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Preface to the Instructor

The field of nutrition is a dynamic human endeavor
that is continuously expanding and evolving. Three
main factors continue to change the modern face of
nutrition. First, the science of nutrition continues to
grow rapidly with exciting research. New knowledge
in any science challenges some traditional ideas and
lends to the development of new ones. Instead of pri-
marily focusing on nutrition in the treatment of disease,
we are expanding the search for disease prevention
and general enhancement of life through nutrition and
healthy lifestyles. Thus was the spirit during the estab-
lishment of the current Dietary Reference Intakes.
Second, the rapidly increasing multiethnic diversity of
the United States population enriches our food pat-
terns and presents a variety of health care opportuni-
ties and needs. Third, the public is more aware and
concerned about health promotion and the role of
nutrition, largely because of the media’s increasing
attention. Clients and patients seek more self-directed
involvement in their health care, and an integral part
of that care is nutrition.

This new edition continues to reflect upon the
evolving face of nutrition science. Its guiding principle
is our own commitment, along with that of our pub-
lisher, to the integrity of the material. Our basic goal is
to produce a new book for today’s needs, with updated
content, and to meet the expectations and changing
needs of students, faculty, and practitioners of basic
health care.

AUDIENCE

This text is primarily designed for students in licensed
practical or vocational nursing (LPN/LVN) programs
and associate degree programs (ADN/RN), as well as
for diet technicians or aides. It is also appropriate for
programs in various professions related to health care.

CONCEPTUAL APPROACH

The general purpose of this text is to introduce the
basic scientific principles of nutrition and their appli-
cations in person-centered care. As in previous edi-
tions, basic concepts are carefully explained when
introduced. In addition, our personal concerns are ever
present, as follows: (1) that this introduction to the
science and practice we love will continue to lead stu-
dents and readers to enjoy learning about nutrition in
the lives of people and stimulate further reading in
areas of personal interest; (2) that caretakers will be

vi

alert to nutrition news and questions raised by their
increasingly diverse clients and patients; and (3) that
contact and communication with professionals in the
field of nutrition will help build a strong team approach
to clinical nutrition problems in all patient care.

ORGANIZATION

In keeping with the previous format, we have updated
content areas to meet the needs of a rapidly developing
science and society.

In Part 1, Introduction to Basic Principles of Nutritional
Science, Chapter 1 focuses on the directions of health
care and health promotion, risk reduction for disease
prevention, and community health care delivery
systems, with emphasis on team care and the active
role of clients in self-care. Descriptions and illustra-
tions accompany the new Healthy People 2020 objec-
tives, the 2015-2020 Dietary Guidelines for Americans,
and MyPlate guidelines. The Dietary Reference Intakes
(DRIs) are incorporated throughout chapter discus-
sions in Part 1 as well as throughout the rest of the
text. New and improved illustrations for the visual
learner are in this edition of the text for complicated
metabolic pathways. Current research updates all of
the basic nutrient and energy chapters in the remain-
der of Part 1.

In Part 2, Nutrition throughout the Life Cycle, Chapters
10, 11, and 12 reflect current material on human growth
and development needs in different parts of the life
cycle. Current National Academy of Science guidelines
for positive weight gain to meet the metabolic demands
of pregnancy and lactation are reinforced. Positive
growth support for infancy, childhood, and adoles-
cence is emphasized. The expanding health mainte-
nance needs of a growing adult population through
the aging process focus on building a healthy lifestyle
to reduce disease risks. In all cases, statistics represent
the most recent publications available at the time of
print.

In Part 3, Community Nutrition and Health Care, a
strong focus on community nutrition is coordinated
with an emphasis on weight management and physi-
cal fitness as they pertain to health care benefits and
risk reduction. The Nutrition Labeling and Education
Act is discussed in terms of its current regulations and
helpful label format as well as its effects on food mar-
keting. Issues of malnutrition and the cycle of despair
are discussed and illustrated in Chapter 13. Highlights
of food-borne diseases reinforce concerns about food



safety in a changing marketplace. Chapter 14 high-
lights information on America’s multiethnic cultural
food patterns and various religious dietary practices.
New information on the topics of obesity and genetics,
along with the use of alternative weight-loss methods,
is included in Chapter 15 by a contributing author
who is a certified specialist in weight management.
Chapter 16 was written by a certified sports dietitian
and discusses aspects of athletics, the proliferation of
sports drinks, and the performance benefits of a well-
hydrated and nourished athlete.

In Part 4, Clinical Nutrition, chapters are updated to
reflect current medical nutrition therapy and ap-
proaches to nutrition education and management.
As with previous editions, Drug-Nutrient Interaction
boxes in this section address specific concerns with
nutrition and medication interactions. Special areas
include developments in gastrointestinal disease, heart
disease, diabetes mellitus, renal disease, surgery,
cancer, and HIV.

CONTENT AND FEATURES

* Book format and design. The chapter format and
use of color continue to enhance the book’s appeal.
Basic chapter concepts and overview, illustrations,
tables, boxes, definitions, headings, and subhead-
ings make the content easier and more interesting
to read.

* Learning supplements. Educational aids have been
developed to assist both students and instructors in
the teaching and learning process. Please see the
Ancillaries section on the next page for more detailed
information.

e Illustrations. Color illustrations, including artwork,
graphs, charts, and photographs, help students and
practitioners better understand the concepts and
clinical practices presented.

* Content threads. This book shares a number of
features—reading level; Key Concepts; Key Terms;
Critical Thinking Questions; Chapter Challenge
Questions; References; Further Reading and
Resources; Glossary; and Cultural Considerations,
For Further Focus, Drug-Nutrient Interactions, and
Clinical Applications boxes—with other Elsevier
books intended for students in demanding and fast-
paced nursing curricula. These common threads
help promote and hone the skills these students
must master. (See the Content Threads page after
this preface for more detailed information on these
learning features.)

LEARNING AIDS

As indicated, this new edition is especially significant

because of its use of many learning aids throughout

the text.

e Part openers. To provide the “big picture” of the
book’s overall focus on nutrition and health, the

PREFACE TO THE INSTRUCTOR

four main sections are introduced as successive
developing parts of that unifying theme.

Chapter openers. To immediately draw students
into the topic for study, each chapter opens with a
short list of the basic concepts involved and a brief
chapter overview leading into the topic to “set the
stage.”

Chapter headings. Throughout each chapter, the
major headings and subheadings in special type or
color indicate the organization of the chapter mate-
rial, providing easy reading and understanding of
the key ideas. Main concepts and terms also are
highlighted with color or bold type and italics.
Special boxes. The inclusion of For Further
Focus, Cultural Considerations, Drug-Nutrient
Interactions, and Clinical Applications boxes leads
students a step further on a given topic or presents a
case study for analysis. These boxes enhance under-
standing of concepts through further exploration or
application.

Case studies. In clinical care chapters, case studies
are provided in Clinical Applications boxes to
focus students’ attention on related patient care
problems. Each case is accompanied by questions
for case analysis. Students can use these examples
for similar patient care needs in their own clinical
assignments.

Diet therapy guides. In clinical chapters, medical
nutrition therapy guides provide practical help in
patient care and education.

Definitions of terms. Key terms important to stu-
dents” understanding and application of the mate-
rial in patient care are presented in two ways. They
are identified in the body of the text and are listed
in a glossary at the back of the book for quick
reference.

Summaries. A brief summary in bulleted format
reviews chapter highlights and helps students see
how the chapter contributes to the book’s “big
picture.” Students then can return to any part of the
material for repeated study and clarification of
details as needed.

New Chapter Review Questions. In addition, self-
test questions in multiple choice format are pro-
vided at the end of each chapter to allow students
to test their basic knowledge of the chapter’s
contents.

References. Background references throughout the
text provide resources used in each chapter for stu-
dents who may want to probe a particular topic of
interest.

Further Reading and Resources. To encourage
further reading of useful materials, expand stu-
dents” knowledge of key concepts, and help stu-
dents apply material in practical ways for patient
care and education, a brief list of annotated
resources—including books, journals, and websites
—is provided at the end of the book.
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ANCILLARIES

TEACHING AND LEARNING RESOURCES
FOR THE INSTRUCTORS

Instructor Resources on Evolve: available at www

.evolve.elsevier.com/Williams/basic/—provides  a

wealth of material to help you make your nutrition

instruction a success. In addition to all of the Student

Resources, the following are provided for faculty:

* TEACH Lesson Plans: Based on textbook chapter
Learning Objectives, serve as ready-made, modifi-
able lesson plans and a complete roadmap to link
all parts of the educational package. These concise
and straightforward lesson plans can be modified
or combined to meet your particular scheduling and
teaching needs.

* Examview Test Bank: Contains approximately 700
multiple-choice and alternate-format questions for
the NCLEX Examination. Each question is coded for
correct answer, rationale, page reference, Nursing
Process Step, NCLEX Client Needs Category, and
Cognitive Level.

* Image Collection: These images can be used in a
unique presentation or as visual aids.

* PowerPoint Presentations with incorporated
Audience Response Questions and unfolding Case
Study to accompany each chapter guide classroom
lectures.

FOR STUDENTS

* Nutritrac Nutrition Analysis Program, Version 5.0
(Online): The new edition of this popular tool is
designed to allow the user to calculate and analyze
food intake and energy expenditure, taking the
guesswork out of nutrition planning. The new
version features comprehensive databases contain-
ing more than 5000 foods organized into 18 different
categories and more than 175 common/daily recre-
ational, sporting, and occupational activities. The
Personal Profile feature allows users to enter and edit
the intake and output of an unlimited number of
individuals, and the Weight Management Planner
helps outline healthy lifestyles tailored to various
personal profiles. In addition to foods and activities,
new program features include an ideal body weight
(IBW) calculator, a Harris-Benedict calculator to
estimate total daily energy needs, and the complete
Exchange Lists for Meal Planning.
* Evolve Resources
* Answers to Textbook Case Studies—Answers to
detailed case studies are found in specific chap-
ters of the textbook.

* Case Studies engage students with the opportu-
nity to apply the knowledge they have learned in
real-life situations.

* Food Composition Tables allow you to search
the nutrient values of more than 5000 foods con-
tained in Nutritrac Nutrition Analysis Program,
Version 5.0 (Online). It is separated and alphabet-
ized into 18 different food categories.

e Infant and Child Growth Charts, United States
are available as useful handouts to encourage use
of these valuable resources inside and outside of
the classroom.

e Self-Test Questions: More than 350 self-
assessment questions that provide students with
practice questions and immediate feedback to
help them prepare for exams.

* Nutrition Resource Center website: This infor-
mative website is available at http://nutrition
.elsevier.com to provide the reader access to infor-
mation about all Elsevier nutrition texts in one con-
venient location.
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Content Threads

The fifteenth edition of Williams” Basic Nutrition and
Diet Therapy shares a number of learning features with
other Elsevier titles used in nursing programs. These
user-friendly Content Threads are designed to stream-
line the learning process among the variety of books
and content areas included in this fast-paced and
demanding curriculum.

Shared elements included in Williams’ Basic Nutri-

tion and Diet Therapy, fifteenth edition, include the
following:

Reading level: The easy-to-read and user-friendly
format, as well as the often personal writing style,
engage the reader and help unfold the information
simply and effectively.

Cover design: Graphic similarities help readers to
instantly recognize the book as containing content
and features relevant to today’s nursing curricula.
Bulleted lists of Key Concepts on each chapter
opening page help focus the student on the “big
picture” content presented.

Key Terms presented in color are readily apparent
throughout the book. In addition, key terms boxes
presented on the book pages in which the terms are
discussed provide complete definitions to help with
memory association.

New Chapter Review Questions presented in
multiple-choice format help students test their
comprehension of various content areas. Answers
are provided in Appendix A at the end of this
textbook.

A complete list of References is accompanied by
Further Reading and Resources, a section that
includes a wealth of resources—books, journal arti-
cles, and websites—that supplement the informa-
tion provided in the textbook.

Four types of boxes—Cultural Considerations, For
Further Focus, Clinical Applications, and Drug-
Nutrient Interaction—explore current hot topics in
nutrition today and provide insight beyond the
information presented in the chapter text.



Preface to the Student

Williams™ Basic Nutrition and Diet Therapy is a market
leader in nutrition textbooks for support personnel in
health care. It provides careful explanations of the
basic principles of scientific nutrition and presents
their applications in person-centered care in health
and disease.

The author, Staci Nix, provides this important infor-
mation in an easy-to-read, user-friendly format by
including helpful learning tools throughout the text.
Check out the following features to familiarize your-
self with the book and help you get the most value out
of this text.

A short list of Key Concepts and a brief Chapter Overview
begin each chapter to immediately draw you into the subject
at hand.

Weight Management

Theresa Dvorak, MS, RDN, CSSD, ATC

Key Concepts

+ Underlying causes of obesity include a host of various
genetic, environmental, and psychologic factors.

* Short-term food patterns or fads often stem from food
misinformation that appeals to some human psychologic
need; however, these fads do not necessarily meet
physiologic needs.

chapter
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* Realistic weight management focuses on individual needs
and health promotion, including meal pattern planning and
regular physical activity.

* Severe underweight carries physiologic and psychologic
risk to the body.

Currently 68.5% of adults in the United States are over-
weight, of which 35% are obese and 6.4% are extremely
ob is epidemic—which results in large part from
for diet, physical inactivity, and genetics—is not
limited to adults. The National Center for Health
Statistics reported that 17% of children and adolescents
between the ages of 2 and 19 years are also obese.!
Weight-loss diets are abundant and do not lack in
variety with regard to the philosophy of the methods
used to shed unwanted pounds. This variety also leads
to greater confusion about weight-loss methods and
expectations. Despite an apparent obsession with
weight and the multibillion dollar industry of weight-
loss diets and products, Americans continue to grow
in undesirable directions (Figure 15-1). This chapter
examines the problem of weight management and
seeks a more positive and realistic health model that
recognizes personal needs and sound weight goals.

OBESITY AND WEIGHT CONTROL

BODY WEIGHT VERSUS BODY FAT
Obesity develops from many interwoven factors—
including ~ personal, physical, psychologic, and
genetic—and is difficult to pinpoint. As used in the
traditional medical sense, obesity is a clinical term for
excess body fat, and it is generally used to describe
people who are at least 20% above a desired weight
for height. The terms overweight and obesity are often
used interchangeably, but they technically have dif-
ferent meanings. Overweight denotes a body weight
that is above a population weight-for-height standard
Meanwhile, the word obesity is a more specific term that
refers to the degree of fatness (i.e, the relative excess
amount of fat in the total body composition). Over the
past 5 decades, the percentage of obese adults (ie.,
those with a body mass index [BMI] of 30 or greater) 20
years of age and older has increased from 13.4% of the

population to 35.3%. Although the relative prevalence
of overweight and obesity among adults in America
has not increased in the past decade, it still remains at
epidemic proportions.

Box 15-1 provides the classifications of BMI and the
BMI chart is located on the inside back cover of the
text. BMI can be tracked from childhood to adulthood
with the Centers for Disease Control and Prevention
growth charts (see Chapter 11). BMI is a reliable
method of predicting the relative risk of becoming an
overweight adult on the basis of the presence or
absence of excess weight at various times throughout
childhood. Children and adolescents who are over-
weight or obese are significantly more likely to con-
tinue to suffer from obesity as they age.

Every person is different, and normal weight ranges
vary in healthy people. Until recently, the important
factor of age for setting a reasonable body weight for
adults had been overlooked. With advancing age,
body weight usually increases until approximately the
age of 50 years for men and the age of 70 years for
women, after which it declines.

The exclusive use of BMI to define obesity has
undergone criticism because it does not measure body
fat per se but rather total body weight relative to
height. This method classifies some individuals as
obese when they do not have excess body fat. For
example, a football player in peak condition can
be extremely “overweight” according to standard
height/weight charts. In other words, he can weigh

body composition the relative sizes of the four body
compartments that make up the total body: lean body
mass (muscle mass), fat, water, and bone,

body mass index (BMI) the body weight in kilograms

divided by the square of the height in meters (i.,

kg/m?).

~

Key Terms Boxes throughout the text identify and define key
terms important to your understanding and application of the
material.




PREFACE TO THE STUDENT

Part I

Cultural Considerations
Ethnic Differences in Lipid Metabolism
Dietary patterns and habits form at an early a¥ as a reslt of

to differ among ethnic and racial populations, but the exad
cause remains uncertain.

Women are often the subjects of study in obesity research.
A significant difference in ethnicity exists with regard to the
incidence of women 20 years old or older who are overweight
in the United States':
* 82.1% of black or African-American women
* 76.9% of Mexican women
+ 62.9% of white women

Evidence is acoumulating to suggest that biologic differ-
ences in lipid metabolism among ethnic groups may contribute
to these differences. Researchers have found that obese
African-American women uptake fatty acids from circulation
into adipose tissue at a higher rate than their white counter-
parts. In addtion, African-American women have an increased
capacity to synthesize fat in adipose tissue as compared with
white women.? Subsequently, African-American women are
more efficient at converting excess kiocalories into stored fat

‘These types of differences continue to unfold with ongoing
genetic studies. Differences such as these will aiso guide indi-
viduals in their dietary choices with regard to how their bodies
will respond to specific nutrients. The path from fat in our food
to fat on our bodies continues to provide many questions for
inspection and evaluation. The science of lipid digestion,
metabolism, and use will remain a hot topic for debate and
research for years to come.

REFERENCES
National Center for Health Statstics. Healh, United States, 2014:
with Special Feature of Adits Aged 55-64. Hyattsuile, MD: U.S.
Government Printing Offce; 2015.

rences in transport of fatty acids and expres-
sion of fatty acid transporting proteins in adipose tissue of obese
black and white women. Am J Physiol Endocrinol Metab. 2006;
290(1):E87-E91.
Bower JF, Vadiamudi S, Barakat HA. Ethnc differences in in vitro
glyceride synthesis in subcutaneous and omental adipose tissue.
Am J Physiol Endocrinol Metab. 2002:283(5):E988-E993.

Trans-fatty acids. Observed effects of diets that are
high in trans-fatty acids include an increase in low-
density lipoprotein (LDL) cholesterol levels, a reduc-
tion in the protective high-density lipoprotein (HDL)
cholesterol levels, an increase in the atherogenic index
and endothelial dysfunction, and an increased pro-
duction of atherosclerotic inflammatory cytokines.” In
response to these growing health concerns, beginning
in 2003 the FDA required all food manufacturers to
identify the amount of trans fats on the nutrition facts
label, thereby making the identification of these prod-
ucts much easier (see Figure 3-7). This act motivated
the food industry to develop alternative fats and oils to

Introduction to Basic Principles of Nutrition Science

& Giinical Applications
How Much Fat Are You Eating

Keep an accurate record of everythRg that you eat and drink
for 1 day. Be sure to include all fat or §

choosemyplate.gov), and evaluate your a\
3- to 7-day period.
0

and with the DN recommendations (20% to 35% fat

avoid the use of trans\gts and to improve the fatty acid
composition with regaX{ to cardiovascular health risk.

In addition, the FDANas recently removed trans-
fatty acids from the list of fnerally recognized as safe
(GRAS) food additives.*

nated oils (the primary source
the food supply) in any food pr

‘membranes, one indication of essential fatty aci
ciency is dermatitis. Omega-3 fatty acids are espe
required for normal function of the brain, the cen
nervous system, and the cell membranes. Inadequat
intake of dietary essential fatty acids is linked to many,
health problems, such as hair loss, infertility, low blood
platelet levels, impaired vision, compromised brain
function, and growth retardation in children.

Health Promotion
The ongoing movement in American health care is
toward health promotion and disease prevention
through the reduction of risk factors related to chronic
disease. Heart disease continues to be a leading cause
of death, and much attention is given to reducing the
various risk factors that lead to this disease. Poor diets
contribute to these risk factors, which include obesity,

Treatment
These psychologic disorders require therapy from a
team of skilled professionals, including physicians,
psychologists, and dietitians. Even with the best of
care, recovery is slow, and the word cure is seldom
used. Many patients with eating disorders have per-
sistent food and weight preoccupations throughout
their lives

Patients with eating disorders often have neuro-
logic disturbances. These chemical disturbances were
first considered the cause of disordered eating behav-
for. However, researchers have found that when a
normal weight and eating pattern are reestablished

Putting It All Together

overwelght differently, however;
aspects of fatness, =

Planning a weight-management program for either an
overweight or an underweight person must involve the
metabolic and energy needs of the individual. Personal
food choices and habits as well as fatty tissue needs
during different stages of the life cycle must be
considered

Important aspec(s of a weight-reduction program
include changing food behaviors and increasing
physical activity. A sound program is based on reduced
energy intake for gradual weight loss and nutrient
balance, with meals distributed throughout the day for
energy needs. The ideal plan begins with prevention
and stresses the formation of positive food and
exercise habits during early childhood to prevent major
problems later in life.

Food fads and misinformation are increasingly popular
within all facets of American society. Identifying harmful
practices and providing accurate information are basic
functions of the health care provider.

Excessive thinness is a cause for health concern.
Malnutition may result in underweight individuals for a
variety of medical and psychologic reasons.

Eating disorders require professional team therapy that
includes medical, psychologic, and nutritional care.

Chapter Review Questions

See answers in Appendix A.

1. An ideal weight range for a female who is 5 feet, 3
inches tall
a. 90 0 100 Ib.

b. 10050 1152 Ib.
c. 103510 1265 Ib.
d. 1265t 136.8 Ib.

Weight Management CHAPTER 15

in the patient, the neurologic chemistry returns to
normal. Therefore, one of the first issues to address
for the treatment of an eating disorder is establishing
a healthy weight in the patient. Psychologic therapy
is more successful when neurologic disturbances are
reduced. Next, the team of professionals must work
together to restore eating habits and attitudes toward
food, to optimize physical and mental health, and
to heal intrapersonal and interpersonal problems.
Continuing support groups that include friends,
family, and health care professionals are critical for
long-term treatment.

Susie is about 20 b overweight and wants to lose 10 Ib

of body weight for her high school reunion. When

should she begin to change her diet and exercise

habits to promote healthy weight loss and reach her
0al?

a. At least 10 months before the reunion

b. At least 10 weeks before the reunion

c. At least 4 weeks before the reunion

At least 10 days before the reunion

A sound weight-management program includes:

WNGradual weight loss and adequate nutrient intake.
b, P3Negs of fasting to cleanse the body of toxins.
>

ontrolled commercial products.

. Reducing excess body Tawgud the ability to build lean
body mass are benefits of:
a. A low carbohydrate diet.
b. Aerobic exercise.
c. Protein supplements.
d. Bariatric surgery.

. A meal plan for a patient who is underweight as a result
of malabsorption incorporates:

a. High protein, high fat foods.

b. High protein, low carbohydrate foods.

c. High protein, moderate fat foods.

d. Low protein, high fat foods.

Additional Learning Resources

eVvolve Please refer to this text's Evolve website for
answers to the Case Study questions.
http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
book provide additional resources for enhancing
knowledge.
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P Drug-Nutrient Interaction
Exenatide and Glucose Control

l \ For Further Focus
Comparative Types of Insulin:
Flexible insulin plans allow pafiients to use both short-acting  KELLI BOI
and longer-acting types of ingliin in a series of several injec-
tions per day according to Jheir specific food intake. This
requires patients to count thiir carbohydrates for each meal
and snack to calculate the ndeded fast-acting insuin for each
feeding. They will also inject afonger-acting type of insulin once
or twice a day to cover bajal needs. Experienced patients
self-test their blood glucosp levels with finger pricks and
glucose monitors. These patpnts are then able to adjust their
insulin dosage to their test redults; food patterns; work, school,
and social activities; and exfrcise schedules. In some cases,
an insulin pump that delivers insulin into the
bloodstream may be used th maintain better control over the
body's varying insulin need:

Fixed insulin plans allow fpatients to cover the day's insulin
needs Using a premixe msuhn dose containing bom
fast-acting and sulin
patient wil equire fewer nfections| Der day and it is a swmp\e
plan. Since the insuiin has been injected for the day, patients
on this type of plan must ke sure to eat meals at about the.
same time each day, eat ghout the same amounts of carbo-
hydrates each day, take cafe not to skip meals or prolong the
time between meals, and thie their insulin injections at a con-
sistent time each day.

mmon side effects are nausea, vomiting,
inal pain, and diarrhea.
en exenatide and glucose is

ham CH, et al. Five-year efficacy and safety data of exenatide
weekly: long-tem results from the DURATION-1 randomized
rical trial. Mayo Cin Proc. 2015:90(3):356-365

Therapeutic activity

iabetes Self-Management Education

and Support

Daily self-discipline and informed self-care are neces-
sary for sound diabetes management, because all
people with diabetes must ultimately treat themselves,
with the support of a good health care team (see
the Clinical Applications box, “Case Study: Richard
Manages His Diabetes”). Comprehensive diabetes
education programs that encourage self-care responsi-
bility are the cornerstone to successful diabetes
‘management.

The objectives of diabetes self-management educa-
tion are to improve clinical outcomes, health status,
and quality of life by supporting informed decision
making, self-care behaviors, problem solving, and
active collaboration with the health care team
Certified diabetes educators and the American Diabetes
Association have developed guidelines for diabetes
self-management education that are based on the
learning needs, skills, and content areas that are neces-
sary for the self-care of patients with diabetes.

The success of the diabetes education program in
any health care facility depends on the sensitivity and
training of the staff members who are conducting the
program. Continuing education is essential for all
professionals and their assistants. Certified diabetes

5 10 ['5 20 25 30 35 40
Hours

Shortacing _fntemedate-acing __ Long-acing
insulin sulin

maximum heart raty
over at least 3 day
2 consecutive day:
people with type
to perform resista
week in the absery
moderate-intensity
als with type 2 di
levels and reduce {
hyperlipidemia, H
patient exhibits I
such as retinopathy,
of exercise may b
viders can help m:
enefits for the pafi

For Further Focus, Cultural Considerations, Clinical
Applications, and Drug-Nutrient Interaction boxes take
you one step further in the discussion of a given topic,
enhancing your understanding of concepts through further
exploration or application.

A bulleted Summary is included at the end of every chapter to

review content highlights and help you see how particular
chapters contribute to the book’s overall focus.

