occurrence of the diseases associated with improper food intake. While early detection of disease is
important, prevention makes the most sense in terms of cost. And that cost is measured not only in
medical insurance and direct medical bills, but also in days missed on the job, resulting in a decrease
in overall productivity. So, for the good of yourself and the country, let’s eat better!
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What’s Included In Your Nutrition Book

Dietary Analysis Section
Following this introduction, the dietary analysis section begins. Each section of your Computerized Dietary
Analysis (CDA) will be explained, followed by the actual printout of your dietary analysis (yellow pages).
Your CDA printout is three pages long. Following your printout are two pages that guide you in how to
use your dietary analysis results.

Carbohydrates, Protein, and Fats
Information on carbohydrates, protein, and fats. You will find the information divided into three
categories: DRI (RDA or Al for Adults), Major Sources, and Non-Therapeutic Importance.

Vitamins

Basic information on the vitamins. First covered are the fat-soluble vitamins, and then the water-soluble
vitamins. The information is divided into six categories: DRI (RDA or Al for Adults), Major Sources (based
on a normal serving size), Non-Therapeutic Importance, Deficiency Symptoms, Increased Risk for
Deficiency, and Possible Therapeutic Applications.

Minerals
The same basic information on the minerals as was for the vitamins.

Digestion and Metabolism of Food
An overview of how your body digests food. It then explains how carbohydrates, fat, and protein are used
as energy sources. It also demonstrates the importance of vitamins in energy production.

Measurements, Conversions, and Abbreviations
Common U.S. and metric measurements. It also shows you how to convert one to the other. Some
important abbreviations are included here.

Abbreviations
Additional abbreviations that are commonly found in nutrition and medical literature.

Glossary

Definitions on words commonly found in nutrition and medical literature.



Part 2: DIETARY ANALYSIS SECTION

About Your Computerized Dietary Analysis

Your computerized dietary analysis (CDA) is divided into three yellow pages:

Printout |  Bar Graph: This printout contains a horizontal bar graph for 39 nutrients and other dietary
components.

Printout 2  Ratios and Percents: This printout contains two horizontal bar graphs showing how your calories
are distributed between protein, carbohydrates, and fat. There is also information on diabetic
food exchanges and several important ratios.

Printout 3  Food Pyramid: This printout contains a pyramid depicting your food intake divided between six
categories, as recommended by the U.S. Department of Agriculture (USDA) and the U.S.
Department of Health and Human Services.

(Near the top of each printout, below your name, there are two horizontal lines. Between them, on the left, it says,
“Total Weight:”, with an amount in grams and ounces. This is the total weight of all the food from your 3-Day Diet
Record. Do not be concerned with this.)

THE NEXT THREE SECTIONS EXPLAIN YOUR DIETARY ANALYSIS PRINTOUT.

YOUR PERSONAL PRINTOUTS ARE THE YELLOW PAGES.
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Printout I: Bar Graph

This printout is divided into four sections, consisting of three columns and a horizontal bar graph:

Nutrient Column

This column lists the 39 nutrients and other ingredients that were measured for your diet analysis. They are
broken down into five categories: Basic Components, Vitamins, Minerals, Other Fats, and Other. There are
other components in food besides these, but there is not enough reliable data to include them.

Value Column

This column lists the amounts of nutrients in your diet, based on your Diet Record. Most of the information
on the ingredients (vitamins, minerals, etc.) in the food comes from various handbooks published by the
U.S. Department of Agriculture. The computer program uses this information to compute the amounts.

Goal % Column

This column lists the percents of the nutrients, when their amounts are compared to the DRI* or other
dietary goals. For example, let’s say your DRI for calcium is 1,000 mg and your intake from your Diet Recall
was computed at 750 mg. If you divide your intake (750 mg) by your DRI (1,000 mg) you get .75. If you then
multiply the .75 by 100, you get the percent. In this example, you would be getting 75% of the
recommended amount of calcium per day.

The percents are computed using information you provided: diet recall, age, sex, weight, and activity
level. The goal percents for carbohydrates, protein, and fat are compared to these reference percents of
total calories: Carbohydrates - 50%, Protein - 20%, Fat - 30%. The reference percents for fat are also
compared to: Saturated - 8%, Monounsaturated - 13%, Polyunsaturated - 9%.

Horizontal Bars

This graph goes from 0% to 100% of the DRI, or other dietary goals, that have been established for these
nutrients. For many vitamins, it’s okay to significantly exceed 100% of the DRI. For example, you have to be
careful not to get too much vitamin A and vitamin D (fat-soluble vitamins), but vitamin E (another fat-soluble
vitamin) and most of the water-soluble vitamins, have much greater margins of safety.

Speaking of margins of safety, another category of the DRIs are the ULs (Tolerable Upper Intake
Levels). ULs are defined as the maximum level of daily nutrient intake that is unlikely to impose risks of
adverse health effects to almost all of the individuals in the general population.

Getting back to vitamin A. For adults, its UL is about four times its RDA. But many other nutrients
are much safer, that is, their UL is much greater than its DRI (RDA or Al). For example, vitamin C’s UL is
more than twenty times its RDA, and vitamin E’s UL is more than sixty times its RDA.

The bar graph goes only to 100%. If a nutrient from your Diet Recall was computed to be more
than 100%, an arrowhead will appear to the right of the horizontal bar. If this occurs, look to the left of the
horizontal bar. The Goal % column will have a number showing you how much greater than 100% of the
nutrient you are getting. (The bottom four components, omega-3 and omega-6 fatty acids, alcohol, and
caffeine, have no dietary goals, so there are no horizontal bars for them, only their weight in grams.)

*DRI (Dietary Reference Intake): an umbrella term designed to encompass specific types of nutrient recommendations, including
RDA (Recommended Dietary Allowance) and Al (Adequate Intake). The RDA is the average intake of essential nutrients that is
sufficient to meet the nutrient requirements of nearly all (97-98%) healthy persons in a particular life stage. If an RDA cannot be
determined for a nutrient, then it is assigned an Al if there is enough information on it.
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Printout 2: Ratios and Percents

This printout is divided into four sections, consisting of two horizontal bar graphs and two lists.

Source of Calories

This horizontal bar graph goes from 0% to 100%. The bars represent the percentage of protein,
carbohydrates, fat (total), and alcohol in your diet (compared to the total calories in your diet). If you want
to understand how these percents were computed, see the following box.

Please note that one gram of protein provides 4 calories, one gram of carbohydrates provides 4 calories, one gram
of fat provides 9 calories, and one gram of alcohol provides 7 calories. (gram = g)

AN EXAMPLE: Let’s say your Diet Recall showed that you averaged 100 g of protein per day. (Printout |, Bar Graph,
will have this information under the Value column). Since each gram of protein provides 4 calories, you would be
getting 400 calories from protein (100 g x 4 calories/g = 400 calories). If you averaged 2,400 calories per day (calories
from protein + carbohydrates + fat + alcohol), then you would divide 400 calories (from protein) by your 2,400
total daily calories to get the percentage of protein calories in your diet. You multiply your result by 100 to convert
it to a percentage. (First: 400 + 2,400 = .16; then: .16 x 100 = 16%)

So, that’s where these percentages come from. Now, what’s a good percentage?

For several decades, most health experts have said that you should get about 10% to 15% of your
calories from protein, about 50% to 60% from carbohydrates (mostly complex), and no more than 30%
from fat. More recently, however, there are increasing numbers of nutritionists who think that higher
amounts of protein (up to 30%), and lower amounts of carbohydrates (down to 40%), might be healthier.
You may need to experiment to see what works for you.

Source of Fat

This horizontal bar graph goes from 0% to the fat percentage (Fat - Total) from the previous section,
Source of Calories. Here, the calories from fat are broken down into different types of fat: saturated,
monounsaturated, and polyunsaturated. (Other/Missing may come from glycerol or trans fatty acids.)

These percentages are computed the same way as were the percentages for protein, carbohydrates,
fat, and alcohol in the above section.

Again, health experts recommend percentages of intake for the three main types of dietary fat. But,
in this case, they are ranges of percentages. These ranges are in parentheses after each type of fat. For
example, the recommended range for saturated fat is 7 - 10%. Monounsaturated fat has the highest
percentage because this is considered to be the healthiest fat.

Exchanges
This section is for diabetics. These are the diabetic exchange food groups that are outlined in the Exchange
Lists for Meal Planning booklet published by the American Diabetes Association and the American Dietetic
Association. (The word, exchange, refers to the fact that each item on a particular list, in the portion listed,
may be interchanged with any other item on the list.)

If you are a diabetic, you can use this information to adjust your diet. Please consult first with your
diabetes counselor before making any major changes in your diet.
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Ratios
These ratios involve more math, so if you are feeling a bit overwhelmed because of it, just skip it. You can
always come back to this page later.

These ratios are another way to look at some of your nutrient intakes. They use relationships,
instead of a single number for a single nutrient.

P : S (Poly/Saturated Fat)
This is a comparison of polyunsaturated fat and saturated fat. To get the ratio, you divide the grams (g) of
polyunsaturated fat by the grams of saturated fat. These amounts can be found on the first page of your
printout (Bar Graph, under the Value column).

It is recommended that you should get slightly more polyunsaturated fat in your diet. Therefore, the
ratio should be greater than one. That is, the number to the left of the colon (:) should be greater than 1.00,
such as |.10, 1.24, 1.37, etc. For example, 1.24: |

Potassium : Sodium
Sodium and potassium are minerals that are kept in a precise balance in the body. The ratio of potassium to
sodium intake may be helpful in evaluating this balance. To get the ratio, you divide the milligrams (mg) of
potassium by the milligrams of sodium. These amounts can be found on the first page of your printout (Bar
Graph, under the Value column).

The general recommendation is that the ratio be maintained either at |:1, or with a slight preference
for potassium. That is, the number to the left of the colon (:) can be greater than one, but less than two.
For example, 1.35: |

Calcium : Phosphorus

Authorities disagree on the best ratio between calcium and phosphorus. Recommendations range from 3:|
to |:3. However, most would agree that |:1 is adequate. To get the ratio, you divide the milligrams of
calcium by the milligrams of phosphorus. These amounts can be found on the first page of your printout
(Bar Graph, under the Value column). For example, 1.05 : |

CSI (Cholesterol/Saturated Fat Index)
This index is indicative of the cholesterol and saturated fat content of a diet, and is useful for comparing
diets and daily intakes. For those of you who want to know, the formula to compute the CSl is:

CSI = (1.01 x grams of saturated fat) + (0.05 x milligrams of cholesterol)

Generally, the lower the CSl value, the better. (The Dietary Guidelines for Americans 2000 recommends that
fat intake not exceed 30% of the total calorie intake, with saturated fat less than 109, and cholesterol
intake less than 300 mg per day.)

Research suggests that a CSI value of approximately 16 for women and 22 for men correlated with
reduced blood lipids and lower cholesterol. (Some of the variance relates to differences in body size and
general food intake needs between the sexes. As food intake increases, the CSl value correspondingly
increases.)



Printout 3: Food Pyramid

The right half of the pyramid is the area to focus on. It consists of two vertical sections (both shaded), and
six horizontal bars (one for each food group).

It is recommended that, for good health, the horizontal bars end in the darker section (Preferred
Range). If a bar ends with an arrowhead on the right, it means that you may be eating too much food from
that group. Look just to the left of the bar to see the actual amount of servings you are getting. You can
then compare that number with the suggested range for that food group, which will be in parentheses
below the name of the food group.

The Food Guide Pyramid was developed by the USDA to assist consumers in planning nutritionally
adequate diets within an optimal calorie level. Each of the six groups contributes a unique set of nutrients.

THE SIX GROUPS, FROM TOP TO BOTTOM

Fats, Oils, & Sweets

The small tip of the Pyramid shows fats, oils, and sweets. These are foods such as salad dressings and oils,
cream, butter, margarine, sugars, soft drinks, candies, and sweet desserts. These foods provide calories and
little else, nutritionally. Most people should use them sparingly.

Milk, Yogurt, & Cheese Group

Milk products are important because they provide protein, vitamins, and minerals. Milk, yogurt, and cheese
are the best sources of calcium. Recommended: 2 servings for most people, and 3 for women who are
pregnant or breast-feeding, teenagers, and young adults to age 24.

Meat, Poultry, Fish, Dry Beans, Eggs, & Nuts Group

Meat, poultry, and fish are important because they supply protein, B-vitamins, iron, and zinc. The other
foods in this group (dry beans, eggs, & nuts) are similar to meats in providing protein and most vitamins and
minerals, but in addition, they also provide fiber. Recommended: 2 to 3 servings of these foods a day.

Fruit Group
Fruits and fruit juices are important because they provide large amounts of vitamins A and C and potassium.
They are also low in fat and sodium. Recommended: 2 to 4 servings of these foods a day.

Vegetable Group

Vegetables are important because they provide vitamins (such as vitamins A and C and folate) and minerals
(such as potassium and magnesium). They provide fiber, and are naturally low in fat. Recommended: 3 to 5
servings of these foods a day.

Breads, Cereals, Rice, & Pasta Group

Breads, cereals, rice, and pasta are important because they provide complex carbohydrates (starches),
which are an important source of energy, especially in low-fat diets. They also provide vitamins, minerals,
and fiber (wholegrain foods only). Recommended: 6 to | | servings of these foods a day.
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How To Use Your Dietary Analysis Results

Your printouts show your dietary intake for many nutrients. The percents of the dietary goals (Printout |,
Bar Graph) are based on the information you supplied (age, weight, sex, and usual activity level). By looking
at various sections of your printouts and Parts 3, 4, and 5, you’ll be able to identify nutrient deficiencies and
excesses (in relation to established dietary goals), and then focus on the foods that are sources of these
nutrients.

Calories: Calories are mainly a concern when you are trying to lose or gain weight, or if you have diabetes.
The first page of your printout (Bar Graph) shows whether or not you are in caloric balance, that is,
significantly below or above 100%.

NOTE: The accuracy of your diet analysis depends on the correctness of the information you
supplied. If you considerably under-reported your food intake, and/or overestimated your activity level,
then the analysis may show that either you are not getting enough calories or that your diet is better than it
really is.

Carbohydrates: The first page of your printout (Bar Graph) shows how many grams of carbohydrates you
are getting. The second page of your printout (Ratios and Percents) shows the percent of total calories
coming from carbohydrates. Most experts recommend around 50% to 60%, but some recommend down
to 40%. (The diet analysis program uses 50%.) Most of your calories should come from complex carbs.
Part 3 (Carbohydrates, Protein, and Fats) provides basic information on carbohydrates.

Dietary Fiber: Most people don’t get enough fiber. The first page of your printout (Bar Graph) shows your
fiber intake. An intake of 25-35 grams is considered to be good. The Institute of Medicine (IOM)
recommends 14 grams per 1,000 calories. Part 3 (Carbohydrates, Protein, and Fats) lists good sources of
fiber (fruits, complex carbohydrates, legumes).

Protein: The first page of your printout (Bar Graph) shows your protein intake in grams, and also its
percent of your dietary goal. If you are getting too little protein (let’s say 50% or less of your dietary goal),
or too much protein (let’s say 150% or more of your dietary goal), check Part 3 (Carbohydrates, Protein,
and Fats) for sources of protein that you may need to increase or decrease.

The second page of your printout (Ratios and Percents) shows the percent of total calories coming
from protein. Most health experts recommend around 10% to 15%, but some recommend up to 30%,
(preferably from low-fat protein foods). (The diet analysis program uses 20%.) However, your protein
requirement is based more on your body weight. If you consume more calories than would be expected
(maybe because you exercise a lot), the percent of calories from protein should go down, while those from
carbohydrates should go up.

Fat: Many people get more fat than they need. The first page of your printout (Bar Graph) shows your fat
intake (total, saturated, monounsaturated, polyunsaturated) in grams, and also its percent of your dietary
goal.

The second page of your printout (Ratios and Percents) shows the percent of total calories coming
from fat, as well as the different types of fat. Remember, the recommendation is that total fat intake be no
more than 30%. (The diet analysis program uses 30%.) See Part 3 (Carbohydrates, Protein, and Fats) to
help you make any needed dietary adjustments in your fat intake.

Fat-Soluble Vitamins: Dietary levels of vitamins A, D, E (Vit E-Alpha Equiv.), and K are reported in the
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Bar Graph section of your printout. If you are not taking multi-vitamin supplements that contain vitamin A, a
dietary intake of even two hundred percent of the RDA is no cause for concern. However, if you regularly
consume fish oil or liver, plus vitamin A and D fortified products, and take a vitamin supplement containing
vitamin A, you could be getting too much of this vitamin. On the other hand, vitamin E is very safe, and
most adults can safely consume many times the RDA. Part 4 (Vitamins) lists good sources of these vitamins.

Please note that many vitamins (other than vitamins A and C) may be under represented in your
printout if you eat a lot of brand name and fast foods, because the food databases can be incomplete for
brand name and fast foods.

Water-Soluble Vitamins: Vitamin C, thiamin, riboflavin, niacin, vitamin B6, vitamin B 12, biotin, folate, and
pantothenic acid, are water-soluble vitamins. If the Bar Graph section of your printout shows that you have
deficiencies of these nutrients, Part 4 (Vitamins) lists good food sources. Don’t be concerned if your diet is
supplying several hundred percent of the RDA for any of these vitamins. These nutrients are very safe, and
it is almost impossible to get too much from your food.

Please note that many vitamins (other than vitamins A and C) may be under represented in your
printout if you eat a lot of brand name and fast foods, because the food databases can be incomplete for
brand name and fast foods.

Minerals: The Bar Graph section of your printout gives your dietary intake of calcium, copper, iodine, iron,
magnesium, manganese, molybdenum, phosphorus, potassium, selenium, sodium, and zinc. Part 5
(Minerals) lists good food sources for these minerals. (There is information on other minerals in this
appendix that were not analyzed in your Diet Record. The nutrient database is not complete for these
minerals.)

Unlike the water-soluble vitamins, it’s better not to get too much of the minerals (especially iron,
which, in excessive amounts, contributes to oxidative stress). Another reason is that many of the minerals
interact with one or more other minerals. Too much of one mineral, such as calcium or zinc, could create a
deficiency of its related mineral, magnesium or copper, respectively. With minerals, balance is best.
Therefore, the objective should be to have a mineral intake fairly close to 100% of your dietary goals.

Please note that minerals (other than calcium, iron, potassium, and sodium) may be under
represented in your printout if you eat a lot of brand name and fast foods, because the food databases can
be incomplete for brand name and fast foods.
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Final Note

Please keep in mind that your dietary analysis results are based on how accurately you recorded what you
ate for three days, so please don’t make any life or death decisions based on it. Completing one dietary
analysis won’t give you a 100% accurate picture of your diet. There are a number of reasons why your
dietary analysis may have some inaccuracies, including:

I. You didn’t accurately record the amount and kinds of food you ate.

2. You didn’t estimate accurately your usual activity level.

3. The food databases are based on averages. Foods can vary from region to region, and from season to
season.

4. The food databases are less complete for brand name and fast foods. They may not contain enough
information on many vitamins and minerals, but they are complete for calories, carbohydrates, protein,
fat, fiber, cholesterol, vitamin A, vitamin C, calcium, iron, potassium, and sodium.*

5. The USDA hasn’t tested every food for every nutrient, so there can be gaps.

6. Your dietary habits are bound to change from season to season, or from year to year.

Nevertheless, done properly, a dietary analysis can provide valuable insights into a person’s dietary habits,
especially when it’s done more than once.

*Probably the most important nutrients to focus on are: calories, carbohydrates, protein, fat, fiber, calcium,
potassium, and sodium. Except for calcium and magnesium, most multivitamin-mineral supplements will fill
in possible gaps of missing vitamins and minerals in the diet.