New Chapter Review Questions are presented after each
chapter summary for review and analysis and allow you to
apply key concepts to patient care problems.
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Further Reading and Resources

CHAPTER 1
The following organizationgfare key sources of up-to-
date information and resfarch regarding nutrition.
Each site has a unique fgfus and may be helpful for
keeping abreast of currefft topics.
Academy of Nutritigfh and Dietetics. www.eatright
ory
American Society for Nutrition. www.nutrition.org
Dietary Guidelingf for Americans. www.health.gov/

lobal/Topics/Food-Nutrition.aspx
or Nutrition Education and Behavior.

soyfrces of solid fats and added sugars among US.
clfildren and adolescents: 1994-2010. Pediatr Obes.

te dietary guidelines and healthy recommenda-
tions, Americans do not eat appropriate ratios of food
from the recommended food groups. This study takes
a specific look at the food choices of children and ado-
lescents in the United States

Freeland-Graves JH et al. Position of the academy

of nutrition and dietetics: total diet approach to

healthy eating. | Acad Nutr Diet. 2013;113(2):

307-317.

o The authors discuss the use of a person-centered
approach in applying healthy eating messages such as
the Dietary Guidelines, MyPlate, Healthy People
2020, and the Dietary Reference Intakes.

CHAPTER 2

‘The following organizations are valuable resources for

nutrition and health-related information.

« Centers for Disease Control and Prevention site
for Nutrition Basics—Carbohydrates. www.cdc.gov/
nutrition/everyone/basics/carbs.html
Women’s Health.gov (US. Department of Health
and Human Services) site for Nutrition and Fitness—
Carbohydrates.  www.womenshealth.gov/fitness
-nutrition/nutrition-basics / carbohydrates html
Food and Nutrition Information Center (USDA)
site for Carbohydrate information. http://fnic.nal

usda.gov /food-composition /macronutrients /

carbohydrates

WholeGrainsCouncil. www.wholegrainscouncil.org

Bray GA. Energy and fructose from beverages

sweetened with sugar o high-fructose corn syrup

pose a health risk for some people. Ado Nutr.
2013;4(2):220-225.

Johnson R] et al. Sugar, uric acid, and the etiology

of diabetes and obesity. Diabetes. 2013;62(10):

3307-3315.

o The authors explore the health dangers of excess con-
sumption of high-fructose corn syrup.

Noto H et al. Low-carbohydrate diets and all-cause

mortality: a systematic review and meta-analysis of

observational studies. PLoS One. 2013;8(1):e55030,

o Carbohydrates are the topic of nuch debate in weight-
loss programs. This review examines the long-term
effects of a low-carbolydrate diet on all-cause mortal-
ity. The authors answer the following question: “Are
the short-term bencfits worti the long-term risk?”

CHAPTER 3
« Lipids in Health and Disease. wwwilipidworld.com

« An online journal of peer-reviewed articles about all
aspects of lipids that is open access and free to the
public

Mayo Clinic. www.mayoclinic.com

 Asite search for “dietary fat” results in several infor-
mative articles

USDA Nutrient Data Laboratory. http://ndb.nal

usda.gov/

A useful web site for finding the nutrient content of
the foods that you most enjoy, including their trans-
fat content

US. Food and Drug Administration. www.fda.gov

« Asite search for ‘trans fat’ results in several informa-
tive articles regarding the current regulations on the
use of partially hydrogenated oils in the food supply

Vannice G, Rasmussen H. Position of the Academy

of Nutrition and Dietetics: dietary fatty acids for

healthy adults. | Acad Nutr Diet. 2014;114(1):

136-153.

Walker TB, Parker MJ. Lessons from the war on

dietary fat. ] Am Coll Nutr. 2014;33:

CHAPTER 4

The following organizations are good sources of infor-

mation about vegetarian diets.

* Food and Nutrition Information Center. http://
fnic.nal.usda.gov
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References and Further Reading and Resources list relevant
citations that provide a wealth of nutrition-related information
above and beyond the book’s content.

Nutritrac Nutrition Analysis Program, Version 5.0
(Online): This popular tool is designed to allow the
user to calculate and analyze food intake and energy
expenditure, taking the guesswork out of nutrition
planning. The new version features comprehensive
databases containing more than 5000 foods organized
into 18 different categories and more than 175 common/
daily recreational, sporting, and occupational activi-
ties. The Personal Profile feature allows users to enter
and edit the intake and output of an unlimited number
of individuals, and the Weight Management Planner
helps outline healthy lifestyles tailored to various per-
sonal profiles. In addition to foods and activities, new
program features include an ideal body weight (IBW)
calculator, a Harris-Benedict calculator to estimate
total daily energy needs, and the complete Exchange
Lists for Meal Planning.

Be sure to visit our two websites of interest.

1. An Evolve website has been created specifically for
this book at http://evolve.elsevier.com/Williams /
basic/. (See the Evolve page at the beginning of this
text for more information.) The following exciting
features are available:

* Answers to Textbook Case Studies—Answers to
detailed case studies are found in specific chap-
ters of the textbook.

* Case Studies are an integral tool to reinforce
your understanding of key concepts and provide
real-life examples.

* Self-Test Questions give you a chance to prac-
tice for your exams and receive immediate
feedback.

e Infant and Child Growth Charts, United States
are available as useful handouts to encourage use
of these valuable resources inside and outside of
the classroom.

2. A Nutrition Resource Center website is available at
http:/ /nutrition.elsevier.com to provide you access
to all the Elsevier nutrition texts in one convenient
location.

We are pleased that you have included Williams’
Basic Nutrition and Diet Therapy as a part of your nutri-
tion education. Be sure to check out our website at
www.elsevierhealth.com for all your health science
educational needs!


http://evolve.elsevier.com/Williams/basic/
http://evolve.elsevier.com/Williams/basic/
http://nutrition.elsevier.com
http://www.elsevierhealth.com
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Key Concepts

e Optimal personal and community nutrition are major
components of health promotion and disease prevention.

¢ Nutrients in food are essential to our health and
well-being.

on Science

chapter

e Food and nutrient guides help us to plan a balanced diet
that is in accordance with our individual needs and goals.

We live in a world of rapidly changing elements,
including our environment, food supply, population,
and scientific knowledge. Within different environ-
ments, our bodies, emotional responses, needs, and
goals change. To be realistic within the concepts of
change and balance, the study of food, nutrition, and
health care must focus on health promotion. Although
we may define health and disease in a variety of ways,
the primary basis for promoting health and preventing
disease must start with a balanced diet and the nutri-
tion it provides. The study of nutrition is of primary
importance in the following two ways: it is fundamen-
tal for our own health, and it is essential for the health
and well-being of our patients and clients.

HEALTH PROMOTION

BASIC DEFINITIONS

Nutrition and Dietetics

Nutrition is the food people eat and how their bodies
use it. Nutrition science comprises the body of scientific
knowledge that governs nutrient requirements for all
aspects of life such as growth, activity, reproduction,
and maintenance. Dietetics is the health profession
responsible for applying nutrition science to promote
human health and treat disease. The registered dietitian
(RD), who is also referred to as a clinical nutrition
specialist, a registered dietitian nutritionist, or a public
health nutritionist, is the nutrition authority on the
health care team; this health care professional carries
the major responsibility of nutrition care for patients
and clients.

Health and Wellness

High-quality nutrition is essential for good health
throughout life, beginning with prenatal life and
continuing through old age. In its simplest terms,
the word health is defined as the absence of disease.

However, life experience shows that the definition of
health is much more complex. It must include exten-
sive attention to the roots of health for the meeting of
basic needs (e.g., physical, mental, psychologic, and
social well-being). This approach recognizes the indi-
vidual as a whole and relates health to both internal
and external environments. The concept of wellness
broadens this approach one step further. Wellness
seeks the full development of potential for all people
within their given environments. It implies a balance
between activities and goals: work and leisure,

health promotion the active engagement in behaviors
or programs that advance positive well-being.

nutrition the sum of the processes involved with the
intake of nutrients as well as assimilating and using
them to maintain body tissue and provide energy; a
foundation for life and health.

nutrition science the body of science, developed
through controlled research, that relates to the
processes involved in nutrition internationally, clinically,
and in the community.

dietetics the management of the diet and the use of
food; the science concerned with nutrition planning
and the preparation of foods.

registered dietitian (RD) a professional dietitian
accredited with an academic degree from an
undergraduate or graduate study program who has
passed required registration examinations administered
by the Commission on Dietetic Registration (CDR).
The RD and RDN (registered dietitian nutritionist)
credentials are legally protected titles that may only be
used by authorized practitioners and by the CDR. The
term nutritionist alone is not a legally protected title in
most states and may be used by virtually anyone. See
www.eatright.org for more details.

health a state of optimal physical, mental, and social
well-being; relative freedom from disease or disability.
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lifestyle choices and health risks, and personal needs
versus others” expectations. The term wellness implies
a positive dynamic state that motivates a person to
seek a higher level of functioning.

National Health Goals

The wellness movement continues to be a fundamental
response to the health care system’s burden of illness
and disease treatment and the rising costs of medical
care. Since the 1970s, holistic health and health promo-
tion have focused on lifestyle and personal choice
when it comes to helping individuals and families
develop plans for maintaining health and wellness.
The U.S. national health goals continue to reflect this
wellness philosophy. The most recent report in the
Healthy People series published by the U.S. Department
of Health and Human Services, Healthy People 2020,
continues to focus on the nation’s main objective of
positive health promotion and disease prevention'
(Figure 1-1). The guidelines encompass four overarch-
ing goals with the ultimate vision of a “society in
which all people live long, healthy lives.”"

A major theme throughout the report is the encour-
agement of healthy choices in diet, promotion of
weight control, and education about other risk factors
for disease, especially in the report’s specific nutrition
objectives. The Healthy People 2020 topics, objectives,
interventions, resources, and national data are all
available on their website (www.healthypeople.gov).
Some of the specific national goals under Nutrition and
Weight Status include the following: promoting health-
ier food access, improving the presence of nutrition in
the health care and worksite settings, improving the
overall healthy weight status of the nation’s popula-
tion, reducing food insecurity, improving overall
food and nutrient consumption, and reducing iron
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deficiency. Other objectives involving nutrition may be
found under the topics Adolescent Health, Diabetes,
Education and Community-Based Programs, Food Safety,
and Heart Disease and Stroke.

Traditional and Preventive Approaches to Health
The preventive health care approach involves identify-
ing risk factors in advance that increase a person’s
chances of developing a particular health problem.
Knowing these factors, people can choose dietary and
lifestyle behaviors that will prevent or minimize their
risks for disease. Alternatively, the traditional health
care approach only attempts change when symptoms
of illness or disease already exist, at which point those
who are ill seek a physician to diagnose, treat, and
“cure” the condition (see the Drug-Nutrient Interaction
box, “Introduction to Drug-Nutrient Interactions”).
The traditional health care approach has much less
value for lifelong positive health. Major chronic prob-
lems (e.g., heart disease, cancer, diabetes) may develop
long before signs become apparent.

IMPORTANCE OF A BALANCED DIET

Signs of Good Nutrition

A lifetime of good nutrition is evidenced by a well-
developed body, the ideal weight for height and body
composition (i.e., the ratio of muscle mass to fat mass),
and good muscle development. In addition, a healthy
person’s skin is smooth and clear, the hair is glossy,
and the eyes are clear and bright. Appetite, digestion,
and elimination are normal. Well-nourished people
are more likely to be mentally and physically alert and
to have a positive outlook on life. They are also more
able to resist infectious diseases as compared with
undernourished people. This is particularly important
with our current trends of population growth and

Healthy People 2020

A society in which all people live long, healthy lives

Determ:
W
Physical

En"wronmemt

Overarching Goals:

 Attain high quality, longer lives
free of preventable disease,
disability, injury, and premature
death

Health
Outcomes ¢ Achieve health equity, eliminate

( 30 disparities, and improve the
.'f Tfi‘ health of all groups

¢ Create social and physical
environments that promote
good health for all

¢ Promote quality of life, healthy
development and healthy
behaviors across all life stages

FIGURE 1-1 Healthy People 2020 Goals. (From the U.S. Department of Health and Human Services. Healthy People
2020. Washington, DC: U.S. Government Printing Office; 2010.)
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Introduction to Drug-Nutrient Interactions
SARA HARCOURT

Part of the traditional approach to medicine is “curing” the
condition or disease. This often includes medications, surgery,
or other interventions to alleviate symptoms or to treat the
condition. For the purpose of the Drug-Nutrient Interaction
boxes in this text, we will focus on the potential for interactions
with nutrients in the diet and both over-the-counter and pre-
scribed medications.

Drug regimens should be strictly followed. Many medica-
tions have potentially dangerous side effects, such as heart
arrhythmias, hypertension, dizziness, and tingling in the hands
and feet, when they are consumed inappropriately. Furthermore,
some medications may interact with nutrients in food or dietary
supplements, thereby creating a drug-nutrient interaction. The
presence of food in the stomach may increase or decrease
drug absorption, thus potentially enhancing or diminishing the
effects of the intended medication. Dietary supplements that
contain vitamins and minerals can be especially dangerous if
they are consumed at the same time as a drug. Knowing which
drugs are influenced by nutrients and how to work with a
patient’s diet is essential to the development of a complete
medical plan.

In the following chapters of this book, look for the Drug-
Nutrient Interaction boxes to learn about some of the more
common interactions that may be encountered in the health
care setting.

ever-increasing life expectancy. The national vital sta-
tistics report published in 2015 stated that life expec-
tancy in the United States reached a high of 76.4 years
for men and 81.2 years for women.’

Food and Health
Food is a necessity of life. However, many people are
only concerned with food insofar as it relieves their
hunger or satisfies their appetite and not with whether
it supplies their bodies with all of the components of
proper nutrition. Nutrients provided by the diet are
further divided into the categories of essential, nones-
sential, and energy-yielding nutrients.

The six essential nutrients in human nutrition are
the following:
Carbohydrates
Proteins
Fats
Vitamins
Minerals
Water
The core practitioners of the health care team (e.g.,
physician, dietitian, nurse) are all aware of the impor-
tant part that food plays in maintaining good health
and recovering from illness. Therefore, assessing a
patient’s nutritional status and identifying his or her
nutrition needs are primary activities in the develop-
ment of a health care plan.

oUW
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FUNCTIONS OF NUTRIENTS IN FOOD

To sustain life, the nutrients in foods must perform the
following three basic functions within the body:
1. Provide energy
2. Build tissue
3. Regulate metabolic processes

Metabolism refers to the sum of all body processes
that accomplish the basic life-sustaining tasks. Close
metabolic relations exist among all nutrients and their
metabolic products. This is the fundamental principle
of nutrient interaction, which involves two concepts.
First, the individual nutrients have many specific met-
abolic functions, including primary and supporting
roles. Second, no nutrient ever works alone; this key
principle of nutrient interaction is demonstrated more
clearly in the following chapters. Although the nutri-
ents may be separated for study purposes, remember
that they do not exist that way in the human body or
in the food that we eat. They always interact as a
dynamic whole to produce and maintain the body.

ENERGY SOURCES

Human energy is measured in heat units called kilo-
calories, which is abbreviated as kcalories or kcal (see
Chapter 6). Of the six essential nutrients, there are
three energy-yielding nutrients. These include carbo-
hydrates, fat, and protein. The only other energy-
yielding substance in the diet comes from alcohol.
Because alcohol has no essential function in the body,
it is not a nutrient. Although not a nutrient, alcohol
does provide energy. There are 7 kcal/gram of
alcohol.

essential nutrient nutrients a person must obtain from
food because the body cannot make them for itself in
sufficient quantity to meet physiologic needs.

nonessential nutrient a nutrient that can be
manufactured in the body by means of other nutrients.
Thus, it is not essential to consume this nutrient
regularly in the diet.

energy-yielding nutrient nutrients that break down to
yield energy within the body, including carbohydrates,
fat, and protein.

metabolism the sum of all chemical changes that take
place in the body by which it maintains itself and
produces energy for its functioning; products of the
various reactions are called metabolites.

kilocalorie the general term calorie refers to a unit of
heat measure, and it is used alone to designate the
small calorie; the calorie that is used in nutrition
science and the study of metabolism is the large
Calorie or kilocalorie, which avoids the use of large
numbers in calculations; a kilocalorie, which is
composed of 1000 calories, is the measure of heat
that is necessary to raise the temperature of 1000 g
(1 L) of water by 1° C.




Carbohydrates

Dietary carbohydrates (e.g., starches, sugars) provide
the body’s primary and preferred source of fuel for
energy. Carbohydrates also maintain the body’s reserve
store of quick energy as glycogen (see Chapter 2). Each
gram of carbohydrate consumed yields 4 kcal of body
energy. In a well-balanced diet, carbohydrates from all
sources should provide approximately 45% to 65% of
the total kilocalories.

Fats

Dietary fats from both animal and plant sources
provide the body’s secondary or storage form of
energy. This form is more concentrated, yielding 9 kcal
for each gram consumed. In a well-balanced diet, fats
should provide about 20% to 35% of the total kilocalo-
ries. Approximately two thirds of this amount should
be from plant sources, which provide monounsatu-
rated and polyunsaturated fats, and no more than 10%
of kilocalories should come from saturated fat (see
Chapter 3).

Proteins

Ideally protein would not be used for energy by the
body. Rather, it should be preserved for other critical
functions, such as structure, enzyme and hormone
production, fluid balance, and so on. However, in the
event that necessary energy from carbohydrates and
fat is insufficient, the body may draw from dietary or
tissue protein to obtain required energy. When protein
is used for energy it yields 4 kcal/g. In a well-balanced
diet, protein should provide approximately 10% to
35% of the total kilocalories (see Chapter 4).

Thus, the recommended intake of each energy-
yielding nutrient, as a percent of total kilocalories, is
as follows:

* Carbohydrate: 45% to 65%
e Fat: 20% to 35%
* Protein: 10% to 35%

Figure 1-2 illustrates the acceptable ranges of caloric
intake for each macronutrient as part of the whole diet.
Because individual needs vary, there are no exact rec-
ommendations for any macronutrient. If the diet is on
the lower end of kilocalories from one of the macronu-
trients, then a necessary increase in percentage of total
kilocalories will come from one or both of the other
macronutrients.

TISSUE BUILDING

Proteins

The primary function of protein is tissue building.
Amino acids are the building blocks of protein that
are necessary for constructing and repairing body
tissues (e.g., organs, muscles, cells, blood proteins).
Tissue building is a constant process that ensures the
growth and maintenance of a strong body structure as
well as the creation of vital substances for cellular
functions.
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FIGURE 1-2 The recommended intake of each energy-yielding
nutrient as a percentage of total energy intake.

Other Nutrients

Several other nutrients contribute to the building and
maintenance of tissues. Some examples are provided
here.

Vitamins and minerals. Vitamins and minerals are
essential nutrients that help to regulate many body
processes. An example of the use of a vitamin in tissue
building is that of vitamin C in developing collagen.
Collagen is the protein found in fibrous tissues
such as cartilage, bone matrix, skin, and tendons. Two
major minerals, calcium and phosphorus, participate
in building and maintaining bone tissue. Another
example is the mineral iron, which contributes to
building the oxygen carrier protein hemoglobin in red
blood cells. Several other vitamins and minerals are
respectively discussed in greater detail in Chapters 7
and 8 with regard to their functions, which include
tissue building.

Fatty acids. Fatty acids, the building blocks of lipids,
help to build the central fat substance that is necessary
in all cell membranes, and they promote the transport
of fat-soluble nutrients throughout the body.

REGULATION AND CONTROL

The multiple chemical processes in the body that are
necessary for providing energy and building tissue are
carefully regulated and controlled to maintain a con-
stant dynamic balance among all body parts and pro-
cesses. Several of these regulatory functions involve
essential nutrients. Some examples are provided here.

glycogen a polysaccharide; the main storage form of
carbohydrate in the body, which is stored primarily in
the liver and to a lesser extent in muscle tissue.

amino acids the nitrogen-bearing compounds that form
the structural units of protein; after digestion, amino
acids are available for the synthesis of required
proteins.



Vitamins

Many vitamins function as coenzyme factors, which
are components of cell enzymes, in the governing of
chemical reactions during metabolism. This is true for
most of the B-complex vitamins. In other words, the
body must have an adequate supply of the B vitamins
in order to yield energy (in the form of adenosine tri-
phosphate [ATP]) from the metabolism of the energy-
yielding nutrients (see Chapter 7).

Minerals

Many minerals also serve as coenzyme factors with
enzymes in cell metabolism. For example, cobalt,
which is a central constituent of vitamin By, (cobala-
min), functions with this vitamin in the synthesis of
heme for hemoglobin formation.

Water and Fiber

Water and fiber also function as regulatory agents. In
fact, water is the fundamental agent for life itself, pro-
viding the essential base for all metabolic processes.
The adult body is approximately 50% to 70% water.
Dietary fiber helps to regulate the passage of food
material through the gastrointestinal tract, and it influ-
ences the absorption of nutrients.

NUTRITIONAL STATES
OPTIMAL NUTRITION

Optimal nutrition means that a person receives and
uses adequate nutrients obtained from a varied and
balanced diet of carbohydrates, fats, proteins, miner-
als, vitamins, and water. The desired amount of each
essential nutrient should be balanced to cover varia-
tions in health and disease and to provide reserve sup-
plies without unnecessary excesses.

MALNUTRITION

Malnutrition refers to a condition that is caused by an
improper or insufficient diet. Both undernutrition and
overnutrition are forms of malnutrition. Dietary surveys
have shown that the average American diet is subop-
timal. Intakes of fruits, vegetables, and dairy foods or
dairy substitutes are lower than the recommended
intake levels. Meanwhile, the average American intake
of foods containing undesirable components such as
saturated fat, alcohol, and added sugar is considerably
higher than recommended.” That does not necessarily
mean that all of these individuals are undernourished.
But it does indicate poor dietary choices and subopti-
mal nutritional intake. Some people can maintain
health on somewhat less than the optimal amounts of
various nutrients in a state of borderline nutrition.
However, on average, someone who is receiving less
than the desired amounts of essential nutrients has a
greater risk for physical illness and compromised
immunity as compared with someone who is receiving
optimal nutrition.” Such nutritionally deficient people
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are limited with regard to their physical work capacity,
immune system function, and mental activity. They
lack the nutritional reserves to meet any added physi-
ologic or metabolic demands from injury or illness or
to sustain fetal development during pregnancy or
proper growth during childhood. This state may result
from many situations including poor eating habits, a
continuously stressful environment with little or no
available food, or a disease state.

Undernutrition

Undernutrition, a subcategory of malnutrition, appears
when nutritional reserves are depleted and nutrient
and energy intakes are not sufficient to meet daily
needs or added metabolic stress. Many undernour-
ished people live in conditions of poverty or illness.
Such conditions influence the health of all involved but
especially that of the most vulnerable populations:
pregnant women, infants, children, and elderly adults.
In the United States, which is one of the wealthiest
countries in the world, widespread hunger and under-
nutrition among the poor still exist, which indicates
that food security problems involve urban develop-
ment issues, economic policies, and more general
poverty issues (see the Cultural Considerations box,
“Food Insecurity”).

Undernutrition sometimes occurs in hospitalized
patients as well. For example, acute trauma or chronic
illness places added stress on the body, and the daily
nutrient and energy intake may be insufficient to meet
the needs of these patients. This is common despite the
supply of nutritionally balanced meals and nutrition
support provided by the hospital. Think about a
patient you have seen before in a hospital—were they
eager to eat? People are hospitalized because their
health is in a state of serious distress. Illness and pain
are often the cause for anorexia and decreased appe-
tite. Thus, this form of malnutrition may result in
patients that had a good nutritional standing before
illness required hospitalization.’

Overnutrition

Some people are in a state of overnutrition, which
results from excess nutrient and/or energy intake over
time. Overnutrition is another form of malnutrition,
especially when excess caloric intake produces harmful
body weight (i.e., morbid obesity; see Chapter 15).
Harmful overnutrition can also occur among people
who consistently use excessive amounts of dietary
supplements, which can result in vitamin or mineral
toxicities (see Chapters 7 and 8).

NUTRIENT AND FOOD GUIDES FOR
HEALTH PROMOTION

NUTRIENT STANDARDS

Most of the developed countries of the world have
established nutrient standard recommendations. These




Cultural Considerations
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Food Insecurity

Food insecurity is defined by the U.S. Department of Agriculture
as the limited or uncertain availability of nutritious and ade-
quate food. Using this definition, the Food Assistance and
Nutrition Research Program of the U.S. Department of
Agriculture reported that 17.6 million households (i.e., 14.5%
of all U.S. households) qualify as having food insecurity.
Furthermore, homes with children report almost double the
rate of food insecurity as compared to homes without children
(20% and 11.9%, respectively)." There is widespread hunger
and malnutrition among the poor, especially among the growing
number of homeless, including mothers with young children.
Such problems may manifest as physical, psychologic, and
sociofamilial disturbances in all age groups, with a significant
negative impact on health status (including mental health) and
the risk of chronic disease.

Individuals suffering from chronic iliness are also at increased
risk of suffering from food insecurity independent of their
sociodemographic status.? In other words, individuals other-
wise food secure may find themselves in a situation where
disease complications create an environment in which food is
not readily available, thus exacerbating their overall decline in
health. In addition, food insecure patients with chronic disease
are often faced with the choice between purchasing necessary
medications or food. Many of these individuals are unable to
take medications as prescribed because of inadequate funds
and the overriding need for food instead of medications.®*

Feeding America, which is the nation’s largest organization
of emergency food providers, estimated that 14 million children

in the United States receive emergency food services each
year.® Malnourished children are at an increased risk for stunted
growth and episodes of infection and disease, which often
have lasting effects on their intellectual development. Hunger
is a chronic issue (i.e., persisting 8 months or more per year)
among most households that report food insecurity. The preva-
lence of food insecurity is substantially higher among house-
holds that are headed by single mothers and in African-American
and Hispanic households." A variety of federal and nonfederal
programs are available to address hunger issues in all cultural
and age groups. The U.S. Department of Agriculture’s Food
and Nutrition Service provides detailed information about such
programs on its website at www.fns.usda.gov.
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standards serve as a reference for intake levels of the
essential nutrients to meet the known nutrition needs
of most healthy population groups. Although these
standards are similar in most countries, they vary
according to the philosophies of the scientists and
practitioners with regard to the purpose and use of
such standards. In the United States, these standards
are referred to as the Dietary Reference Intakes (DRIs).