A-15



Part 3: CARBOHYDRATES, PROTEIN, AND FATS

Carbohydrates

DRI (RDA or Al for Adults)
130 grams (sugar + starch). However, it is generally recommended that carbohydrates (primarily complex)
make up 50% to 60% of the total calories in a diet. (Some researchers, however, are recommending as little as
40%.) The Institute of Medicine (IOM) suggests that 45% to 65% of calories come from carbohydrates, and a
fiber intake of 14 grams per 1,000 calories. The recommended Al for fiber are:

Under age 51: 38 g (males); 25 g (females).

Ages 51 and older: 30 g (males); 21 g (females).

Major Sources
® Simple (sugars): Cane and beet sugars, molasses, maple syrup, honey, corn syrup, fruit and fruit juice.
® Complex: Whole grain products (cereals, pastas, breads), legumes (beans: lentil, kidney, soy, pea, etc.),
starchy vegetables (potato, corn, yam, etc.).
® Fiber:
Soluble: Oat bran, legumes, gums (guar, psyllium), barley, apple, pear, citrus fruit.
Insoluble: Wheat bran, vegetables (especially raw).

Non-Therapeutic Importance
Major energy source; protein sparing; necessary for normal fat metabolism; other than in starvation states,
glucose (from carbohydrate digestion) is the sole source of energy for the brain.

Carbohydrates are the predominant source of food energy for animals. They get this energy directly through the
consumption of grains, grasses, leaves, fruit, phytoplankton, etc. Or, as carnivores, they get it indirectly by eating
animals that consume grains and other high-carbohydrate foods. Because plants make carbohydrates by directly
using the sun’s energy, high-carbohydrate foods are “cheap.” That is, less energy is needed to produce these
foods, as opposed to foods derived from animals.

Carbohydrates can be small or large molecules, but they are all based on the simple sugars (saccharides). The
three main classes are monosaccharides (one sugar), disaccharides (two sugars), and polysaccharides (many
sugars).

I. Monosaccharides: The main monosaccharides are glucose, fructose, and galactose. Glucose, also called
dextrose, is the sugar normally found in blood. Under normal conditions, glucose serves as the main fuel for
the brain. Fructose, also called fruit sugar, is the sweetest of the sugars. Along with glucose, it is commonly
found in honey and fruit. Galactose does not exist naturally in the free state, but rather as part of the
disaccharide, lactose.

2. Disaccharides: The main disaccharides are sucrose, maltose, and lactose. The “di” in disaccharide means
two. So sucrose is made up of two sugars, glucose and fructose. Sucrose is also known as table sugar, and is
found in sugar cane, sugar beets, honey, molasses, maple syrup, and fruit. Maltose is made up of two
molecules of glucose. It is produced in the body during the breakdown (digestion) of starch. Lactose (milk
sugar) consists of glucose and galactose. Many people lack the enzyme, lactase, to split (hydrolyze) this
sugar, which results in digestive problems.

3. Polysaccharides: Common polysaccharides are starch, cellulose, and glycogen (also called animal starch).
These long molecules consist of repeating units of glucose. When we eat starch-containing food, our bodies
gradually break it down to the simple glucose molecules that are so essential. Excess sugar in the blood can
be stored in the liver and muscles as glycogen. When our blood sugar levels are low, the liver can break
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down the glycogen to glucose, and then release it into the blood. Like starch and glycogen, cellulose (plant
fiber) consists of chains of glucose molecules. However, unlike starch and glycogen, its repeating units of
glucose are bound together in such a way that our bodies can’t break them down.

Another type of carbohydrate is fiber (or roughage). It only comes from plants, and is not broken down during
human digestion. Fiber, therefore, is not an energy source, but nonetheless, it plays a major role in human
health. (Note: Some fibers ferment in the colon and are energy sources for some of the bacteria residing there.)

Occasionally you may come across the term, crude fiber. The fiber content of foods was historically measured
by subjecting food to digestion by acid and alkali. This process is much tougher on food than what occurs in the
human digestive tract. Therefore, the term, dietary fiber, is used more often now. Depending on the fiber
content, a food’s dietary fiber value will be two to five times higher than its crude fiber value.

Dietary fiber is typically classified by one physical property—whether or not it dissolves in water. Water-soluble
fibers are important because of their ability to hold water and form gels, and also because of their role as a
substrate for fermentation by bacteria in the large intestine. Insoluble fiber forms the cell walls (cellulose,
hemicellulose) and the woody parts of plants (lignin).

Soluble and insoluble dietary fibers contribute various physiologic effects in the body, including:

Fiber stimulates chewing, which increases saliva flow and gastric juice secretion.

l.

2. Fiber fills the stomach, which produces a sense of satiety.

3. Dietary fiber increases fecal bulk, decreasing intraluminal pressure in the colon.

4. Fiber normalizes intestinal transit time. That is, depending on the fiber, it can help both constipation and
diarrhea.

5. Soluble fiber can be a substrate for colonic fermentation. This can reduce cholesterol synthesis.

6. Soluble fiber delays stomach emptying and slows the rate of digestion and absorption of nutrients. This is

especially important for diabetics, as glucose enters the bloodstream slower.
7. Soluble fiber can lower serum cholesterol levels by binding bile salts.

Because of the above physiologic effects of dietary fiber, there is now a lot of attention paid to the fiber content
of food. Unfortunately, national dietary surveys indicate that the average person gets only one third to one half
of the fiber recommended (25-35 grams). Why should we care? Because there is evidence that this low intake of
fiber may contribute to colon cancer and cardiovascular disease, and makes diabetes harder to control.
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Protein

DRI (RDA or Al for Adults)
0.8 g/kg. [One kilogram (kg) = 2.2 pounds. Therefore, the average 63 kg (139 Ibs) woman needs: 63 kg x 0.8
g/kg = 50 grams of protein. The average 79 kg (174 Ibs) man needs: 79 kg x 0.8 g/kg = 63 grams of protein.]
To determine your protein requirement, divide your weight in pounds by 2.2. This converts your weight
from pounds to kilograms. Then multiply this number by 0.8. This will give you the amount of grams of protein
you need, assuming that you have no special protein needs. Divide by 28 to convert grams to ounces.
The other way to look at recommended protein intake is to just get around 10% to 5% of the calories in
your diet from protein. (Some researchers, however, are recommending up to 30%, from low-fat sources.)
The Institute of Medicine suggests that 0% to 35% of calories come from protein.

Major Sources

® [ower fat: Baked or broiled lean beef, poultry (without skin), pork, and fish. Legumes, tofu, low-fat dairy
products (skim and |9% milk, nonfat yogurt, cottage and diet cheeses), egg white.

® Higher fat: Fried beef, poultry, pork, and fish. Sausage, luncheon meats, hot dogs, hamburgers, nut butters,
nuts and seeds, eggs, whole milk, cheeses. Most fast foods and convenience foods.

Non-Therapeutic Importance

All enzymes, antibodies, and most hormones are proteins. Proteins provide the transport of nutrients, oxygen,
and other factors throughout the body; provide the structure and contracting capability of muscles; provide
collagen to the connecting tissue of the body and to the tissues of the skin, hair, and nails.

Protein is made up of amino acids. Amino acids, in turn, are made up of atoms of carbon, hydrogen, oxygen,
nitrogen, and occasionally sulfur.

There are twenty amino acids used in the production of your body’s proteins. Nine of these amino acids are
classified as being indispensable (essential). This is because your body’s synthesis of these amino acids is
inadequate to meet your metabolic needs, and they must therefore be supplied as part of your diet. Four amino
acids are classified as dispensable. They can be synthesized from indispensable amino acids. The remaining seven
amino acids are classified as being conditionally indispensable. They can become indispensable (essential) under
certain clinical conditions.

Proteins have six main functions:

I. Inanabolic processes, proteins provide the amino acids required to build and maintain your body’s tissues.

2. Asan energy source, proteins are comparable to carbohydrates in supplying four calories per gram (4
kcal/g). Although, as an energy source, proteins are more expensive, both in terms of purchase (protein
foods usually cost more than other foods) and in the amount of energy required for their metabolism.

3. Playing a major structural role in all body tissues, proteins are also necessary in the formation of enzymes,
hormones, and various fluids and body secretions.

4. As antibodies, proteins are involved in the operation of the immune system.

Proteins also play a role in the transportation of various products. In the form of lipoproteins, they transport

cholesterol, triglycerides, and fat-soluble vitamins. For transport, numerous vitamins and minerals are bound

to special protein carriers. One protein, albumin, transports free fatty acids, bilirubin, and many drugs.

6. Finally, proteins are necessary for homeostasis. Albumin, and other proteins, help to maintain fluid
concentrations and acid-base balance.
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Fats

DRI (RDA or Al for Adults)
There is no Recommended Dietary Allowance for fat. However, most recommend that fat make up no more
than 30% of dietary calories. The Institute of Medicine suggests that 20% to 35% of calories come from fat.

Major Sources

® Saturated: Butter, bacon, animal fats (chicken, lard, tallow), coconut, cream, sour cream, cream cheese, egg
yolk.

® Monounsaturated: Olive, canola, almond, and peanut oils. Animal fats (chicken, lard, tallow), hard margarines
(stick), soybean oil margarine, avocado, nuts (peanuts, almonds, cashews, pistachio, macadamia nuts),
vegetable shortenings, egg yolk.

® Polyunsaturated: Safflower, sunflower, corn, and soybean oils. Soft safflower and corn oil margarines (tub),
walnuts, Brazil nuts, seeds (sunflower, sesame, pumpkin), oily fish.

® Cholesterol: Veal, lamb, beef, pork, chicken, organ meats, egg yolks, whole milk products (cheeses, ice
cream, butter, cream), shrimp, lobster, clams.

Non-Therapeutic Importance
Concentrated energy source; protein sparing; insulation for temperature maintenance (body fat); supplies
essential fatty acids; carries the fat-soluble vitamins.

Dietary fat is included in the class of compounds called lipids. They are insoluble in water, but soluble in organic
solvents, including ether. Although technically fats are lipids that are solid at room temperature, and oils are
lipids that are liquid at room temperature, the term “fat” is often meant to include both fats and oils.

Dietary fats, such as butter, lard, olive oil, etc., usually consist of blends of fatty acids. Fatty acids are chains of
carbon atoms, usually between four and twenty-two carbons long. Fatty acids can be saturated (no double
bonds between the carbon atoms), monounsaturated (one double bond), or polyunsaturated (two or more
double bonds).

The more unsaturated (or the shorter the carbon chain) a fatty acid is, the more likely it will be liquid at room
temperature. This is why the oil in cold-water fish stays liquid. Their oils contain chains of 20-22 carbons, but
they stay liquid because they are very unsaturated with 5-6 double bonds. Otherwise, cold-water fish would
become solid like sticks of butter!

To make margarine (or shortening) from polyunsaturated vegetable oils, such as safflower, corn, soybean, and
cottonseed, some of the carbon double bonds have to be converted into single bonds. This process, called
hydrogenation, makes the vegetable oils less unsaturated, and therefore, more likely to be solid at room
temperature. This is a convenient characteristic, since most people want to “butter” their bread, not oil it.

One problem with hydrogenating vegetable oils is the production of trans fatty acids. Without getting into
complicated organic chemistry, just think of a trans fatty acid as having hydrogens on opposite sides of the
double bond. Most fatty acids have cis double bonds, where the hydrogens are on the same side of the double
bond. It is becoming apparent that trans fatty acids (TFAs) have negative effects when it comes to us humans.
There is evidence that they can elevate serum cholesterol and lower HDL (the so-called “good” cholesterol).

Certain saturated fatty acids (SFAs) seem to contribute to heart disease (principally myristic and palmitic). They

can raise serum cholesterol and LDL, the so-called “bad” cholesterol. Some people are more sensitive than
others to the cholesterol-raising effects of saturated fats.
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For many years, polyunsaturated fatty acids (PUFAs) have been recommended over SFAs because of their ability
to lower serum cholesterol. It now appears that PUFAs are not as great as they were thought to be. The
problem is their tendency to oxidize (turn rancid), whether in the bottle or in the body. This can have several
consequences, since oxidized substances put a strain the body’s antioxidant systems and allow for free radical
production. Free radicals can have the following harmful effects:

|.  The free radicals produced by oxidized fatty acids can damage DNA, increasing the chance for a cell to
become cancerous.

2. The free radicals from oxidized PUFAs may be prime initiators of atherosclerosis.

3. Free radicals interfere with various cell functions.

4. Finally, one theory of aging focuses on the overall damage caused by free radicals.

For the above reasons, oils high in monounsaturated fatty acids (MUFAs) are now being recommended over
high SFA- and PUFA-containing oils. That is because, with only one double bond, they are more resistant to
oxidation. Oils that are naturally high in MUFAs include canola oil and olive oil. It is also possible to purchase
high-oleic (monounsaturated) versions of some PUFA oils, such as safflower and sunflower. The label will say
that they are high in MUFAs.

In the body, fats are usually stored as triglycerides (TGs). Triglycerides, more correctly called triacylglycerols,
are combinations of three fatty acids bound to glycerol, a type of alcohol. While increases in dietary fat can raise
serum triglyceride levels, over consumption of simple carbohydrates, even fruits, can also elevate serum
triglyceride levels. High levels of triglycerides may increase the risk of coronary heart disease (CHD).

Dietary fat contains varying amounts of two essential fatty acids—linoleic acid and alpha-linolenic acid (a-
linolenic acid). These fatty acids are called essential because they cannot be synthesized in the human body.
Among other things, these essential fatty acids (EFAs) serve as precursors of a class of compounds called
eicosanoids (prostaglandins, thromboxanes, and leukotrienes). These hormone-like compounds participate in
the regulation of blood pressure, heart rate, vascular dilation, blood clotting, lipolysis, immune response, and the
central nervous system. Vegetable seeds and their oils can be good sources of the essential fatty acids (mostly
omega-6), but non-seed oils, such as coconut oil, palm oil, and cocoa butter, are not.

Some fatty acids are also classified as being either omega-3 (n-3) or omega-6 (n-6). The omega-3s come
primarily from fish oil (flax seeds are good sources of ALA), and have been shown to be able to lower serum
triglycerides and cholesterol. They do this as precursors of the beneficial eicosanoids. The omega-3s include
alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA).

The essential fatty acid, linoleic acid, is an omega-6 fatty acid. It can be converted to arachidonic acid and
gamma-linolenic acid (GLA). Like EPA and DHA, GLA has beneficial influences on the eicosanoids. Good sources
of GLA are oils from borage, black currant, and evening primrose seeds.

There are researchers who speculate that most pre-civilization diets (i.e., before agriculture) were higher in
omega-3 fatty acids than today’s diets. One reason was a higher consumption of fish. The other reason had to
do with the ratio of fats in the wild animals that our distant ancestors ate. Wild grazing animals eat grasses,
which are high in omega-3 fatty acids. The meat that people eat today comes from livestock that was raised on a
diet of grains, which are high in omega-6 fatty acids.

Diet surveys show that modern diets contain around ten times as much omega-6 fatty acids as omega-3 fatty

acids (a 10:1 ratio). Since the omega-3s are showing promise for preventing and treating heart disease, plus
other health conditions, there are recommendations being made for a lower ratio—around 5:1.
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Part 4: VITAMINS (Fat Soluble)

Vitamin A (retinol, retinal)

DRI (RDA or Al for Adults)
Males: 4,500 IU. Females: 3,500 IU. Pregnancy: 3,850 IU. Lactation: 6,500 |U.

Major Sources (35,000 IU to 1,500 IU per serving)
Beef liver, veal liver, chicken liver, cod liver oil, turkey liver, beef kidney. Beta-Carotene: carrot, pumpkin, sweet
potato, butternut squash, mango, spinach, cantaloupe, collard greens, kale, beet greens, Swiss chard.

Non-Therapeutic Importance

Essential for normal growth, development, and maintenance of epithelial tissue; essential for night vision; needed
for normal bone development and tooth formation; necessary for wound healing. Beta-carotene, a carotenoid, is
a vitamin A precursor. It is converted to vitamin A in the liver as needed.

Deficiency Symptoms
Children: growth failure, poor dark adaptation, xerosis. Adults: night blindness, xeroderma.

Increased Risk for Deficiency
Acute protein deficiency, alcoholism, chronic nephritis, fat malabsorption, gallbladder disease,
immunodepression, intestinal parasites, liver disease, measles, pancreatic disease, respiratory disease.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Immunodepression (immune function), infection.

Vitamin D (ergocalciferol, cholecalciferol)

DRI (RDA or Al for Adults)
Under age 51: 200 IU. Ages 51-70: 400 IU. Over 70: 600 |U. Pregnancy/Lactation: 200 IU.

Major Sources (1,300 |U to 90 IU per serving)
Cod liver oil, herring oil, pacific oysters, salmon oil, mackerel, fortified milk, most fish. Also direct sunlight.

Non-Therapeutic Importance
Really a prohormone. Essential for normal growth and development; important for formation of normal bones
and teeth; influences absorption and metabolism of phosphorus and calcium.

Deficiency Symptoms
Children: rickets. Adults: osteomalacia.

Increased Risk for Deficiency
Alcoholism, anticonvulsant drug therapy, elderly, insufficient sun exposure, intestinal disorders (Crohn’s disease,

diverticulosis, gastric resection, tropical sprue), kidney disease, liver disease, parathyroid disorder.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Cancer, immunodepression (immune function), osteoporosis.
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Vitamin E (tocopherols, tocotrienols)

DRI (RDA or Al for Adults)
I5 mg a-TE (alpha-tocopherol equivalents) or 22 |U (natural E). Lactation: 19 mg.
Multiply a-TE by 1.49 to convert to |U.

Major Sources (26 a-TE to 3 a-TE per serving)
Wheat germ oil, sunflower seeds, filberts, sunflower oil, hazelnut/filbert oil, peanuts, almond oil, Brazil nuts,
grapeseed oil, almonds, pistachios, peanut butter, turkey liver, cod liver oil.

Non-Therapeutic Importance

A strong antioxidant; may help prevent oxidation of unsaturated fatty acids and vitamin A in the intestinal tract
and body tissues; protects red blood cells from hemolysis; role in reproduction (in animals); role in epithelial
tissue maintenance and prostaglandin synthesis.

Deficiency Symptoms
Children: anemia in premature infants. Children and adults: neuropathy and myopathy.

Increased Risk for Deficiency
Abetalipoproteinemia, congenital biliary atresia, cystic fibrosis, fat malabsorption, gallbladder disease, inherited
hemolytic anemia, liver disease, pancreatic disease.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Alzheimer’s disease, asthma, atherosclerosis (heart disease), cancer, cataracts, diabetes, immunodepression
(immune function), premenstrual syndrome (PMS), rheumatoid arthritis.

Vitamin K (menadione, phylloquinone, menaquinone)

DRI (RDA or Al for Adults)
Males: 120 mcg. Females: 90 mcg.

Major Sources (460 mcg to 20 mcg per serving)
Brussels sprouts, chopped broccoli, cauliflower, Swiss chard, spinach, looseleaf lettuce, carrot, green beans,
asparagus, egg, strawberry, avocado peapods.

Non-Therapeutic Importance
Aids in production of prothrombin, a compound required for normal clotting of blood; Menadione, the synthetic
form, is somewhat toxic in large amounts.

Deficiency Symptoms
Children: hemorrhagic disease of newborns. Adults: defective blood clotting.

Increased Risk for Deficiency
Biliary fistula, chronic pancreatitis, chronic diarrhea, fat malabsorption, intestinal bypass, liver disease,

obstructive jaundice, prolonged sulfa and antibiotic drug therapy.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Osteoporosis.
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VITAMINS (Water Soluble)

Vitamin C (ascorbic acid, ascorbate)

DRI (RDA or Al for Adults)
Males: 90 mg. Females: 75 mg. Smokers: an additional 35 mg. Pregnancy: 85 mg. Lactation: 120 mg.

Major Sources (125 mg to 25 mg per serving)
Orange juice, grapefruit juice, papaya, strawberry, red pepper, cantaloupe, tomato juice, broccoli, mango,
Brussels sprouts, peapods, green pepper, cauliflower, kale, red cabbage.

Non-Therapeutic Importance

Maintains intracellular cement substance with preservation of capillary integrity; co-substrate in hydroxylations
requiring molecular oxygen; important in immune response, wound healing, and allergic reactions; increases
absorption of nonheme (plant source) iron.

Deficiency Symptoms
Bleeding gums, fatigue, loss of appetite, retarded wound healing, scurvy, spontaneous rupture of capillaries.

Increased Risk for Deficiency
Alcoholism, elderly, smoking, stress, surgical and cancer patients.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Asthma, atherosclerosis (heart disease), cancer, cataracts, colds, gastric ulcer (H. Pylori-induced),
immunodepression (immune function).

Vitamin Bl (thiamin)

DRI (RDA or Al for Adults)
Males: 1.2 mg. Females: |.1 mg. Pregnancy: 1.4 mg. Lactation: 1.5 mg.

Major Sources (2.5 mg to 0.3 mg per serving)
Brewers yeast, roast pork, ham, Brazil nuts, pistachios, pecans, catfish, bagel, soynuts, filberts, pasta, cashews.

Non-Therapeutic Importance
Combines with phosphorus to form thiamin pyrophosphate (TPP) necessary for metabolism of protein,
carbohydrate, and fat; essential for growth, normal appetite, digestion, and healthy nerves.

Deficiency Symptoms
Anorexia, beriberi, enlarged heart, mental confusion, peripheral paralysis, tachycardia, weakness.

Increased Risk for Deficiency
Alcoholism, deficiencies (magnesium, calcium, vitamin B6, vitamin B12, and folate), elderly, excess glucose

infusion, fever, refined carbohydrate diets.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Alcoholism, atherosclerosis (heart disease) in diabetics.
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Vitamin B2 (riboflavin)

DRI (RDA or Al for Adults)
Males: 1.3 mg. Females: .1 mg. Pregnancy: |.4 mg. Lactation: |.6 mg.

Major Sources (5 mg to 0.3 mg per serving)
Beef liver, beef kidney, veal liver, chicken liver, beef heart, turkey liver, almonds, brewers yeast, soynuts,
mackerel, lowfat yogurt, clams, nonfat milk, pork loin, beef steak, lamb, herring, egg, oysters.

Non-Therapeutic Importance
Essential for growth; plays an enzymatic role in tissue respiration and acts as a transporter of hydrogen ions;
coenzyme forms are FMN (flavin mononucleotide) and FAD (flavin adenine dinucleotide).

Deficiency Symptoms
Angular stomatitis, cheilosis, hyperemia and edema of pharyngeal and oral mucous membranes, photophobia,
sore throat.

Increased Risk for Deficiency
Alcoholism, biliary atresia in children, chronic stress, congestive heart failure (CHF), diabetes, elderly,
hyperthyroidism, malignancy, oral contraceptive users, trauma.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Atherosclerosis (heart disease), cancer (esophageal), headache (migraine).

Vitamin B3 (niacin or nicotinic acid; niacinamide or nicotinamide)

DRI (RDA or Al for Adults)
Males: 16 mg NE. Females: 14 mg NE. Pregnancy: |8 mg NE. Lactation: 17 mg NE. (NE = niacin equivalent.)

Major Sources (20 mg to 3 mg per serving)
Veal liver, beef liver, peanuts, chicken white meat, mackerel, trout, salmon, chicken dark meat, lamb, turkey
white meat, brewers yeast, turkey liver, beef kidney, pork, peanut butter, sunflower seeds, almonds..

Non-Therapeutic Importance

As part of enzyme system (nicotinamide adenine dinucleotide, NAD), aids in transfer of hydrogen and acts in
metabolism of carbohydrates and amino acids; involved in glycolysis, fat synthesis and breakdown, and tissue
respiration.

Deficiency Symptoms
Diarrhea, glossitis, irritability, mental confusion, pellagra.

Increased Risk for Deficiency
Alcoholism, chronic diarrhea, deficiencies (vitamins BI, B2, B6), diabetes, dietary restrictions, malabsorption,

neoplasms, prolonged fever, stress, trauma.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Niacin: hypercholesterolemia (high cholesterol).
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Vitamin B6 (pyridoxine, pyridoxal, pyridoxamine)

DRI (RDA or Al for Adults)
Under age 51: 1.3 mg. Ages 51 and older: 1.7 mg (Males) and 1.5 mg (Females). Pregnancy: 1.9 mg.
Lactation: 2.0 mg.

Major Sources (1.5 mg to 0.4 mg per serving)
Beef liver, veal liver, brewers yeast, banana, salmon, chicken light meat, chicken liver, herring, turkey liver,
turkey light meat, beef kidney, potato w/skin, baked beans, prune juice, filberts, halibut, shrimp.

Non-Therapeutic Importance
As a coenzyme, aids in the synthesis and breakdown of amino acids and in the synthesis of unsaturated fatty
acids from essential fatty acids; essential for conversion of tryptophan to niacin; essential for normal growth.

Deficiency Symptoms
Convulsions, dermatitis, glossitis.

Increased Risk for Deficiency
Alcoholism, elderly, high-protein diet, hyperthyroidism, liver disease, stress, uremia.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Atherosclerosis (heart disease), morning sickness, premenstrual syndrome (PMS).

Vitamin B12 (cobalamin)

DRI (RDA or Al for Adults)
2.4 mcg. Pregnancy: 2.6 mcg. Lactation: 2.8 mcg.

Major Sources (| 10 mcg to | mcg per serving)
Beef liver, clams, veal liver, beef kidney, veal kidney, turkey liver, oysters, chicken liver, beef heart, herring,
crab, trout, pollock, catfish, salmon, beef, lamb, tuna, shrimp, lowfat yogurt.

Non-Therapeutic Importance
Involved in the metabolism of single-carbon fragments; essential for biosynthesis of nucleic acids, nucleoproteins,
and red blood cells; role in metabolism of nervous tissue; involved with folate metabolism; related to growth.

Deficiency Symptoms
Degeneration of peripheral nerves, glossitis, pernicious anemia, skin hypersensitivity.

Increased Risk for Deficiency
Alcoholism, celiac and tropical sprue, diverticulosis, ileitis, lack of intrinsic factor secretion (gastrectomy;

destruction of gastric mucosa), vegetarians.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Allergies (sulfites), atherosclerosis (heart disease).
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Biotin

DRI (RDA or Al for Adults)
30 mcg. Lactation: 35 mcg.

Major Sources (75 mcg to 4 mcg per serving)
Peanuts, filberts, almonds, peanut butter, walnuts, soy protein isolate, egg, cashews, lowfat yogurt, mackerel,
haddock, sweet potato, Swiss chard, salmon, artichoke, nonfat milk, tomato sauce, whole milk, macadamia nuts.

Non-Therapeutic Importance

Essential component of enzymes; involved in synthesis and breakdown of fatty acids and amino acids through
aiding the addition and removal of carbon dioxide to or from active compounds, and the removal of NH, from
amino acids.

Deficiency Symptoms
Anorexia, depression, dry and scaly dermatitis, glossitis, nausea.

Increased Risk for Deficiency
Achlorhydria, alcoholism, elderly, epileptics, excessive raw egg white ingestion, sulfonamide therapy.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)

Folic Acid (folate, folacin)

DRI (RDA or Al for Adults)
400 mcg. Pregnancy: 600 mcg. Lactation: 500 mcg.

Major Sources (770 mcg to 75 mcg per serving)
Chicken liver, turkey liver, brewers yeast, veal liver, beef liver, lentils, okra, black beans, kidney beans, spinach,
pasta, beef kidney, peanuts, collard greens, asparagus, navy beans, sunflower kernels, orange juice.

Non-Therapeutic Importance
Appears essential for biosynthesis of nucleic acids; essential for normal maturation of red blood cells; functions
as the coenzyme, tetrahydrofolic acid.

Deficiency Symptoms
Confusion, depression, diarrhea, fatigue, megaloblastic anemia.

Increased Risk for Deficiency
Alcoholism, anorexia, anticonvulsant drugs, diverticulosis, elderly, hemolytic anemias, malabsorption diseases,

malignancies, oral contraceptive agents, pregnancy and lactation, vitamin B 12 deficiency.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Atherosclerosis (heart disease), cancer.
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Pantothenic Acid (pantothenate; formerly B5)

DRI (RDA or Al for Adults)
5 mg. Pregnancy: 6 mg. Lactation: 7 mg.

Major Sources (6.0 mg to 0.8 mg per serving)
Turkey liver, chicken liver, beef liver, veal liver, sunflower seeds, lowfat yogurt, salmon, brewers yeast, turkey,
chicken, pecans, peanuts, avocado, oysters, bass, beef heart, herring, mushrooms, milk, filberts, cashews.

Non-Therapeutic Importance
As part of coenzyme A and other derivatives, pantothenic acid participates in energy release from protein,
carbohydrate, and fat; required in the biosynthesis of fatty acids.

Deficiency Symptoms
Epigastric distress with anorexia and constipation, irritability, numbness and tingling of hands and feet, postural
hypotension.

Increased Risk for Deficiency
Alcoholism, diabetes, ulcerative or granulomatous colitis.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Rheumatoid arthritis.

Choline (phosphatidylcholine/lecithin)

DRI (RDA or Al for Adults)
Males: 550 mg. Females: 425 mg. Pregnancy: 450 mg. Lactation: 550 mg.

Major Sources (Current food data values for choline are incomplete or understated.)
Choline: liver, oatmeal, soybeans, cauliflower, kale. Phosphatidylcholine: eggs, liver, soybeans, peanuts.

Non-Therapeutic Importance

Component of the neurotransmitter, acetylcholine, and of the phospholipids, sphingomyelin and
phosphatidylcholine; important to the structure of all cell membranes, plasma lipoproteins, and pulmonary
surfactant.

Deficiency Symptoms
Unknown.

Increased Risk for Deficiency
Elderly, newborns and premature infants.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Atherosclerosis (heart disease), hepatitis, memory loss (Alzheimer’s disease, dementia).
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Inositol (phosphatidylinositol)

DRI (RDA or Al for Adults)
None.

Major Sources (Current food data values for inositol are incomplete.)
Organ meats (liver, heart), whole grains, vegetables, nuts, legumes.

Non-Therapeutic Importance
As phosphatidylinositol, present in cell membranes; functions include the mediation of cellular responses to

external stimuli, nerve transmissions, and regulation of enzyme activity; exerts lipotropic activity.

Deficiency Symptoms
Unknown.

Increased Risk for Deficiency
Possibly diabetics.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Depression, obsessive-compulsive disorder (OCD).
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Part 5: MINERALS

Boron

DRI (RDA or Al for Adults)
None.

Major Sources (Current food data values for boron are incomplete.)
Found in fresh fruits and vegetables, and nuts.

Non-Therapeutic Importance
Influences macromineral metabolism; works with vitamin D and magnesium for adequate bone growth and
development; may increase estrogen levels.

Deficiency Symptoms
Unknown.

Increased Risk for Deficiency
Unknown.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Osteoporosis.

Calcium

DRI (RDA or Al for Adults)
Under age 51: 1,000 mg. 51 years and older: 1,200 mg.

Major Sources (450 mg to 100 mg per serving)
Lowfat yogurt, sardines w/bones, blackstrap molasses, nonfat milk, whole milk, cheese (Swiss, provolone,
cheddar, American, cottage), almonds, spinach, tofu, filberts, Brazil nuts, soynuts, collard greens.

Non-Therapeutic Importance
Builds and maintains bones and teeth; essential in clotting of blood; influences transmission of ions across cell
membranes; required in nerve transmission and muscle contraction.

Deficiency Symptoms
Osteomalacia, osteoporosis, parathyroid hyperplasia, stunted growth, tetany.

Increased Risk for Deficiency
Achlorhydria, decreased G.I. transit time, fat malabsorption, high-fiber diets, high-protein diets, immobilization,

long-term dietary inadequacy, older women, pregnancy and lactation, stress, teenagers, vitamin D deficiency.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Cancer (colorectal), hypertension (high blood pressure), premenstrual syndrome (PMS), osteoporosis.
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Chloride

DRI (RDA or Al for Adults)
None. Estimated minimum requirement is 750 mg.

Major Sources
Sodium chloride (table salt), soy sauce, pickles, sauerkraut, lunch meats.

Non-Therapeutic Importance
Helps regulate acid-base equilibrium and osmotic pressure of body fluids; component of gastric hydrochloric
acid.

Deficiency Symptoms
Apathy, dehydration, irritability.

Increased Risk for Deficiency
Excessive perspiration, vomiting, or diarrhea.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)

Chromium

DRI (RDA or Al for Adults)
Under age 31: 35 mcg (Males); 25 mcg (Females). Ages 3| and older: 30 mcg (Males); 20 mcg (Females).
Pregnancy: 30 mcg. Lactation: 45 mcg.

Major Sources (Current food data values for chromium are incomplete.)
Nutritional or brewers yeast, cheeses, liver, wheat germ, molasses, nuts, whole grain breads and cereals, lean
meats, cantaloupe, dark-green lettuces, onions, mushrooms, artichokes, prunes, tomatoes, asparagus.

Non-Therapeutic Importance
Required for normal glucose metabolism; insulin cofactor.

Deficiency Symptoms
Abnormalities in glucose and lipid metabolism, elevated circulating insulin, encephalopathy, glucose intolerance,

glycosuria.

Increased Risk for Deficiency
Cardiovascular disease, diabetes, elderly, exercise, malnutrition, pregnancy, stress, trauma.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Diabetes.
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Copper

DRI (RDA or Al for Adults)
0.9 mg. Pregnancy: 1.0 mg. Lactation: 1.3 mg.

Major Sources (10.0 mg to 0.5 mg per serving)

Veal liver, beef liver, oysters, cashews, Brazil nuts, filberts, almonds, soynuts, walnuts, blackstrap molasses,
pistachios, peanuts, beef heart, pecans, clams, crab, unsweetened chocolate, sunflower seeds. Water from
copper plumbing.

Non-Therapeutic Importance
Facilitates the function of many enzymes and iron; may be an integral part of RNA and DNA molecules; role in
development of connective tissue and blood vessels, and formation of phospholipids and melanin.

Deficiency Symptoms
Anemia, bone demineralization, failure of erythropoiesis, leukopenia, neutropenia.

Increased Risk for Deficiency
Excessive dietary zinc, kwashiorkor, nephrosis, newborns, protein-losing enteropathies, tropical sprue.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Cancer, osteoarthritis, rheumatoid arthritis.

lodine

DRI (RDA or Al for Adults)
150 mcg. Pregnancy: 220 mcg. Lactation: 290 mcg.

Major Sources (200 mcg to 50 mcg per serving)
lodized salt, haddock, cod, lowfat yogurt, buttermilk, milk, white rice. Most processed foods where iodized salt
was added.

Non-Therapeutic Importance

Necessary for synthesis of thyroid hormones. Thyroid hormones stimulate the basal rate of metabolism, oxygen
consumption, and heat production. They are necessary for normal nervous system development, and linear
growth.

Deficiency Symptoms
Cretinism, enlargement of thyroid gland, impaired mental function, increase in blood lipids, myxedema.

Increased Risk for Deficiency
Adolescence, pregnancy and lactation, simple goiter.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Fibrocystic breast disease.
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Iron

DRI (RDA or Al for Adults)
Males: 8 mg. Females 19-50: 18 mg. Females over 50: 8 mg. Pregnancy: 27 mg. Lactation: 9 mg.

Major Sources (28 mg to 2 mg per serving)
Clams, oysters, chicken liver, pumpkin seeds, turkey liver, beef heart, beef kidney, beef liver, pistachios,
blackstrap molasses, beef, lamb, Irish moss seaweed, unsweetened chocolate, peapods, raisins.

Non-Therapeutic Importance
Essential for the formation of hemoglobin and myoglobin, and oxygen transport; facilitates transfer of electrons
in the electron transport chain.

Deficiency Symptoms
Anemia, angular stomatitis, decreased resistance to infection, dysphagia, fatigue, palpitations on exertion, sore
tongue.

Increased Risk for Deficiency

Achlorhydria, anemia, decreased G.I. transit time, elderly, fat malabsorption, hemorrhage, infants under 2 years
old, infection, nephrosis, parasites, pregnant women, prolonged use alkaline-based drugs, protein-calorie
malnutrition, teenage girls, women in reproductive years.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)

Magnesium

DRI (RDA or Al for Adults)
Males: 19-30 (400 mg), 31 and older (420 mg). Females: 19-30 (310 mg), 31 and older (320 mg).
Pregnancy: 19-30 (350 mg), 3| and older (380 mg). Lactation: 19-30 (310 mg), 31 and older (320 mg).

Major Sources (300 mg to 70 mg per serving)
Pumpkin seeds, almonds, soynuts, filberts, Brazil nuts, cashews, tofu, peanuts, walnuts, pistachios, molasses,
sunflower seeds, unsweetened chocolate, macadamia nuts, pecans, Swiss chard, artichoke, spinach.

Non-Therapeutic Importance
Required for many coenzyme oxidation-phosphorylation reactions; nerve impulse transmissions; muscle
relaxation; component of bone structure. Necessary component for more than 300 enzymes.

Deficiency Symptoms
Convulsions, depression, growth failure, muscle weakness, tetany.

Increased Risk for Deficiency
Alcoholism, diabetes, diarrhea, diuretic use, malabsorption, parathyroid disease, postsurgical patients, protein
malnutrition, renal disease, stress, vomiting.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)

Alcoholism, asthma, cardiac arrhythmia, headache (migraine), kidney stones, osteoporosis, premenstrual
syndrome (PMS).
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Manganese

DRI (RDA or Al for Adults)
Males: 2.3 mg. Females: 1.8 mg. Pregnancy: 2.0 mg. Lactation: 2.6 mg.

Major Sources (3 mg to | mg per serving)
Wheat germ, pecans, whole wheat pasta, soynuts, walnuts, pumpkin seeds, almonds, filberts, oatmeal, peanuts,
sweet potatoes, pineapple juice, oysters, blackstrap molasses, tomato juice, blackberries, grape juice.

Non-Therapeutic Importance

Essential for normal brain function; role in enzyme systems, collagen formation, bone growth, urea formation,
fatty acid and cholesterol synthesis, and digestion of protein.

Deficiency Symptoms

Defects in lipid and carbohydrate metabolism, impaired growth, impaired function of the central nervous

system, skeletal abnormalities.

Increased Risk for Deficiency
Unknown.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)

Molybdenum

DRI (RDA or Al for Adults)
45 mcg. Pregnancy/Lactation: 50 mcg.

Major Sources (100 mcg to 10 mcg per serving)

Navy beans, black-eyed peas, lentils, split peas, lima beans, kidney beans, black beans, almonds, peanuts,
chestnuts, macadamia nuts, cashews, pistachios, walnuts, lowfat yogurt, coconut, egg, turkey liver.
Non-Therapeutic Importance

Part of the enzymes, xanthine oxidase and aldehyde oxidase; possibly helps reduce incidence of dental caries;

role in metabolism of purines and pyrimidines, and oxidation of sulfite.

Deficiency Symptoms
Unknown.

Increased Risk for Deficiency
Unknown.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
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Phosphorus

DRI (RDA or Al for Adults)
700 mg.

Major Sources (660 mg to 230 mg per serving)
Pumpkin seeds, soynuts, almonds, sardines w/bones, Brazil nuts, sunflower seeds, lowfat yogurt, clams,
pistachios, peanuts, herring, halibut, brewers yeast, cashews, salmon, trout, nonfat milk, pork.