U.S Standards: Dietary Reference Intakes

Since 1941, the Recommended Dietary Allowances
(RDAs), which are published by the National Academy
of Sciences, have been the authoritative source for
setting standards for the minimum amounts of nutri-
ents necessary to protect almost all people against the
risk for nutrient deficiency. The U.S. RDA standards
were first published during World War II as a guide
for planning and obtaining food supplies for national
defense and for providing population standards as a
goal for good nutrition. These standards are revised
and expanded every 5 to 10 years to reflect increasing
scientific knowledge.

Public awareness and research attention have
shifted from the original goal of preventing deficiency
disease to reflect an increasing emphasis on nutrient
requirements for maintaining optimal health. Following
World War II, nutrient deficiencies were a major
concern to the health of the nation. However, that is

not the case today for the majority of the population.
With food fortification and enrichment, few overt
nutrient deficiencies exist in an otherwise balanced
diet. This change of emphasis resulted in the DRIs
project. This project was established to examine how
much of a nutrient should be consumed to produce
optimal health. For example, the original goal was to
find out how much vitamin C had to be consumed in
order to prevent the disease scurvy. The current DRIs
represent an ideal amount of each nutrient that will
maximize the health benefits of each nutrient (i.e., the
optimal amount of vitamin C one should consume in
order to receive all of the health benefits of that nutri-
ent). For some nutrients, this shift in focus made a
significant difference in the recommendations. And for
others, the ideal intakes did not change.

The creation of the DRIs involved distinguished
U.S. and Canadian scientists, who were divided into
six functional panels (Box 1-1) and who have examined
thousands of nutrition studies addressing the health

Dietary Reference Intakes (DRIs) reference values for
the nutrient intake needs of healthy individuals for each
gender and age group.

Recommended Dietary Allowances (RDAs) the
average daily dietary intake level that is sufficient to
meet the nutrient requirement of nearly all healthy
individuals in a group.
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Dietary Reference Intake Panels of the
Institute of Medicine of the National
Academy of Sciences

Box 1-1

S

. Calcium, vitamin D, phosphorus, magnesium, and
fluoride

. Folate and other B vitamins

. Antioxidants

. Macronutrients

. Trace elements

. Electrolytes and water
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benefits of nutrients and the hazards of consuming too

much of a nutrient. The working group of nutrition

scientists responsible for these standards forms the

Food and Nutrition Board of the Institute of Medicine.

The original DRI recommendations were published

over several years in a series of six volumes.”'” They

are continually updated as science indicates."”

The DRIs include recommendations for each gender
and age group as well as recommendations for preg-
nancy and lactation (see Appendix B). For the first
time, excessive amounts of nutrients were identified
as tolerable upper intakes. The DRIs encompass the
following four interconnected categories of nutrient
recommendations:

1. RDA. This is the daily intake of a nutrient that meets
the needs of almost all (i.e., 97.5%) healthy individu-
als of a specific age and gender. Individuals should
use the RDA as a guide to achieve optimal nutrient
intake. RDAs are established only when enough sci-
entific evidence exists about a specific nutrient.

2. Estimated Average Requirement. This is the intake
level that meets the needs of half of the individuals
in a specific group. This quantity is used as the basis
for the development of the RDA.

3. Adequate Intake. The Adequate Intake is used as a
guide when insufficient scientific evidence is avail-
able to establish the RDA. Both the RDA and the
Adequate Intake may be used as goals for individ-
ual intake.

4. Tolerable Upper Intake Level. This indicator is not a
recommended intake. Rather, it sets the maximal
intake that is unlikely to pose adverse health risks
in almost all healthy individuals. For most nutri-
ents, the Tolerable Upper Intake Level refers to the
daily intake from food, fortified food, and nutrient
supplements combined.

Other Standards

Historically, Canadian and European standards have
been similar to the U.S. standards. In less developed
countries, where factors such as the quality of available
food must be considered, individuals refer to stan-
dards such as those set by the Food and Agriculture
Organization and World Health Organization. None-
theless, all standards provide a guideline to help health
care workers who work with a variety of population
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groups to promote good health and prevent disease
through sound nutrition.

FOOD GUIDES AND RECOMMENDATIONS

To interpret and apply nutrient standards, health care
workers need practical food guides to use for nutrition
education and food planning with individuals and
families. Such tools include the U.S. Department of
Agriculture’s MyPlate system and the Dietary Guide-
lines for Americans.

MyPlate
The MyPlate food guidance system (Figure 1-3), which
was released in June 2011 by the U.S. Department of
Agriculture, provides the public with a valuable nutri-
tion education tool. The goal of this food guide is to
promote variety, proportionality, moderation, gradual
improvements, and physical activity.'* Participants
are encouraged to personalize their own plans via the
public website www.choosemyplate.gov by creating
a profile and entering their age, gender, weight,
height, and activity level. The system will create a
plan with individualized calorie levels and specific
recommendations for serving amounts from each food
group. In addition, the MyPlate site provides partici-
pants with worksheets, resources, and individualized
tools such as the Food Tracker, Physical Activity
Tracker, and Weight Manager. Other helpful informa-
tion can be found on the plan’s website, including the
following:
e Tips for consuming more whole grains, fruits, and
vegetables
* Serving size information
* Health benefits and nutrients associated with each
food group

* Sample menus

Dietary Guidelines for Americans
The Dietary Guidelines for Americans were issued as a
result of growing public concern that began in the
1960s and the subsequent Senate investigations study-
ing hunger and nutrition in the United States. These
guidelines are based on developing alarm about
chronic health problems in an aging population and a
changing food environment. An updated statement is
issued every 5 years. This publication encompasses a
comprehensive evaluation of the scientific evidence
regarding diet and health in a report jointly issued by
the U.S. Department of Agriculture and the U.S.
Department of Health and Human Services."

Figure 1-4 shows the five key recommendations of
the Dietary Guidelines for Americans 2015-2020. The

MyPlate a visual pattern of the current basic five food
groups—grains, vegetables, fruits, dairy, and protein—
arranged on a plate to indicate proportionate amounts
of daily food choices.
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ChooseMyPlate cov

ao. choose MyPlate

Nutrition -
Education Series 10 tips to a great plate

Making food choices for a healthy lifestyle can be as simple as using these 10 Tips.
Use the ideas in this list to balance your calories, to choose foods to eat more often, and to cut back on foods
to eat less often.

balance calories switch to fat-free or

Find out how many calories YOU need for a day low-fat (1 %) milk

as a first step in managing your weight. Go to They have the same amount of
www.ChooseMyPlate.gov to find your calorie level. Being calcium and other essential nutrients as
physically active also helps you balance calories. whole milk, but fewer calories and less

saturated fat.

enjoy your food, but eat less
Take the time to fully enjoy
your food as you eat it. Eating
too fast or when your attention is
elsewhere may lead to eating too
many calories. Pay attention to hunger
and fullness cues before, during, and after meals. Use
them to recognize when to eat and when you’ve had
enough. foods to eat less often
Cut back on foods high in solid fats, added sugars,
and salt. They include cakes, cookies, ice cream,
candies, sweetened drinks, pizza, and fatty meats like ribs,
sausages, bacon, and hot dogs. Use these foods as
occasional treats, not everyday foods.

To eat more whole grains, substitute a whole-grain
product for a refined product—such as eating whole-
wheat bread instead of white bread or brown rice instead of
white rice.

Use a smaller plate, bowl, and glass. Portion out
foods before you eat. When eating out, choose a
smaller size option, share a dish, or take home part of
your meal.
compare sodium in foods
foods to eat more often Use the Nutrition Fa.cts Iabell i
to choose lower sodium versions
of foods like soup, bread, and frozen
meals. Select canned foods labeled
“low sodium,” "reduced sodium,” or
“no salt added.”

drink water instead of sugary drinks
Cut calories by drinking water or unsweetened
beverages. Soda, energy drinks, and sports drinks

are a major source of added sugar, and calories, in American
diets.

Eat more vegetables, fruits, whole grains, and fat-free

or 1% milk and dairy products. These foods have the
nutrients you need for health—including potassium, calcium,
vitamin D, and fiber. Make them the
basis for meals and snacks.

make half your plate

fruits and vegetables

Choose red, orange, and dark-green vegetables like
tomatoes, sweet potatoes, and broccoli, along with other
vegetables for your meals. Add fruit to meals as part of
main or side dishes or as dessert.

DG TipSheet No. 1

USDA June 2011

=—& Center for Nutrition USDA is an equal opportunity
| Policy and Promotion Go to www.ChooseMyPlate.gov for more information. provider and employer.

FIGURE 1-3 MyPlate food guidance system recommendations. (From the U.S. Department of Agriculture, Center for
Nutrition Policy and Promotion. Choose MyPlate mini-poster (website): <www.choosemyplate.gov>; Accessed June
16, 2014.)
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Follow a healthy eating
pattern across the lifespan.
All food and beverage choices
matter. Choose a healthy
eating pattern at an
apFropriate calorie level to
help achieve and maintain a
healthy body weight, support
nutrient adequacy, and reduce
the risk of chronic disease.

Focus on variety, nutrient
density, and amount. To meet
nutrient needs within calorie
limits, choose a variety of
nutrient-dense foods across
and within all food groups in
recommended amounts.

Limit calories from added sugars
and saturated fats and reduce
sodium intake. Consume an
eating pattern low in added
sugars, saturated fats, and
sodium. Cut back on foods and
beverages higher in these
components to amounts that fit
within healthy eating patterns.

Shift to healthier food and
beverage choices. Choose
nutrient-dense foods and
beverages across and within all
food groups in place of less
healthy choices. Consider
cultural and personal preferences
to make these shifts easier to
accomplish and maintain.

Support healthy eating patterns
for all. Everyone has arole in
helping to create and support
healthr eating patterns in
multiple settings nationwide,
from home to school to

work to communities.
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== Follow a healthy eating

pattern over time to help
support a healthy body
weight and reduce the risk
of chronic disease.

A healthy eating
pattern includes:

Fruits Vegetables

Protein
!. )

A healthy eating
pattern limits:

iﬂ'-‘-‘—-i

Saturated Added Sodium

fats and

sugars
trans fats

FIGURE 1-4 Summary of the Dietary Guidelines for Americans, 2015-2020. (From the U.S. Department of Health and
Human Services and U.S. Department of Agriculture. 20715-2020 Dietary Guidelines for Americans. 8th Edition.
December 2015. Available at http://health.gov/dietaryguidelines/2015/guidelines/.)
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current guidelines continue to serve as a useful overall
guide for promoting dietary and lifestyle choices that
reduce the risk for chronic disease. Although no guide-
lines can guarantee health or well-being and although
people differ widely with regard to their food needs
and preferences, these statements are meant to help
evaluate food habits and move toward general
improvements. Good food habits that are based on
moderation and variety can help to build healthy
bodies.

The current DRIs, MyPlate guidelines, and Dietary
Guidelines for Americans are in sync with one another
and supported by scientific literature. They reflect
sound, although broad, guidelines for a healthy diet.

Other Recommendations

Organizations such as the American Cancer Society,
the American Heart Association, and the American
Diabetes Association also have their own independent
dietary guidelines. In most cases, the guidelines set by
various national organizations are modeled after the
Dietary Guidelines for Americans. This may seem a bit
repetitive, but the difference is the added emphasis on
the prevention of specific chronic diseases, such as
heart disease, cancer, and diabetes.

INDIVIDUAL NEEDS

Person-Centered Care

Regardless of the type of food guide or recommenda-
tions used, health care professionals must remember
that food patterns vary with individual needs, tastes,
habits, living situations, economic status, and energy

e Good food and key nutrients are essential to life and
health.

¢ In our changing world, an emphasis on health
promotion and disease prevention by reducing health
risks has become a primary health goal.

e The importance of a balanced diet for meeting this goal
via the functioning of its nutrients is fundamental.
Functions of nutrients include providing energy, building
tissue, and regulating metabolic processes.

e Malnutrition exists in the United States in both
overnutrition and undernutrition states.

e Food guides that help with the planning of an
individualized healthy diet include the DRIs, MyPlate,
and Dietary Guidelines for Americans.

e A person-centered approach is best when developing
individual dietary recommendations that take personal
factors into account.
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demands. Cookie-cutter meal plans without regard
to the individual’s preferences are not useful. Food is
a basic enjoyment of life and this should always be
considered when implementing dietary changes for
oneself or for a patient. Use the food guides to identify
healthy food groups to choose from and then use a
person-centered approach to more specifically select
suitable foods within those food groups to meet the
patient’s needs.

Changing Food Environment

Our food environment has been rapidly changing in
recent decades. American food habits appear to have
deteriorated in some ways, with a heightened reliance
on fast, processed, and prepackaged foods. However,
Americans do recognize the relationship between food
and overall health. More than ever, Americans are
being selective about what they eat. Regardless of how
much the food environment changes, the one thing
that never goes out of style is the invention of food
fads and popular diets. Health care professionals
can address such concerns with a person-centered
approach and ensure that the general dietary needs
are still being met in accordance with the DRIs.
Following a fad diet is a personal preference. If health
care professionals dismiss such preferences in favor of
a cookie-cutter meal plan, they are more likely to
garner resistance from the patient instead of making
any potential improvements. Most fad diets can
provide an overall balanced diet with good judgment,
guidance, and perhaps a few judgment.

Putting It All Together

Chapter Review Questions

See answers in Appendix A.
1. Healthy People 2020 focuses on the ultimate vision of:
a. A society in which all people live long, healthy lives.
b. A society where there is zero tolerance for disease.
¢. A society where food in the United States is
supplied by local plant sources.
d. A society consuming a primarily plant-based diet.

2. Nutrient interactions involve the following two concepts:

a. Nutrients have specific metabolic functions and work
together to maintain the body.

b. Nutrients have specific metabolic functions and work
independently to maintain the body.

¢. Nutrients generally have independent functions in a
healthy body but interact to promote healing during
illness.

d. Specific nutrients have similar metabolic functions
and may be substituted for one another.
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3. The most important and unique role of dietary protein Additional Learning Resources

is to:

a. Provide energy.

b. Build tissue.

¢. Provide essential fatty acids.
d. Function as a coenzyme.

@ http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.

4. Forms of malnutrition include:
a. Overnutrition only.
b. Undernutrition only.
¢. Conditions associated with poverty only.
d. Overnutrition and undernutrition.

5. The DRIs serve as a useful overall guide for promoting
dietary and lifestyle choices for all people throughout
life by recommending:

a. ldeal intakes for each nutrient according to age and
gender.

b. Minimum intakes of each nutrient regardless of age
and gender.

¢. Optimal intakes of each nutrient regardless of age
and gender.

d. Minimum intakes of each nutrient to prevent
deficiency diseases.
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Carbohydrates

Key Concepts

e Carbohydrate foods provide practical energy sources
because of their wide availability, relatively low cost, and
excellent storage capabilities.

e Carbohydrate structures vary from simple to complex, thus
providing both quick and extended energy for the body.

e Dietary fiber, which is an indigestible carbohydrate, serves
other functions within the gastrointestinal tract.

Asdiscussed in Chapter 1, key nutrients in food sustain
life and promote health. The unique functions of each
nutrient provide the body with three essential ele-
ments for life: (1) energy to do work; (2) building mate-
rials to maintain form and functions; and (3) control
agents to regulate these processes efficiently. These
three basic functions of nutrients are closely related,
and it is important to remember that no nutrient ever
works alone.

This chapter looks specifically at the body’s primary
fuel source: carbohydrates. Carbohydrates are plenti-
ful in the food supply, and they are an important con-
tribution to a well-balanced diet. Controversy over the
past decade surrounding the use, abuse, and misun-
derstanding of this critical macronutrient should be
better interpreted after evaluating its functions within
the body.

NATURE OF CARBOHYDRATES

RELATION TO ENERGY

Basic Fuel Source

Energy is required for organisms to live. All energy
systems must have a basic fuel supply. In the Earth’s
energy system, vast energy resources from the sun
enable plants, through photosynthesis, to transform
solar energy into carbohydrate, which is the stored fuel
form in plants. The human body can rapidly break
down plant sources of carbohydrates through diges-
tion and metabolism to yield our major source of
energy, glucose.

Throughout this text, the term energy is used inter-
changeably with the terms calorie, kilocalorie, and kcal
(see the definition of kilocalorie in Chapter 1). Our
bodies need energy to survive. Both involuntary (e.g.,
heart and lung function) and voluntary actions (e.g.,
walking, talking) require energy, and that energy is
derived from the digestion and metabolism of food.

12

Energy-Production System

A successful energy system, whether a living organism

or a machine, must be able to do the following three

things to produce energy from a fuel source:

1. Change the basic fuel to a refined fuel that the
machine is designed to use.

2. Carry this refined fuel to the places that need it.

3. Burn this refined fuel in the special equipment set
up at these places.

The body easily does these three things more effi-
ciently than any manmade machine. It digests its
basic fuel, carbohydrate, thereby releasing glucose.
The body then absorbs and, through blood circulation,
carries this refined fuel to cells that need it. Glucose is
metabolized in the specific and intricate equipment in
these cells. Ultimately energy in the form of adenosine
triphosphate (ATP) is released through the process
of cellular metabolism. Because the human body can
rapidly digest the starches and sugars that are eaten
to yield energy, carbohydrates are considered quick-
energy foods.

Dietary Importance

Practical reasons also exist for the large quantities
of carbohydrates found in diets all over the world.
First, carbohydrates are widely available and easily
grown (e.g., grains, legumes, vegetables, fruits). In
some countries, carbohydrate foods make up almost
the entire diet. Second, carbohydrates are relatively
low in cost as compared with many other food items.
Third, carbohydrate foods are easily stored. They can

photosynthesis the process by which plants that
contain chlorophyll are able to manufacture
carbohydrate by combining carbon dioxide and water;
sunlight is used as energy, and chlorophyll is a
catalyst.



be kept in dry storage for relatively long periods
without spoilage, and modern processing and packag-
ing can extend the shelf life of carbohydrate products
for years.

The U.S. Department of Agriculture regularly sur-
veys food intake. These reports indicate that Americans
consume 6.5 0z of grain products per day, on average.'
The Dietary Guidelines for Americans encourage people
to make at least half of all grains consumed whole
grains.” However, the average American consumes
88% of their grain products in the form of refined
grains and only 12% as whole grains. Additionally, the
average American continues to consume an excess of

added sugar daily.'

CLASSES OF CARBOHYDRATES

The word carbohydrate is derived from the chemical
nature of the substance. A carbohydrate is composed
of carbon (C), hydrogen (H), and oxygen (O). Its abbre-
viated name, CHO, is the combination of the chemical
symbols of its three components. The term saccharide
is used as a carbohydrate class name, and it comes
from the Latin word saccharum, which means “sugar.”
Carbohydrates are classified according to the number
of saccharide units that make up their structure: mono-
saccharides have one unit; disaccharides have two
units; and polysaccharides have many units. Monosac-
charides and disaccharides are small, simple structures
of respectively only one and two saccharide units; thus
they are referred to as simple carbohydrates. How-
ever, polysaccharides are large, complex compounds
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of many saccharide units in long chains; thus they are
called complex carbohydrates. For example, starch,
which is the most significant polysaccharide in human
nutrition, is composed of many coiled and branching
chains in a treelike structure. Each of the multiple
branching chains is composed of 24 to 30 units of
glucose, which are gradually released during digestion
to supply a steady source of energy over time. Table
2-1 summarizes these classes of carbohydrates and
demonstrates their basic structure.

Monosaccharides
The three single saccharides are glucose, fructose, and
galactose. Monosaccharides, which are the building

saccharide the chemical name for sugar molecules;
may occur as single molecules in monosaccharides
(glucose, fructose, galactose), two molecules in
disaccharides (sucrose, lactose, maltose), or multiple
molecules in polysaccharides (starch, dietary fiber,
glycogen).

simple carbohydrates sugars with a simple structure
of one or two single-sugar (saccharide) units; a
monosaccharide is composed of one sugar unit, and a
disaccharide is composed of two sugar units.

complex carbohydrates large complex molecules of
carbohydrates composed of many sugar units
(polysaccharides); the complex forms of dietary
carbohydrates are starch and dietary fiber.

CHEMICAL CLASS NAME

CLASS MEMBERS SOURCES

Monosaccharides (simple carbohydrates)

Glucose (dextrose) Corn syrup (commonly used in

processed foods)

O

Fructose Fruits, honey
<:> Galactose Lactose (milk, milk products)
Disaccharides (simple carbohydrates) Sucrose Table sugar (sugar cane, sugar
beets)
Lactose Milk, milk products
<:>U<:> Maltose Molasses
Starch digestion, intermediate
Sweetener in food products
Polysaccharides (complex carbohydrates) Starch Grains and grain products (cereal,
bread, crackers, baked goods)
Rice, corn, bulgur
Legumes
Potatoes and other vegetables
Glycogen Storage form of carbohydrate in

animal tissue (not a dietary source)
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blocks for all carbohydrates, require no digestion.
They are quickly absorbed from the intestine into the
bloodstream and transported to the liver. Energy
demands will determine if the monosaccharides are
then used for immediate energy or stored as glycogen
for later use.

Glucose. The basic single sugar in human metabolism
is glucose, which is the form of sugar circulating in the
blood. It is the primary fuel for cells. Glucose, a mod-
erately sweet sugar, usually is not found as such in the
diet, except in corn syrup or processed food items. The
body’s supply of glucose mainly comes from the diges-
tion of starch. Glucose is also called dextrose to denote
the structure of the molecule (i.e., six carbons).

Fructose. Fructose is primarily found in fruits (from
which it gets its name) and in honey. Although honey
is sometimes thought of as a sugar substitute, it is a
sugar itself; therefore, it cannot be considered a substi-
tute. The amount of fructose found in fruits depends
on the degree of ripeness. As a fruit ripens, some of its
stored starch turns to sugar. Fructose is the sweetest of
the simple sugars.

High-fructose corn syrups, which are manufactured
by changing the glucose in cornstarch into fructose, are
heavily used in processed food products, canned and
frozen fruits, and soft drinks. These syrups are inex-
pensive sweeteners, and contribute to increased sugar
intake in the United States. The per-capita consump-
tion of high-fructose corn syrup increased from zero in
1967 to a height of 19.7 teaspoons (tsp) per day in 1999
and was most recently estimated to be down to 14.4
tsp per day.” While the change in high-fructose corn
syrup intake has fluctuated significantly over the past
50 years, the overall intake of all caloric sweeteners
has remained high. Figure 2-1 demonstrates the total
added sugar in the American diet and that which
comes from high-fructose corn syrup. Note that high-
fructose corn syrup is only one of the sweeteners regu-
larly used in the typical American diet.

Galactose. Galactose is not usually found as a free
monosaccharide in the diet; rather, it is a product of
lactose (milk sugar) digestion.

Disaccharides

Disaccharides are simple double sugars that are com-
posed of two single-sugar units linked together. The
three disaccharides that are important in human nutri-
tion are sucrose, lactose, and maltose.

Sucrose = Glucose + Fructose
Lactose = Glucose + Galactose
Maltose = Glucose + Glucose

Sucrose. Sucrose is common table sugar. Its two
single-sugar units are glucose and fructose. Sucrose is

Teaspoons daily per person
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*Includes cane and beet sugars, HFCS, glucose, dextrose,
edible syrups, and honey.

FIGURE 2-1 Daily intake of caloric sweeteners in the United States
per person. (Data from U.S. Department of Agriculture, Economic
Research Service. Food availability (per capita) data system, sugar
and sweeteners (added). Available from: <www.ers.usda.gov/
data-products/food-availability-%28per-capita%29-data-system/
.aspx#.U7BpG3awXG4>; Accessed June 6, 2015.)

used in the form of granulated, powdered, or brown
sugar, and it is made from sugar cane or sugar beets.
Molasses, which is a by-product of sugar production,
is also a form of sucrose. When people speak of sugar
in the diet, they usually mean sucrose.

Lactose. The sugar in milk, which is formed in
mammary glands, is lactose. Its two single-sugar units
are glucose and galactose. Lactose is the only common
sugar that is not found in plants. It is less soluble and
less sweet than sucrose. Lactose remains in the intes-
tine longer than other sugars, and it encourages the
growth of certain useful bacteria. Cow’s milk contains
4.8% lactose, and human milk contains 7% lactose.
Because lactose promotes the absorption of calcium
and phosphorus, the presence of all three nutrients in
milk is advantageous for absorption.

Maltose. Maltose is not usually found as such in food
form. It is derived within the body from the intermedi-
ate digestive breakdown of starch. Starch is made up
entirely of glucose units. Therefore, during the break-
down of starch, many disaccharide units of maltose
are released. Synthetically derived maltose is used in
various processed foods.

glycogen a complex carbohydrate found in animal tissue
that is composed of many glucose units linked
together.
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Polysaccharides

Polysaccharides are complex carbohydrates that are
composed of many sugar units. The important poly-
saccharides in human nutrition include starch, glyco-
gen, and dietary fiber.

Starch. Starches are by far the most significant poly-
saccharides in the diet. They are found in grains,
legumes, and other vegetables and in some fruits in
small amounts. Starches are more complex in structure
than simple sugars, so they break down more slowly
and supply energy over a longer period of time.
Cooking starch improves its flavor and also softens
and ruptures the starch cells, thereby making digestion
easier and faster. Starch mixtures thicken when cooked,
because the portion that encases the starch granules
has a gel-like quality that thickens the starch mixture
in the same way that pectin causes jelly to set.

The Dietary Reference Intakes (DRlIs; see Chapter 1)
recommend that 45% to 65% of total kilocalories
consumed come from carbohydrates, with a greater
portion of that intake coming from complex carbohy-
drates. For countries in which starch is the staple food,
carbohydrates make up an even higher proportion of
the diet. The major food sources of starch (Figure 2-2)
include grains in the form of cereal, pasta, crackers,
bread, and other baked goods; legumes in the form of
beans and peas; potatoes, rice, corn, and bulgur; and
other vegetables, especially of the root variety.