Non-Therapeutic Importance
Builds and maintains bones, teeth, and cell membranes; component of nucleic acids and phospholipids;
coenzyme functions in energy metabolism (ATP); buffers intracellular fluid pH.

Deficiency Symptoms
Anorexia, various manifestations (neuromuscular, skeletal, hematologic, and renal), osteomalacia, rickets.

Increased Risk for Deficiency
Alcoholism, celiac disease, hyperparathyroidism, insulin injections, premature infants, sprue.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)

Potassium

DRI (RDA or Al for Adults)
None. Estimated minimum requirement is 2,000 mg. (Recommendations are around 3,500 mg.)

Major Sources (1,200 mg to 470 mg per serving)
Soynuts, blackstrap molasses, pistachios, beet greens, prunes, clams, avocado, molasses, lowfat yogurt, almonds,
tomato juice, baked potato w/skin, cantaloupe, orange juice, Swiss chard, lima beans, banana.

Non-Therapeutic Importance
Helps regulate acid-base equilibrium and osmotic pressure of body fluids; influences muscle activity, especially
cardiac muscle.

Deficiency Symptoms
Adrenal hypertrophy, bone fragility, cardiac arrhythmias, decreased growth rate, mental apathy, muscular
weakness, paralysis.

Increased Risk for Deficiency

Aciduria, anabolic states, diarrhea, elderly, high-sodium, low-potassium diets, hospitalized patients,
hypermineralocorticoidism, magnesium deficiency, non-potassium-sparing diuretics, poor intake with high
carbohydrate diet, vomiting.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Hypertension (high blood pressure).
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Selenium

DRI (RDA or Al for Adults)
55 mcg. Pregnancy: 60 mcg. Lactation: 70 mcg.

Major Sources (2,000 mcg to 20 mcg per serving)

Brazil nuts, oysters, chicken liver, clams, beef liver, sardines, pork, crab, salt water fish, whole wheat pasta,
chicken meat dark, chicken meat light, turkey liver, lamb, sunflower seeds, plain bagel, oatmeal, soynuts.
Non-Therapeutic Importance

May be essential for tissue respiration; associated with fat metabolism, vitamin E, and antioxidant functions (part

of glutathione peroxidase).

Deficiency Symptoms
Cardiac myopathy, increased red blood cell fragility, myalgia, pancreatic degeneration.

Increased Risk for Deficiency
Exclusive use of total parenteral nutrition (TPN) solutions, semipurified medical diets: PKU.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Atherosclerosis (heart disease), cancer, immunodepression (immune function).

Sodium

DRI (RDA or Al for Adults)
None. Estimated minimum requirement is 500 mg. (Recommendations range from 2,000-3,000 mg.)

Major Sources
Sodium chloride (table salt), soy sauce, pickles, sauerkraut, lunch meats and other processed foods.

Non-Therapeutic Importance
Helps regulate acid-base equilibrium and osmotic pressure of body fluids; plays a role in normal muscle

irritability and contractility, and nerve transmission; influences cell permeability.

Deficiency Symptoms
Anorexia, nausea, muscle atrophy, poor growth, weight loss.

Increased Risk for Deficiency
Addison’s disease, chronic diarrhea, kidney disease, polyuria.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
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Zinc

DRI (RDA or Al for Adults)
Males: || mg. Females: 8 mg. Pregnancy: | | mg. Lactation: 12 mg.

Major Sources (40 mg to 3 mg per serving)
Oysters, veal liver, Alaska king crab, beef, beef liver, turkey meat dark, chicken liver, pumpkin seeds, beef
kidney, soynuts, lamb, almonds, peanuts, pecans, Brazil nuts, turkey liver, cashews, chicken meat dark.

Non-Therapeutic Importance

Component of many enzyme systems and of insulin; important in nucleic acid metabolism; role in energy
metabolism, protein synthesis, collagen formation, alcohol detoxification, carbon dioxide elimination, sexual
maturation, immune system, taste and smell functions.

Deficiency Symptoms
Abnormal taste and smell, anemia, anorexia, changes in hair and nails, poor wound healing, retarded
development of reproductive system, skin inflammation, subnormal growth.

Increased Risk for Deficiency
Alcoholism, chronic illness, elderly, lactovegetarians, malabsorption, oral contraceptive users, stress, surgery,

trauma.

Possible Therapeutic Applications (For prevention and/or treatment. Consult with your doctor first.)
Colds (zinc lozenges), immunodepression (immune function), wound healing.
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Part 6: DIGESTION AND METABOLISM OF FOOD

Eating food does you no good if your body can’t get at and use all the good things contained in it. This is a very
complicated process. Your body deals with food nutrients in five stages: Digestion, Absorption, Transport,
Metabolism, and Excretion. And these stages involve more than just food, mechanical action, and digestive
juices. The whole process also engages about ten hormones. Even more complicated than that, one or more
nutrients may stimulate one or more parts of the digestive tract to produce one or more hormones that will
affect one or more parts of the digestive tract to do one or more things!

First, let’s become familiar with the anatomy of the digestive system. This system consists of the alimentary tract
and several connected accessory organs. The alimentary tract starts with the mouth (teeth, tongue, cheeks), and
is followed by the esophagus, stomach, small intestine (duodenum, jejunum, ileum), large intestine (cecum,
ascending colon, transverse colon, descending colon, sigmoid colon, rectum), and finally the anal canal and anus.
The accessory organs include the salivary glands, liver, gallbladder, and pancreas.

Digestion, Absorption, Transport, and Excretion

Mouth

As the food moves through your digestive tract, it is subjected to two categories of actions (mechanical and
chemical), usually simultaneously. For instance, the digestive process obviously starts in your mouth. Here, the
mechanical action of chewing reduces the size of food particles, and mixes them with the saliva produced in the
salivary glands. The chemical action of saliva, which contains amylase (ptyalin), helps to break down starch into
smaller units (dextrins) and sugar (maltose). Very little absorption of nutrients takes place here. From the
mouth, food passes through the esophagus by the mechanical action called peristalsis, and is delivered to the
stomach.

Stomach

In the stomach, food is also exposed to mechanical and chemical actions. The mechanical actions include
churning (forward and backward movement of the gastric contents) and peristalsis (the movement of the food
mixture toward the small intestine). The chemical actions of the stomach result from the secretion of gastric
juice. This fluid includes the pepsins (enzymes) and hydrochloric acid. Gastric juice starts the digestion of food
protein, preparing it for more thorough digestion in the small intestine. Some fat digestion also occurs here.
Very little absorption takes place in the stomach, except for some water, alcohol, and certain drugs.

Small Intestine

As the acid content of the stomach (chyme) enters the beginning of the small intestine (duodenum), it is
bombarded by a host of chemicals. The first order of business is to neutralize the acidic chyme. It is in the
duodenum where pancreatic juice and bile are released. Among other things, pancreatic juice contains
bicarbonate, which reduces the acidity, just as baking soda can relieve an acid stomach. Also, the duodenum
helps out by secreting an alkaline mucus. Bile is manufactured in the liver, and is stored and concentrated in the
gallbladder. Bile acts as a soap on dietary fats, making them mix better (emulsify) with the rest of the fluids,
which are water soluble.

While all aspects of digestion are important, the digestive enzymes play the greatest roles in the breakdown of
nutrients, preparing them for absorption. The pancreas secretes many enzymes. The proteases digest proteins,
lipase digests fats, and amylase digests starch. Of course, it’s not as simple as that, and there are other
pancreatic enzymes besides the ones just mentioned.
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So, by the time your food has left the duodenum, dietary protein has been broken down to amino acids and
small peptides, fat to fatty acids, and starch to simple sugar. It is in these “simple” forms that they are absorbed
in the rest of the small intestine (jejunum and ileum). However, that doesn’t mean that absorption is a simple
process. Far from it! Some nutrients are “lucky” and are absorbed through simple diffusion, somewhat like
water being absorbed by a sponge. Other nutrients require a carrier, such as a special protein. Even more
complicated, some nutrients require a carrier and energy, often in the form of ATP.

To make matters worse, some nutrients use the same carrier. That means that if there is an over abundance of
one nutrient in a meal, it may “use up” the carrier that it shares with a different nutrient, decreasing the
absorption of that nutrient. This is most likely to occur between certain amino acids, and between certain
minerals. That is why an overconsumption of some amino acids can create deficiencies of other amino acids.
However, this is more likely to occur with the minerals. Minerals that can compete for absorption include
calcium, magnesium, and phosphorus; iron, copper, and zinc; and sodium and potassium. This is one reason why
a balanced intake of nutrients is so important.

The nutrients are absorbed into, and then transported across, the intestinal mucosa. It is on the other side of the
mucosa where the nutrients then enter the blood stream directly, or indirectly via the lymph vessels.

There are many ways nutrients are transported in the blood to be delivered to the cells that need them. The
following is a summary:

® Proteins: Proteins are polypeptides. That means they consist of varying amounts and combinations of amino
acids. During the digestive process, these polypeptides are gradually broken down to smaller and smaller
units (oligopeptides to tripeptides to dipeptides to single amino acids). It is in the form of single amino acids
that the original food protein is transported in the blood and delivered to the liver.

® Fats: Dietary fats are mostly triacylglycerols (triglycerides). That is, they contain three fatty acids linked to a
glycerol backbone. During digestion and absorption, the molecule is split apart and then rejoined.
Eventually, in the mucosal cell, the triglycerides are packaged with dietary cholesterol and phospholipids in a
transport molecule called a chylomicron. The chylomicrons first enter the lymph system. They then make it
into the blood stream and are eventually delivered to the liver. In the liver, they are repackaged into
lipoproteins, and are then transported, via the blood stream, to various cells, including your fat cells
(adipocytes). Lipoproteins exist in many forms, two of which, LDL and HDL, you have probably heard of.

® Carbohydrates: Starch (polysaccharides) and the more complex sugars (disaccharides) are broken down to
the simplest of sugars, the monosaccharides (glucose, fructose, galactose). Most of the sugar in the blood is
glucose. Some of it is stored in the liver and muscles as glycogen, or used by the muscles and brain as a fuel
source. Excess can be converted into fat (triglycerides) and stored in fat cells. Fiber remains pretty much
unchanged and continues its path down the alimentary canal.

® Vitamins: The water-soluble vitamins are absorbed fairly easily, and are changed little as they enter the
blood stream. The fat-soluble vitamins (A, D, E, K) are absorbed along with dietary fats, and likewise, first
travel in the lymph system before entering the blood stream.

® Minerals: Mineral absorption and transport are more complicated. First, many minerals depend on specific
acid or alkaline conditions (pH). Also, many require specific carrier molecules for absorption. Finally, many
minerals rely on certain proteins to be carried in the blood. And remember, there can be competition for
these carrier and transport molecules.

Large Intestine

The main function of the large intestine is the reabsorption of water, sodium, and potassium. In addition, certain
fibers ferment here, and in the process, provide food for beneficial bacteria. Some of these bacteria can produce
vitamins in varying amounts, including vitamins B1, B2, B12, biotin, and K.
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Rectum and Anal Canal

The final residue of digestion collects in the rectum. It consists of water, bacteria, fats, undigested dietary fiber,
intestinal cells, and the remains of digestive juices. This material remains here until defecation, when it is forced
through the anal canal. Depending on the person, this may happen several times per day, or several times per
week.

Metabolism of Food Nutrients

The preceding section showed the process of making available to the cells the nutrients contained in food. The
body must then make use of these nutrients. This process is called metabolism. To sustain life, all animals need a
supply of energy. In humans, the energy-producing nutrients are carbohydrates, protein, and fat. Metabolism
includes the release of energy (catabolism) from sugar, amino acids, and triglycerides. It also encompasses the
building of new compounds (anabolism).

Metabolism involves a number of pathways, including glycolysis, the Krebs cycle, beta-oxidation, the electron
transport chain (including oxidative phosphorylation), gluconeogenesis, lipogenesis, glycogen metabolism,
cholesterol metabolism, and the urea cycle. Since metabolism is very complicated, the following will only briefly
cover what happens to dietary carbohydrates, protein, and fat.

Carbohydrates
In terms of metabolism, the only carbohydrates that come into play are three sugars: glucose, fructose, and
galactose. Even then, the only one of major significance is glucose.

GLYCOLYSIS: Glucose first enters the metabolic pathway called glycolysis. Glyco refers to glucose, sugar, or
sweetness. Lysis refers to destruction or to setting free, releasing. So essentially, glycolysis means the breakdown
of glucose. The glucose molecule, which contains six carbon atoms, is gradually changed and shortened to a
three-carbon molecule. This pathway has about ten steps, some of which rely on vitamin B3.

GLYCOGEN PATHWAY: If your liver needs to store glycogen (animal “starch”) for later use as an energy
source, some of the excess glucose will enter the glycogen pathway. This pathway connects near the beginning
of the glycolysis pathway. Glycogen literally means to produce sugar. If you need energy later (for example,
several hours after a meal), your liver will convert the glycogen back into glucose, where it can reenter the
glycolysis pathway. The glycogen pathway needs vitamin Bé.

LIPOGENESIS: If you have an excess intake of glucose (from dietary carbohydrates), and you have plenty of
glycogen, then just after the glycolysis pathway, the converted glucose molecule enters the lipogenesis pathway.
Lipo means fat, and genesis means to come into being. Scientifically, this means that if you eat too much sugar, fat
comes into being in your body! Very interesting. However, although an excess of carbohydrates can cause you
to gain weight, this pathway uses energy. That’s why, on an equal calorie basis, you will gain more weight from
dietary fat than from carbohydrates. Nevertheless, too much is still too much. By the way, this pathway requires
vitamins Bl, B2, B3, B5, and biotin.

KREBS CYCLE: If your body needs energy, the final glucose breakdown product from the glycolysis pathway will
enter the Krebs cycle. (Before entering the Krebs cycle, this breakdown product must first be converted from a
three-carbon molecule to a two-carbon molecule.) This cycle produces molecules that can be converted into
the energy unit, ATP. This cycle requires vitamins BI, B2, B3, and B5, and lipoic acid.

ELECTRON TRANSPORT CHAIN: Some molecules produced in the Krebs cycle enter this pathway, and, by a

A-39



process called oxidative phosphorylation, ATP is manufactured. ATP (adenosine triphosphate) is called the
energy currency of the body because so many chemical reactions require it to “jump start” them. This cycle
requires vitamin B2, vitamin B3, iron, and copper.

GLUCONEOGENESIS: This is the pathway by which the body can manufacture glucose from noncarbohydrate
sources. Usually these sources come from amino acids, lactate (lactic acid), and the glycerol backbone from
triglycerides. This pathway requires vitamins Bl, B3, B5, and B6 (amino acid metabolism), and biotin.

Protein

During digestion, dietary protein is broken down to its single amino acids. Unlike glucose (from carbohydrates)
and fatty acids (from fat), amino acids don’t have a unique metabolic pathway. (There is the urea cycle, but that
is for getting rid of unneeded parts of amino acids.) Absorbed amino acids are transported to the liver. In the
liver, some amino acids may be split into several parts, and then these parts may be combined with the parts of
other amino acids to make new amino acids. These processes, called oxidative deamination and transamination,
require vitamin Bé6.

KREBS CYCLE: When your body needs energy, it can take some amino acids into the Krebs cycle, which, as
discussed before, eventually leads to the production of ATP. However, protein is an “expensive” source of
energy. That is because it requires much more energy to produce protein food (especially if it comes from
animals), than it does to grow grains, the best source of food energy.

GLUCONEOGENESIS: Surprisingly, your body can even convert some amino acids into glucose! Again, as
mentioned in the previous paragraph, protein would be an expensive way to increase your blood glucose.

UREA CYCLE: Amino acids get their name because they have an amino group attached to them. This amino
group contains nitrogen, and when the amino acid is broken apart, the amino group is released as ammonia.
Excess ammonia is converted into urea and excreted by the kidneys in the urine.

Fat

As mentioned before, most dietary fats are triglycerides. Fat is also primarily stored in the body as triglycerides.
Triglycerides contain three fatty acids connected to glycerol, a type of alcohol. When your body needs extra
energy, these triglycerides are broken down by a process called beta-oxidation ([3-oxidation).

BETA-OXIDATION: This is the process by which chains of fatty acids are gradually shortened to two-carbon
molecules in a series of repeating steps. The two-carbon molecules can then enter the Krebs cycle (see above).
Eventually, more ATP energy units are produced. This pathway requires vitamin B2 and vitamin B5. For fatty
acids that have more than twelve carbon units, carnitine is also needed. For fatty acids that have an odd number
of carbon units, vitamin B12 and biotin are necessary.

CHOLESTEROL METABOLISM: Cholesterol is used as a building block in cell membranes, and is the precursor
of steroid hormones, vitamin D, and bile salts. Cholesterol synthesis starts with a two-carbon molecule. This is
the same molecule produced after glycolysis (glucose breakdown) and beta-oxidation (fat breakdown). Starting
with this 2-carbon molecule, it takes about thirty steps for your body to eventually manufacture a cholesterol
molecule, which contains 27 carbon atoms! The third enzyme in this pathway is called HMG CoA reductase.
This is the enzyme inhibited by some cholesterol-lowering drugs. Unfortunately, this inhibition also decreases
the body’s production of coenzyme Q10 (CoQ10), which is particularly good for the heart.
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Part 7. MEASUREMENTS AND CONVERSIONS

MEASUREMENTS
Metric Equivalents (approx.)
US Measurements Volume (fluid) Weight (fluid)*
| teaspoon = 5 milliliters 5 grams
| tablespoon = 3 teaspoons = |5 milliliters |4 grams
| ounce = 2 tablespoons = 30 milliliters 28 grams
| cup = 8 fluid ounces = 237 milliliters 227 grams
| pint = 2cups = l6floz = 473 milliliters 454 grams
| quart = 2pints = 32floz = 946 milliliters 907 grams
| gallon = 4 quarts 3.79 liters 3.63 kilograms
| inch 2.54 centimeters
| pound = 0.454 kilograms

*Solid weight would be similar to fluid weight if the material were wet and packed. For example, cooked
mashed potatoes compressed into a cup would weigh approximately 210 g, which is close to 227 g for a
cup of a fluid. But a cup of dry, dehydrated potato flakes would weigh much less.

CONVERSIONS (approximate)

To Convert To Operation
Inches Centimeters Multiply by 2.5
Centimeters Inches Divide by 2.5
Pounds Kilograms Divide by 2.2
Kilograms Pounds Multiply by 2.2
Kilograms Grams Multiply by 1000
Grams Milligrams Multiply by 1000
Milligrams Micrograms Multiply by 1000
Ounces Grams Multiply by 28
Grams Ounces Divide by 28
Fluid Ounces Milliliters Multiply by 30
Milliliters Fluid Ounces Divide by 30
ABBREVIATIONS
US Measurements Metric Measurements
tsp =  teaspoon ml (ormL) = milliliter*
tbsp =  tablespoon [ (orL) = liter
fl oz = fluid ounce mcg or Ug = microgram
pt = pint mg = milligram
qt = quart gor gm = gram
oz =  ounce kg =  kilogram
Ib =  pound mm = millimeter
cm =  centimeter
cc =  cubic centimeter*
*lcc= I ml
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Part 8:

ABBREVIATIONS

Abbreviation

Meaning

Abbreviation

Meaning

AA
ac
ACE
ACTH
ad lib or AD
AD
ADH
ADI
ADL
Al
AIDS
Ala
ALS
amt
ARC
ARF
Arg
As
Asn
Asp
ATP

BAT
BCAA
BEE
bid
BMR
BP
BUN
BV

CAD
CBC

CcC

amino acid

before meals

angiotensin-converting enzyme

adrenocorticotropic hormone

as desired

Alzheimer’s disease
antidiuretic hormone
acceptable daily intake
activities of daily living

adequate intake

acquired immune deficiency syndrome

alanine

amyotrophic lateral sclerosis
amount

AIDS-related complex
acute renal failure
arginine

arsenic

asparagine

aspartate

adenosine triphosphate
boron

brown adipose tissue
branched chain amino acid
basal energy expenditure
twice daily

basal metabolic rate
blood pressure

blood urea nitrogen
biological value

cup

centigrade; Celsius
carbon

calcium

cancer

coronary artery disease
complete blood count

cubic centimeter

CCK
Cccu
CDA
CF
CHD
CHF
CHO
chol
Cl
cm
CNS
Co
CoA
COPD
CoQ
CPK
CPR

CRF
CSF
(O]
CcT

CVA
Cys
DHA
DJD
DKA
DM
DNA
DRI
Dx
dz

ea
EAA
EBV
ECG/EKG
EEG

cholecystokinin

coronary care unit
computerized dietary analysis
cystic fibrosis

coronary heart disease
congestive heart failure
carbohydrate

cholesterol

chlorine

centimeter

central nervous system
cobalt

coenzyme A

chronic obstructive pulmonary disease
coenzyme Q, ubiquinone
creatine phosphokinase
cardiopulmonary resuscitation
chromium

chronic renal failure
cerebrospinal fluid
continuous subcutaneous insulin infusion
computed tomography
copper

cerebrovascular accident
cysteine

docosahexaenoic acid
degenerative joint disease
diabetic ketoacidosis
diabetes mellitus
deoxyribonucleic acid

dietary reference intake
diagnosis

disease

each

essential amino acid
Epstein-Barr virus
electrocardiogram

electroencephalogram
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Abbreviation

Meaning

Abbreviation

Meaning

EPA
equiv
ERT
ESRD
ETC
ETOH
F

FA
FAD
FAS
FBG
FBS
Fe
FFQ
fl oz
FMN
FSH
gorgm
GBD
GE
Gl
Glc
Gln
Glu
GTF
GTT
GU
HAV
HBV
Hgb
HCG
HCI
HCT
HDL
Hgb
hGH
His
HIV
HTN
HX

eicosapentaenoic acid
equivalent

estrogen replacement therapy
end-stage renal disease
electron transport chain
ethanol/ethyl alcohol

fluorine

fatty acid

flavin adenine dinucleotide
fetal alcohol syndrome
fasting blood glucose

fasting blood sugar

iron

food frequency questionnaire
fluid ounce

flavin mononucleotide
follicle-stimulating hormone
gram

gallbladder disease
gastroenteritis
gastrointestinal

glucose

glutamine

glutamate

glucose tolerance factor
glucose tolerance test
genitourinary

hepatitis A virus

hepatitis B virus

hemoglobin

human chorionic gonadotropin
hydrochloric acid

hematocrit

high-density lipoprotein
hemoglobin

human growth hormone
histidine

human immunodeficiency virus
hypertension

history

iodine

IBD
IBS
IBW
ICU
IDDM
IGT
IHD

lle

kcal (Cal)
kg

KS

Lorl

Ib

LBM

LD or LDH
LDL

LE

Leu

LGA

LH

LNA

Lys

m

MAO
mcg or g
MCT
mEq

Met

mg

Mg

Mi

ml

inflammatory bowel disease
irritable bowel syndrome
ideal body weight
intensive care unit
insulin-dependent diabetes mellitus
impaired glucose tolerance
ischemic heart disease
isoleucine

intramuscular

inch

international unit
intrauterine device
intravenous

intravenous hyperalimentation
potassium

kilocalorie

kilogram

Kaposi’s sarcoma

liter

pound

lean body mass

lactate dehydrogenase
low-density lipoprotein
lupus erythematosus
leucine

large for gestational age
luteinizing hormone
a-linolenic acid

lysine

meter

monoamine oxidase
microgram

medium-chain triglyceride
milliequivalent

methionine

milligram

magnesium

myocardial infarction
milliliter

millimeter

manganese




Abbreviation

Meaning

Abbreviation

Meaning

Mo
MSG
MUFA
N

Na
NaCl
NAD
NCEP
NE
NEC
NG

NIDDM
NPO
NPU
NSAID
OA
OCA
OGTT
OHA
oz

P

Pb

pc
PCM
PD
PEM
PER
per diem
PG

pH
Phe
PKU
prn
pro
Pro

pt

PT
PTH
PTT
PUFA

molybdenum

monosodium glutamate
monounsaturated fatty acid
nitrogen

sodium

sodium chloride

nicotinamide adenine dinucleotide

National Cholesterol Education Program

niacin equivalent
necrotizing enterocolitis
nasogastric

nickel

non-insulin-dependent diabetes mellitus

nothing by mouth

net protein utilization

nonsteroidal anti-inflammatory drug

osteoarthritis

oral contraceptive agent
oral glucose tolerance test
oral hypoglycemic agent
ounce

phosphorus

lead

after meals

protein-calorie malnutrition
Parkinson’s disease
protein-energy malnutrition
protein efficiency ratio

per day

prostaglandin

hydrogen ion concentration
phenylalanine
phenylketonuria

as necessary

protein

proline

patient

prothrombin time
parathyroid hormone
prothrombin time

polyunsaturated fatty acid

PVD
qd

gh
qid

qt

RA
RAST
RBC
RDA
RDS
RE
Redox
REE
RQ
RMR
RNA

SDAT
Se
Ser
SFA
SGA
SIDS
SLE
SMBG
SOD
STD
Sx

TB
tbspor T
TC
TE
TEE
TEF
TFA
TG
Thr
TIA
TIBC
tid

TP

peripheral vascular disease
every day

every hour

four times daily

quart

rheumatoid arthritis
radioallergosorbent test

red blood cell

Recommended Dietary Allowances
respiratory distress syndrome
retinol equivalent
oxidation-reduction

resting energy expenditure
respiratory quotient

resting metabolic rate
ribonucleic acid

treatment

senile dementia of the Alzheimer type
selenium

serine

saturated fatty acid

small for gestational age
sudden infant death syndrome
systemic lupus erythematosus
self-monitoring of blood glucose
superoxide dismutase
sexually transmitted disease
symptoms

tuberculosis

tablespoon

total cholesterol

tocopherol equivalent

total energy expenditure
thermic effect of food

trans fatty acid

triglyceride

threonine

transient ischemic attack

total iron-binding capacity
three times daily

total protein
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Abbreviation

Meaning Abbreviation

Meaning

TPN

total parenteral nutrition

Trp tryptophan

TSH thyroid-stimulating hormone
tsport teaspoon

Tyr tyrosine

UA urinalysis

UA uric acid

UL tolerable upper intake level
URI upper respiratory infection
UTI urinary tract infection

uv ultraviolet radiation

\'% vanadium

Val valine

VLDL very low-density lipoprotein
WBC white blood cell count

wk week

wt weight

yo years old

yrs years

Zn zinc

NOTES
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Part 9: GLOSSARY

ABETALIPOPROTEINEMIA: A disorder characterized by an
absence from plasma of low-density lipoproteins, leading to a
variety of problems associated with fat metabolism.

ABSORPTION: the process whereby nutrients pass through
the intestines into the blood stream to be used by the body.

ACETYLCHOLINE: a neurotransmitter; acts as a vasodilator
and depresses cardiac function.

ACHLORHYDRIA: an absence of hydrochloric acid in gastric
juice that can accompany aging.

ACID: a compound yielding a hydrogen ion in a polar solvent,
such as water; any chemical compound that has a sour taste.

ACID-BASE BALANCE: dynamic state of equilibrium with
regard to hydrogen ion concentration in the body.

ACIDOSIS: the excessive accumulation of acid or hydrogen
ions, or the loss of base from the body.

ACIDURIA: presence of acid in the urine.

ACQUIRED INDISPENSABLE AMINO ACIDS: may become
indispensable in immaturity, in states of metabolic disorder,
and/or during severestress. Include: cysteine, tyrosine, arginine,
citrulline, taurine.

ACUTE: sharp or intense; disease or illness that begins
suddenly, reaches a peak rapidly, and then subsides after a
short period.

ADENOSINE TRIPHOSPHATE (ATP): a high-energy molecule
involved in energy metabolism and RNA synthesis; required for
many chemical reactions in the body.

ADEQUATE INTAKE (Al): recommended daily intake level
based on observed or experimentally determined
approximations of nutrient intake by a group (or groups) of
healthy people; these nutrient recommendations are used
when a recommended dietary allowance (RDA) cannot be
determined.

ADIPOSE: of or related to animal fat; the fat found in adipose
tissue.

AEROBIC: living or occurring only in the presence of oxygen.
AEROBIC EXERCISE: exercise that increases oxygen uptake
and improves cardiovascular fitness, such as jogging, brisk

walking, or cycling.

ALKALOSIS: excessive accumulation of base, or the loss of
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hydrogen ions or acid from the body.

ALPHA-TOCOPHEROL: the form of vitamin E having the
highest biologic activity.

AMINO ACID (AA): an organic compound containing an amino
group (NH,) and a carboxyl group (COOH), which functions as
one of the building blocks of protein.

AMINO GROUP: NH,; one nitrogen and two hydrogens.

AMYLASE: an enzyme found in the saliva (ptyalin) and small
intestine that hydrolyzes starch to dextrin and maltose.

AMYLOSE: a form of starch; long straight chains of glucose
units.

ANABOLISM: the building up in the body of complex chemical
compounds from smaller, simpler compounds, usually with the
use of energy.

ANAEROBIC: living or occurring without the presence of
oxygen.

ANEMIA: a deficiency in the size or number of RBCs, or in the
amount of hemoglobin they contain that limits the exchange of
oxygen and carbon dioxide between the blood and the tissues.

ANGULAR STOMATITIS: inflammation at the corners of the
mouth.

ANOREXIA NERVOSA: an eating disorder characterized by
refusal to eat and a loss of at least 25% of body weight. Also,
body image, sense of control, and family and social relationship
abnormalities.

ANTIBODY: a protein molecule from the immune system that
counteracts the effects of invading organisms and other foreign
species.

ANTIOXIDANT: an agent that inhibits oxidation and thus
prevents rancidity of oils or fats or the deterioration of other
materials through oxidative processes; includes vitamins C and
E, beta-carotene, SOD, coenzyme Q, catalase, glutathione.

ARACHIDONIC ACID: an unsaturated 20-carbon fatty acid
that is a precursor of prostaglandin synthesis.

ARRHYTHMIA: abnormal rhythm of the heartbeat.

ARTERIOSCLEROSIS: thickening, hardening, or loss of elasticity
of the walls of the arteries.

ARTERY: a vessel that carries blood away from the heart.



ASCORBIC ACID: one form of vitamin C.

ASSIMILATION: after food is broken down by digestion, it is
then absorbed (assimilated) by passing through the intestinal
walls.

ATHEROGENIC: having the capacity to initiate, increase, or
accelerate the formation of atheromas.

ATHEROMA: mass of plaque composed of lipids, cholesterol,
and degenerated, thickened arterial intima occurring in
atherosclerosis.

ATHEROSCLEROSIS: a thickening and narrowing of the walls
of the large and medium-sized blood vessels caused by the
invasion of lipids, primarily cholesterol and other materials, into
the intimal or inner layer to form plaque. The major type of
arteriosclerosis.

BASAL ENERGY EXPENDITURE (BEE): the amount of energy
used in 24 hours by a person who is lying quietly, 12 hours after
the last meal, in a comfortable temperature and environment.
The energy expended in maintenance of basal metabolic
processes or involuntary activities in the body (respiration,
circulation, gastrointestinal function, muscle tone, and body
temperature) and functional activities of organs.

BASAL METABOLIC RATE (BMR): the basal
expenditure expressed as kcal/kg body weight/hr.

energy

BASE: a water-soluble, bitter compound capable of neutralizing
an acid to form a salt; yields a hydroxyl ion.

BERIBERI: thiamin deficiency disease; affects peripheral nerves
and the heart.

BETA-CAROTENE: a precursor of vitamin A found in plant
foods, especially dark green and deep yellow vegetables and
fruits.

BETA-OXIDATION: the process of fatty acid catabolism, in
which two-carbon fragments are removed in succession from
the carboxyl end of the chain.

BILE: a bitter, alkaline brownish-yellow or greenish-yellow
liquid that is secreted by the liver, stored in the gallbladder, and
discharged into the duodenum and that aids in digestion, chiefly
by saponifying fats; made from cholesterol.

BIOAVAILABILITY: the degree to which a drug or other
substance becomes available to the target tissue.

BIOFLAVONOID: naturally occurring flavone or coumarin
derivatives having the activity of the so-called vitamin P; found
in brightly colored fruits and vegetables.

BIOLOGICAL VALUE: a measure of protein quality; the
amount of protein nitrogen that is retained from a given
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amount of protein nitrogen that has been digested and
absorbed.

BODY MASS INDEX (BMI): weight divided by height (kg/m?);
a definition of the level of adiposity.

BOLUS: the portion of food swallowed at one time.

BRUSH BORDER: the microvilli that greatly increase the
surface area of the intestinal mucosal cell.

BULIMIA NERVOSA: an eating disorder that is characterized by
periods of binging and purging, unrealistic ideas about food, and
distortion of body image.

CALORIE: the amount of energy required to raise the
temperature of | ml of water by 1° C.

CAPILLARY: a small vessel that branches from an artery,
connecting the artery to a vein. This is where the exchange of
oxygen, nutrients, and waste materials takes place.

CARBOHYDRATES: organic compounds that consist of
carbon, hydrogen, and oxygen. Often abbreviated CHO. In
their simplest form, the general formulais C H,,O,. They vary

from simple sugars containing from 3 to 7 carbon atoms to very
complex polymers.

CAROTENOIDS: yellow or red pigments found in carrots,
sweet potatoes, leafy vegetables, milk fat, and egg yolk; some
can be converted into vitamin A in the body; some appear to be
protective against cancer. Beta-Carotene is one of hundreds.

CATABOLISM: the breaking down in the body of complex
chemical compounds into simpler ones, often accompanied by
the liberation of energy.

CELIAC DISEASE: condition resulting from lack of the enzyme
necessary to break down the protein in gluten present in wheat
and some other grains; results in diarrhea, steatorrhea, and
general malabsorption.

CELLULOSE: a structural carbohydrate in plant material that
resists hydrolysis in the human digestive tract.

CHEILOSIS: fissures of lips and mouth due to dietary riboflavin
deficiency.

CHELATE: a complex formed between a metal ion and a polar
molecule.

CHOLECALCIFEROL: vitamin D;; animal derived.

CHOLESTEROL: found in all tissues, especially the brain,
nerves, adrenal cortex, and liver. It is a constituent of bile and
serves as a precursor of vitamin D. Cholesterol within the body
comes from two sources: (l) exogenous, or dietary,
cholesterol, chiefly from egg yolk, liver and other organ meats,



and dairy products; and (2) endogenous cholesterol,
synthesized by the liver and other organs, such as the adrenal
cortex, skin, and intestines. Cholesterol circulates in the blood
as lipoprotein in combination with protein and other blood
lipids. LDL fractions are strongly related to the incidence of
coronary heart disease, while HDL fractions are inversely
related to this disease.

CHYLOMICRONS: droplets consisting of triglyceride,
cholesterol, phospholipids, and protein that are the form by
which absorbed long-chain triglycerides and cholesterol are
transported from the intestine into the intestinal blood or
lymphatic system.

CHYME: the semifluid, homogeneous, gruel-like material
produced by the gastric digestion of food that is expelled by the
stomach into the duodenum.

COBALAMIN: vitamin B12, a cobalt-containing complex.

COENZYME: a nonprotein compound, usually a vitamin or
mineral, which forms the active portion of an enzyme.

COENZYME QI0: a ubiquinone that has redox properties,
enabling it to function as a fat-soluble antioxidant; an essential
component of the electron transport chain.

COFACTOR: a mineral that, like a coenzyme, works with an
enzyme to facilitate a chemical reaction.

COLLAGEN: the major protein of the white fibers of
connective tissue, cartilage, and bone, which is insoluble in
water.

COLON: the section of the large intestine extending from the
cecum to the rectum.

COMPLEMENTARY PROTEINS: two or more proteins whose
amino acid profiles complement each other in such a way that
the essential amino acids missing from each are supplied by the
other.

COMPLETE PROTEIN: a protein containing all the amino acids
essential in human nutrition in adequate amounts.

COMPLEX CARBOHYDRATES: the polysaccharides (starch,
glycogen, and some fibers).

CONDITIONALLY DISPENSABLE AMINO ACIDS: amino
acids that become indispensable under certain conditions.
Include: tyrosine, cysteine. Cysteine and tyrosine can reduce
the requirements for the indispensable amino acids methionine
and phenylalanine, respectively.

CONGESTIVE HEART FAILURE (CHF): asyndrome caused by
heart disease, characterized by breathlessness, chest pain, and
abnormal sodium and water retention by the kidney.
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CORONARY HEART DISEASE (CHD): impairment of
circulation in the vasculature of the heart due primarily to the
deposition of arterial fatty plaque; also called coronary artery
disease (CAD).

CRETINISM: a chronic condition due to congenital lack of
thyroid secretion, marked by arrested physical and mental
development, dystrophy of the bones and soft parts, and
lowered basal metabolism.

CRUCIFEROUS VEGETABLES: a group of vegetables named
for their cross-shaped blossoms (broccoli, Brussels sprouts,
cabbage, cauliflower, turnips, rutabagas), which may help to
prevent certain cancers.

CRUDE FIBER: the amount of plant material remaining after
being subjected to treatment with acid and alkali.

CYSTIC FIBROSIS: a congenital disease of mucous glands
throughout the body, usually developing during childhood and
causing pancreatic insufficiency and pulmonary disorders.

DAILY REFERENCE VALUES (DRVs): a set of dietary
references for food labels consisting of nutrients (except for
protein) for which no set of standards previously existed; DRVs
have been set for fat, saturated fatty acids, cholesterol, total
carbohydrate, protein, fiber, sodium, and potassium.

DAILY VALUE (DV): dietary reference term on food labels to
aid consumers in selecting a healthy diet, consisting of two sets
of references, the RDIs and DRVs.

DEMENTIA: irreversible deterioration of intellectual faculties
with accompanying emotional disturbance resulting from
organic brain disorder.

DEOXYRIBONUCLEIC ACID (DNA): the nucleic acid present
in the chromosomes ultimately responsible for protein
synthesis and the transmittance of genetic information.

DERMATITIS: inflammation of the skin.

DEXTRIN: an intermediate product of starch hydrolysis.
Composed of short glucose chains.

DEXTROSE: glucose produced by the hydrolysis of corn
starch.

DIABETES MELLITUS: a disorder of carbohydrate, fat, and
protein metabolism resulting from a lack of insulin secretion by
the pancreas.

DIARRHEA: abnormal frequency and liquidity of stools.
DIETARY FIBER: the amount of plant material remaining after

treatment with digestive enzymes and reduction with acid and
alkali.



DIETARY REFERENCE INTAKE (DRI): an umbrella term
designed to encompass the four specific types of nutrient
recommendations featured in the DRIs (Al, EAR, RDA and UL);
the DRI are used for nutrient recommendations for the United
States and Canada.

DIGESTION: the process whereby ingested food is converted
into material suitable for assimilation for synthesis of tissues or
liberation of energy. Usually involves hydrolysis.

DIGLYCERIDE (diacylglycerol): a lipid with two fatty acid
chains attached to the glycerol molecule.

DIPEPTIDE: two amino acids bonded together by a peptide
bond.

DISACCHARIDE: a sugar capable of being digested to two
monosaccharide molecules; sucrose, maltose, lactose.