The term whole grain is used for food products
such as flours, breads, or cereals that are produced
from unrefined grain. Unrefined grains retain the
outer bran layers, the inner germ, and the endosperm
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(Figure 2-3) and thus the nutrients found within (i.e.,
dietary fiber, vitamins, and minerals). Enriched grains
are refined grain products to which some (but not
all) vitamins and minerals that were removed during
the refining process—for example, riboflavin, niacin,
thiamin, folate, iron—have been added back to some
extent. Fortified foods are those that have nutrients
added to them that would not naturally occur in that
food regardless of how it was processed (e.g., calcium-
fortified orange juice). Many enriched grains, such as
ready-to-eat breakfast cereals, are also fortified with
additional vitamins and minerals.

i

Bran layers

Endosperm

Germ

FIGURE 2-3 Kernel of wheat showing bran layers, endosperm, and
germ. (Courtesy Eileen Draper.)

FIGURE 2-2 Complex carbohydrate foods. (Copyright Jupiterimages Corp.)
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Glycogen. Glycogen is not a dietary carbohydrate.
Rather, it is a carbohydrate that is formed within the
body’s tissues, and it is crucial to the body’s metabo-
lism and energy balance. Glycogen is found in the liver
and muscles, where it is constantly recycled (i.e.,
broken down to form glucose for immediate energy
needs and synthesized for storage). These small stores
of glycogen help to sustain normal blood glucose
levels during short-term fasting periods (e.g., sleep),
and they provide immediate fuel for muscle action.
These reserves also protect cells from depressed meta-
bolic function and injury. The process of blood glucose
regulation with regard to glycogen breakdown is dis-
cussed in greater detail in Chapter 20.

Dietary fiber. Humans lack the necessary enzymes to
digest dietary fiber; therefore, these polysaccharides
do not have a direct energy value like other carbohy-
drates. However, their inability to be digested makes
them an important dietary asset. The beneficial rela-
tionship between a diet high in fiber and disease pre-
vention and/or management (e.g., cardiovascular
disease, gastrointestinal problems, diabetes) is well
established.”

Dietary fiber is divided into two groups on the basis
of solubility. Cellulose, lignin, and most hemicelluloses
are not soluble in water. The rest of the dietary fibers
(i.e., most pectins, B-glucans, gums, mucilages) are
water soluble. These two classes of dietary fiber are
listed in Table 2-2. The looser physical structure and
greater water-holding capacity of gums, mucilages,
pectins, and algal polysaccharides partly account for
their greater water solubility. Recommendations for
specific types of fiber to consume often are based on the
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noted for its ability to bind bile acids and ultimately
lower blood cholesterol levels." Alternatively, insol-
uble fiber is particularly helpful for the prevention
of constipation. However, you will notice from Table
2-2 that many of these functions overlap the soluble/
insoluble categories and many high-fiber foods will
contain both types of fiber. It is more important to
include a variety of high-fiber foods in the diet than
to be overly concerned with the specific form of fiber
found in your grains, fruits, and vegetables.

Cellulose. Cellulose is the chief component of cell
walls in plants. It remains undigested in the gastroin-
testinal tract of humans, and it adds important bulk to
the diet. This bulk helps to move the food mass along,
it stimulates normal muscle action in the intestine, and
it forms soft feces for the elimination of waste prod-
ucts. The main sources of cellulose are the stems and
leaves of vegetables and the coverings of seeds and
grains. Within the same area of the plant, phosphorus
is stored in the form of phytic acid; this compound is
undigested in humans because of the lack of a neces-
sary enzyme (phytase). Phytic acid is a strong chelator
of important minerals (see the Drug-Nutrient Inter-
action box, “Phytic Acid and Mineral Absorption”).

Lignin. Lignin, which is the only noncarbohydrate
type of dietary fiber, is a large compound that forms
the woody part of certain plants. It binds the cellulose
fibers in plants, thereby giving added strength and

chelator a ligand that binds to a metal to form a metal

lex.
water-solubility distinction. Soluble fiber is primarily compiex
IEL 278 Summary of Dietary Fiber Classes
SOURCE FUNCTION

DIETARY FIBER CLASS
Insoluble Fiber

Cellulose Main cell wall constituent of plants
(stalks and leaves of vegetables;
outer coverings of seeds, such as

are found in whole grains)

Holds water; reduces elevated colonic intraluminal
pressure

Hemicellulose Cell wall plant material (bran, whole

grains)

Holds water and increases stool bulk; reduces elevated
colonic pressure; binds bile acids, thus decreasing
serum cholesterol level

Lignin Woody part of plants (broccoli stems; Antioxidant; binds bile acids, thus decreasing serum
fruits with edible seeds, such as cholesterol level; binds minerals
strawberries and flaxseeds)

Soluble Fiber

Algal polysaccharides  Algae, seaweeds Used as thickener in food products

B-Glucans Oats and barley bran Binds bile acids, thus decreasing serum cholesterol level

Gums Oats, legumes, guar, barley Decreases gastric emptying; slows digestion, gut transit

time, and glucose absorption
Mucilages Psyllium husk, flaxseed Holds water
Pectins Intercellular plant material (fruit) Binds bile acids, thus decreasing serum cholesterol level;

binds minerals
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@ Clinical Applications

Case Study: Identifying Carbohydrates and Fiber

SARA HARCOURT

Some compounds that are naturally found in food bind miner-
als, thereby making them unavailable for absorption. Phytic
acid is one such compound, and it is found in legumes, wheat
bran, and seeds. Iron also is naturally found in these foods,
but, because of the phytic acid interference, as little as 2% of
the available iron may be absorbed.

A diet that consists of high-fiber foods containing phytic
acid coupled with a low intake of iron-rich foods (e.g., meat,
poultry) may intensify iron deficiency. This can especially be a
problem in the developing world where grains and legumes are
a staple in the diet. The World Health Organization classifies
iron deficiency anemia as one of the top 10 most serious health
problems in the world today.’

Although iron deficiency anemia is not nearly as common
in the United States as other developing countries, it is a
concern among pregnant and premenopausal women. If the
anemia is severe enough, a physician may prescribe an iron
supplement. The consumption of foods that contain high
amounts of phytic acid along with the supplement would inhibit
iron absorption just as it would if the iron were part of the food.

Phytic acid binds to other minerals that have a similar
charge as iron, including calcium, magnesium, and zinc.
Calcium supplements are often prescribed for those who may
be losing bone mass (e.g., postmenopausal women) or for
those who do not get enough calcium in the diet (e.g., teens,
the elderly). Food sources of phytic acid that are eaten with
calcium supplements may inhibit absorption. When recom-
mending that patients take an iron or calcium supplement, also
advise them to take the supplement with foods that do not
contain phytate in order to maximize the biocavailability of the
minerals and minimize the drug-nutrient interaction.

REFERENCE
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stiffness to plant cell walls. Although it is an insoluble
fiber, it also combines with bile acids and cholesterol
in the human intestine to prevent their absorption.

Noncellulose polysaccharides. Hemicellulose, pec-
tins, gums, mucilages, and algal substances are noncel-
lulose polysaccharides. They absorb water and swell
to a larger bulk, thus slowing the emptying of the food
mass from the stomach (aiding satiety), binding bile
acids in the intestine, and preventing spastic colon
pressure by providing bulk for normal muscle action.
Noncellulose polysaccharides also provide fermenta-
tion material on which colon bacteria can work.

Table 2-2 provides a summary of these dietary fiber
classes along with some sources and functions of each.
Table 2-3 provides the grams of carbohydrate and
dietary fiber per serving of commonly used foods.

In general, the food groups that provide needed
dietary fiber include whole grains, legumes, vegeta-

A patient comes to you for dietary analysis. He is trying to eat
a diet that is consistent with the dietary guidelines of 45% to
65% carbohydrate and 38 g of dietary fiber per day. On the
basis of the 1-day diet record that he provides you, answer
the questions that follow regarding his dietary analysis.

BREAKFAST

e 2 cups of Cheerios

e 1), cups of skim milk

e 1 medium banana

e 16 oz of coffee with 1 Thsp of sugar and 2 Tbsp of
whole-milk creamer

LUNCH

e Turkey sandwich (2 slices of whole-wheat bread, 3 oz of
lean turkey, 1 oz of cheddar cheese, 1 slice of tomato, 2
lettuce leaves, 2 tsp of yellow mustard, and }; Tbsp of
mayonnaise)

e 1 o0z of pretzels

e 1% cups of mixed green salad with 2 Tbsp of crushed
pecans and 2 Tbsp of fat-free Italian dressing

e 20 oz of water

SNACK
e 1 medium apple
e 1 package of peanut-butter crackers (6 crackers)

DINNER

e 4 oz of grilled chicken breast

e 1 cup of green beans

e 3 cup of mashed potatoes made with skim milk and
butter

e ¥ cup of roasted red peppers

e 1 whole-wheat roll

e 16 oz of sweet tea

QUESTIONS FOR ANALYSIS

1. Identify all of the foods that contain carbohydrates.

2. With the use of the dietary analysis on Evolve or the
Choose MyPlate Food Tracker available at
www.choosemyplate.gov, analyze this 1-day diet to
determine the following:

a. How many total grams of carbohydrate did this
individual consume”?

b. How many grams of sugar did he consume?

c. How many grams of soluble and total fiber did he
consume?

d. What was the percentage of total calories from
carbohydrates?

3. Did this individual meet the dietary guidelines for the
percentage of calories from carbohydrates and grams of
fiber on this day?

4. What additional recommendations would you make for
improvement?

bles, and fruits with as much of their skin remaining
as possible. Whole grains provide a special natural
“package” of both the complex carbohydrate starch
and the fiber in its coating. In addition, whole grains
contain an abundance of vitamins and minerals (see
the Clinical Applications box, “Case Study: Identifying
Carbohydrates and Fiber”).
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diameter)

FOOD SOURCE SERVING SIZE CARBOHYDRATE (g)  DIETARY FIBER (g) TOTAL KILOCALORIES

Concentrated Sweets

Sugar

Granulated 1 tsp 4.2 0 16

Powdered 1 tsp 2.49 0 10

Maple 1 tsp 2.73 0 11

Honey 1 Thsp 17.3 0 64

Syrup

High-fructose corn 1 Tbsp 14.44 0 53

Maple 1 Tbsp 13.42 0 52

Jam and preserves 1 Tbsp 13.77 0.2 56

Carbonated beverage, cola 12 oz 35.18 0 136

Candy

Skittles 1 package (1.8 0z2) 46.42 0 205

Starburst fruit chews 1 package (2.07 02) 48.72 0 241

Twizzlers 4 pieces from an 8-0z 35.88 0 158
package

Baked Goods

Brownie 1 square (1 0z) 18.12 0.6 115

Butter cookie 1 medium (1 oz) 19.58 0.2 132

Doughnut, glazed 1 medium (3-inch 22.86 0.7 192
diameter)

Fruit

Apple, raw with skin 1 medium (3-inch 25.13 4.4 95
diameter)

Apricots, dried, no sugar added ¥ cup 27.69 3.2 106

Banana 1 medium (7.5 to 7% 26.95 3.1 105
inches long)

Cherries, sweet, raw 15 cherries 19.69 2.6 77

Orange 1 medium (274-inch 17.56 3.1 69
diameter)

Pineapple 1 slice (3 %5-inch 11.02 1.2 42
diameter x %;-inch
thick)

Strawberries 10 medium (1)4-inch 9.22 2.4 38
diameter)

Vegetables

Asparagus, cooked ¥ cup 3.7 1.8 20

Beans, kidney, cooked ¥ cup 20.18 5.7 112

Broccoli, cooked Y cup 5.6 2.6 27

Carrots, raw ¥ cup chopped, raw 6.13 1.8 26

Corn, sweet, yellow, cooked ¥ cup, cut 15.68 1.8 72

Green beans (snap beans, ¥ cup 4.92 2 22

cooked)

Lettuce, green leaf, raw 1 cup shredded 1 0.5 5

Potato, with skin, baked 1 medium (2}, to 3, 36.59 3.8 161
inches in diameter)

Potato, sweet, baked 1 medium (2-inch 23.61 3.8 103
diameter, 5 inches
long)

Squash, summer Y cup cooked slices 3.41 1 17

Tomatoes, red, raw Y% medium (2% -inch 2.39 0.7 11
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IEWEWERN Carbohydrate Content, Dietary Fiber, and Caloric Value for Selected Foods—cont’d

FOOD SOURCE SERVING SIZE CARBOHYDRATE (g) DIETARY FIBER (g) TOTAL KILOCALORIES
Dairy Products

Milk

Skim 1 cup 12.15 0 83
2% 1 cup 13.5 0 138
Whole 1 cup 11.03 0 146
Cheese

Cheddar ¥ cup, shredded 0.72 0 228
Cottage, 2% milk fat Y cup 4.14 0 97
Grain Products

Bread

Wheat 1 slice 14.34 1.2 78
White 1 slice 12.6 0.7 66
Rye 1 slice 15.46 1.9 83
Cereal (Dry)

Corn flakes 1 cup 22.20 0.3 101
Rice, puffed 1 cup 12.57 0.2 56
Wheat, shredded 1 cup 39.89 6.1 172
Cereal (Cooked)

Grits, corn, cooked with water 1 cup 37.93 2.1 182
Oatmeal, cooked with water 1 cup 28.08 4.0 166
Wheat, cooked with water 1 cup SRS 3.9 150
Crackers, saltines B 11.03 0.4 62
Pasta, cooked 1 cup 39.07 6.7 176
Rice

Brown ¥ cup, cooked 22.39 1.8 108
White ¥ cup, cooked 26.59 0.3 121

Data from the U.S. Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. USDA national nutrient database for standard reference

(website): <http://ndb.nal.usda.gov/>; Accessed July 12, 2014.

Many health organizations have recommended
increasing the intake of complex carbohydrates
in general and dietary fiber in particular (see the
For Further Focus box, “Fiber: What’s All the Fuss
About?”).** The Food and Nutrition Board of the
Institute of Medicine has always indicated that a
desirable fiber intake should not be exclusively
achieved by adding concentrated fiber supplements
to the diet. Instead, the recommendations are to
eat a high-fiber diet that is rich in whole foods. The
recommended daily intake of fiber for women and
men aged 19 to 50 years old is 25 and 38 g/
day, respectively. The DRIs are reduced to 21 and
30 g/day for women and men who are older than
50 years of age." This intake requires the consistent
use of whole grains, legumes, vegetables, fruits, seeds,
and nuts in the daily diet. Unfortunately, the average
American does not consume the recommended
servings of these food groups on a daily basis. In
fact, results from the National Health and Nutrition
Examination Survey (NHANES) revealed that only
40% of Americans meet the recommended servings

of fruits and vegetables per day.”” Also, less than 5%
of the U.S. adult population (ages 19 to 50) and
6.6% of adults older than age 51 consume the rec-
ommended three servings per day of whole grains.”
In other words, the average American diet is very
low in foods that provide necessary fiber. Subse-
quently, the mean fiber intake for women and men
in the United States is 15.5 and 18.7 grams per day,
respectively. These averages are remarkably lower
than the recommended fiber intake and contribute to
health problems.

As with many things in nutrition, too much of a
good thing also can be problematic. Sudden increases
in fiber intake can result in uncomfortable gas, bloat-
ing, and constipation. Fiber intake should be gradually
increased (along with water intake) to an appropriate
amount for the individual. In addition, excessive
amounts of dietary fiber can trap (by chelation) small
amounts of minerals and prevent their absorption in
the gastrointestinal tract. This function of fiber is ben-
eficial when trapping or binding bile acids, but it may
compromise nutritional status if fiber intake greatly
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Fiber: What’s All the Fuss About?

The National Institutes of Health and the World Health
Organization—along with most other health-related agencies
in the world —have been promoting the intake of fiber for years.
The benefits have been defined in several clinical trials related
to a variety of chronic illnesses (see references 5-11 in the
Reference section in the back of the book).

However, the average fiber intake in a typical American diet
remains substantially lower than the current recommendations.
Scientists are confident that consuming a well-balanced diet
high in whole grains, fruits, and vegetables providing ample
fiber imparts the following health benefits:

e |t lowers blood cholesterol levels.

e |t promotes normal bowel function and prevents
constipation.

e [t increases satiety, which helps with the prevention of
obesity.

e |t protects against disorders of the small and large
intestines (e.g., irritable bowel syndrome, diverticulosis).

e |t slows glucose absorption, thereby reducing blood
glucose spikes and insulin secretion.

Health professionals can assist members of the public with
evaluating their fiber intake by educating and encouraging the
use of food labels. Food labels list the total dietary fiber found
in each serving of food. Manufacturers may also voluntarily list
the specific type of fiber (i.e., soluble or insoluble).

Increases in dietary fiber intake should be made gradually.
A sudden boost in dietary fiber can lead to uncomfortable
bloating, gas, and cramping; this can be avoided by making
small changes over time and by including an appropriate fluid
intake of 8 glasses of water per day.

exceeds the recommendations to the point of reducing
mineral absorption.

Other Sweeteners

Sugar alcohols and alternative sweeteners often are
used as sugar replacements. Sweeteners that contrib-
ute to total calorie intake (e.g., sugar alcohols) are con-
sidered nutritive sweeteners. Nonnutritive sweeteners or
alternative sweeteners are sugar substitutes that do not
have a notable caloric value.

Nutritive sweeteners. The sugar alcohols sorbitol,
mannitol, and xylitol are the alcohol forms of sucrose,
mannose, and xylose, respectively. Sugar alcohols
provide 2 to 3 kcal/g as compared with other carbo-
hydrates, which provide 4 kcal/g. The most well-
known sugar alcohol is sorbitol, which has been widely
used as a sucrose substitute in various foods, candies,
chewing gum, and beverages. Both glucose and sugar
alcohols are absorbed in the small intestine. However,
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the sugar alcohols are absorbed more slowly and do
not increase the blood sugar level as rapidly as glucose.
Therefore, sugar alcohols are often used in products
that are intended for individuals who cannot tolerate
a high blood sugar level (e.g., those with diabetes).
Another advantage of using a sugar alcohol to replace
sugar is a lowered risk of dental caries, because oral
bacteria cannot use the alcohol for fuel. The downside
of using excessive amounts of sugar alcohols in food
products is that the slowed digestion may result in
osmotic diarrhea.

Nonnutritive sweeteners. Nonnutritive sweeteners
are specifically manufactured to be used as alternative
or artificial sweeteners in food products. Because non-
nutritive sweeteners do not provide kilocalories, they
provide the sweet taste without contributing to an
individual’s total energy intake. People typically asso-
ciate these sweeteners with “diet foods.” The artificial
sweeteners that are most commonly used in the United
States are acesulfame-K, aspartame, luohan guo (monk
fruit extract), neotame, saccharin, stevia, and sucra-
lose.”” Nonnutritive sweeteners are much sweeter than
sucrose; therefore, extremely small quantities can be
used to produce the same sweet taste. Table 2-4 pro-
vides a summary of nutritive and nonnutritive sweet-
eners and their relative sweetness value as compared
with table sugar.

FUNCTIONS OF CARBOHYDRATES
BASIC FUEL SUPPLY

The main function of carbohydrates is to provide fuel
for the body. Carbohydrates burn in the body at the
rate of 4 kcal/g; thus, the fuel factor of carbohydrates
is 4. Carbohydrates furnish readily available energy
that is needed for physical activities as well as for the
work of body cells. Fat also serves as a source of fuel
for the body, but the body only needs a small amount
of dietary fat to supply the essential fatty acids (see
Chapter 3).

RESERVE FUEL SUPPLY

The total amount of carbohydrate in the body,
including both stored glycogen and blood sugar, is

sugar alcohols nutritive sweeteners that provide 2 to
3 kcal/g; examples include sorbitol, mannitol, and
xylitol; these are produced in food-industry laboratories
for use as sweeteners in candies, chewing gum,
beverages, and other foods.

sorbitol a sugar alcohol that is often used as a nutritive
sugar substitute; it is named for where it was
discovered in nature, in ripe berries of the Sorbus
aucuparia tree; it also occurs naturally in small
quantities in various other berries, cherries, plums,
and pears.



Sweetness of Sugars and
LR Artificial Sweeteners

SWEETNESS VALUE
SUBSTANCE RELATIVE TO SUCROSE
Nutritive Sweeteners
D-Tagatose 75 to 92
Glucose 74
Erythritol 60 to 80
I[somalt 45 to 65
Isomaltulose 50
Lactitol 30 to 40
Maltitol 90
Mannitol 50 to 70
Sorbitol 50 to 70
Sucrose 100
Trehalose 45
Xylitol 100
Nonnutritive Sweeteners (Approved for Use in the U.S.)*
Acesulfame-K (Sunette and 200
Sweet One)
Aspartame (NutraSweet and 160 to 220
Equal)
Luohan guo extract (Siraitia 150 to 300
grosvenorii, monk fruit)
Neotame (NutraSweet) 7000 to 13000
Saccharin (Sweet'N Low and 300
Sugar Twin)
Stevia (Stevia rebaudiana) 250
Sucralose (Splenda) 600

Adapted from Fitch C, et al. Position of the Academy of Nutrition and
Dietetics: use of nutritive and nonnutritive sweeteners. J Acad Nutr Diet.
2012;112(5):739-758.

*Some artificial sweeteners provide a small amount of calories. Example: 1
packet of Splenda provides 3 kcal, and 1 packet of Equal provides 4 kcal.
Because the relative sweetness compared to sucrose is so great, very little of
the artificial sweeteners is used to achieve the same level of sweetness as
sugar and thus the kilocalories provided are minimal.

relatively small. Healthy, well-nourished adults store
approximately 100 g of glycogen in the liver, which is
about 8% of the liver mass weight. On average, 300 to
400 g of glycogen can be stored in the skeletal muscle,
which is about 1% to 2% of the muscle mass weight.
Glycogen in the liver is primarily earmarked to main-
tain blood glucose levels and to ensure brain function.
Without refueling, the total amount of available glucose
in the muscle only provides enough energy for 1 to 2
hours of aerobic activity at 66% maximum capacity.
Therefore, to maintain a normal blood glucose level
and to prevent the breakdown of fat and protein in
tissue, individuals must eat carbohydrate foods regu-
larly to meet energy demands.

SPECIAL TISSUE FUNCTIONS

Carbohydrates also serve special functions in many
body tissues and organs.

Carbohydrates CHAPTER 2

Liver

Glycogen stores in the liver provide a reservoir of
available energy to ensure the whole body’s energy
needs are met. These reserves protect cells from
depressed metabolic function and resulting injury.

Central Nervous System

Constant carbohydrate intake and reserves are neces-
sary for the proper functioning of the central nervous
system. The brain has no stored supply of glucose;
therefore, it is especially dependent on a minute-to-
minute supply of glucose from the blood. Sustained
and profound shock from low blood sugar may cause
brain damage and can result in coma or death.

Protein and Fat Sparing

Carbohydrates help to regulate both protein and fat
metabolism. If dietary carbohydrate is sufficient to
meet energy needs, protein does not have to be sacri-
ficed to supply energy. This protein-sparing action of
carbohydrate protects protein for its major roles in
tissue growth and maintenance; these are crucial func-
tions for which the other macronutrients cannot serve
as a substitute. Likewise, with sufficient carbohydrate
for energy, fat is not needed to supply large amounts
of energy. This is significant, because a rapid break-
down of fat may result in the production of ketones,
which are products of incomplete fat oxidation in the
cells. Ketones are strong acids. The condition of acido-
sis or ketosis upsets the normal acid-base balance of
the body and could result in cellular damage in severe
cases. This protective action of carbohydrate is called
its antiketogenic effect.

FOOD SOURCES OF CARBOHYDRATES
STARCHES

Starch is the most important carbohydrate in a bal-
anced diet. Whole-grain starches such as rice, wheat,
corn, and potatoes provide important sources of fiber
and other essential nutrients (see Table 2-3).

SUGARS

Sugar per se is not necessarily a villain. After all, the
form of carbohydrate that is found in fruit is a disac-
charide (a simple sugar). The difference between this
type of sugar and the sugar in candy is that fruit also
provides fiber, water, and vitamins. The problem with
excess added sugar in the diet (e.g., sweets, desserts,
candy, soda) is the large quantities of “empty calories”
that many people consume, often to the exclusion of
other important foods. The per capita availability of
caloric sweeteners in the United States is 43.1 tsp daily.’
That is a total of 690 kcal of “empty calories” every
day. As with most things, moderation is the key.

See the For Further Focus box, “Carbohydrate
Complications,” for a brief discussion of two contro-
versial hot topics in mass-media coverage of nutrition:
the glycemic index and “net carbs.”
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Carbohydrate Complications

GLYCEMIC INDEX
The glycemic index (Gl), which was developed by researchers
at the University of Toronto in 1987, was thought to be an ideal
tool for controlling blood glucose levels, specifically for indi-
viduals with diabetes. However, the use of this tool has been
controversial.
How it Works
The Gl ranks foods according to how fast blood glucose
levels rise after consuming a specific amount (50 g) as com-
pared with a reference food such as white bread or pure
glucose. Foods that produce a higher peak in blood sugar
within 2 hours of eating them are given a higher Gl ranking.
Thus, low Gl foods do not produce high blood glucose spikes
and are favorable. In addition, low Gl foods are generally high
in fiber.
Complications of Use
The primary reason why this tool is controversial is because of
its high variability. The Gl of a food can vary significantly in the
following ways:
e From person to person
e With the quantity of food eaten
e From one time of day to another
e When a food is eaten alone versus when it is eaten with
other foods
e Depending on the ripeness, variety, cooking method
used, degree of processing, and site of origin
In addition, the Gl of a food does not indicate the nutritious
quality of the food. For example, ice cream has a lower Gl value
than pineapple.
Potential Benefits of Consistent Use
One recently published meta-analysis concluded that individu-
als who were consuming a low-Gl diet had reduced risks for
obesity-associated health disease." Other studies evaluating
the long-term benefits of a low-Gl diet on risks for developing

type 2 diabetes and cardiovascular risk factors have not been
consistent.