DISPENSABLE AMINO ACIDS: amino acids can either be
synthesized from indispensable amino acids or from
appropriate carbon skeletons readily manufactured in the cell;
glutamate, alanine, aspartate, glutamine.

DIVERTICULITIS: inflammation of diverticula.

DIVERTICULOSIS: presence of diverticula that are herniations
of the mucous membrane through the muscular layers of the
colonic wall; common among older people and may be related
to low fiber intake.

DOCOSAHEXAENOIC ACID (DHA): an omega-3 fatty acid
found in fish.

DUODENUM: the beginning of the small intestine, starting at
the lower end of the stomach and extending to the jejunum.

DYSPEPSIA: discomfort in the abdominal region following
eating.

DYSPHAGIA: difficulty in swallowing.

EDEMA: the abnormal accumulation of fluid in the intercellular
tissue spaces or body cavities.

EICOSANOID: any of the biologically active substances derived
from arachidonic acid, eicosatetraenoic acid, and
eicosapentaenoic acid, including the prostaglandins,
thromboxanes, and leukotrienes.

EICOSAPENTAENOIC ACID (EPA): an omega-3 fatty acid
found in fish.

ELECTROLYTE: substances in solution with a positive electrical
charge (sodium, potassium, calcium, magnesium) or a negative

charge (chloride, CO,, phosphorus, sulfate, lactate).

ELECTRON TRANSPORT CHAIN (ETC): along with the
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process of oxidative phosphorylation, enables the production
of ATP, the energy “currency” of the body.

EMULSIFYING: converting two liquids into a suspension in
which one liquid is distributed in small globules throughout the
body of a second liquid, usually between an oil-based liquid and
a water-based liquid.

ENTERAL NUTRITION: the delivery of nutrients directly into
the stomach, duodenum, or jejunum.

ENZYME: a protein, secreted by cells, that acts as a catalyst to
induce chemical changes in other substances, without being
changed itself.

ERGOCALCIFEROL: vitamin D,; plant derived.
ERYTHROPOIESIS: the production of red blood cells (RBCs).

ESADDI (Estimated Safe and Adequate Daily Dietary Intakes):
recommended ranges of appropriate intake of those nutrients

for which not enough information is available to establish an
RDA.

ESSENTIAL AMINO ACIDS (EAA): see indispensable amino
acids.

ESSENTIAL FAT: the body fat located in specific sites that is
necessary for survival; about 4% to 7% of body weight.

ESSENTIAL FATTY ACIDS (EFA): linoleic and alpha-linolenic
acids, which cannot be produced by the body and must be
provided in the diet.

ESTIMATED SAFE AND ADEQUATE DAILY DIETARY
INTAKES (ESADDIs): recommended ranges of appropriate
intake of those nutrients for which not enough information is
available to establish an RDA.

FAT: a mixture of triglycerides.

FAT-SOLUBLE VITAMINS: those vitamins that must be
dissolved in dietary fats in order to be absorbed (vitamins A, D,
E, K).

FATTY ACID: a straight carbon chain (usually 4-22 carbons
long) terminating in a carboxyl group at one end, and a methyl
group at the other; has the general formula C H,,O, when fully
saturated; originates from the hydrolysis of fats.

FERMENTATION: enzymatic decomposition of carbohydrates
that is anaerobic and ends with the production of alcohol.

FIBER (ROUGHAGE): compounds of plant origin that are not
capable of hydrolysis by enzymes in the human gut.

FOOD DIARY: a means of assessing nutrient intake by asking
an individual to record the types and amounts of all foods and



liquids consumed over a certain number of days.

FOOD FREQUENCY QUESTIONNAIRE: ameans of assessing
nutrient intake in which individuals are asked to indicate how
frequently they consume particular foods; may also include the
amount of each food consumed.

FREE RADICAL: an atom or molecule that has at least one
unpaired electron; highly reactive, they can damage structures
in the body; neutralized by antioxidants.

FRUCTOSE: a monosaccharide occurring in fruit, honey, and
some vegetables; the sweetest of the monosaccharides.

GALACTOSE: a monosaccharide produced by the hydrolysis
of lactose by digestive enzymes.

GASTRIC GLANDS: glands in the stomach wall that secrete
gastric juice into the stomach.

GASTRIC JUICE: the secretion of the gastric glands in the
stomach. Contains mostly hydrochloric acid and pepsins.

GASTRIC MOTILITY: the spontaneous peristaltic movements
in the stomach that mix food and gastric secretions and move
food through the stomach and into the duodenum.

GASTROINTESTINAL TRACT (Gl tract): the system of the
body responsible for the intake, digestion, and absorption of
nutrients; the main organs are the stomach and intestines.

GLOSSITIS: inflammation of the tongue.

GLUCAGON: a hormone produced by the alpha islets of the
pancreas that stimulates the conversion of glycogen to glucose,
and gluconeogenesis in the liver to bring about a rise in plasma
glucose levels.

GLUCOCORTICOID: the group of corticosteroids
predominantly affecting carbohydrate metabolism through
promotion of gluconeogenesis and liver glycogen deposition and
elevation of blood glucose levels.

GLUCONEOGENESIS: the formation of glucose from
noncarbohydrate molecules, such as glycerol and the carbon
skeletons of amino acids.

GLUCOSE: the simple sugar formed by the breakdown of
complex carbohydrates; blood, corn, grape, or starch sugar.

GLUCOSE TOLERANCE FACTOR (GTF): a potentiator of
insulin action, thought to be comprised of niacin, glutathione,
and trivalent chromium.

GLUCOSURIA: the presence of sugar in the urine.

GLUTATHIONE: a tripeptide composed of glutamic acid,
cysteine, and glycine; it performs three functions: |) the
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destruction of peroxides and free radicals; 2) a cofactor for
several enzymes; and 3) the detoxification of harmful
compounds.

GLUTATHIONE PEROXIDASE: a selenium-containing enzyme
that is the major active form of selenium in tissues; participates
in antioxidant reactions and protects tissues against damage
from free radicals, especially hydrogen peroxide formed within
the cell.

GLYCEMIC INDEX: a ranking of the effect on blood glucose of
the consumption of a single food relative to a reference
carbohydrate.

GLYCEROL: a three-carbon alcohol; a sweet oily fluid obtained
by the saponification (conversion into soap) of fats and oils.

GLYCOGEN: storage form of carbohydrate in animals. Broken
down to yield glucose.

GLYCOGENESIS: the synthesis of glycogen.

GLYCOGENOLYSIS: the splitting up of glycogen in the body
tissues, yielding glucose.

GLYCOLYSIS: the breaking down of glucose to pyruvate
(aerobic; with oxygen) or to lactate (anaerobic; without

oxygen).

GLYCOSYLATED (or GLYCATED) HEMOGLOBIN: a
laboratory test estimating glucose association with hemoglobin;
used to examine how well a diabetic is controlling his blood
glucose level.

GOITER: a chronic enlargement of the thyroid gland, visible as
a swelling at the front of the neck, which is usually associated
with iodine deficiency.

GOITROGENIC EFFECT: an effect of substances in some
foods (cabbage, turnips, rapeseeds, peanuts, cassava, soybeans)
capable of producing goiter.

GRAS (Generally Recognized As Safe): a list, established by the
FDA in 1958, of food additives that had long been in use and
were believed safe.
HEME: the nonprotein, insoluble
constituent of hemoglobin.

iron protoporphyrin

HEME IRON: the form in which iron occurs in meat, fish, and
poultry.

HEMICELLULOSES (Noncellulose Polysaccharides): a group of
high molecular polysaccharides that resemble cellulose but are
more soluble and more easily decomposed.

HEMOGLOBIN: the iron-containing pigment in RBCs which
carries oxygen to the cells.



HIGH-DENSITY LIPOPROTEIN (HDL): a plasma lipid/protein
complex rich in phospholipid and cholesterol; considered to be
of benefit in reducing the risk of cardiovascular disease.

HOMEOSTASIS: a tendency to stability in the internal
environment of the organism; achieved by a system of control
mechanisms activated by negative feedback.

HOMOCYSTEINE: an amino acid that functions as an
intermediate in the production of methionine and the methyl
group donor, S-adenosylmethionine; deficiencies of vitamin B 12
and folate are associated with hyperhomocysteinemia, an
independent risk factor for coronary artery disease.

HORMONE: a chemical substance secreted into the blood
stream by one organ which affects the function of another
organ.

HYDROCHLORIC ACID: an acid secreted by the parietal cells
in the lining of the stomach that helps in protein digestion.

HYDROGENATION: the process of adding hydrogen to the
double bonds and thus increasing the saturation of fatty acids;
can convert oils into semi-solids.

HYDROLYSIS: a chemical process whereby a compound is
cleaved into two or more simpler compounds. Hydrolysis is
effected by the action of acids, alkalies, or enzymes. See
digestion.

HYDROPHOBIC: water hating. A substance that does not
dissolve in water. Also called lipophilic (fat loving).

HYPERCHOLESTEROLEMIA: when blood cholesterol is above
normal limits.

HYPERGLYCEMIA: increased glucose concentration in the
blood above normal limits (> 180 mg/dL).

HYPERTENSION: persistently high arterial blood pressure.

HYPERTROPHY: increase in tissue size by an increase in cell
size.

HYPOCHLORHYDRIA: deficiency of hydrochloric acid in the
gastric juice.

HYPOGLYCEMIA: abnormally low level of sugar in the blood
which results in symptoms caused by compensatory
sympathetic nervous system activity (<70 mg/dL).

INDISPENSABLE AMINO ACIDS (Essential Amino Acids):
amino acids for which synthesis is inadequate to meet
metabolic needs and that must be supplied in the diet. Include:
leucine, isoleucine, valine, tryptophan, phenylalanine,
methionine, threonine, lysine, histidine.

INSOLUBLE FIBER: cellulose and some hemicelluloses that do
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not dissolve in water.

INSULIN: a pancreatic hormone that promotes glucose
utilization, protein synthesis, and the formation and storage of
neutral lipids.

INSULIN-DEPENDENT DIABETES MELLITUS (Type I):
diabetes usually occurring in childhood and characterized by
abrupt onset of symptoms: insulinopenia, dependence on
exogenous insulin to sustain life, and a tendency to develop
ketoacidosis; usually occurs before 30 years of age.

INSULIN RESISTANCE: an impaired biologic response to
either exogenous or endogenous insulin; insulin resistance and
insulin deficiencies are usual causes of Type 2 diabetes.

INTESTINAL MOTILITY: the rhythmic contractions of the
intestinal muscle layer that move the intestinal contents along
the passageway.

INTRINSIC FACTOR: a glycoprotein secreted by the gastric
glands necessary for the absorption of vitamin B12; its secretion
is impaired in pernicious anemia.

IRRITABLE BOWEL SYNDROME (IBS): an abnormal stooling
pattern associated with symptoms of intestinal dysfunction that
persists for longer than 3 months.

KILOCALORIE (KCAL OR CAL): 1,000 calories (small “c”
calories); sometimes written as Calorie (big “C” calorie).
Usually in nutrition, whether the “C” in calorie is capitalized or
not, it means kilocalorie. The term kilocalorie is less confusing.

KREBS CYCLE: also called tricarboxylic acid cycle (TCA) or
citric acid cycle; the main source of energy in the mammalian
body, and the end toward which carbohydrate, fat, and protein
metabolism are directed.

KWASHIORKOR: a form of protein-energy malnutrition
associated with extreme dietary protein deficiency and
characterized by hypoalbuminemia, edema enlarged fatty liver.

LACTASE: the intestinal enzyme that hydrolyzes lactose to
glucose and galactose; necessary for digestion of milk and milk
products.

LACTIC ACID: a product from glucose metabolism in
anaerobic metabolism.

LACTOOVOVEGETARIAN: a vegetarian who consumes dairy
foods and eggs in addition to plant foods.

LACTOVEGETARIAN: avegetarian who consumes dairy foods
in addition to plant foods.

LACTASE: the intestinal enzyme that hydrolyzes lactose to
glucose and galactose.



LACTOSE: a disaccharide composed of glucose and galactose;
the principal sugar found in mammalian milk.

LACTOSE INTOLERANCE: an inability to digest lactose to
galactose and glucose because of a deficiency of lactase.

LEUKOPENIA: a reduction in the number of white blood cells
in the blood.

LEUKOTRIENE: an eicosanoid whose function is the
communication among the various types of cells involved in
immunosurveillance, inflammation, protection against infection,
and immune responses.

LIGNANS: phytoestrogens, found in flaxseeds, wheat bran, and
other whole grains, that affect sex hormone metabolism and
may reduce the risk of hormone-linked cancer.

LIGNIN: a noncarbohydrate material sometimes included in
fiber determination that is a major component of the woody
portion of plants.

LIMITING AMINO ACID: the essential amino acid found in the
shortest supply relative to the amounts needed for protein
synthesis in the body.

LINOLEIC ACID: an essential fatty acid; a polyunsaturated fatty
acid with 2 double bonds and |8 carbon atoms, found in linseed
(flax seed), safflower, cottonseed, soybean, corn, and fish oils
and in animal tissues.

LINOLENIC ACID: polyunsaturated fatty acid with growth-
promoting effect; contains three double bonds and 18 carbon
atoms, and can be synthesized in the body from linoleic acid.

LIPASE: an enzyme in pancreatic juice that digests fats.

LIPID: any of numerous fats (and oils) and fat-like materials that
are generally insoluble in water, but soluble in common organic
solvents; by definition, fats are solid at room temperature and
oils are liquid at room temperature.

LIPOGENESIS: the transformation of nonfat food materials into
body fat.

LIPOPHILIC: fat loving. A substance that dissolves in fat. Also
called hydrophobic (water hating).

LIPOPROTEIN: a combination of alipid and protein, possessing
the solubility of proteins; lipoproteins act as agents of lipid
transport in the lymph and blood; chylomicrons, HDL, VLDL,
LDL.

LONG-CHAIN FATTY ACID: a fatty acid containing |3 to 27
carbons; 16 to 18 are most common.

LOW-DENSITY LIPOPROTEIN (LDL): alipid/protein complex
circulating in the plasma, transporting most of the blood
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cholesterol. This lipoprotein fraction is implicated in the risk of
cardiovascular disease.

MACROMINERAL: a naturally occurring, homogeneous,
inorganic substance required by humans in amounts of 100 mg
or more per day; calcium, phosphorus, magnesium, sulfur,
sodium, chloride, potassium.

MALABSORPTION: abnormal or inadequate gastrointestinal
absorption of nutrients.

MALTOSE (MALT SUGAR): a disaccharide composed of two
glucose units.

MARASMUS: a chronic form of protein-energy malnutrition in
which the deficiency is primarily of energy.

MEDIUM-CHAIN FATTY ACID: a fatty acid with 8 to 12
carbons.

MEDIUM-CHAIN TRIGLYCERIDES: triacylglycerols with fatty
acids of 8 to 12 carbons in length that are short enough to be
absorbed directly into the portal blood.

MEGALOBLASTIC ANEMIA: anemia characterized by the
presence of large, immature, abnormal RBC progenitors in the
bone marrow; characteristic of a folic acid or vitamin B12
deficiency.

MELANIN: a dark pigment found in the skin, retina, and hair.
MENADIONE: synthetic form of vitamin K.
MENAQUINONE: vitamin K synthesized by bacteria.

METABOLIC RATE: an expression of the rate at which oxygen
is used by the body.

METABOLISM: the chemical processes consisting of anabolism
and catabolism; responsible for the production of energy,
biosynthesis of important substances, and degradation of
various compounds.

MICROMINERAL (Trace Element): a naturally occurring,
homogeneous, inorganic substance required by humans in
amounts of less than 100 mg per day.

MITOCHONDRIA: organelles that are the principal energy
source of the cell, and contain the cytochrome enzymes of
terminal electron transport, and the enzymes of the Krebs
cycle, fatty acid oxidation (beta-oxidation), and oxidative
phosphorylation.

MONOGLYCERIDE: a lipid with one fatty acid attached to the
glycerol molecule.

MONOSACCHARIDE: a sugar incapable of being digested to
a simpler form; glucose, fructose, galactose.



MONOUNSATURATED FATTY ACID (MUFA): a fatty acid
containing one double bond.

MUCOUS MEMBRANE: the membrane lining all bodily
channels that communicate with the air, such as the
respiratory, and alimentary tracts, the glands of which secrete
mucus.

MUCUS: a mucopolysaccharide (a relative of carbohydrate)
secreted as a protective, lubricant coating by glands in the
mucous membrane.

MYOGLOBIN: a ferrous protoporphyrin protein, similar to
hemoglobin, that is present in muscle and stores oxygen.

MYXEDEMA: a disease caused by decreased activity of the
thyroid gland in adults; characterized by dry skin, swellings
around the lips and nose, mental deterioration, and a
subnormal basal metabolic rate.

NEOPLASM: an abnormal new growth of tissue; tumor.

NET PROTEIN UTILIZATION (NPU): a measure of protein
quality; the amount of protein nitrogen that is retained from a
given amount of protein nitrogen eaten.

NEUTROPENIA: a reduction in the blood neutrophil
(granulocyte) count often leading to an increased susceptibility
to bacterial and fungal infections.

NIACIN EQUIVALENT (NE): Equals the amount of preformed
niacin in food, plus the amount that can be converted from the
amino acid, tryptophan.

NICOTINAMIDE: niacinamide; a form of vitamin B3 that
doesn’t cause a flush.

NICOTINIC ACID: niacin; vitamin B3.

NIGHTBLINDNESS: poor vision in dim light or at night as a
result of vitamin A deficiency.

NONHEME IRON: the form of iron found in eggs, grains,
vegetables, and fruits, and which is less well absorbed than
heme iron.

NON-INSULIN-DIABETES MELLITUS (Type 2): diabetes
characterized by a gradual onset with minimal or no symptoms
of metabolic disturbance and no requirement for exogenous
insulin to prevent ketonuria and ketoacidosis; usually occurs
after 30 years of age.

NUCLEIC ACID: a member of either of two groups of
complex compounds found in all living cells, and composed of
purines, pyrimidines, carbohydrates, and phosphoric acid.

NUCLEOPROTEIN: any of a group of substances found in all
living cells and viruses, and composed of a protein and a nucleic
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acid.

NUTRIENT: a substance obtained from food and used in the
body to promote growth, maintenance, and/or repair. The six
classes of nutrients are carbohydrate, fat, protein, vitamins,
minerals, and water.

NUTRIENT DENSITY: the concentration of nutrients in afood.
The higher the nutrient density, the higher the food quality.

OLEIC ACID: an |8-carbon, monounsaturated fatty acid.

OLIGOSACCHARIDE: a carbohydrate that upon hydrolysis
yields 3 to 10 monosaccharide units.

OMEGA-3 FATTY ACIDS (n-3 or w-3): fatty acids with the first
double bond located at the third carbon from the methyl end
of the hydrocarbon chain; most important are alpha-linolenic
acid (ALA) found in flax seed oil, and its derivatives
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
found in fish oils.

OMEGA-6 FATTY ACIDS (n-6 or w-6): fatty acids with the first
double bond located at the sixth carbon from the methyl end
of the hydrocarbon chain; most important is gamma-linolenic
acid (GLA) found in evening primrose and borage seed oils.

OSTEOMALACIA: a condition of impaired mineralization of the
bones caused by vitamin D and calcium deficiencies.

OSTEOPOROSIS: a loss of bone density to the point that the
skeleton is unable to sustain ordinary stresses, and fractures
develop.

OXALIC ACID: an organic acid found in certain leafy
vegetables (rhubarb, spinach, chard, beet greens) that binds
with calcium and inhibits its absorption from these foods.

OXIDANT: the substance that is reduced and that, therefore,
oxidizes the other component of an oxidation-reduction
system; may cause the production of free radicals.

OXIDATION: areaction in which electrons are removed from
a molecule. Usually the combination of a substance with
oxygen.