NET CARBS

Food manufacturers invented a category of carbohydrates

called “net carbs” as a marketing tactic to capitalize on

the low-carbohydrate diet craze. The U.S. Food and Drug

Administration regulates all information provided in the Nutrition

Facts label, including total carbohydrates, dietary fiber, and

sugars, and it does not acknowledge or approve of the “net

carb” category.

The concept was developed during the height of carbo-
hydrate-phobic diets. Food manufacturers reasoned that,
because dietary fiber and sugar alcohols have lower Gl values,
these carbohydrates can simply be subtracted from the
total carbohydrates in a food serving. For example, a food
may have 30 g of total carbohydrates with 18 g of sugar
alcohols and 3 g of fiber, thereby leaving 9 g of “net carbs”;
these were sometimes referred to as “impact carbs” or “active
carbs.”

Problems with the “Net Carb” Theory

e Sugar alcohols do have calories and can raise blood
sugar levels.

e The excessive use of sugar alcohols in foods has not
been studied, but this type of labeling encourages
manufacturers to increase the use of products such as
sorbitol to lower their “net carb” claim.

e [Excess intake of sugar alcohols can cause diarrhea.

e The idea of zero “net carbs” does not explain the fact that
the food still has calories.

The bottom line is that the U.S. Food and Drug Adminis-
tration maintains that, for weight management, no substitute
exists for the formula of “calories in must equal calories
out.” Total calories count more than the quantity—or lack
thereof —of high-Gl carbohydrates, low-Gl carbohydrates, or
“net carbs.”

REFERENCE

1. Schwingshackl L, Hoffmann G. Long-term effects of low glycemic
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DIGESTION OF CARBOHYDRATES

MOUTH

The digestion of carbohydrate foods, starches, and
sugars begins in the mouth and progresses through
the successive parts of the gastrointestinal tract. It
is accomplished by two types of actions: (1) muscle
actions that mechanically break the food mass into
smaller particles; and (2) chemical processes in which
specific enzymes break down the nutrients into still
smaller usable metabolic products. The chewing of
food, which is called mastication, breaks food into fine
particles and mixes it with saliva. During this process,
the enzyme salivary amylase (also called ptyalin) is

enzymes the proteins produced in the body that digest
or change nutrients in specific chemical reactions
without being changed themselves during the process;
thus their action is that of a catalyst; digestive
enzymes in gastrointestinal secretions act on
food substances to break them down into simpler
compounds. (An enzyme usually is named after the
substance [i.e., substrate] on which it acts, with the
common word ending of -ase; for example, sucrase is
the specific enzyme for sucrose, which it breaks down
into glucose and fructose.)



secreted by the parotid glands, which lie under each
ear at the back of the jaw. Salivary amylase acts on
starch to begin its breakdown into dextrins (i.e., inter-
mediate starch breakdown products) and disaccha-
rides (primarily maltose). Monosaccharides do not
require further digestion; thus they travel unchanged
to the stomach and small intestines for absorption.

STOMACH

Wavelike contractions of the stomach muscles con-
tinue the mechanical digestive process. This action,
called peristalsis, further mixes food particles with
gastric secretions to facilitate chemical digestion. The
gastric secretions contain no specific enzymes for
the breakdown of carbohydrates. Gastric secretions
include hydrochloric acid, which inhibits the action of
salivary amylase. However, before the food completely
mixes with the acidic stomach secretions, up to 20% to
30% of the starch may have been changed to maltose.
Muscle action continues to mix the food mass and then
moves the food to the lower part of the stomach. Here,
the food mass is a thick and creamy chyme, ready for
its controlled emptying through the pyloric valve and
into the duodenum, which is the first portion of the
small intestine.

SMALL INTESTINE

Peristalsis continues to help with digestion in the small
intestine by mixing and moving chyme along the
length of the organ. The chemical digestion of carbo-
hydrate is completed in the small intestine by specific
enzymes from both the pancreas and the intestine.

Pancreatic Secretions

Secretions from the pancreas enter the duodenum
through the common bile duct. These secretions
contain the starch-splitting enzyme pancreatic amylase
for the continued breakdown of starch into disaccha-
rides and monosaccharides.

Intestinal Secretions
Enzymes from the brush border (i.e., microvilli) of the
intestinal tract contain three disaccharidases: sucrase,
lactase, and maltase. These specific enzymes act on their
respective disaccharides to render the monosaccha-
rides—glucose, galactose, and fructose—ready for
absorption directly into the portal blood circulation.

Lactose intolerance, which is the inability to break
lactose down into its monosaccharide units, results
from a deficiency of the enzyme lactase. Symptoms
include bloating, gas, abdominal pain, and diarrhea.
Lactose intolerance affects 65% to 75% of adults world-
wide, with a much higher prevalence in certain coun-
tries and ethnic groups (see the Cultural Considerations
box, “Ethnicity and Lactose Intolerance”).

A summary of the major aspects of carbohydrate
digestion through the successive parts of the gastroin-
testinal tract is shown in Figure 2-4. The overall process
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Cultural Considerations

Ethnicity and Lactose Intolerance

Lactose intolerance or malabsorption results when the enzyme
that is necessary for lactose digestion is absent or deficient
from the brush border cells of the small intestine. This condition
is known as hypolactasia. If the disaccharide lactose cannot be
hydrolyzed into its respective monosaccharides (i.e., glucose
and galactose), then the unabsorbed sugar attracts excess
fluid into the gut. Lactose then entering the large intestine can
be partially metabolized by normal bacteria found in the colon,
thereby producing large amounts of gas and discomfort.

It is difficult to estimate the overall prevalence of lactose
intolerance in the United States. However, it is possible to
determine the racial and ethnic groups with a higher incidence.
African Americans, Asian Americans, Hispanic Americans, and
Native Americans have higher rates of lactose intolerance as
compared with Americans of Northern European descent.’

Individuals with lactose intolerance can usually tolerate
some low-lactose milk products, such as hard cheese. Lactose
intolerance is not an allergy, and most affected individuals can
handle varying levels of lactose in their diet. The amount toler-
ated varies and can be established by gradually introducing
small amounts of lactose-containing foods into the diet while
keeping note of any side effects. Generally, the equivalent of
8 oz of milk is tolerated before symptoms arise." The strong
genetic link to lactose intolerance indicates that a drastic
change to dietary lactose tolerance will probably not occur
over a lifetime. However, many individuals do experience slight
fluctuations in tolerance.

REFERENCE
1. Suchy FJ, etal. National Institutes of Health Consensus

Development Conference: lactose intolerance and health. Ann
Intern Med. 2010;152(12):792-796.

of the absorption and metabolism of all energy-
yielding nutrients (i.e., carbohydrate, fat, and protein)
is discussed in Chapter 5.

RECOMMENDATIONS FOR DIETARY
CARBOHYDRATE

DIETARY REFERENCE INTAKES

Energy needs are listed as total kilocalories, and these
amounts include caloric intake from fat and protein
as well as carbohydrate. According to the most recent
DRIs, 45% to 65% of an adult’s total caloric intake
should come from carbohydrate foods.” This translates

brush border the cells that are located on the microuvilli
within the lining of the intestinal tract; the microvilli are
tiny hair-like projections that protrude from the mucosal
cells that help to increase surface area for the
digestion and absorption of nutrients.

portal an entrance or gateway; for example, the portal
blood circulation designates the entry of blood vessels
from the intestines into the liver; it carries nutrients for
liver metabolism, and it then drains into the body’s
main systemic circulation to deliver metabolic products
to body cells.
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FIGURE 2-4 Summary of carbohydrate digestion. Note: enzymes are in italics. (Courtesy Rolin Graphics.)

to 225 to 325 g of carbohydrates for a 2000 kcal/day
diet. The recommended fiber intake can be achieved
by choosing carbohydrate foods such as whole grains,
legumes, vegetables, and fruits. In addition, the DRIs
recommend limiting added sugar to no more than 25%
of the total calories consumed. See the Clinical Appli-
cations box entitled “What Is Your Dietary Reference
Intake for Carbohydrates?” to calculate your specific
carbohydrate recommendation.

DIETARY GUIDELINES FOR AMERICANS

The Dietary Guidelines for Americans are general guide-
lines for the promotion of health (see Figure 1-4). The

2015-2020 Guidelines advise individuals to do the fol-

lowing with regard to carbohydrate-rich foods™

* Consume at least half of all grains as whole grains.
Increase whole-grain intake by replacing refined
grains with whole grains.

* Increase vegetable and whole fruit intake. Eat a
variety of vegetables from all subgroups—dark-
green, red, and orange vegetables, legumes (beans
and peas), and starchy vegetables.

* Choose more nutrient-dense foods and less foods
and beverages with added sugar.

* Reduce the intake of calories from added sugars to
less than 10% of total calories in the diet.
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& Clinical Applications

What Is Your Dietary Reference Intake for Carbohydrates?

On the basis of the current Dietary Reference Intakes (DRiIs),

calculate the amount of calories and grams of carbohydrates

that you are recommended to consume daily. This requires
you to know how many total calories you consume on a daily
basis.

Step 1: Keep track of everything you eat for 1 day. You can
use Nutritrac that is included on Evolve to calculate your
daily food intake. This is your total energy intake. (Chapter
6 discusses the evaluation of total energy intake relative
to body weight and activity needs.)

Total energy intake = ___ kcal

Step 2: Multiply your total energy intake by 45% (0.45) and
65% (0.65) to get the recommended number of
kilocalories from carbohydrates (CHO).

total kcal x 0.45 = kcal
total kcal x 0.65 = kcal
Example:

2200 total kcal x 0.45 = 990 kcal
2200 total kcal x 0.65 = 1430 kcal

Thus, the recommended range of total kilocalories
from CHO for this example is 990 to 1430 kcal/day.

Step 3: Determine how many grams of CHO you need on

the basis of these recommendations.
Each gram of CHO has 4 kcal; therefore, divide your
recommended range of kilocalories from CHO (as
determined previously) by 4.

Thus, after rounding the nearest whole number, the
recommended range of total grams of CHO for this
example is 248 to 358 g of CHO/day.

Step 4: What is the maximum amount of total kilocalorie
consumption that can come from added sugars,
according to the DRIs? Added sugars are added to food
and beverages during production. The majority of added
sugars in American diets come from candy, soft drinks,
fruit drinks, pastries, and other sweets. The DRIs
recommend limiting added sugar intake to no more than
25% of the total kilocalories consumed.

Multiply your total energy intake by 25% (0.25) to get the
maximum number of kilocalories from added sugars.

_ totalkcalx0.25=___ kcal

Example:

2200 total kecal x 0.25 = 550 kcal

Thus, the maximum amount of total kilocalories from
added sugar for this example is 550 kcal/day.

Step 5: Determine the number of grams of added sugar by
dividing the maximum kcal/day of added sugar by 4.

kcal/day from added sugar + 4 = g of added
sugar/day
Example:
550 kcal/day from added sugar + 4 = 137.5 g of added
sugar/day

Therefore, the 137.5 g of added sugar is the recommended

kcal/day from CHO + 4 = g of CHO/day limit per day for this example.
Example: NoOTE: There is no dietary need for added sugar in the diet.
990 to 1430 kcal/day from CHO + 4 = 247.5 to 357.5 g of This is only a reference for a maximum consumption.
CHO/day
MYPLATE

The MyPlate food guidance system provides recom-
mendations that are specific to age, gender, height,
weight, and physical activity when reported as part of
the MyPlate plan (see Chapter 1).'

The MyPlate Tracker is an assessment tool available
to MyPlate participants that allows the user to enter

e The primary source of energy for most of the world’s
population is carbohydrate foods. These foods are
from widely distributed plant sources. For the most
part, these food products can be stored easily and
are relatively low in cost.

Two basic types of carbohydrates supply energy:
simple and complex. Simple carbohydrates are
single- and double-sugar units (i.e., monosaccharides
and disaccharides, respectively). Because simple

his or her own menu for an evaluation of diet quality.
This is a great resource for feedback about dietary
sources of carbohydrate, including the consumption
of fiber, whole grains, fruits, vegetables, and added
sugars.

Putting It All Together

carbohydrates are easy to digest and absorb, they
provide quick energy. Complex carbohydrates (i.e.,
polysaccharides) are composed of many sugar units
linked together. They break down more slowly and thus
provide sustained energy over a longer period.

e Dietary fiber is a complex carbohydrate that is not
digestible by humans. It mainly occurs as the structural
parts of plants, and it provides important bulk in the
diet, affects nutrient absorption, and benefits health.

e Carbohydrate digestion starts briefly in the mouth with
the initial action of salivary amylase to begin digesting




starch into smaller units. No enzyme for starch
digestion is present in the stomach, but muscle action
continues to mix the food mass and move it to the
small intestine, where pancreatic amylase continues
the chemical digestion. Final starch and disaccharide
digestion occurs in the small intestine with the action of
sucrase, lactase, and maltase to produce single-sugar
units of glucose, fructose, and galactose. These
monosaccharides are then absorbed into the portal
blood circulation to the liver.

Chapter Review Questions

See answers in Appendix A.

1.

John is trying to increase dietary fiber in his diet. A
good food choice to recommend is:

a. Whole-grain toast with apple slices.

b. Toaster pastry with blueberry filling.

¢. Hot dog on plain white bun.

d. Milkshake with low-fat potato chips.

A patient asks the nurse for examples of refined grains.
The nurse may give the following examples of refined
grains:

a. Popcorn and steel cut oats

b. Carrots and celery

¢. Chocolate chip cookies and saltine crackers

d. Parmesan cheese and cantaloupe

A patient has been recently diagnosed with lactose
intolerance and comes into the clinic with complaints of
gas and bloating. After reviewing foods eaten, the most
likely cause would be:

a. Roasted chicken with parsley.

b. Chocolate pudding.

¢. Baked potato with butter.

d. Dried fruit mix.

Part 1 Introduction to Basic Principles of Nutrition Science

4. Anna requires 1700 calories per day. An appropriate
amount of carbohydrate calories per day for her
would be:

a. 255 to 425 calories.
b. 425 to 935 calories.
c. 765 to 1105 calories.
d. 825 to 1225 calories.

5. Which of the following food items would provide the
quickest source of energy?
a. Oat bran muffin
b. Orange juice
c. Pretzels
d. 2% milk

Additional Learning Resources

e Please refer to this text's Evolve website for
answers to the Case Study questions.
http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.


http://evolve.elsevier.com/Williams/basic/

Key Concepts

e Dietary fat is essential to the body as both an energy fuel
and a structural material.

e Foods from animal and plant sources supply distinct forms
of fat that affect health in different ways.

chapter

e Excess dietary fat, especially in an otherwise unbalanced
diet, is a risk factor for poor health.

General awareness regarding health concerns and the
risk of chronic disease from poor food selections has
influenced dietary choices for decades. More knowl-
edge of “heart-healthy” fats is helpful for the public to
identify beneficial sources of dietary fat and to create
a well-rounded diet.

This chapter examines the various aspects of fat as
an essential nutrient, a concentrated storage form of
energy, and a savory food component. In addition, we
will review the types of fat and the health implications
when dietary fat intake or body fat are unchecked.

THE NATURE OF FATS
DIETARY IMPORTANCE

Fats are a concentrated fuel source for the human
energy system. A large amount of energy can be stored
in a relatively small space within adipose tissue as
compared with carbohydrates that are stored as glyco-
gen. As such, fats supplement carbohydrates (the
primary fuel) as an additional energy source. In food,
fats occur in the form of either solid fat or liquid oil.
Fats are not soluble in water, and they have a greasy
texture.

STRUCTURE AND CLASSES OF FATS

The overall name of the chemical group of fats and
fat-related compounds is lipids, which comes from
the Greek word lipos, meaning “fat.” The word lipid
appears in combination words that are used for fat-
related health conditions. For example, an elevated
level of fat in the blood is called hyperlipidemia.

All lipids are composed of the same basic chemical
elements as carbohydrates: carbon, hydrogen, and
oxygen. The majority of dietary fats are glycerides,
which are composed of fatty acids attached to glycerol.
Most natural fats, whether in animal or plant sources,
have three fatty acids attached to their glycerol base,
thus the chemical name of triglyceride (Figure 3-1).

CLASSIFICATION OF FATTY ACIDS

Fatty acids, which are the building blocks of triglycer-
ides, can be classified by their length as short-,
medium-, or long-chain fatty acids. The chains contain
carbon atoms with a methyl group (CH;) on one end
(also known as the omega end) and an acid carboxyl
group (COOH) on the other end. Short-chain fatty
acids have 2 to 4 carbons, medium-chain fatty acids
have 6 to 10 carbons, and long-chain fatty acids have
more than 12 carbons. Fatty acids can also be classified
according to their saturation or essentiality, both of
which are significant characteristics.

Saturated Fatty Acid

When a substance is described as saturated, it contains
all of the material that it is capable of holding (Figure
3-2, A). For example, a sponge is saturated with water
when it holds all of the water that it can contain.
Similarly, fatty acids are saturated or unsaturated
according to whether each carbon is filled with hydro-
gen. Thus, a saturated fatty acid is heavy and dense

lipids the chemical group name for organic substances
of a fatty nature; the lipids include fats, oils, waxes,
and other fat-related compounds such as cholesterol.

glycerides the chemical group name for fats; fats are
formed from a glycerol base with one, two, or three
fatty acids attached to make monoglycerides,
diglycerides, and triglycerides, respectively; glycerides
are the principal constituents of adipose tissue, and
they are found in animal and vegetable fats and oils.

fatty acids the major structural components of fats.

triglycerides the chemical name for fats in the body or
in food; three fatty acids attached to a glycerol base.

saturated the state of being filled; the state of fatty acid
components being filled in all their available carbon
bonds with hydrogen, thus making the fat harder and
more solid at room temperature; such solid food fats
are generally from animal sources.

27
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FIGURE 3-2 Types of fatty acids. A, Saturated palmitic acid. B, Monounsaturated oleic acid (omega-9).
C, Polyunsaturated linoleic acid (omega-6). D, Polyunsaturated alpha-linolenic acid (omega-3). (Adapted from
Grodner M, Escott-Stump S, Dorner S. Nutritional Foundations and Clinical Applications: A Nursing Approach,

6th ed. St. Louis: Mosby; 2016.)

(i.e., solid at room temperature). If most of the fatty
acids in a triglyceride are saturated, that fat is said to
be a saturated fat. Most saturated fats are of animal
origin. Figure 3-3 shows a variety of foods with satu-
rated fat, including meat, dairy, and eggs.

Unsaturated Fatty Acid

A fatty acid that is not completely filled with all of the
hydrogen that it can hold is unsaturated; as a result, it
is less heavy and less dense (i.e., liquid at room tem-
perature). If most of the fatty acids in a triglyceride are
unsaturated, that fat is said to be an unsaturated fat. If
the fatty acids have one unfilled spot (i.e., one double
bond between the carbon atoms), the fat is called a
monounsaturated fat (see Figure 3-2, B). Examples of
foods that contain monounsaturated fats include the
vegetable oils: olive, canola (rapeseed), peanut; nuts

such as macadamia, hazelnuts, almonds, and pecans;
and avocados. If the fatty acids have two or more
unfilled spots (i.e., more than one double bond between
the carbon atoms), the fat is called a polyunsaturated fat
(see Figure 3-2, C and D). Examples of foods that
contain polyunsaturated fats are the vegetable oils: saf-
flower, sunflower, corn, and soybean. Fats from plant
and fish sources are mostly unsaturated (Figure 3-4).
However, notable exceptions are the tropical oils
(palm and coconut oils), which are predominantly
saturated.

Nomenclature of unsaturated fatty acids. Unsatu-
rated fatty acids are further classified according to the
location of the first double bond from the omega end
(i.e., the methyl group end). For example, when the
first double bond starts on the third carbon from the
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FIGURE 3-4 Dietary sources of monounsaturated and polyunsaturated fats. (Copyright Jupiterimages Corp.)

methyl end, it is known as an omega-3 fatty acid (see
Figure 3-2, D). When the first double bond starts on
the sixth carbon from the methyl end, it is known as
an omega-6 fatty acid (see Figure 3-2, C).

Essential fatty acids. The term essential or nonessential
is applied to a nutrient according to its necessity in the
diet. A nutrient is essential if either of the following is
true: (1) its absence will create a specific deficiency
disease; or (2) the body cannot manufacture it in suf-
ficient amounts and must obtain it from the diet. A diet
with 10% or less of its total kilocalories from fat cannot
supply adequate amounts of essential fatty acids. The
only fatty acids known to be essential for complete
human nutrition are the polyunsaturated fatty acids
linoleic acid and alpha-linolenic acid. Both essential
fatty acids serve important functions related to tissue
strength, cholesterol metabolism, muscle tone, blood

linoleic acid an essential fatty acid that consists of 18
carbon atoms and 2 double bonds. The first double
bond is located at the sixth carbon from the omega
end, making it an omega-6 fatty acid. Found in
vegetable oils.

alpha-linolenic acid an essential fatty acid with 18
carbon atoms and 3 double bonds. The first double
bond is located at the third carbon from the omega
end, making it an omega-3 fatty acid. Found in
soybean, canola, and flaxseed oil.

cholesterol a fat-related compound called a sterol that
is synthesized only in animal tissues; a normal
constituent of bile and a principal constituent of
gallstones; in the body, cholesterol is primarily
synthesized in the liver; in the diet, cholesterol is
found in animal food sources.




clotting, and heart action. Essential fatty acids must
come from the foods we eat. With an adequate dietary
supply of the essential fatty acids, the body is capable
of manufacturing saturated, monounsaturated, and
other polyunsaturated fatty acids, as well as choles-
terol. Therefore, no Dietary Reference Intake (DRI)
exists for fat compounds other than the two essential
fatty acids.

The terms omega-3 fatty acid and alpha-linolenic
acid are often erroneously used interchangeably. This
is also a point of confusion for omega-6 fatty acid and
linoleic acid. There are several omega-3 and omega-6
fatty acids, of which alpha-linolenic and linoleic are
two examples. Other examples of omega-3 fatty acids
are eicosapentaenoic acid and docosahexaenoic acid.
Thus, it is not accurate to use the term omega-3 when
meaning to indicate the essential fatty acid alpha-
linolenic acid. The same is true for omega-6 and lin-
oleic acid—the terms are not synonymous.

Trans-fatty acids. Naturally occurring unsaturated
fatty acid molecules have a bend in the chain of atoms
at the point of the carbon double bond. This form is
called cis, meaning “same side,” because both of the
hydrogen atoms around the carbon double bond are
on the same side of the bond. When vegetable oils are
partially hydrogenated to produce a more solid, shelf-
stable fat, the normal bend is changed so that the
hydrogen atoms around the carbon double bond are
on opposite sides. This form is called trans, meaning
“opposite side,” and the process is called hydrogena-
tion. The following illustration shows the cis form and
the trans form of a molecule of oleic acid, which is a
common monounsaturated fatty acid with a chain of
18 carbon atoms.
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Commercially hydrogenated fats in margarine,
snack items, fast food, and many other food products
used to be high in trans fat. Trans fats are unnecessary
in human nutrition and pose a great number of nega-
tive health consequences related to cardiovascular

Part 1 Introduction to Basic Principles of Nutrition Science

disease.”” The current dietary recommendations

by the American Heart Association, the Academy of
Nutrition and Dietetics, the Institute of Medicine, and
the Dietary Guidelines for Americans are to avoid trans
fat in the diet as much as possible.

Lipoproteins

Lipoproteins, which are the major vehicles for lipid
transport in the bloodstream, are combinations of
triglycerides, protein (apoprotein), phospholipids,
cholesterol, and other fat-soluble substances (e.g., fat-
soluble vitamins). Because fat is insoluble in water
and because blood is predominantly water, fat cannot
freely travel in the bloodstream; it needs a water-
soluble carrier. The body solves this problem by wrap-
ping small particles of fat in a covering of protein,
which is hydrophilic (i.e., “water loving”). The blood
then transports these packages of fat to and from the
cells throughout the body to supply needed nutrients.
A lipoprotein’s relative load of fat and protein deter-
mines its density. The higher the protein load, the
higher the lipoprotein’s density. The lower the protein
load, the lower the lipoprotein’s density (Figure 3-5).
Low-density lipoproteins carry fat and cholesterol to
cells. High-density lipoproteins carry free cholesterol
from body tissues back to the liver for metabolism.
Circulating levels of lipoproteins are indicative of lipid
disorder risks and with the underlying blood vessel
disease atherosclerosis. These relationships are dis-
cussed in greater detail in Chapter 19.

Phospholipids

Phospholipids are triglyceride derivatives in which the
one fatty acid has been replaced with a phosphate
group. The result is a molecule that is partially hydro-
phobic (i.e., “water fearing”) and partially hydrophilic
(because of the phosphate group). This combination
results in what is called an amphiphilic molecule,
in which the hydrophilic heads face outward to the
aqueous environment and the hydrophobic heads
bind fats and oils and face each other (Figure 3-6).
Phospholipids are major constituents in cell mem-
branes and allow for membrane fluidity.

Lecithin. Lecithin, which is a lipid substance pro-
duced by the liver, is a key building block of cell mem-
branes. It is a combination of glycolipids, triglycerides,

lipoproteins chemical complexes of fat and protein that
serve as the major carriers of lipids in the plasma; they
vary in density according to the size of the fat load
being carried (i.e., the lower the density, the higher the
fat load); the combination package with water-soluble
protein makes possible the transport of non—water-
soluble fatty substances in the water-based blood
circulation.

glycolipid a lipid with a carbohydrate attached.
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FIGURE 3-6 Phospholipid bilayer. (Reprinted from the NASA
Astrobiology Institute. Project 4. Prebiotic molecular selection
and organization (website): <http://nai.nasa.gov>; Accessed
July 6, 2007.)

and phospholipids. The amphiphilic quality in lecithin
makes it ideal for transporting fats and cholesterol.

Eicosanoids. Eicosanoids are signaling hormones
that exert control over multiple functions in the body
(e.g., the inflammatory response, immunity), and they
are messengers for the central nervous system.
Eicosanoids are divided into four classes: (1) prosta-
glandins; (2) prostacyclins; (3) thromboxanes; and (4)
leukotrienes. Eicosanoids are derived from the essen-
tial fatty acids.