OXIDATIVE STRESS: the balance between the formation of
toxic, free radical oxidation products and the biochemical
reduction reactions that convert these compounds to benign
end products.

PARENTERAL NUTRITION: the delivery of nutrients directly
into the circulation; can be either peripheral or central, total or
supplemental.

PELLAGRA: niacin deficiency disease.

PEPSIN: a digestive enzyme found in gastric juice that catalyzes



the breakdown of protein to peptides.

PEPTIC ULCER: an eroded lesion in either the esophageal,
gastric, or duodenal mucosa resulting from the action of acid in
gastric juice.

PEPTIDE: any compound of low molecular weight that yields
two or more amino acids on hydrolysis; constituent part of
proteins.

PERISTALSIS: the movement of the intestine, or other tubular
structure, characterized by waves of alternate circular
contraction and relaxation of the tube by which the contents,
such as food, are propelled onward.

PERNICIOUS ANEMIA: a macrocytic, megaloblastic anemia
caused by a deficiency of vitamin B12.

PHOSPHOLIPID: a triglyceride in which one of the fatty acids
is replaced by a substance containing phosphorus; lecithin is a
common phospholipid.

PHYLLOQUINONE: vitamin K from plants.

POLYPEPTIDE: ten or more amino acids bonded together by
peptide bonds.

POLYSACCHARIDE: a carbohydrate that upon hydrolysis
yields more than 10 monosaccharide units.

POLYUNSATURATED FATTY ACID (PUFA): a fatty acid
containing two or more double bonds; found in vegetable oils.

POLYURIA: excessive urination; common in diabetes.

PREFORMED VITAMIN A: form of vitamin A present in animal
foods.

PROSTAGLANDIN: any of a class of physiologically active
hormone-like substances present in many tissues, with effects
such as vasodilation, vasoconstriction, stimulation of intestinal
or bronchial smooth muscle, uterine stimulation, and
antagonism to hormones influencing lipid metabolism;
produced in the body from omega-3 (n-3) and omega-6 (n-6)
polyunsaturated fatty acids.

PROTEIN: a complex nitrogenous compound made up of
amino acids in peptide linkages; involved in structures,
hormones, enzymes, muscle contraction, immunological
response.

PROTEIN EFFICIENCY RATIO (PER): 2 measure of protein
quality; the grams of weight gained by growing animals per
gram of protein fed.

PROTEIN ENERGY MALNUTRITION: a class of clinical
disorders resulting from varying combinations and degrees of
protein and energy deficiency; infants and children are
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particularly vulnerable; early symptomsinclude loss of appetite,
easy fatigability, loss of weight, and retarded growth. Also
called protein-calorie malnutrition.

PROTEIN-SPARING ACTION: the contribution of nutrients
from carbohydrate and fat that allow amino acids to be used to
build body proteins.

PURINES: the nitrogenous bases, adenine and guanine, which
are constituents of nucleoproteins, whose metabolic end-
product is uric acid.

RANCID: having a musty, rank taste or smell from fats that
have oxidized and decomposed, liberating fatty acids.

RECOMMENDED DIETARY ALLOWANCES (RDA):
recommendations for the average amounts of nutrients that
should be consumed daily by healthy people in the US.

RED BLOOD CELL (RBC): hemoglobin-enriched blood cells
responsible for the transport of oxygen from the lungs to
tissues.

REFERENCE DAILY INTAKES (RDlIs): set of dietary references
for food labels based on the 1968 RDAs for vitamins and
minerals, this term replaces the U.S. RDA previously used with
nutrition labeling on food products.

REFERENCE PROTEIN: egg protein; used by FAO/WHO as a
standard against which to measure the quality of other proteins.

REFINED FOOD: a food from which the coarse parts have
been removed. With respect to grains, a product from which
the bran, germ, and chaff have been removed.

RENAL INSUFFICIENCY: inability of the kidney to excrete
waste materials and conserve water, electrolytes, and other
important molecules to the extent needed.

RETINAL: the aldehyde form of vitamin A, active in the eye.

RETINOL: the form of vitamin A with the highest biologic
activity.

RETINOL EQUIVALENT: a measure of the vitamin A activity
in foods.

RHEUMATOID ARTHRITIS: chronic inflammatory systemic
disease primarily of the joints, marked by changes in the
synovial membranes and joint structures, and by atrophy and
rarefaction of the bones.

RIBONUCLEIC ACID (RNA): a nucleic acid found in all cells,
consisting of ribose, phosphate, and the bases adenine, guanine,
cytosine, and uracil.

RICKETS: a disease of abnormal ossification of the bone caused
by a deficiency of vitamin D; occurs in growing children.



SACCHARIDES: carbohydrates; classified as mono-, di-, tri-
and polysaccharides according to the number of
monosaccharide groups composing them.

SATURATED FATTY ACID (SFA): afatty acid with the formula
C H,, O, that has no double bonds and that contains all the
hydrogen it can hold.

SCURVY: vitamin C deficiency disease.

SHORT-CHAIN FATTY ACID: a fatty acid with 6 carbons or
less.

SIMPLE CARBOHYDRATE: a simple form of sugar (mono- and
disaccharides): glucose, fructose, galactose, sucrose, lactose,
maltose, and other “oses”.

SIMPLE PROTEINS: proteins such as globulins and albumins
that yield only amino acids on hydrolysis.

SOLUBLE FIBER: pectins, gums, mucilages, and some
hemicelluloses that form gels with water, and contribute to the
lowering of serum cholesterol levels.

STARCH: a polysaccharide, composed of glucose, found only
in plants. It occurs in both the amylose form and the
amylopectin form.

STOMATITIS: inflammation of the oral mucosa or soft tissues
of the mouth.

SUCROSE: ordinary table sugar; a disaccharide composed of
glucose and fructose found in sugar cane, sugar beets, molasses,
maple syrup, maple sugar, fruit, vegetables, and honey.

SUGARALCOHOLS: sugar-like substances (mannitol, sorbitol,
xylitol) which are derived from fruits or dextrose; they are
absorbed slower and metabolized differently than other sugars,
and are not readily used by ordinary mouth bacteria.

SYNDROME X: a cluster of metabolic disorders, including non-
insulin-dependent diabetes mellitus, hypertension, and
dyslipidemia, that is characterized by insulin resistance.

TACHYCARDIA: rapid heart rate, usually above 100 beats per
minute.

TETANY: muscle twitching, spasms, and eventually convulsions
that can be caused by low levels of blood calcium or
magnesium.

THERMIC EFFECT OF FOOD (TEF): the fraction of the total
energy expenditure contributed by the processes of digestion,
absorption, and metabolism of food; the increase in metabolism
that is stimulated by eating.

THERMOGENESIS: the production of heat in organisms.
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THROMBOXANE: an eicosanoid that is a potent inducer of
platelet aggregation; also a vasoconstrictor, it is a physiologic
antagonist to prostacyclin.

THYROXIN: an iodine-containing hormone secreted by the
thyroid gland to regulate the rate of cell metabolism (basal
metabolic rate).

TOCOPHEROL: vitamin E.

TOCOPHEROL EQUIVALENT (TE): basis for expressing the
vitamin E activity of compounds as compared to the activity of
I mg (1.49 1.U.) of alpha-tocopherol (natural vitamin E).

TOLERABLE UPPER INTAKE LEVEL (UL): the maximum level
of daily nutrient intake that is unlikely to impose risks of
adverse health effects to almost all of the individuals in the
general population.

TOTAL ENERGY EXPENDITURE (TEE): the sum of the
resting energy expenditure, energy expended in physical
activity, and the thermic effect of food; the energy expended by
an individual in 24 hours.

TRANS FATTY ACIDS: stereoisomers of the naturally
occurring cis fatty acids; artifacts of the hydrogenation process;
found in margarines and vegetable shortenings.

TRIGLYCERIDE (TRIACYLGLYCEROL): a lipid consisting of
three fatty acid chains bound (esterified) to a glycerol molecule.

TRIPEPTIDE: three amino acids bonded together by peptide
bonds.

TRYPTOPHAN: an amino acid that serves as the metabolic
precursor of niacin.

TYPE | DIABETES: current term for insulin-dependent
diabetes mellitus (IDDM).

TYPE 2 DIABETES: current term for non-insulin-dependent
diabetes mellitus (NIDDM).

ULCERATIVE COLITIS: chronic, recurrent ulceration of the
mucosa and submucosa in the colon.

UREA: the chief nitrogenous end-product of protein
metabolism, and the chief nitrogenous constituent of urine.

UREMIA: an excess of urea in the blood.

VEGAN: a person who consumes only foods of plant origin and
excludes all animal protein from the diet.

VEGETARIAN: a person who consumes primarily plant foods
(grains, legumes, vegetables, and fruits) and eliminates meats,
poultry, and fish from the food pattern; dairy foods and eggs
may be consumed.



VERY LOW-DENSITY LIPOPROTEIN (VLDL): a triglyceride-
rich endogenous complex of lipid and protein for transport in
the blood.

VILLI: finger-like projections from the folds of the small
intestine.

VITAMIN: organic substances found in food in minute quantities
which are essential for normal growth and metabolism, and
that cannot be synthesized by the body.

WATER-SOLUBLE VITAMINS: vitamin C and the B-complex
vitamins; those which dissolve in water.

WHOLE GRAIN: a grain that retains much of the material of its
outside layers, except the chaff.

XERODERMA: a dry, rough, discolored state of the skin, with
the formation of a scaly desquamation.

XEROPHTHALMIA: in the eye, the collective symptoms of
vitamin A deficiency.

XEROSIS: abnormal dryness of the skin, mucous membranes,
or conjunctiva.
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APPENDIX 2

IMPORTANT: Directions for Completing Your 3-Day Diet Record Form

(Please read these instructions several times before starting your diet record.)

RECORD YOUR FOOD INTAKE FOR 3 COMPLETE DAYS. Skip holidays, vacations, and any other

special activities where you might eat differently. The aim is to find out your usual eating pattern.

RECORD ALL THE FOODS THAT YOU EAT. Itis best to record the foods immediately after you eat

them. Don’t be embarrassed by any of your food choices. Don’t cheat—be honest! The more accurately
you record the foods that you usually eat, the more accurate will be the results of your dietary analysis.

FOOD SPECIFICS. When you are recording the foods you have eaten, it is important to note the specific

type of food you had. Keep in mind the following:

A.

PREPARATION. How did you cook the food? Did you fry, steam, bake, boil, or broil it? If you
prepared a mix, did you add milk or water? Was it fresh, frozen, or canned?

CANNED FOODS. If you had a canned product, was it packed in water, its own juice, or added syrup?
Did you drain off the fluid?

PORTION SIZE. Record how much you had of each food using standard measures. Use weight
measurements (ounce, pound, milligram, gram), volume measurements (teaspoon, tablespoon, fluid
ounce, cup, pint, quart, milliliter, liter), or by slice (for example, a slice of bread) or each (for example,
an apple). Become familiar with measurement sizes, especially teaspoon, tablespoon, and cup.

CONDIMENTS. If you added condiments or spices to your food, include these and how much of each
you had. For example, mustard, mayonnaise, catsup, salt, steak sauce, etc.

FOOD FORM. Make sure you record the correct food form. If you had bread, was it white or French?
If it was wheat bread, was it unbleached wheat or whole wheat? Was your milk skim, 1%, 2%, or
whole? If you had coffee or tea, was it decaffeinated? Sugar added?

COMBINATION FOODS. For common recipes, you could record “Tuna Noodle Casserole” or
“Ham & Cheese Sandwich on Whole Wheat.” Or you could break them down to their individual
ingredients. For example, cooked noodles | cup, tuna 2 oz, celery 2 tbsp, onions | tbsp, etc., or ham
2 slices, Swiss cheese 2 slices, whole wheat bread 2 slices. Don’t forget any spices or condiments.

CONVENIENCE & FAST FOODS. For common, nationally distributed, brand name convenience and
fast food products, just enter the item name. For example, Stouffer’s Macaroni & Cheese, Progresso
Lentil Soup, Boston Market Chicken Salad Sandwich, or Subway Veggie Delite Sandwich.

WOMEN. If you sometimes get food cravings during certain times of your menstrual cycle, don’t record

your food intake during this time.
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PERSONAL DATA. At the beginning of the 3-Day Diet Record Form comes the section for personal
information. This information will help to make your diet analysis more personal. Record your gender
(male or female), usual activity level (the type or amount of physical activity at your job), height (in feet and
inches), weight (in pounds), and age. Also, please write down where you got this diet analysis packet.

FOOD INTAKE FORMS. Below the personal data section of the 3-Day Diet Record Form are directions
and an example of how to record your food intake. There are three columns to record information. For
an example, let’s say you had 4 fluid ounces of low-fat milk (half a cup).

A. FIRST COLUMN: Enter the food name and description. For this example, you print: Milk, 1% fat.

B. SECOND COLUMN: Enter the number of portions used for each measurement type in column 3. You
can use whole numbers or fractions. You had four ounces of milk, so in this column you print “4". (You
could also enter “'2” if you were going to use “cup” as the Portion Type in column 3.)

C. THIRD COLUMN: Record the portion measurement type. DO NOT enter numbers here, only the
measurement used, such as teaspoon, cup, slice, ounce, gram, etc. Only use the measurement
selections (Portion Type) listed at the top of the column. In this example, you had four fluid ounces
of milk, so you print “fl oz”. If you had a scale, you could also have used a weight measurement (oz or
g), but the number of portions would have changed. (4 fl oz of a liquid would weigh about 4.25 oz.)

| 2 3

Portion Type:
Number mg, g, ml, L,

Food Name and Description of tsp, tbsp, fl oz,
Portions | cup, pt, qt, oz,
Ib, each, slice

Milk, 1% fat 4 fl oz

10.

Following the personal data page are three blank pages for you to record your daily food intake. Please use
one page for each day. The day number appears in the upper right for each page.

MEASUREMENTS, CONVERSIONS, & ABBREVIATIONS. The final page of the 3-Day Diet Record
Form contains information that you may find helpful in completing your diet record.

MAIL THE DIET RECORD FORM. A stamped and addressed 6 x 9 mailer is included.

TURNAROUND TIME. Your doctor should receive your results 2-3 weeks after you mail your
completed diet record forms to SupraHealth.

HAVE PATIENCE. It’s a bit inconvenient to write down what you’re eating and to figure out your food
portion sizes. But remember, it’s only for three days. What’s a little inconvenience if the result is a longer
and healthier life?
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APPENDIX 3

3-Day Diet Record Form - Please PRINT Carefully

First Name Last Name

Address

City State Zip

IMPORTANT: Doctor’s name or office where you got this form.

Gender (MorF) | Usual Activity Level (1-5)* Height ft. Weight Age

*Usual Activity Levels:

I. SEDENTARY: Sedentary people are sometimes under the care of someone else. They perform the bare minimum of activity
almost all the time, such as watching TV, reading, etc.

2. LIGHTLY ACTIVE: Most office workers and white collar professionals (doctor, lawyer, teacher, driver, lab tech, musician,
housewife with mechanical appliances). This level includes 8 hrs. of sleep and |12 hrs. of sitting or standing, 3 hrs. of light activity
(walking, laundry, golf) and | hr. of moderate activity (tennis, dancing, brisk walk, aerobics).

3. MODERATELY ACTIVE: People who work in light industry, electrical, carpentry and building trades, farm workers, commercial
fishermen, childcare providers, active students, and housewives without mechanical appliances. If you have an office or driving
occupation, you would need to average |.5-2 hrs. of exercise per day to be Moderately Active.

4. VERY ACTIVE: Full-time athletes, unskilled laborers, some agricultural laborers, some miners, steel workers.

5. EXTREMELY ACTIVE: Lumberjacks, female construction workers, blacksmiths, heavy manual diggers, coal miners.

* % % % x* DIRECTIONS AND AN EXAMPLE OF HOW TO FILL IN THE FORM * * * * % %
I. Food Name and Description: Start with carefully PRINTING the food’s name, and then follow with a description of it.

2. Number of Portions: You can use whole numbers or fractions.

3. Portion Type: Only use the selections listed here. DO NOT use numbers. See the last page for abbreviations.

| 2 3
Portion Type:
Number | mg, g, ml, L, tsp,
Food Name and Description of tbsp, fl oz, cup,
Portions pt, qt, oz, Ib,
each, slice
Kellogg's corn flakes 1 cup
Milk, 1% fat 4 fl oz
Sugar, white 2 tsp
Banana, raw, peeled 1/2 each
Butter, unsalted, pat 2 each
Bread, whole wheat, toasted 2 slice
Orange juice, frozen concentrate, diluted with water 6 fl oz
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Please PRINT Carefully - Please use a PENCIL. DAY |
Portion Type:
Number | mg, g, ml, L, tsp,
Food Name and Description of tbsp, fl oz, cup,
Portions pt, qt, oz, Ib,
each, slice
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Please PRINT Carefully - Please use a PENCIL. DAY 2
Portion Type:
Number | mg, g, ml, L, tsp,
Food Name and Description of tbsp, fl oz, cup,
Portions pt, qt, oz, Ib,
each, slice
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Please PRINT Carefully - Please use a PENCIL. DAY 3
Portion Type:
Number | mg, g, ml, L, tsp,
Food Name and Description of tbsp, fl oz, cup,
Portions pt, qt, oz, Ib,
each, slice
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Measurements, Conversions & Abbreviations

MEASUREMENTS
Metric Equivalents (approx.)
US Measurements Volume (fluid) Weight (fluid)*
1 teaspoon = = 5 milliliters 5 grams
1 tablespoon = 3 teaspoons = 15 milliliters 14 grams
1 ounce = 2 tablespoons = 30 milliliters 28 grams
1 cup = 8 fluid ounces = 237 milliliters 227 grams
1 pint = 2cups=16floz = 473 milliliters 454 grams
1 quart = 2pints =32floz = 946 milliliters 907 grams
1 gallon = 4 quarts = 3.79 liters 3.63 kilograms
1 inch =  2.54 centimeters
1 pound =  0.454 kilograms

*Solid weight would be similar to fluid weight if the material were wet and packed. For example, cooked
mashed potatoes compressed into a cup would weigh approximately 210 g, which is close to 227 g for a
cup of a fluid. But a cup of dry, dehydrated potato flakes would weigh much less.

CONVERSIONS (approximate)

To Convert To Operation
Inches Centimeters Multiply by 2.5
Centimeters Inches Divide by 2.5
Pounds Kilograms Divide by 2.2
Kilograms Pounds Multiply by 2.2
Kilograms Grams Multiply by 1000
Grams Milligrams Multiply by 1000
Milligrams Micrograms Multiply by 1000
Ounces Grams Multiply by 28
Grams Ounces Divide by 28
Fluid Ounces Milliliters Multiply by 30
Milliliters Fluid Ounces Divide by 30
ABBREVIATIONS
US Measurements Metric Measurements
tsp =  teaspoon ml (ormL) = milliliter*
tbsp =  tablespoon [ (orL) = liter
fl oz =  fluid ounce mcgoruyg = microgram
pt = pint mg = milligram
qt = quart g orgm = gram
0z =  ounce kg =  kilogram
Ib =  pound mm = millimeter
cm =  centimeter

*

cc cubic centimeter

*1cc=1ml

A-63



10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES CITED

Forbes AL. National Nutrition Policy, Food Labeling, and Health Claims. Modern Nutrition in Health
and Disease, Eighth Edition. Shils ME, Olson JA, and Shike M: editors. Published by Lea & Febiger.
1994; pp. 1626-57.

U.S. Public Health Service. Healthy People 2000. National Health Promotion and Disease Prevention
Objectives (excerpts). J Allied Health. 1990; 19:297-311.