Sterols

Sterols are a subgroup of steroids, and they are
amphipathic in nature. Sterols made by plants are
called phytosterols, and sterols produced by animals are
called zoosterols. Sterols play a variety of important
roles, including membrane fluidity and cellular signal-
ing. Cholesterol is the most significant zoosterol.

Cholesterol. Cholesterol is vital to membranes; it is a
precursor for some hormones, and it plays other
important roles in human metabolism. It occurs

3%-15%
triglycerides

2%-10%
cholesterol
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naturally in foods of animal origin. The main food
sources of cholesterol are egg yolks, organ meats (e.g.,
liver, kidney), and other meats. To ensure that it always
has the relatively small amount of cholesterol neces-
sary for sustaining life, the human body synthesizes
endogenous cholesterol in many body tissues, particu-
larly in the liver as well as in small amounts in the
adrenal cortex, the skin, the intestines, the testes, and
the ovaries. Consequently, no biologic requirement
for dietary cholesterol exists, and no DRI has been set
for cholesterol consumption. The Dietary Guidelines for
Americans and the DRIs recommend consuming a diet
that is low in cholesterol.*” Although epidemiologic
studies have found strong correlations between the
dietary intake of trans fats with coronary heart
disease,'” the association with such risk factors and
dietary cholesterol is less well-defined. Subsequently,
the current recommendations to limit dietary choles-
terol intake to <300 mg/day are being challenged by
lack of scientific support.®

FUNCTIONS OF FAT

FAT IN FOODS

Energy

In addition to carbohydrates, fats serve as a fuel for
energy production. Excess caloric intake from any
macronutrient source is converted into stored fat
throughout the body. Fat is a much more concen-
trated form of fuel, yielding 9 kcal/g when burned by
the body as compared with carbohydrate’s yield of
4 kcal/g.

Essential Nutrients

Dietary fat supplies the body with the essential fatty
acids (linoleic and alpha-linolenic acid). As long as
adequate amounts of essential fatty acids are con-
sumed, the body is capable of endogenously produc-
ing other fats and cholesterol as needed. Also, foods
high in fat are generally a good source of fat-soluble
vitamins (see Chapter 7), and fat aids in the absorption
of those vitamins.
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Flavor and Satisfaction

Fat in the diet adds flavor to foods and contributes to
a feeling of satiety after a meal. These effects are partly
caused by the slower rate of digestion of fats as com-
pared with that of carbohydrates. This satiety also
results from the fuller texture and body that fat gives
to food and the slower emptying time of the stomach
that it necessitates. The absence of satiation while an
individual is consuming a low-fat/fat-free diet may
contribute to overall dissatisfaction with such weight-
loss attempts that remove too much dietary fat.

Fat Substitutes

Several fat substitutes, which are compounds that are
not absorbed and thus contribute little or no kilocalo-
ries, are available to provide improved flavor and
physical texture to low-fat/fat-free foods and to help
reduce total dietary fat intake. Fat substitutes that are
currently on the market are considered safe by the
U.S. Food and Drug Administration (FDA). However,
the risks and benefits of long-term use of fat substi-
tutes are not well established. There are many different
types of fat substitutes. Two of the more common
examples are Simplesse (CP Kelco, Atlanta, Ga), which
is made by reshaping the protein of milk whey or
egg whites, and Olean (Olestra, Procter & Gamble,
Cincinnati, Ohio), which is an indigestible form of
sucrose.

FAT IN THE BODY

Adipose Tissue

Fat that is stored in various parts of the body is called
adipose tissue, from the Latin word adiposus, meaning
“fatty.” A weblike padding of fat tissue supports and
protects vital organs, and a layer of fat directly under
the skin is important for the regulation of body
temperature.

Cell Membrane Structure

Fat forms the fatty center of cell membranes, thereby
creating the selectively permeable lipid bilayer. Pro-
teins are embedded within this layer and allow for the
transport of various nutrients in and out of the cells.
In addition, the protective myelin sheath that sur-
rounds neurons is largely composed of fat.

FOOD SOURCES OF FAT
VARIETY OF SOURCES

It is common that foods are classified as being a source
of one type of fat or another. In reality, most foods
contain a combination of different types of fats. For
example, we generally think of olive oil as a “heart-
healthy” monounsaturated fat. Although it is a

adipose fat stored in the cells of adipose (fatty) tissue.
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significant source of monounsaturated fat, the actual
composition of olive oil is 14% saturated fat, 9%
polyunsaturated fat, and 77% monounsaturated fat.
Another prime example is beef fat. It is true that beef
fat is mostly saturated fat (52% of the fat is saturated),
but a hefty 44% is monounsaturated fat and 4% is
polyunsaturated fat. Very few things in nutrition are
all or nothing. Keep this in mind as you read the
following section where fats are categorized accord-
ing to the predominant, but not exclusive, source
of fat.

Animal Fats

The chief dietary supply of saturated fat and choles-
terol comes from animal sources, the most concen-
trated of which include meat fats (e.g., bacon, sausage),
dairy fats (e.g., cream, ice cream, butter, cheese), and
egg yolks. The exception to this rule is coconut and
palm oils, which are plant fats and also contain satu-
rated fatty acids. The American diet has traditionally
featured meats and other foods of animal origin. The
U.S. Department of Agriculture reports that animal
products in particular (e.g., meat, poultry, fish, eggs,
dairy products) contribute 38.1% of the total fat to U.S.
diets as well as 53.8% of the saturated fat and 95.3% of
the cholesterol.” Some animal fats also contain small
amounts of unsaturated fats. For example, 6 oz of
sockeye salmon provides 4.2 g of monounsaturated fat
and 3 g of polyunsaturated fat, in addition to 2.5 g of
saturated fat.

Although animal products supply saturated fat and
cholesterol to the diet, all types of animal-derived
foods are not created equal. One study found that,
regardless of the protein source, when consuming lean
beef, lean fish, and poultry without skin in a well-
balanced diet that also includes a high ratio of polyun-
saturated fat to saturated fat and ample fiber, similar
benefits for blood cholesterol levels are found.” In
other words, although animal products are higher in
cholesterol and saturated fat than plant foods, lean
portions do not have the same hypercholesterolemic
effects as their full-fat counterparts when they are con-
sumed with diets that are high in fiber.”

Some studies show that cholesterol-lowering effects
can be achieved from a diet that is low in trans-fatty
acids and that involves the regular moderate use
of unsaturated fat in the place of saturated fat.'’"
However, other scientists argue that there is not enough
definitive evidence to support the recommendation of
substituting animal fats (high in cholesterol and satu-
rated fat) with unspecified polyunsaturated fats.””" The
basis for this argument is that there are many dietary
factors that affect the overall lipid profile of an indi-
vidual. Making the singular recommendation that
people reduce animal foods may or may not make
improvements in their cardiovascular disease risk.
This is particularly problematic if omega-6 fatty acids
(inflammatory when consumed in excess of omega-3



fatty acids) are used in place of saturated fats.”
The whole diet and lifestyle must be taken into
consideration.

Plant Fats

Plant foods supply mostly monounsaturated and poly-
unsaturated fats, including the essential fatty acids.
Food sources for unsaturated fats include vegetable
oils (e.g., safflower, corn, cottonseed, soybean, peanut,
olive; see Figure 3-4). However, as indicated previ-
ously, coconut and palm oils are exceptions; these
plants provide saturated fats and are widely used in
commercially processed food items.

CHARACTERISTICS OF FOOD FAT SOURCES

For practical purposes, food fats can be classified as
visible or invisible fats.

Visible Fat

The obvious fats are easy to see and include butter,
margarine, separate cream, salad oils and dressings,
lard, shortening, fatty meats (e.g., bacon, sausage, salt
pork), and the visible fat of any meat. Visible fats are
easier to control in the diet than those that are less
apparent.

Invisible Fat
Some dietary fats are less visible, so individuals who
want to control dietary fat must be aware of these food
sources. Invisible fats include cheese, the cream portion
of homogenized milk, nuts, seeds, olives, avocados,
and lean meat. Basically, invisible fats are those that
you cannot cut out of the food. Even when all of the
visible fat has been removed from meat (e.g., the skin
on poultry and the obvious fat on the lean portions),
approximately 6% of the total fat surrounding the
muscle fibers remains.

Table 3-1 provides a list of commonly eaten foods
and their fat content.

FOOD LABEL INFORMATION

The FDA food-labeling regulations for nutrition facts
panel content provide the following mandatory and
voluntary (italicized below) information relating to
dietary fat in food products (Figure 3-7):
* Total fat
* Saturated fat
e Trans fat
* Polyunsaturated fat
* Monounsaturated fat
* Cholesterol

The FDA has approved a series of health claims that
link one or more dietary components to the reduced
risk of a specific disease.'® Approved health claims that
involve dietary fat include the following:

* A diet that is low in total fat may reduce the risk

of some cancers.
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IEWEREN Fat in Food Servings

FOOD SERVING SIZE FAT CONTENT (g)
Fats

Butter or margarine 1 Tbsp 11
Cream cheese 1 Tbsp 10
Mayonnaise 1 Tbsp 11
Salad dressing 1 Tbsp 7
Vegetables

Broccoli ¥ cup Trace
Carrots ¥ cup Trace
Potato, baked 1 Trace
Fruit

Apple 1 Trace
Banana 1 Trace
Fruit juice 1 cup Trace
Orange 1 Trace
Bread and Grains

Bagel 1 Trace
Muffin 1 medium 6
Rice or pasta Y cup Trace
Dairy

American cheese 20z 18
Cheddar cheese 1% oz 14
Frozen yogurt ¥ cup 2
Ice cream ¥ cup 7
Low-fat milk 1 cup S
Skim milk 1 cup Trace
Whole milk 1 cup 8
Eggs, Fish, Meat, and Nuts

Bologna (2 slices) 10z 16
Egg 1 ©
Fish 30z 6
Ground beef 30z 16
Lean beef 30z 6
Poultry 30z 6
Nuts (% cup) 10z 22
Other

Danish pastry 1 medium 13
French fries 1 cup 8

Adapted from Grodner M, Escott-Stump S, Dorner S. Nutritional Foundations
and Clinical Applications: A Nursing Approach, 6th ed. St. Louis: Mosby;
2016.

* Diets that are low in saturated fat and cholesterol
may reduce the risk of coronary heart disease.

See the label claim information published by the

FDA at www.fda.gov (search “Health Claims”) for

more information about FDA-approved health claims.

This website provides updates regarding approved

health claims, pending claims, and the appropriate use



http://www.fda.gov

Nutrition Facts

8 servings per container
Serving size 2/3 cup (55g)

Amount per 2/3 cup 230

Calories

% DV*
12% | Total Fat 8¢
5% Saturated Fat 1g
Trans Fat 0g
0% |Cholesterol 0mg
7% | Sodium 160mg
12% | Total Carbs 37g
14% Dietary Fiber 4¢g
Sugars 19
Added Sugars Og

Protein 3g
e |
10% | Vitamin D 2mcg

20% | Calcium 260 mg
45% |lron 8mg
5% | Potassium 235mg

* Footnote on Daily Values (DV) and calories
reference to be inserted here.

FIGURE 3-7 Example of nutrition facts panel listing the trans-fat
content. (From the U.S. Food and Drug Administration, U.S.
Department of Health and Human Services. Proposed Changes
to the Nutrition Facts Label (website): http://www.fda.gov/Food/
GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/
LabelingNutrition/ucm385663.htm#images; Accessed January 27,
2016.)

of the claims on food products. Food labels and health
claims are discussed further in Chapter 13.

DIGESTION OF FATS
MOUTH

As with other macronutrients (i.e., carbohydrates
and proteins), fats are broken down into their basic
building blocks, fatty acids, through the process of
digestion (summarized in Figure 3-8). When foods
are eaten, some initial fat breakdown may begin in the
mouth by the action of lingual lipase, an enzyme
that is secreted by the Ebner’s glands at the back of the
tongue. Lingual lipase is only important for digestion
during infancy. For adults, the primary digestive action
that occurs in the mouth is mechanical. Foods are
broken into smaller particles through chewing and
moistened for passage into the stomach.

STOMACH

Little if any chemical digestion of fat occurs in the
stomach. General muscle action continues to mix the
fat with the stomach contents. No significant amounts
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of fat enzymes are present in the gastric secretions
except gastric lipase (tributyrinase), which acts on
emulsified butterfat. Although the primary gastric
enzymes act on other protein in the food mix, fat is
isolated and prepared for its major, enzyme-specific
breakdown in the small intestine.

SMALL INTESTINE

Fat digestion largely occurs in the small intestine,
where the major enzymes that are necessary for the
chemical changes are present. These digestive agents
come from three major sources: an emulsification agent
from the gallbladder and two specific enzymes from
the pancreas and the small intestine itself.

Bile from the Gallbladder

The bile is first produced in large dilute amounts in the
liver, and the liver then sends the bile to the gallblad-
der for concentration and storage so that it is ready for
use during fat digestion as needed. The fat that comes
into the duodenum, which is the first section of the
small intestine, stimulates the secretion of cholecysto-
kinin, a hormone that is released from glands in the
intestinal walls. In turn, cholecystokinin causes the
gallbladder to contract, relax its opening, and subse-
quently secrete bile into the intestine by way of the
common bile duct. Bile is not an enzyme that acts in
the chemical digestive process; rather, it functions as
an emulsifier. This emulsification process accomplishes
the following two important tasks: (1) it breaks the fat
into small particles, thereby greatly increasing the total
surface area available for enzymatic action; and (2) it
lowers the surface tension of the finely dispersed and
suspended fat particles, thus allowing the enzymes to
penetrate more easily. The bile also provides an alka-
line medium that is necessary for the action of pancre-
atic lipase, which is the chief lipid enzyme.

Enzymes from the Pancreas

Pancreatic juice flowing into the small intestine con-
tains one enzyme for triglycerides and another for cho-
lesterol. First, pancreatic lipase breaks off one fatty
acid at a time from the glycerol base of triglycerides.
One free fatty acid plus a diglyceride and then another
fatty acid plus a monoglyceride are produced in turn
(Figure 3-9). Each succeeding step of this breakdown

bile an emulsifying agent produced by the liver and
transported to the gallbladder for concentration and
storage; it is released into the duodenum with the
entry of fat to facilitate enzymatic fat digestion by
acting as an emulsifier.

emulsifier an agent that breaks down large fat globules
into smaller, uniformly distributed particles; the action
is chiefly accomplished in the intestine by bile acids,
which lower the surface tension of the fat particles,
thereby breaking the fat into many smaller droplets
and facilitating contact with the fat-digesting enzymes.
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Mouth

Mechanical digestion breaks food
into smaller pieces. Chemical
digestion begins to a small
degree with the secretion of
lingual lipase.

Salivary glands <\

Stomach

Peristalsis continues to mechanically
mix fats with water and acid. Gastric
lipase hydrolyzes butter fat.

Gallbladder

Small intestine
Bile, stored in the gallbladder, enters \
the small intestine from the common
bile duct to emulsify fat. The combined
actions of chemical and mechanical
digestion expose the greatest possible
fat surface area to pancreatic lipase:

Common

Emulsified triglycerides
pancreatic | lipase

Fatty acids, monoglycerides,
glycerol

Pylorus
Monoglycerides, fatty acids, and bile Large

form micelles for absorption. intestine

Mucosal cell

Re-formed triglycerides combine with
cholesterol, phospholipids, and proteins to
form chylomicrons, ready for absorption into
the lymphatic system.

lleocecal
valve

Large intestine
Some fats are partially digested; the rest
pass through unchanged, exiting in feces.

bile duct ‘
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FIGURE 3-8 Summary of lipid digestion. NOTE: Enzymes are in italics. (Courtesy Rolin Graphics.)

occurs with increasing difficulty. In fact, the separation
of the final fatty acid from the remaining monoglycer-
ide is such a slow process that less than one third
of the total fat present reaches complete breakdown.
The final products of fat digestion to be absorbed
are fatty acids, monoglycerides, and glycerol. Some
small amounts of remaining fat may pass into the large
intestine for fecal elimination. The enzyme cholesterol
esterase acts on cholesterol esters (not free cholesterol)
to form a combination of free cholesterol and fatty
acids in preparation for absorption into the lacteals
(lymph vessels) and finally into the bloodstream (see
Chapter 5).

Enzyme from the Small Intestine

The small intestine secretes an enzyme in the intestinal
juice called lecithinase, which breaks down lecithin for
absorption. Figure 3-8 summarizes fat digestion in the
successive parts of the gastrointestinal tract.

Absorption

Fat absorption into the gastrointestinal cells and blood-
stream is more involved than the absorption of other
macronutrients. Triglycerides are not soluble in water
and thus cannot directly enter the bloodstream, which
is mostly water. Within the small intestines, bile salts
surround the monoglycerides and fatty acids to form
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FIGURE 3-9 Enzymatic digestion of triglycerides into diglycerides, monoglycerides, and free fatty acids.

85%-88%
triglycerides

~1%
cholesterol

~8%
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~3%

1%-2% cholesteryl esters

protein

FIGURE 3-10 Composition of a chylomicron.

micelles. The non-water-soluble fat particles (e.g., fatty
acids, monoglycerides) are found in the middle of the
packaged micelle, whereas the hydrophilic part faces
outward. This structure allows the products of lipid
digestion to travel to the brush border membrane.
Once there, fats are absorbed into the epithelial cells of
the intestine. Bile is absorbed and transported by the
portal vein to the liver for reuse; this process is called
enterohepatic circulation. Some medications used to
lower blood cholesterol levels work by removing bile
acid from this recycling process (see the Drug-Nutrient
Interaction box entitled “Questran and Bile”).
Monoglycerides and fatty acids that made it into the
intestinal cells via micelle transport are now recon-
structed to form triglycerides again. Triglycerides are
then packaged into a new carrier called a chylomicron,
along with cholesterol, phospholipids, and proteins
(Figure 3-10). This lipoprotein particle formed within
the intestinal cell allows the products of fat digestion
to enter the circulation. Chylomicrons first enter the

&)
Questran and Bile

Bile is produced in the liver and is composed primarily of bile
acids, salts, cholesterol, and phospholipids. Each time the liver
manufactures bile, cholesterol must be used for this process
and is therefore removed from the circulation. However, bile is
released by the gallbladder into the small intestine, emulsifies
fat, and is then reabsorbed along with the fat and fat-soluble
nutrients to be efficiently recycled by the body. Thus, little
cholesterol is needed to produce bile.

Questran (cholestyramine) is a bile acid sequestrant. It is
also known as an antihyperlipidemic. Questran takes bile out
of the recycling loop by binding bile in the gastrointestinal tract
and preventing its reabsorption. The bile is then excreted in
the feces. Because the body depends on bile for the digestion
of dietary fat, the liver will have to make more bile and will use
circulating blood cholesterol to produce replacement bile. As
such, Questran can be used to lower blood cholesterol levels
in individuals at risk for cardiovascular disease by forcing cho-
lesterol out of the circulation to manufacture bile.

Bile acid sequestrants decrease the absorption of bile in
addition to other fat-soluble nutrients such as vitamins A, D,
E, and K. Individuals taking bile acid sequestrants on a long-
term basis may be recommended to take a dietary supplement
of fat-soluble vitamins in a water-miscible form to avoid poten-
tial nutrient deficiencies.

micelles packages of free fatty acids, monoglycerides,
and bile salts; the hydrophobic fat particles are found
in the middle of the package, whereas the hydrophilic
part faces outward and allows for the absorption of fat
into intestinal mucosal cells.

chylomicron a lipoprotein formed in the intestinal cell
that is composed of triglycerides, cholesterol,
phospholipids, and protein; chylomicrons allow for the
absorption of fat into the lymphatic circulatory system
before entering the blood circulation.
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lacteals, then the lymphatic circulatory system, and substances in the fat break down into carcinogenic
then eventually the bloodstream. A summary of fat materials, thus posing health concerns. Fried foods
absorption through the process of micelle production should be consumed sparingly, and the temperature of
and the formation of chylomicrons is provided in the fat should be carefully controlled during frying,
Figure 3-11. grilling, and broiling.

PIGESTIBILITY OF FOOD FATS RECOMMENDATIONS FOR DIETARY FAT

The digestibility of fats varies somewhat according to

the type of fat, the food source, and the cooking method DIETARY FAT AND HEALTH

used. When fried foods are cooked at too high of a Fats in the diet supply flavor to food, thereby provid-

temperature, they are more difficult to digest, and ing a sense of satisfaction and an enhancement of
eating pleasure. The American diet has traditionally
provided ample fat kilocalories. The current average
intake of fat for the total population is 33.7% of

N kilocalories."”

If fat is vital to human health, what then is the

concern about fat in the diet?

Large triglyceride lipid droplet

Health Problems

Research continues to indicate that health problems

Q . Q from excess dietary fat are specific to certain types of
Ml O _ fat. And the whole diet must be considered before
O Q v O Lipid ::ﬁ:g"a' making any conclusions about the overall health of a
emulsion diet. In addition, not all individuals metabolize and
O process fat the same (see the Cultural Considerations

Bile salts O box, “Ethnic Differences in Lipid Metabolism”).

Pancreatic Ilpase"

OO o © %, ° o,  Water soluble Amount of fat. Too many kilocalories in the diet,
o ©°%e00 g, °0 umr:(s:(teil:f:dm . regardless of the source—fat, carbohydrates, or
o0 e ° J °water layer protein—will exceed the requirement of immediate
© o %0 o © °duw) o energy needs. The surplus is stored as body fat. Excess

body fat is associated with higher rates of all-cause
mortality and risk factors for chronic diseases such as
diabetes, hypertension, and heart disease.""” How

ﬂm i E::g; much fat is in your own daily diet? See the Clinical
monoglycerides |, - <o ment Applications box entitled “How Much Fat Are You

¥ , Triglyceride
synthetic enzymes
in endoplasmic
reticulum

@ Droplets of
~ triglycerides,

membrane | |itestinal Eating?” to assess your fat intake.
=LA cell

Type of fat. As discussed earlier, the type of dietary
Epithelial fat matters. An excess of cholesterol and saturated fat

cnolesrt]eqpl_,d cells in the diet, which comes from animal food sources, has
> M R been historically accepted as a specific risk factor for
lipoprotein atherosclerosis, the underlying blood vessel disease

that contributes to heart disease (see Chapter 19).
However, if saturated fats (from food sources also
Basement containing dietary cholesterol) and trans fats are re-
membrane placed with omega-6 polyunsaturated fatty acids,
there appear to be no health benefits.”” On the other

Chylomicron hand, if saturated and trans fats are replaced with
omega-3 polyunsaturated fats, there is a favorable
result to lipid profiles and risk for heart disease.”
Monounsaturated fats are also cardio-protective. A
diet rich in monounsaturated fats, such as the
Mediterranean diet, increases high-density lipoprotein
Lacteal (lymph vessel) levels, improves the atherogenic index (ratio of total
FIGURE 3-11 Summary of fat absorption. (From Mahan LK, cholesterol to HDL cholesterol), and reduces vascular

Escott-Stump S. Krause’s Food & Nutrition Therapy. 12th ed. inflammation, thereby improving the overall cardio-
St Louis: Saunders; 2008.) vascular health profile.”*

Capillary
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Ethnic Differences in Lipid Metabolism
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& Clinical Applications

How Much Fat Are You Eating?

Dietary patterns and habits form at an early age as a result of
both family influence and environmental factors. The dietary fat
intake of some individuals is much lower than that of others
simply because of how the individuals were raised. However,
since the unveiling of the human genome, we are learning that
biologic differences also exist that may affect dietary patterns
and determine the ways in which our bodies handle the nutri-
ents we eat. The prevalence of obesity has long been known
to differ among ethnic and racial populations, but the exact
cause remains uncertain.

Women are often the subjects of study in obesity research.
A significant difference in ethnicity exists with regard to the
incidence of women 20 years old or older who are overweight
in the United States":
e 82.1% of black or African-American women
e 76.9% of Mexican women
* 62.9% of white women

Evidence is accumulating to suggest that biologic differ-
ences in lipid metabolism among ethnic groups may contribute
to these differences. Researchers have found that obese
African-American women uptake fatty acids from circulation
into adipose tissue at a higher rate than their white counter-
parts.? In addition, African-American women have an increased
capacity to synthesize fat in adipose tissue as compared with
white women.® Subsequently, African-American women are
more efficient at converting excess kilocalories into stored fat.

These types of differences continue to unfold with ongoing
genetic studies. Differences such as these will also guide indi-
viduals in their dietary choices with regard to how their bodies
will respond to specific nutrients. The path from fat in our food
to fat on our bodies continues to provide many questions for
inspection and evaluation. The science of lipid digestion,
metabolism, and use will remain a hot topic for debate and
research for years to come.
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Trans-fatty acids. Observed effects of diets that are
high in trans-fatty acids include an increase in low-
density lipoprotein (LDL) cholesterol levels, a reduc-
tion in the protective high-density lipoprotein (HDL)
cholesterol levels, an increase in the atherogenic index
and endothelial dysfunction, and an increased pro-
duction of atherosclerotic inflammatory cytokines.” In
response to these growing health concerns, beginning
in 2003 the FDA required all food manufacturers to
identify the amount of trans fats on the nutrition facts
label, thereby making the identification of these prod-
ucts much easier (see Figure 3-7). This act motivated
the food industry to develop alternative fats and oils to

Keep an accurate record of everything that you eat and drink
for 1 day. Be sure to include all fat or other nutrient seasonings
used with your foods (e.g., salad dressing, sugar, mayonnaise).

If you want a more representative picture, use the nutrient

analysis program that came with this text or another program

to which you have access (such as Super Tracker at www

.choosemyplate.gov), and evaluate your average intake over a

3- to 7-day period.

Step 1. Calculate the total kilocalories and grams for each of
the energy-yielding nutrients (i.e., carbohydrates, fat, and
protein) in everything that you eat. Multiply the total grams
of each energy nutrient by its respective fuel value:

Fat: gx9= kcal
Protein: gx4= kcal
Carbohydrate: gx4= kcal

Step 2: Add the kcalories from each macronutrient to
determine the total kcalories consumed.

Step 3: Calculate the percentage of each energy nutrient in
your total diet:
Example: (Fat kcal/Total kcal) x 100 = % fat kcal in diet

Step 4. Compare the amount of fat in your diet with the
amount of fat in a typical American diet (31% to 35% fat)
and with the DRI recommendations (20% to 35% fat).

avoid the use of trans fats and to improve the fatty acid
composition with regard to cardiovascular health risk.

In addition, the FDA has recently removed trans-
fatty acids from the list of generally recognized as safe
(GRAS) food additives.”* Food manufacturers have
until 2018 to discontinue the use of partially hydroge-
nated oils (the primary source of trans-fatty acids in
the food supply) in any food product, thereby drasti-
cally reducing the overall consumption of trans fats in
the United States.

Essential fatty acid deficiency. Fat-free diets may
lead to essential fatty acid deficiency with clinical man-
ifestations. Because essential fatty acids play an impor-
tant role in maintaining the integrity of biologic
membranes, one indication of essential fatty acid defi-
ciency is dermatitis. Omega-3 fatty acids are especially
required for normal function of the brain, the central
nervous system, and the cell membranes. Inadequate
intake of dietary essential fatty acids is linked to many
health problems, such as hair loss, infertility, low blood
platelet levels, impaired vision, compromised brain
function, and growth retardation in children.

Health Promotion

The ongoing movement in American health care is
toward health promotion and disease prevention
through the reduction of risk factors related to chronic
disease. Heart disease continues to be a leading cause
of death, and much attention is given to reducing the
various risk factors that lead to this disease. Poor diets
contribute to these risk factors, which include obesity,


http://www.choosemyplate.gov
http://www.choosemyplate.gov

diabetes, elevated levels of triglycerides, and elevated
blood pressure. Such risk factors have previously been
considered adult-onset, but they are becoming increas-
ingly apparent among obese children and adoles-
cents. The Centers for Disease Control and Prevention
reported that 20.3% of all youth between the ages of
12 and 19 years have abnormal lipid levels. Overweight
children have a significantly higher prevalence of car-
diovascular health risk than normal-weight children.”
Healthier eating habits are especially important for
children in high-risk families (e.g., families with identi-
fied lipid disorders and heart disease at young ages).

Additional lifestyle risk factors for chronic disease
include smoking, increased stress, and physical inac-
tivity, especially among middle-aged and older indi-
viduals. Emphasis is placed on the importance of
keeping the body’s total daily caloric intake in balance
with the total daily energy use to maintain an ideal
body weight. Low-fat diets, fad diets, and other issues
that affect weight loss are discussed in more detail in
Chapter 15.

In addition, changes are apparent in the restaurant
industry to reduce the traditional high-fat content
of menu items. For example, many restaurants are
shifting to using leaner meats; having more variety in
food choices (e.g., breakfast items such as fruit, waffles,
pancakes, and hot and cold cereals; grilled or broiled
chicken and fish; baked potatoes; fresh and packaged
salads and fruit); and using vegetable oil for frying.

DIETARY REFERENCE INTAKES

The current DRIs recommend that the fat content of the
diet not exceed 35% of the total kilocalories, that less
than 10% of the kilocalories come from saturated fats,
and that dietary cholesterol be limited to a maximum
of 300 mg/day (see Chapter 1). No DRI or Tolerable
Upper Intake Level is set for trans-fatty acids. The
National Academy of Sciences recommends limiting
trans-fat intake to as low as possible while maintain-
ing a nutritionally adequate diet." As mentioned previ-
ously, fat is an essential part of the diet; therefore, diets
that are completely devoid of fat are equally unhealthy
and can result in a deficiency of essential fatty acids.
The DRI for linoleic acid, which is found in polyun-
saturated vegetable oils, is set at 17 g/day for men and

e Fat is an essential body nutrient that serves important
body needs as a backup storage fuel (secondary to
carbohydrate) for energy. Fat also supplies important
tissue needs as a structural material for cell
membranes, a protective padding for vital organs, an
insulation source to maintain body temperature, and a
covering material for nerve fibers.
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12 g/day for women. Alpha-linolenic acid is primarily
found in seed oils (flax, canola, and soybean) and dark
green leafy vegetables, and it is generally consumed in
much lesser quantities than linoleic acid. The recom-
mendation for alpha-linolenic acid intake is 1.6 and
1.1 g/day for men and women, respectively.* Some
research indicates that consuming more omega-3 fatty
acids from vegetables and fish would help to achieve
a preferred omega-6 to omega-3 ratio and thus reduce
the risk for several chronic diseases.”

Dietary Guidelines for Americans
In line with the current national health goal of health
promotion through disease prevention by reducing
identified risks of chronic disease, the Dietary Guidelines
for Americans recommend the general control of fat in
the diet, especially saturated fat and cholesterol. The
following guidelines address dietary fat intake’:

* Consume less than 10% of calories from saturated
fatty acids by replacing them with unsaturated
fatty acids.

* Consume as little dietary cholesterol as possible
while consuming a healthy eating pattern.

* Keep trans-fatty acid consumption as low as possi-
ble by limiting foods that contain synthetic sources
of trans fats (e.g., partially hydrogenated oils) and
by limiting other solid fats.

* Choose fat-free or low-fat milk and milk products.

* Choose protein foods that are lean and nutrient-
dense.

* Use oils to replace solid fats where possible.

MyPlate

The MyPlate food guidance system provides recom-
mendations for designing a diet that reflects the DRI
and Dietary Guidelines for Americans recommendations
for fat intake within a well-balanced diet. After an
individual plan is determined on the basis of age,
gender, height, weight, and physical activity level,
other helpful tips and resources are available through
the free website, www.choosemyplate.gov, such as
information about how to choose lean meats, where to
find essential fatty acids, tips for eating out, and sample
menus.”’

Putting It All Together

¢ Food fats have different forms and health implications.
Saturated fat and cholesterol primarily come from
animal food sources. Plant food sources are the richest
source of unsaturated fats and may reduce health
risks when used in place of trans fats in a well-
balanced diet.

e When various foods that contain triglycerides and
cholesterol are eaten, specific digestive agents,
including bile and pancreatic lipase, prepare and break
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Chapter Review Questions

down fats. Fatty acids and monoglycerides are
incorporated into chylomicrons and absorbed through
the lymphatic system into the bloodstream.

Americans generally consume less omega-3 fatty acids
than recommended. Reducing dietary trans-fat intake
and maintaining a diet high in monounsaturated fats
and omega-3 fats would be more ideal for health
promotion and disease prevention.

See answers in Appendix A.

1.

Margaret has been reading information from the
Internet regarding the health benefits of coconut oil in
the diet. It is important for Margaret to know that
coconut oil contains what type of fat?

a. Saturated

b. Monounsaturated

¢. Polyunsaturated

d. Cholesterol

Elevated levels of blood fats are referred to as:
a. Hyperglycemia.

b. Hyperlipidemia.

¢. Hypertension.

d. Hypernatremia.

A patient has been advised to follow a low saturated
fat diet to help reduce the risk of heart disease. Which
of the following foods would most likely be
recommended as part of this meal plan?
a. Beef curry made with ghee and whole coconut milk
b. Skinless chicken and vegetables sautéed with

olive oil
¢. Baked potato topped with chili and sour cream
d. Turkey sausage and egg biscuit
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4. Jeremy consumed 1800 calories of which 50 grams
were from fat. What percent of calories are provided
from fat?

a. 11
b. 25
c. 30
d. 42

5. Bile from the gallbladder serves as a (an)
rather than an enzyme in
the chemical digestive process.

a. Alakali

b. Acid

¢. Emulsifier

d. Catalyst

Additional Learning Resources

@ http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.
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Key Concepts

e Protein in food provides the amino acids that are
necessary for building and maintaining body tissue.

e Protein balance within the diet and the body is essential to
life and health.

chapter

e The quality of the protein within food and its ability to meet
the body’s needs are determined by the composition of
amino acids.

Many different proteins in the body make human
life possible. Each of these thousands of specific body
proteins has a unique structure that is designed to
perform an assigned task. Amino acids are the build-
ing blocks of all proteins. People obtain amino acids
from a variety of foods. This chapter looks at the spe-
cific nature of proteins, both in food and in human
bodies; it explains why protein balance is essential to
life and health, and it discusses how that balance is
maintained.

THE NATURE OF PROTEINS

AMINO ACIDS

Role as Building Blocks

All protein, whether in our bodies or in the food we
eat, is composed of building blocks known as amino
acids. Amino acids arejoined in unique chain sequences
to form specific proteins. Each amino acid is joined by
a peptide bond (Figure 4-1). Two amino acids joined
together are called a dipeptide. Three amino acids joined
together are called a tripeptide. Polypeptides are chains
of up to 100 amino acids linked together. Hundreds
of amino acids are linked together to form a single
protein. When foods rich in protein are eaten, the
protein is broken down into amino acids by breaking
the peptide bonds during the digestive process. The
specific types of protein found in different foods are
unique. For example, casein is the protein that is found
in milk and cheese; albumin is in egg whites, and
gluten is found in wheat products.

Following digestion and absorption into the body,
individual amino acids are then reassembled in a spe-
cific order to form a variety of new proteins as needed
by the body. To maintain its solvency, each protein
chain adopts a folded form, which can fold and unfold
in accordance with metabolic needs. Because proteins
are relatively large, complex molecules, they are occa-
sionally subject to mutations or malformations in
structure. For example, protein-folding mistakes are

involved in Alzheimer’s disease, cystic fibrosis, and
other hereditary diseases.

Dietary Importance

Amino acids are named for their chemical nature. The
word amino refers to compounds that contain nitrogen.
Like carbohydrates and fats, proteins have a basic
structure of carbon, hydrogen, and oxygen. However,
unlike carbohydrates and fats, protein is approxi-
mately 16% nitrogen. As such, protein is the primary
source of nitrogen in the diet. In addition, some pro-
teins contain small but valuable amounts of the miner-
als sulfur, phosphorus, iron, and iodine. There are nine
essential amino acids that must be supplied to the
body through the diet. These amino acids are also
known as indispensable and are discussed further
below.

CLASSES OF AMINO ACIDS

A total of 20 common amino acids have been identi-
fied, all of which are vital to life and health. These
amino acids are classified as indispensable, dispens-
able, or conditionally indispensable in the diet accord-
ing to whether the body can make them (Box 4-1).!

indispensable amino acids the nine amino acids that
must be obtained from the diet because the body
does not make adequate amounts to support body
needs.

dispensable amino acids the five amino acids that the
body can synthesize from other amino acids that are
supplied through the diet and thus do not have to be
consumed on a daily basis.

conditionally indispensable amino acids the six
amino acids that are normally considered dispensable
amino acids because the body can make them;
however, under certain circumstances (e.g., illness),
the body cannot make them in high enough quantities,
and they become indispensable (cannot do without) in
the diet.

41
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FIGURE 4-1 Amino acid structure. (Modified from Mahan LK, Escott-Stump S. Krause’s Food & Nutrition Therapy.

12th ed. Philadelphia: Saunders; 2008.)

Indispensable, Dispensable, and
Conditionally Indispensable Amino Acids

CONDITIONALLY
INDISPENSABLE DISPENSABLE INDISPENSABLE
Histidine Alanine Arginine
Isoleucine Aspartic acid Cysteine
Leucine Asparagine Glutamine
Lysine Glutamic acid Glycine
Methionine Serine Proline
Phenylalanine Tyrosine
Threonine
Tryptophan
Valine

These classifications were formerly known as essential,
nonessential, or conditionally essential, respectively.

Indispensable Amino Acids

Nine amino acids are classified as indispensable
because the body cannot manufacture them in suffi-
cient quantity or at all (see Box 4-1). As the word indis-
pensable implies, these amino acids are necessary in the
diet and cannot be left out. Under normal circum-
stances, the remaining 11 amino acids are synthesized
by the body to meet continuous metabolic demands
throughout the life cycle.

Dispensable Amino Acids

The word dispensable can be confusing; all amino acids
have essential tissue-building and metabolic functions
in the body. However, the term refers to five amino
acids (see Box 4-1) that the body can synthesize from
other amino acids, provided that the necessary build-
ing blocks and enzymes are available. These amino
acids are needed by the body for a healthy life, but they
are dispensable (i.e., not necessary) in the diet.

Conditionally Indispensable Amino Acids

The remaining six amino acids are classified as con-
ditionally indispensable (see Box 4-1). Under certain
physiologic conditions, these amino acids, which are
normally synthesized in the body (along with the dis-
pensable amino acids), must be consumed in the diet.
Arginine, cysteine, glutamine, glycine, proline, and

tyrosine are indispensable when endogenous sources
cannot meet the metabolic demands. For example, the
human body can make cysteine from the essential
amino acid methionine. However, when the diet is
deficient in methionine, cysteine must be consumed in
the diet, thereby making it an indispensable amino
acid during that time. Severe physiologic stress, illness,
and genetic disorders also may render an amino acid
conditionally indispensable.

Phenylketonuria (PKU) is a genetic disorder in
which the affected individual lacks the enzyme needed
to convert phenylalanine to tyrosine. Therefore, tyro-
sine becomes an indispensable amino acid for indi-
viduals with PKU. In addition, because the conversion
of phenylalanine cannot take place, phenylalanine
levels in the blood may rise to toxic levels. A specific
phenylketonuria diet must be followed and certain
foods avoided (see the Drug-Nutrient Interaction box,
“Aspartame and Phenylketonuria”).

BALANCE

In terms of nutrition, balance refers to the relative intake
and output of substances in the body to maintain the
equilibrium that is necessary for health in various cir-
cumstances throughout the life span. This concept of
balance can be applied to life-sustaining protein and
the nitrogen that it supplies.

Protein Balance

The body’s tissue proteins are constantly being broken
down into amino acids through catabolism, and they
are then resynthesized into tissue proteins as needed
through anabolism. To maintain nitrogen balance, the
part of the amino acid that contains nitrogen may be
removed by deamination, converted into ammonia,
and then excreted as urea in the urine. The remaining

catabolism the metabolic process of breaking down
large substances to yield smaller building blocks.

anabolism the metabolic process of building large
substances from smaller parts; the opposite of
catabolism.

deamination the removal of the nitrogen-containing part
(@amino group) from an amino acid.



non-nitrogen residue will be used to make carbohy-
drate or fat, or it may be reattached to make another
amino acid, if necessary. The rate of this protein
and nitrogen turnover varies in different tissues in
accordance with the degree of metabolic activity and
the available supply of amino acids.

(o)

Aspartame and Phenylketonuria
SARA HARCOURT

Aspartame is a nonnutritive sweetener (i.e., it does not provide
any nutrients or calories) that is composed of two amino acids:
aspartic acid and phenylalanine. It is made synthetically, and
its structure more closely resembles a protein than a carbohy-
drate. However, by adding a methanol group, the end product
tastes sweet. It is used in foods and beverages as a high-
potency sweetener, and it is approximately 200 times sweeter
than sucrose (table sugar). Therefore, much less is needed to
sweeten a food to the same degree.

Phenylketonuria (PKU) is a disease in which an individual
lacks the enzyme phenylalanine hydroxylase. Without this
enzyme, phenylalanine cannot be metabolized and thus accu-
mulates in the blood. High levels in the blood are toxic to brain
tissue, and this can result in mental degradation and possibly
death. Individuals with PKU must follow a strict diet with careful
intake of phenylalanine that supports growth but that does not
exceed tolerance. Those with PKU should avoid all foods that
contain aspartame because of its concentrated phenylalanine
content.

Foods that contain phenylalanine, such as aspartame—
which is also known by the trade names NutraSweet and
Equal—have warnings on their packages for PKU patients.

Following is a list of common foods that contain aspartame:
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Tissue turnover is a continuous process of reshap-
ing, building, and adjusting to maintain overall protein
balance within the body. The body maintains a delicate
balance among tissue protein, plasma protein, and
dietary protein. With this finely balanced system,
healthy individuals have a small dynamic pool of
amino acids from tissue protein and dietary protein
that is available to meet metabolic needs (Figure 4-2).

Nitrogen Balance

The body’s nitrogen balance indicates how well its
tissues are being maintained. The intake and use of
dietary protein are measured by the amount of nitro-
gen supplied by food protein and the amount of nitro-
gen excreted in the urine. For example, 1 g of urinary
nitrogen results from the digestion and metabolism
of 6.25 g of protein. Thus, if 1 g of nitrogen is excreted
in the urine for every 6.25 g of protein consumed,
then the body is said to be in nitrogen balance. This
balance is the normal pattern in adult health. However,
at different times of life or in states of malnutrition or
illness, the balance may shift to be either positive or
negative.

Positive nitrogen balance. A positive nitrogen
balance exists when the body holds on to more nitro-
gen than it excretes, thus storing more nitrogen in
the form of protein (by building tissue) than it is
losing (by breaking down tissue). This situation occurs
normally during periods of rapid growth, such as
infancy, childhood, adolescence, pregnancy, and lacta-
tion. A positive nitrogen balance also occurs in indi-
viduals who have been ill or malnourished and who

e Chewing gum are being “built back up” with increased nourish-
e Diet sodas ment. In such cases, protein is used to meet increased
* Frozen desserts needs for tissue building and its associated metabolic
e Gelatins activity.
e Puddings
: \S(ggjgfree candies Negative nitrogen balance. A negative nitrogen
9 balance occurs when the body excretes more nitrogen
Nitrogen group ) Urea [ Urine
Dietary ’
protein
. 0(\ . Carbohydrates
oo Residue
08’&‘0 Fats
e | e
12 % protein
breakdown (o) n synthesis
Plasma
proteins

FIGURE 4-2 The balance between protein compartments and the amino acid pool.




than it keeps. This happens when the body has
an inadequate dietary supply of protein and/or total
energy. In this case, it is necessary for the body to
catabolize body tissue containing protein in order to
meet other critical functions. Malnutrition, illness, and
starvation are examples of periods when negative
nitrogen balance may occur.

Negative nitrogen balance is also seen in individu-
als when protein deficiency—even when kilocalories
from carbohydrate and fat are adequate—causes the
classic protein deficiency disease kwashiorkor. The
failure to maintain the nitrogen balance may not
become apparent for some time, but it eventually
causes the loss of muscle tissue, the impairment of
body organs and functions, and an increased suscep-
tibility to infection. In children, negative nitrogen
balance for an extended period causes growth retarda-
tion and may be fatal.

FUNCTIONS OF PROTEIN
PRIMARY TISSUE BUILDING

Protein is the fundamental structural material of every
cell in the body. In fact, the largest dry-weight portion
of the body is protein. Body protein (e.g., the lean mass
of muscles) accounts for approximately three fourths
of the dry matter in most tissues, excluding bone
and adipose tissue. Protein makes up the bulk of the
muscles, internal organs, brain, nerves, skin, hair, and
nails; and it is also a vital part of regulatory substances
such as enzymes, hormones, and blood plasma. All
such tissues must be constantly repaired and replaced.
The primary functions of protein are to repair worn-
out, wasted, or damaged tissue and to build new tissue.

ADDITIONAL BODY FUNCTIONS

In addition to its basic tissue-building function, protein
has other critical body functions related to energy,
water balance, metabolism, and the body’s defense
system. Box 4-2 lists the major functions of protein.

Water and pH Balance

Fluids within the body are divided into three compart-
ments: intravascular, intracellular, and interstitial (see
Chapter 9). The body compartments are separated
with cell membranes that are not freely permeable to
protein. Because water is attracted to protein, plasma

Functions of Protein

Structural tissue building

Water balance through osmotic pressure

Buffer agent to help maintain pH balance

Digestion and metabolism through enzymatic action
Cell signaling (hormones) and transport (e.g.,
hemoglobin and transferrin)

Immunity (antibodies)

e Source of energy (4 kcal/g)
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osmotic pressure the pressure that is produced as a
result of osmosis across a semipermeable membrane.

proteins such as albumin help to control water balance
throughout the body by exerting osmotic pressure.
This pressure maintains the normal circulation of
tissue fluids within the appropriate compartments.

The normal pH of blood is between 7.35 and 7.45.
However, constant metabolic functions throughout the
body release acidic and alkaline substances, thereby
affecting the overall acidity and alkalinity of blood.
The unique structure of proteins—a combination of a
carboxyl acid group and a base group—allows them
to act as buffering agents by releasing or taking up
excess acid within the body. If blood reaches a pH in
either extreme (i.e., too acidic or too alkaline), plasma
proteins denature and can result in death.

Metabolism and Transportation

Protein aids metabolic functions through enzymes,
transport agents, and hormones. Digestive and cell
enzymes are proteins that control metabolic processes.
Enzymes that are necessary for the digestion of carbo-
hydrates (amylase), fats (lipase), and proteins (prote-
ases) are all proteins in structure. Protein also acts as a
vehicle in which nutrients are carried throughout the
body. Lipoproteins are necessary to transport fats in
the water-soluble blood supply. Other examples are
hemoglobin, which is the vital oxygen carrier in the
red blood cells, and transferrin, which is the iron trans-
port protein in blood. Peptide hormones (e.g., insulin,
glucagon) are also proteins that play a major function
in the metabolism of glucose (see Chapter 20).

Body Defense System

Protein is used to build special white blood cells (i.e.,
lymphocytes) and antibodies as part of the body’s
immune system to help defend against disease and
infection.

Energy System

As described in previous chapters, carbohydrates are
the primary fuel source for the body’s energy system,
and they are assisted by fat as a stored fuel. In times
of need, protein may furnish additional fuel to sustain
body heat and energy, but this is a less-efficient backup
source for use only when the supply of carbohydrate
and fat is insufficient. The available fuel factor of
protein is 4 kcal/g.

FOOD SOURCES OF PROTEIN
TYPES OF DIETARY PROTEINS

Most foods contain a mixture of proteins that com-
plement one another. Both animal and plant foods
provide a wide variety of many nutrients, including
protein. Dietary proteins are classified as complete or



incomplete proteins, depending on their amino acid
composition.

Complete Proteins

Protein foods that contain all nine indispensable amino
acids in sufficient quantity and ratio to meet the body’s
needs are called complete proteins. These proteins are
primarily of animal origin (e.g., egg, milk, cheese,
meat, poultry, fish; Figure 4-3). However, there are a
couple of exceptions to this rule. Gelatin is an animal
protein but is incomplete. And soy is a plant protein
but is a complete protein. Gelatin is a relatively insig-
nificant protein because it lacks the three essential
amino acids tryptophan, valine, and isoleucine, and it
has only small amounts of leucine. And soy products
are the only plant sources of complete proteins. This is
one reason why it is easy for vegans/vegetarians to
maintain a healthy protein balance in their diet without
consuming animal products.

Incomplete Proteins

Protein foods that are deficient in one or more of the
nine indispensable amino acids are called incomplete
proteins. These proteins are generally of plant origin
(e.g., grains, legumes, nuts, seeds), but they are found
in foods that make valuable contributions to the total
amount of dietary protein. As mentioned above, the
exception is soy protein, which is a complete protein
of plant origin.

VEGETARIAN DIETS

Complementary Protein

Current knowledge of protein metabolism and the
pooling of amino acid reserves (see Figure 4-2) indi-
cates that a mixture of plant proteins can provide ade-
quate amounts of amino acids when the basic use of
various grains is expanded to include soy and other
dried legumes (i.e., beans and peas). Because most
plant proteins are incomplete and thereby lacking one
or more of the indispensable (or essential) amino acids,
vegetarians can choose a variety of plant foods so that
the amino acids missing in one food are supplied by

Proteins CHAPTER 4

another. This is the art of combining plant protein
foods so that they complement one another and supply
all nine indispensable amino acids (see the Cultural
Considerations box, “Indispensable Amino Acids and
Their Complementary Food Proteins”).

A balanced vegetarian eating pattern throughout
the day, together with the body’s small reserve of
amino acids, ensures an overall amino acid balance.
The underlying requirement for vegetarians—as for all
people—is to eat a sufficient amount of varied foods
to meet normal nutrient and energy needs).”

Types of Vegetarian Diets

Vegetarian diets differ according to the beliefs or needs

of the individuals who are following such food

patterns. A survey completed in 2012 estimated that
=5% of the U.S. adult population (approximately 5 to

12 million people) consistently follow a vegetarian

diet.” Several reasons lead people to choose a vegetar-

ian diet, including taste preference, environmental
and animal cruelty concerns, health incentives, reli-
gious adherence (e.g., Buddhists, Hindus, Seventh-

Day Adventists), and aversion to the consumption of

animal products. Alternatively, a diet that is void of

animal products is not always a choice. In some areas
in the world, vegetarianism is a result of the lack of
resources and availability of animal products.

In general, vegetarians can be described as one of
the following four basic types:

1. Lacto-vegetarians: These vegetarians accept only
dairy products from animal sources to complement
their basic diet of plant foods. The use of milk and
milk products (e.g., cheese) with a varied mixed
diet of whole or enriched grains, legumes, nuts,
seeds, fruits, and vegetables in sufficient quantities
to meet energy needs provides a balanced diet.

2. Owvo-vegetarians: The only animal foods included in
the ovo-vegetarian diet are eggs. Because eggs are
an excellent source of complete proteins, individu-
als who are following this diet do not have to be
overly concerned with complementary proteins if
eggs are consumed consistently.

FIGURE 4-3 Sources of complete proteins. (Copyright Jupiterimages Corp.)




Cultural Considerations

Indispensable Amino Acids and Their Complementary
Food Proteins

A large percentage of the worldwide population follows various
forms of vegetarian diets for religious, traditional, or economic
reasons. Many Seventh-Day Adventists follow a lacto-ovo-
vegetarian diet, whereas individuals of the Hindu and Buddhist
faiths generally are lacto-vegetarian. The Mediterranean diet
has such a strong emphasis on grains, pastas, vegetables, and
cheese that animal products (i.e., beef, chicken, and fish) are
only consumed in small amounts. In other areas of the world,
the economic burden of animal products does not allow for
the consumption of such foods. Any form of a vegetarian diet
can be healthy with a good understanding of how to achieve
complete protein balance.

All nine indispensable amino acids must be supplied by the
diet. Protein from both animal and plant sources can meet
protein requirements. One concern often voiced related to a
vegetarian diet is getting a balanced amount of the indispens-
able amino acids to complement each other and to make
complete protein combinations. However, such concerns are
usually unnecessary because vegetarian diets that include a
variety of plant products provide sufficient high-quality protein
to match that of omnivorous diets.