U.S. Department of Health and Human Services. Healthy People 2010: Understanding and Improving
Health. 2™ ed. Washington, DC: U.S. Government Printing Office, November 2000.

U.S. Department of Agriculture, U.S. Department of Health and Human Services. Nutrition and Your
Health: Dietary Guidelines for Americans. Home and Garden Bulletin No. 232. Washington, DC: U.S.
Government Printing Office, 1980.

U.S. Department of Agriculture, U.S. Department of Health and Human Services. Dietary Guidelines
for Americans, 2000. Fifth Edition, Home and Garden Bulletin No. 232. Washington, DC: U.S.
Government Printing Office, 2000.

Kant AK, Schatzkin A, Block G, Ziegler RG, Nestle M. Food Group Intake Patterns and Associated
Nutrient Profiles of the US Population. J Am Diet Assoc. 1991; 91:1532-7.

Kant AK, Graubard BI. Eating out in America, 1987-2000: Trends and Nutritional Correlates. Prev
Med. 2004 Feb; 38(2):243-9.

Kant AK. Consumption of energy-dense, nutrient-poor foods by adult Americans: Nutritional and
health implications. The Third National Health and Nutrition Examination Survey, 1988-1994. Am
J Clin Nutr. 2000 Oct; 72(4):929-36.

Pennington JA, Young BE. Total diet study nutritional elements, 1982-1989. J Am Diet Assoc. 1991;
91:179-83.

Pennington JA. Intakes of minerals from diets and foods: Is there a need for concern? J Nutr. 1996
Sept; 126(9 suppl): 2304S-8S.

Block G, Subar AF. Estimates of nutrient intake from a food frequency questionnaire: The 1987
national health interview survey. J Am Diet Assoc. 1992; 92:969-77.

Ryan AS, Craig LD, Finn SC. Nutrient intakes and dietary patterns of older Americans: A national
study. J Gerontol. 1992; 47:M145-50.

Moore C, Murphy MM, Keast DR, Holick MF. Vitamin D intake in the United States. J Am Diet
Assoc. 2004 Jun; 104(6):980-3.

Block G. Dietary guidelines and the results of food consumption surveys. Am J Clin Nutr. 1991;
53:356S-7S.

National Research Council’s Food and Nutrition Board. Recommended Dietary Allowances, 10th
Edition. The National Academy Press. 1989; p. 1.

Institute of Medicine of the National Academies. Dietary Reference Intakes: Applications in Dietary
Planning. The National Academies Press. 2003; p. 22.

Nestle M. Dietary recommendations for cancer prevention: Public policy implementation. Monogr
Natl Cancer Inst. 1992; (12):153-7.

R-1



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kant AK, Schatzkin A, Harris TB, Ziegler RG, Block G. Dietary diversity and subsequent mortality
in the first National Health and Nutrition Examination Survey epidemiologic follow-up study. 4m J
Clin Nutr. 1993; 57:434-40.

Leis HP. The relationship of diet to cancer, cardiovascular disease and longevity. /nt Surg. 1991;76:1-
5.

Landis SH, Murray T, Bolden S. Cancer Statistics, 2000. CA: A Cancer Journal for Clinicians. 2000;
50(1):2398-2424.

Brown ML, Hodgson TA, Rice DP. Economic impact of cancer in the United States. Cancer
Epidemiology and Prevention. 1996; Oxford University Press.

National Cancer Institute, Division of Cancer Prevention and Control. Cancer control: Objectives for
the nation: 1985-2000. NCI Monogr. 1986; 2:1-93.

Byers T, Nestle M, McTiernan A, Doyle C, Currie-Williams A, Gansler T. American Cancer Society
Guidelines on nutrition and physical activity for cancer prevention: Reducing the risk of cancer with
healthy food choices and physical activity. C4A Cancer J Clin. 2002; 52:92-119.

U.S. Department of Health and Human Services. Healthy People 2010: Understanding and Improving
Health. 2™ ed. Washington, DC: U.S. Government Printing Office, November 2000; 3:3-29.

Meyskens FL Jr. Strategies for prevention of cancer in humans. Oncology Huntingt. 1992; 6(2
Suppl):15-24.

Schapira DV. Nutrition and cancer prevention. Prim Care. 1992; 19:481-91.

Heber D. The role of nutrition in cancer prevention and control. Oncology Huntingt. 1992; 6(2
Suppl):9-14.

Grau MV, Baron JA, Sandler RS, Haile RW, Beach ML, Church TR, Heber D. Vitamin D, calcium
supplementation, and colorectal adenomas: Results of a randomized trial. J Nat! Cancer Inst. 2003
Dec 3;95(23):1765-71.

Tymchuk CN, Barnard RJ, Heber D, Aronson WJ. Evidence of an inhibitory effect of diet and exercise
on prostate cancer cell growth. J Urol. 2001 Sep;166(3):1185-9.

Bagga D, Capone S, Want HJ, Heber D, Lill M, Chap L, Glaspy JA. Dietary modulation of omega-
3/omega-6 polyunsaturated fatty acid ratios in patients with breast cancer. J Natl Cancer Inst. 1997
Aug 6;89(15):1123-31.

Block G, Patterson B, Subar A. Fruit, vegetables, and cancer prevention: A review of the
epidemiological evidence. Nutr Cancer. 1992; 18:1-29.

Holick CN, Michaud DS, Stolzenberg-Solomon R, Mayne ST, Pietinen P, Taylor PR, Virtamo J,
Albanes D. Dietary carotenoids, serum beta-carotene, and retinol and risk of lung cancer in the alpha-
tocopherol, beta-carotene cohort study. Am J Epidemiol. 2002 Sep 15;156(6):536-47.

Patterson BH, Block G. Food choices and the cancer guidelines. Am J Public Health. 1988; 78:282-6.

Suzuki K, Suzuki K, Mitsuoka T. Effect of low-fat, high-fat, and fiber-supplemented high-fat diets on
colon cancer risk factors in feces of healthy subjects. Nutr Cancer. 1992; 18:63-71.

Reddy BS, Engle A, Simi B, Goldman M. Effect of dietary fiber on colonic bacterial enzymes and bile
acids in relation to colon cancer. Gastroenterology. 1992; 102:1475-82.



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Reddy BS. Prevention of colon carcinogenesis by components of dietary fiber. Anticancer Res. 1999;
Sep-Oct;19(5A):3681-3.

Trock B, Lanza E, Greenwald P. Dietary fiber, vegetables, and colon cancer: Critical review and meta-
analyses of the epidemiologic evidence. J Natl Cancer Inst. 1990; 82:650-61.

IscovichJM, L’Abb’e KA, Castelleto R, Calzona A, Bernedo A, Chopita NA, Jmelnitzsky AC, Kaldor
J, Howe GR. Colon cancer in Argentina. II: Risk from fibre, fat and nutrients. /nt J Cancer. 1992;
51:858-61.

Arbman G, Axelson O, Ericsson-Begodzki AB, Fredriksson M, Nilsson E, Sjodahl R. Cereal fiber,
calcium, and colorectal cancer. Cancer. 1992; 69:2042-8.

Thun MJ, Calle EE, Namboodiri MM, Flanders WD, Coates RJ, Byers T, Boffetta P, Garfinkel L,
Heath CW Jr. Risk factors for fatal colon cancer in a large prospective study. J Natl Cancer Inst. 1992;
84:1491-1500.

Goodman MT, Hankin JH, Wilkens LR, Kolonel LN. High-fat foods and the risk of lung cancer.
Epidemiology. 1992; 3:288-99.

Goodman MT, Wilkens LR, Hankin JH, Lyu LC, Wu AH, Kolonel LN. Association of soy and fiber
consumption with the risk of endometrial cancer. Am J Epidemiol. 1997 Aug 15;146(4):294-306.

Correa P. Diet modification and gastric cancer prevention. Monogr Natl Cancer Inst. 1992; (12):75-
78.

Dragsted LO, Strube M, Larsen JC. Cancer-protective factors in fruits and vegetables: Biochemical
and biological background. Pharmacol Toxicol. 1993; 72(S1):116-35.

Slavin JL. Mechanisms for the impact of whole grain foods on cancer risk. J Am Coll Nutr. 2000;
19:3002-75.

Block G. The data support a role for antioxidants in reducing cancer risk. Nutrition Reviews. 1992;
50:207-13.

Kritchevsky D. Cancer. Present Knowledge in Nutrition, Sixth Edition. Brown ML: editor.
International Life Sciences Institute, Nutrition Foundation. 1990; pp. 395-8.

Kane JP. The judicious diet. Cecil Textbook of Medicine, 19th Edition. Wyngaarden JB, Smith LH,
Bennett JC: editors. W.B. Saunders Co. 1992; pp. 39-42.

Shrapnel WS, Calvert GD, Nestel PJ, Truswell AS. Diet and coronary heart disease. The National
Heart Foundation of Australia. Med J Aust. 1992; 156:S9-16.

Anderson JW, Deakins DA, Floore TL, Smith BM, Whitis SE. Dietary fiber and coronary heart
disease. Crit Rev Food Sci Nutr. 1990; 29:95-147.

Anderson JW. Whole grains protect against atherosclerotic cardiovascular disease. Proc Nutr Soc.
2003 Feb;62(1):135-42.

Anderson JW, Garrity TF, Wood CL, Whitis SE, Smith BM, Oeltgen PR. Prospective, randomized,
controlled comparison of the effects of low-fat and low-fat plus high-fiber diets on serum lipid
concentrations. Am J Clin Nutr. 1992; 56:887-94.

Clevidence BA, Judd JT, Schatzkin A, Muesing RA, Campbell WS, Brown CC, Taylor PR. Plasma
lipid and lipoprotein concentrations of men consuming a low-fat, high-fiber diet. Am J Clin Nutr.
1992; 55:689-94.



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Judd JT, Clevidence BA, Muesing RA, Wittes J, Sunkin ME, Podczasy JJ. Dietary trans fatty acids:
Effects on plasma lipids and lipoproteins of healthy men and women. Am J Clin Nutr. 1994
Apr;59(4):861-8.

Ginsberg HN, Barr SL, Gilbert A, Karmally W, Deckelbaum R, Kaplan K, Ramakrishnan R, Holleran
S, Dell RB. Reduction of plasma cholesterol levels in normal men on an American Heart Association
Step 1 Diet or a Step 1 Diet with added monounsaturated fat. N Engl J Med. 1990; 322:574-9.

Van Horn L, Ernst N. A summary of the science supporting the new National Cholesterol Education
Program dietary recommendations: What dietitians should know. J Am Diet Assoc.2001; 101:1148.

Harris WS. Omega-3 fatty acids and serum lipoproteins: human studies. Am J Clin Nutr. 1997;
65:1645S.

Marckmann P, Sandstrom B, Jespersen J. Favorable long-term effect of a low-fat/high-fiber diet on
human blood coagulation and fibrinolysis. Arterioscler Thromb. 1993; 13:505-11.

Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, Whelton PK. Fruit and vegetable
intake and risk of cardiovascular disease in US adults: the first National Health and Nutrition
Examination Survey Epidemiologic Follow-up Study. Am J Clin Nutr. 2002 Jul; 76(1):93-9.

Jajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and control of hypertension in the
United States, 1988-2000. JAMA. 2003; 290(2):199-206.

Altura BM, Altura BT. Cardiovascular risk factors and magnesium: relationships to atherosclerosis,
ischemic heart disease and hypertension. Magnes Trace Elem. 1991-92; 10:182-92.

Hsieh ST, Sano H, Saito K, Kubota Y, Yokoyama M. Magnesium supplementation prevents the
development of alcohol-induced hypertension. Hypertension. 1992; 19:175-82.

He J, Ogden LG, Vuputuri S, Bazzano LA, Loria C, Whelton PK. Dietary sodium intake and
subsequent risk of cardiovascular disease in overweight adults. JAMA. 1999; Dec1;282(21):2027-34.

Whelton PK, He J. Potassium in preventing and treating high blood pressure. Semin Nephrol. 1999;
19(5):494-9.

Smith SR, Klotman PE, Svetkey LP. Potassium chloride lowers blood pressure and causes natriuresis
in older patients with hypertension. J Am Soc Nephrol. 1992: 2:1302-9.

Krishna GG. Role of potassium in the pathogenesis of hypertension. Am J Med Sci. 1994 Feb;307
Suppl 1:S21-5.

Haga H. Effects of dietary magnesium supplementation on diurnal variations of blood pressure and
plasma Na',K'-ATPase activity in essential hypertension. Jpn Heart J. 1992; 33:785-800.

Resnick LM, Oparil S, Chait A, Haynes RB, Kris-Etherton P, Stern JS, Clark S, Holcomb S, Hatton
DC, Metz JA, McMahon M, Pi-Sunyer FX. Factors affecting blood pressure responses to diet: the
Vanguard Study. Am J Hypertens. 2000 Sep;13(9):956-65.

Shingu T, Matsuura H, Kusaka M, Inoue I, Yuasa A, Shingu T, Ishida T, Kajiyama G. Significance
of intracellular free calcium and magnesium and calcium-regulating hormones with sodium chloride

loading in patients with essential hypertension. J Hypertens. 1991; 9:1021-8.

Langford HG. Sodium-potassium interaction in hypertension and hypertensive cardiovascular disease.
Hypertension. 1991; 17:155-7.

Haddy FJ. Roles of sodium, potassium, calcium, and natriuretic factors in hypertension. Hypertension.
1991; 18(5 Suppl):111179-83.

R-4



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Krzesinski JM, Du F, Pecqueux ML, Rorive G. Low sodium diet in essential hypertension. Effect on
blood cell ions and hemodynamic parameters. Am J Hypertens. 1992; 5:661-3.

von Schacky C, et al. The effect of dietary omega-3 fatty acids on coronary atherosclerosis. Ann Intern
Med. 1999; 130(7):554-562.

Feldman EB. Nutrition and Diet in the management of hyperlipidemia and atherosclerosis. Modern
Nutrition in Health and Disease, Eighth Edition. Shils ME, Olson JA, and Shike M: editors. Published
by Lea & Febiger. 1994; pp. 1298-1316.

Kane JP. The Judicious Diet. Cecil Textbook of Medicine, 19th Edition. Wyngaarden JB, Smith LH,
Bennett JC (eds). W.B. Saunders Co. 1992; pp. 39-42.

Roccella EJ, Horan MJ. The national high blood pressure education program: Measuring progress and
assessing its impact. Health Psychology. 1998; (Suppl. 77):237-303.

Tani GS, Hankin JH. A self-learning unit for patients with diabetes. J Am Diet Assoc. 1971; 58:331-5.

Wylie-Rosett J, Swencionis C, Ginsberg M, Cimino C, Wassertheil-Smoller S, Caban A, Segal-
Isaacson CJ, Martin T, Lewis J. Computerized weight loss intervention optimizes staff time: the
clinical and cost results of a controlled clinical trial conducted in a managed care setting. J Am Diet
Assoc. 2001 Oct; 101(10): 1155-62.

Finnegan JR, Rooney B, Viswanath K, Elmer P, Graves K, Baxter J, Hertog J, Mullis R, Potter J.
Process Evaluation of a home-based program to reduce diet-related cancer risk: The “Win At Home
Series.” Health Educ Q. 1992; 19:233-48.

Turnin MC, Bourgeois O, Cathelineau G, Leguerrier AM, Halimi S, Choiche V, Breux M, Verlet E.
Multicenter randomized evaluation of a nutritional education software in obese patients. Diabetes
Metab. 2001 Apr; (2 Pt 1):139-47.

Schapira DV, Kumar NB, Lyman GH, Baile WF. The effect of duration of intervention and locus of
control on dietary change. Am J Prev Med. 1991; 7:341-7.

Baron JA, Gleason R, Crowe B, Mann JI. Preliminary trial of the effect of general practice based
nutritional advice. Br J Gen Pract. 1990; 40:137-41.

Beresford SA, Farmer EM, Feingold L, Graves KL, Sumner SK, Baker RM. Evaluation of a self-help
dietary intervention in a primary care setting. Am J Public Health. 1992; 82:79-84.

Mojonnier ML, Hall Y, Berkson DM, Robinson E, Wethers B, Pannbacker B, Moss D, Pardo E,
Stamler J, Shekelle RB, Raynor W. Experience in changing food habits of hyperlipidemic men and
women. J Am Diet Assoc. 1980; 77:140-8.

Gould KL, Ornish D, Kirkeeide R, Brown S, Stuart Y, Buchi M, Billings J, Armstrong W, Ports T,
Scherwitz L. Improved stenosis geometry by quantitative coronary arteriography after vigorous risk
factor modification. Am J Cardiol. 1992; 69:845-53.

Ornish D, Brown SE, Scherwitz LW, Billings JH, Armstrong WT, Ports TA, McLanahan SM,
Kirkeeide RL, Brand RJ, Gould KL. Can lifestyle changes reverse coronary heart disease? The
Lifestyle Heart Trial. Lancet. 1990; 336:129-33.

Urban N, White E, Anderson GL, Curry S, and Kristal AR. Correlates of maintenance of a low-fat diet
among women in the Women’s Health Trial. Prev Med. 1992; 21:279-91.

Heber D, Ashley JM, McCarthy WJ, Solares ME, Leaf DA, Chang L-J C, Elashoff RM. Assessment
of adherence to a low-fat diet for breast cancer prevention. Prev Med. 1992; 21:218-27.

R-5



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Nordevang E, Callmer E, Marmur A, Holm L-E. Dietary intervention in breast cancer patients: Effects
on food choice. Eur J Clin Nutr. 1992; 46:387-96.

Mitic W. Nutrition education for older adults: Implementation of a nutrition instruction program.
Health Education. 1985; 16:7-9.

Dennison D. Activated health education. Health Education. 1977; 8:24-5.

Dennison KF, Dennison D, Ward JY. Computerized nutrition program: Effect on nutrient intake of
senior citizens. J Am Diet Assoc. 1991;91:1431-3.

Rosander K, Sims LS. Measuring effects of an affective-based nutrition education intervention. J Nutr
Ed. 1981; 13:102-5.

Brug J, Steenhuis I, van Assema P, de Vries H. The impact of a computer-tailored nutrition
intervention. Prev Med. 1996 May-Jun; 25(3):236-42.

Walt MA, Forgione LA. Computerized nutrition analysis: A nutrition education model for
cardiovascular health. J Am Diet Assoc. 1989; 89:1303-4.

Levetan CS, Dawn KR, Robbins DC, Ratner RF. Impact of computer-generated personalized goals
on [HbA.sub.1c]. Diabetes Care. 2002; v25iL p2(6).

Mahan LK, Escott-Stump S. Krause’s Food, Nutrition, & Diet Therapy, 11" ed. Philadelphia, PA:
Saunders. 2004.

Gropper SS, Smith JL, Groff JL. Advanced Nutrition and Human Metabolism, 4™ ed. Belmont, CA:
Thomson Wadsworth. 2005.

Hands ES. Nutrients in Food. Baltimore, MD: Lippincott Williams & Wilkins. 2000.

Hendler SS, Rorvik D, eds. PDR for Nutritional Supplements. Montvale, NJ: Medical Economics
Thomson Healthcare. 2001.

Pao EM, Cypel YS. Estimation of dietary intake. Present Knowledge in Nutrition, Sixth ed. Brown
ML.: editor. International Life Sciences Institute, Nutrition Foundation. 1990; pp. 399-406.

AjzenI, Fishbein M. Understanding Attitudes and Predicting Social Behavior. Englewood Cliffs, NJ:
Prentice Hall, Inc. 1980; pp. 1-274.

Ajzen I. The theory of planned behavior. Organizational Behavior and Human Decision Processes.
1991; 50:179-211.

Pillepich JA. Using computerized dietary analysis to educate and motivate: a minimal intervention
study. Unpublished master’s thesis. University of Washington. 1993.



	CHAPTER  2  LITERATURE  REVIEW