Complementary food combinations are made by mixing
families of foods (e.g., grains, legumes, dairy for lacto-
vegetarians) to balance the needed amino acids. For example,
grains are low in threonine and high in methionine, whereas
legumes are just the opposite. Therefore, grains and legumes
help to balance one another with regard to the accumulation of
all indispensable amino acids. Following are sample food com-
binations to illustrate complementary protein combinations:

e Grains and peas, beans, or lentils: brown rice and beans;
whole-grain bread with pea or lentil soup; wheat or corn
tortilla with beans; peanut butter on whole-wheat bread;
Indian dishes of rice and dal (a legume); Chinese dishes
of tofu and rice

e [egumes and seeds: falafel; soybeans and pumpkin or
sesame seeds; Middle Eastern hummus (garbanzo beans
and sesame seeds) or tahini

e Grains and dairy (for lacto-vegetarians): whole-wheat
pasta and cheese; yogurt and a multigrain muffin; cereal
and milk; a cheese sandwich made with whole-grain bread

3. Lacto-ovo-vegetarians: These are vegetarians who
follow a food pattern that allows for the consump-
tion of dairy products and eggs (Figure 4-4). Their
mixed diet consists of plant and animal food sources
that exclude meat, poultry, pork, and fish only.

4. Vegans: Vegans follow a strict vegetarian diet and
consume no animal foods. Their food pattern con-
sists entirely of plant foods (e.g., whole or enriched
grains, legumes, nuts, seeds, fruits, vegetables). The
use of soybeans, soy milk, soybean curd (tofu), and
processed soy protein products enhances the nutri-
tional value of the diet. Careful planning and suf-
ficient food intake ensure adequate nutrition.

The position paper from the Academy of Nutri-
tion and Dietetics states that a vegetarian diet (in-
cluding the vegan option) can meet the current
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recommendations for all essential nutrients, including
protein.” The experts also indicate that the former
mindful combination of complementary plant proteins
within every given meal is unnecessary; achieving a
balance throughout the day with a variety of foods is
more important. In addition, vegetarian diets are ap-
propriate throughout all stages of life, including preg-
nancy, infancy, childhood, adolescence, and older age
as well as for those with an athletic lifestyle.

Health Benefits and Risk

Some of the most notable benefits of vegetarianism

include the following®*':

* Lower levels of dietary saturated fat and cholesterol
consumption

* Higher intake of fruits, vegetables, whole grains,
nuts, soy products, fiber, and phytochemicals

* Lower prevalence of obesity

* Better lipid profiles and lower rates of death from
cardiovascular disease, including ischemic heart
disease and hypertension

* Lowered risk of renal disease from high glomerular
filtration rates as compared with long-term high
animal protein intake

* Effective management of type 2 diabetes and lower-
ing of the risk for developing type 2 diabetes and
some forms of cancer (e.g., prostate, gastrointestinal
tract, female specific cancer)

* Overall, better quality diet for macronutrient and
micronutrient intake as indicated by the Healthy
Eating Index

* Other possible benefits include a lowered risk of
dementia, diverticulitis, and gallstones
After an extensive review of the effects of vegetarian

diets with regard to various medical conditions, some
researchers have concluded that “dietary intervention
with a vegetarian diet seems to be a cheap, physio-
logic, and safe approach for the prevention and pos-
sible management of modern lifestyle diseases.”'” The
preventive mechanism at work in the vegetarian diet
is the rich supply of monounsaturated and polyun-
saturated fatty acids, fiber, complex carbohydrates,
and antioxidants. To reap the benefits of a vegetarian
diet, a well-balanced diet from a variety of foods is
necessary. It should be noted that not all vegetarians
follow an ideal well-balanced diet and therefore do not
obtain the health benefits.

Key nutrients to consider for practicing vegetarians
are protein, iron, zing, calcium, vitamin D, vitamin By,,
and omega-3 fatty acids.**'* However, depending
on the type of vegetarian diet a person follows (semi-
vegetarian, lacto-vegetarian, lacto-ovo-vegetarian,
vegan), the overall nutrient intake can vary drastically
and may not be different from omnivorous diets
for any specific nutrient."” In addition, some research
shows that these same nutrients of concern (specifi-
cally calcium and vitamin D) are more of a concern in
individuals who are omnivores but are at risk due
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FIGURE 4-4 The lacto-ovo-vegetarian diet pyramid. (Reprinted from Messina V, Melina V, Mangels AR. A new food
guide for North American vegetarians. J Am Diet Assoc. 2003;103([6]:771-775.)

to income level, overweight status, or ethnicity as
opposed to vegetarian status.'® Reasons for concern
and effective ways to overcome these barriers are out-
lined in Table 4-1.

DIGESTION OF PROTEINS
MOUTH

After a food that contains protein is consumed, the
protein must be broken down into the necessary ready-
to-use building blocks (i.e., amino acids). This is done
through the successive parts of the gastrointestinal
tract by mechanical and chemical digestion. The
mechanical breaking down of protein begins with
chewing in the mouth. The food particles are mixed
with saliva and passed on to the stomach as a semi-
solid mass.

STOMACH

Because proteins are such large and complex struc-
tures, a series of enzymes is necessary for digestion
and for the release of individual amino acids, which
is the primary form needed for absorption. Unlike the
enzymes that are needed for carbohydrate and fat
digestion, all enzymes involved in protein digestion

(i.e., proteases) are stored as inactive proenzymes
called zymogens. Zymogens are then activated accord-
ing to need. The enzymes that are needed for protein
digestion cannot be stored in an active form because
the cells and organs that produce and store them
(which are made of structural proteins) would be
digested as well.

The chemical digestion of protein begins in the
stomach. In fact, the stomach’s chief digestive function
is to carry out the first stage of the enzymatic break-
down of protein. The following three agents in the
gastric secretions help with this task.

Hydrochloric Acid

Hydrochloric acid begins the unfolding and denatur-
ing of the complex protein chains. This unfolding
makes the individual peptide bonds (see Figure 4-1)
more available for enzymatic action. Hydrochloric acid

proenzyme an inactive precursor (i.e., a forerunner
substance from which another substance is made) that
is converted to the active enzyme by the action of an
acid, another enzyme, or other means.

zymogen an inactive enzyme precursor.
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NUTRIENT PROBLEM SOLUTION
Protein Plant protein quality varies; lower Consume a variety of plant foods throughout the day,
bioavailability than animal protein including soy products
lron Plant foods contain non-heme iron, [ron intake recommendations are 1.8 times higher than for
which is less bioavailable than the omnivores; consume high-iron plant foods with dietary
heme iron found in animal foods and sources of vitamin C, which is an enhancer of iron
which is sensitive to inhibitors such as absorption
phytate, calcium, tea, coffee, and fiber
Zinc Plant foods high in phytates bind zinc Regularly consume foods such as nuts, soy products,
zinc-fortified cereals, and soaked and sprouted beans,
grains, and seeds
Calcium Oxalates reduce the absorption of Regularly consume plant foods that are high in calcium and
calcium found in spinach, beet low in oxalates, such as Chinese cabbage, broccoli, Napa
greens, and Swiss chard cabbage, collards, kale, okra, and turnip greens in addition
to calcium-fortified foods such as orange juice
Vitamin D Other than endogenously produced Sun exposure to the face, hands, and forearms for 5 to 15
vitamin D from sunlight exposure, the minutes per day during the summer provides enough
primary source of this vitamin is sunlight for light-skinned people to produce adequate
fortified cow’s milk amounts of vitamin D; dark-skinned people require more
sun exposure; otherwise, choose foods or dietary
supplements that are fortified with vitamin D, such as
soy milk, rice milk, orange juice, and breakfast cereal
Vitamin Bi» No plant food contains active Choose foods that are fortified with By,, such as soy milk,
vitamin Bz breakfast cereal, nutritional yeast; or use dietary
supplements
Omega-3 fatty Few plant foods are good sources of Regularly include sources of alpha-linolenic acid in the diet,
acid (alpha- alpha-linolenic acid such as flaxseeds, walnuts, canola oil, soy products, and
linolenic) breakfast bars fortified with DHA, or take DHA supplements
that are derived from microalgae

Adapted from Craig WJ. Health effects of vegan diets. Am J Clin Nutr. 2009;89(5):1627S-1633S; Craig WJ, Mangels AR. Position of the American Dietetic

Association: vegetarian diets. J Am Diet Assoc. 2009;109(7):1266-1282.

also provides the acid medium that is necessary to
convert pepsinogen into active pepsin, the gastric
enzyme specific to proteins.

Pepsin

Pepsin is first produced as an inactive proenzyme
called pepsinogen by a single layer of chief cells in the
stomach wall. The hydrochloric acid within gastric
juices then changes pepsinogen to the active enzyme
pepsin. Pepsin begins splitting the bonds between the
protein’s long chain of amino acids, which changes
the large protein into short chains of polypeptides. If the
protein were held in the stomach longer, pepsin could
continue this breakdown until only the individual
amino acids remained. However, with the normal
gastric emptying time, pepsin only completes the first
stage of breakdown.

Rennin

The gastric enzyme rennin is only present during
infancy and childhood, and it is especially important
for the infant’s digestion of milk. Rennin and calcium
act on the casein of milk to produce a curd. By coagu-
lating milk into a more solid curd, rennin prevents the

food from passing too rapidly from the infant’s stomach
to the small intestine.

SMALL INTESTINE

Protein digestion begins in the acidic medium of the
stomach, and it is completed in the alkaline medium
of the small intestine. Enzymes from the secretions of
both the pancreas and the intestine take part in this
process.

Pancreatic Secretions
The following three enzymes produced by the pan-
creas continue breaking down proteins into more and
more simple substances:

pepsin the main gastric enzyme specific for proteins;
pepsin begins breaking large protein molecules into
shorter chain polypeptides, and it is activated by
gastric hydrochloric acid.

rennin the milk-curdling enzyme of the gastric juice of
human infants and young animals (e.g., calves); rennin
should not be confused with renin, which is an
important enzyme produced by the kidneys that plays
a vital role in the activation of angiotensin.




1. Trypsin, which is secreted first as inactive tryp-
sinogen, is activated by the enzyme enterokinase.
Enterokinase is secreted from the intestinal cells on
contact with food entering the duodenum, which is
the first section of the small intestine. The active
trypsin then works on proteins and large polypep-
tide fragments that arrive from the stomach. This
enzymatic action breaks long protein chains into
small polypeptides and dipeptides.

2. Chymotrypsin, which is secreted first as the inactive
chymotrypsinogen, is activated by trypsin that is
already present in the gut. The active enzyme then
continues the protein-splitting action of trypsin.

3. Carboxypeptidase attacks the acid (i.e., carboxyl)
end of the peptide chains, thereby producing small
peptides and some free amino acids. Carboxypep-
tidase is also first released as an inactive proen-
zyme (procarboxypeptidase), and it is activated by
trypsin.

Intestinal Secretions

Glands in the intestinal wall produce the following

two protein-splitting enzymes to complete the break-

down of protein and polypeptides and free the remain-
ing amino acids:

1. Aminopeptidase attacks the nitrogen-containing
(i.e., amino) end of the peptide chain and releases
amino acids one at a time, thereby producing pep-
tides and free amino acids.

2. Dipeptidase, which is the final enzyme in the protein-
splitting system, completes the job by breaking the
remaining dipeptides into two individual amino
acids.

This finely coordinated system of protein-splitting
enzymes breaks down the large, complex proteins into
progressively smaller peptide chains and frees each
individual amino acid. This is a tremendous overall
task. The amino acids are now ready to be absorbed
directly into the portal blood circulation for use in the
building of body tissues. This remarkable system of
protein digestion is summarized in Figure 4-5.

trypsin a protein-splitting enzyme secreted as the
inactive proenzyme trypsinogen by the pancreas and
that is activated and works in the small intestine to
reduce proteins to shorter-chain polypeptides and
dipeptides.

enterokinase an enzyme produced and secreted in the
duodenum in response to food entering the small
intestine; it activates trypsinogen to its active form of
trypsin.

chymotrypsin a protein-splitting enzyme secreted as the
inactive zymogen chymotrypsinogen by the pancreas;
after it has been activated by trypsin, it acts in the small
intestine to continue breaking down proteins into
shorter-chain polypeptides and dipeptides.
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RECOMMENDATIONS FOR DIETARY PROTEIN
INFLUENTIAL FACTORS OF PROTEIN NEEDS

The following three factors influence the body’s
requirement for protein: (1) tissue growth; (2) the
quality of the dietary protein; and (3) the additional
needs that result from illness or disease.

Tissue Growth

During rapid growth periods of the human life cycle,
more protein per unit of body weight is necessary to
build new tissue and to maintain present tissue.
Human growth is most rapid during fetal growth
throughout gestation, during infant growth the first
year of life, and during adolescent growth. Childhood
is a sustained time of continued growth, but this occurs
at a somewhat slower rate than the three previously
mentioned periods. For adults, protein requirements
level off to meet tissue-maintenance needs, but indi-
vidual needs vary.

Dietary Protein Quality
The nature of a protein and its pattern of amino acids
significantly influence its dietary quality and value at
different stages throughout the life cycle.”'* Sufficient
energy intake—especially from nonprotein foods—is
necessary to conserve protein for tissue structure. In
addition, the digestion and absorption of the protein
consumed are affected by the complexity of its struc-
ture as well as its preparation and cooking. The com-
parative quality of protein foods may be assessed
using several different methods.” The following list
shows four examples:

1. Chemical score, which is derived from the amino acid
pattern of the food; a high-quality protein food,
such as an egg (with a value of 100), is compared
with other foods according to their amino acid
ratios

2. Biologic value, which is based on nitrogen balance

3. Net protein utilization, which is based on the biologic
value and the degree of the protein’s digestibility

carboxypeptidase a specific protein-splitting enzyme
secreted as the inactive zymogen procarboxypeptidase
by the pancreas; after it has been activated by trypsin, it
acts in the small intestine to break off the acid (i.e.,
carboxyl) end of the peptide chain, thereby producing
smaller-chained peptides and free amino acids.

aminopeptidase a specific protein-splitting enzyme
secreted by glands in the walls of the small intestine
that breaks off the nitrogen-containing amino end (i.e.,
NH,) of the peptide chain, thereby producing smaller-
chained peptides and free amino acids.

dipeptidase the final enzyme in the protein-splitting
system that releases free amino acids from dipeptide
bonds.
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Mouth
Mechanical digestion creates smaller food
pieces that mix with saliva.
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Absorbed amino acids enter the portal
blood and travel to the liver

FIGURE 4-5 Summary of protein digestion. Note:

. Protein efficiency ratio, which is based on the weight
gain of a growing test animal in relation to its
protein intake
Table 4-2 compares various protein food scores on

the basis of protein quality. As seen in the table, egg

and cow’s milk proteins have the highest protein
quality score. The quality and digestibility of most
plant proteins are significantly lower than those of
animal proteins. Therefore, the dietary protein needs
of vegans who rely solely on plant foods of lower
protein quality (e.g., cereal, legumes) may be slightly
higher than those of nonvegetarians.” In other words,

lleocecal

valve

active enzymes are in italics. (Courtesy Rolin Graphics.)

because the protein provided by whole-wheat prod-
ucts is only approximately half as bioavailable as the
protein that comes from eggs, more protein from
whole-wheat products should be eaten to obtain
equivalent useable protein. Regardless of dietary pref-
erences for protein foods, a varied and balanced diet
is the best way for a healthy person to obtain quality
protein.

lliness or Disease
Iliness or disease, especially when it is accompanied
by fever and catabolic tissue breakdown, raises the
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FOOD CHEMICAL SCORE* BIOLOGIC VALUE NET PROTEIN UTILIZATION PROTEIN EFFICIENCY RATIO
Egg 100 100 94 3.92
Cow'’s milk 95 93 82 3.09
Fish 71 76 = 3.55
Beef 69 74 67 2.30
Unpolished rice 67 86 59 —
Peanuts 65 55 55 1.65
Oats 57 65 — 2.19
Polished rice 57 64 57 2.18
Whole wheat 53 65 49 1.53
Corn 49 72 36 —
Soybeans 47 73 61 2.32
Sesame seeds 42 62 53 1.77
Peas 37 64 55 1.57

Modified from Guthrie H. Introductory Nutrition. 6th ed. New York: McGraw-Hill; 1986; and Food and Nutrition Board, Institute of Medicine. Recommended Dietary

Allowances. 10th ed. Washington, DC: National Academies Press; 1989.
*Amino acid.

body’s need for protein and kilocalories for rebuilding
tissue and meeting the demands of an increased meta-
bolic rate. Traumatic injury often requires extensive
tissue rebuilding. After surgery, extra protein is needed
for wound healing and restoring losses. Extensive
tissue destruction, such as that which occurs with
burns and pressure sores, requires a large increase in
protein intake for the healing and grafting processes to
be successful.

DIETARY DEFICIENCY OR EXCESS

As with any nutrient, moderation and balance are the
keys to health. Too much or too little dietary protein
can be problematic for overall body function.

Protein-Energy Malnutrition

Protein-energy malnutrition (PEM) or severe acute
malnutrition (SAM) may occur in a variety of situa-
tions. The most severe cases are found in areas where
all foods—not just protein-rich foods—are in short
supply. Children are at the highest risk for experienc-
ing malnutrition because of their high needs during
rapid growth and development. However, PEM can
affect anyone at any point throughout the life cycle.
For example, people with poor nutrient intake (e.g.,
the elderly, those with eating disorders) may suffer
from PEM. PEM is often accompanied with an overall
energy deficiency as well. However, individuals with
elevated protein needs during infection or disease
(e.g., acquired immunodeficiency syndrome, cancer,
liver failure) sometimes experience PEM despite seem-
ingly adequate total dietary intake. As previously
mentioned, protein has many critical functions in the
body. Thus, a dietary deficiency has multiple conse-
quences that are directly related to these functions.
Without the amino acid building blocks, the body

cannot synthesize needed structural (i.e., muscle) or
functional (i.e., enzymes, antibodies, and hormones)
proteins.

Two severe forms of PEM are kwashiorkor and
marasmus. Characteristics of the two forms of PEM are
quite different. Kwashiorkor, which is the more fatal
of the two forms, is thought to result from an acute
deficiency of protein, whereas marasmus results from
a more chronic deficiency of many nutrients, of which
protein is one. The end result with either form is
stunted growth, a weakened immune system, and
poor development.

Kwashiorkor. Kwashiorkor is more common among
children who are between the ages of 18 and 24 months,
who have been breastfed all their lives, and who are
then rapidly weaned, often because of the arrival of a
younger sibling. These children are switched from
nutritionally balanced breast milk to a dilute diet of
mostly carbohydrates and little protein. The children
may receive adequate total kilocalories, but they lack
enough bioavailable protein sources. The term kwashi-
orkor is a Ghanaian word that refers to the disease that
takes over the first child when the second child is born.
Characteristics of kwashiorkor include generalized
edema and fatty liver as a result of inadequate protein
intake to maintain fluid balance and to transport fat
from the liver (Figure 4-6).

The exact pathogenesis of kwashiorkor is not
well-defined. Research suggests that there may be
additional factors involved in the development of the
characteristic edema, such as oxidative stress and/or
inappropriate antidiuretic hormone response.”

Marasmus. Individuals with marasmus have an
emaciated appearance with little or no body fat. This
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FIGURE 4-6 Kwashiorkor. The infant shows generalized edema,
which is seen in the form of puffiness of the face, arms, and legs.
(Reprinted from Kumar V, Abbas AK, Fausto N et al. Robbins Basic
Pathology. 8th ed. Philadelphia: Saunders; 2007.)
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is a chronic form of energy and protein deficiency; in
other words, it is a result of starvation. Stunted growth
and development are more severe with this form of
malnutrition. Marasmus can affect individuals of all
ages with inadequate food sources.

Excess Dietary Intake

As with most nutrients, one can ingest too much

dietary protein. The body has a finite need for protein.

When a person has met the dietary protein needs,

additional protein is deaminated (i.e., the nitrogen is

removed) and the rest is stored as fat or used as energy.

Eating excess protein does not build muscle; only exer-

cising with enough protein to support growth can do

that. The following problems can occur with diets that
are heavily laden with animal protein:

1. Protein foods of animal origin are often also high in
saturated fat and cholesterol.

2. If a person fills up on high-protein foods, little room
is left for fruits, vegetables, and other whole grains,
which are packed with essential vitamins, minerals,
and fiber (see the For Further Focus box, “The High-
Protein Diet”).

3. Excess dietary protein results in inflammation and
apoptosis in the glomerular cells of the kidney.”
This is a risk factor for individuals with kidney
disease or diabetes.

Although most protein and amino acid supple-
ments are not harmful in small doses, they are unnec-
essary in a balanced diet. However, taking excessive
single amino acid dietary supplements can be harmful
if it is to the exclusion of other essential amino acids,
thereby creating an overall imbalance.
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DIETARY GUIDES

Dietary Reference Intakes

The Recommended Dietary Allowances (RDAs) con-
tinue to be the principal dietary guide for protein con-
sumption, and they are part of the Dietary Reference
Intake standards. Similar to carbohydrate and fat rec-
ommendations, the DRIs for proteins have been set as
a percentage of the total kilocalorie consumption by
the National Academy of Sciences. Children and adults
should obtain 10% to 35% of their total caloric intake
from protein. The RDA standards relate to the age, sex,
and weight of the average person, and they are based
on the analysis of available nitrogen-balance studies.
The RDA for both men and women is set at 0.8 g of
high-quality protein per kilogram of desirable body
weight per day’ (i.e., 0.8 g/kg per day; see the Clinical
Applications box, “Calculating Dietary Reference
Intake for Protein”). Dietary recommendations are
higher for infants and for pregnant and breastfeeding
women in order to meet metabolic needs.

The RDAs are set to meet the nutritional require-
ments of most healthy people. Severe physical stress
(e.g., illness, disease, surgery) can increase a person’s
requirement for protein. Of note is that the U.S.
Department of Agriculture’s “What We Eatin America”
report found that the average daily protein intake
of men and women 20 years and older is 99 g and
68 g per day, respectively.”” According to this report,
men consume approximately 177% of their Dietary
Reference Intakes for protein, and women consume
approximately 148% of their protein requirement
daily. Thus, additional consumption through protein
supplements is unnecessary for the vast majority of
the American population because we are already
consuming well over our daily requirements. Even
if a person needed extra protein, those needs are
most likely met if they are consuming the standard
American fare.

Dietary Guidelines for Americans

As previously stated, the standard American diet pro-

vides more protein than necessary, the majority of

which generally comes from animal products. There
are potential health risks associated with a diet where
excess animal products take the place of other nutrient-
dense fruits, vegetables, and whole grains in the meal
plan. The key is to create dietary habits that allow for

a variety of all food groups, without an excess in any

area.

The Dietary Guidelines for Americans recommend the
following with regard to protein-rich foods™:

* Choose a variety of protein foods, including seafood,
lean meat and poultry, eggs, beans and peas, soy
products, and unsalted nuts and seeds.

* Consume at least 8 oz per week of seafood from a
variety of sources.

* Replace protein foods that are high in sodium and
solid fat with more nutrient-dense options.
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The High-Protein Diet
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The per-capita consumption of protein by Americans continues
to rise, along with the total caloric intake. In the United States,
the per-capita daily consumption of kilocalories and grams of
protein rose from 3400 kcal and 101 g of protein in 1909 to
4000 kecal and 120 g of protein in 2010." Not coincidentally,
significant weight gains and the health risks associated with
obesity (e.g., heart disease, diabetes, hypertension, some
forms of cancer) have been noted. The Behavioral Risk Factor
Surveillance System results indicate that 33% of men and 46%
of women are actively trying to lose weight in the United States
at any given time.”

Health care professionals are concerned about the rising
rate of obesity in this country as well as the methods by which
people are trying to battle it. Current surveys report that, of
those individuals who are trying to lose weight, only 19% of
women and 22% of men reported using the recommended
weight-loss strategy of fewer calories and more physical activ-
ity.> Some of the more popular diets are the high-protein, low-
carbohydrate diets.

High-protein diets are often higher in total fat, saturated fat,
and cholesterol and lower in fiber and antioxidants. Initial
weight loss associated with a high-protein, high-fat diet is
caused by the induction of metabolic ketosis and fluid loss
from a lack of carbohydrates. Ketosis eventually suppresses
the appetite, and this ultimately leads to reduced caloric intake
and weight loss.

In terms of recommendations for sustained weight loss,
health care professionals turn to research to see what works
for most people and has the best results for overall health.
There are many studies of various designs in terms of macro-
nutrient composition. Because there are so many papers
published on high- versus low-protein weight-loss diets, it is
effective to look at large-scale meta-analyses to get a big
picture idea of what the results indicate. Interestingly, short-
term weight-loss studies (average of 12 weeks) indicate slight
beneficial effects of high-protein diets over standard protein
diets.® However, long-term studies (minimum of 12 months)
do not show any health or weight-loss benefits of high-
protein diets over diets following the standard macronutrient
recommendations.”

The Nutriton Committee of the Council on Nutrition,
Physical Activity, and Metabolism of the American Heart
Association concluded that “high-protein diets are not recom-
mended because they restrict healthful foods that provide
essential nutrients and do not provide the variety of foods
needed to adequately meet nutritional needs.”

The bottom line is that weight loss will require a reduction
in total kilocalories consumed. The body still needs all of the
essential nutrients to function and those nutrients come from
a variety of foods—including fruits, vegetables, grains, and
fats, in addition to protein-rich foods. If a weight-loss diet is
designed such that most of the energy is supplied by protein-
rich foods, there may not be enough kilocalories left to fit in all
of the other food groups necessary to meet the body’s require-
ments for essential nutrients.

Weight loss may be accomplished by many methods.
However, meeting nutrient needs can only be attained by one
method—and that is to eat foods containing those nutrients.
A high-protein diet may work well for some people but may
not be a good choice for others. Either way, all food groups
must be included in order to have an overall healthy diet.
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a Clinical Applications

Calculating Dietary Reference Intake for Protein

There are two ways to calculate a person’s dietary recommen-

dation for protein.

1. Dietary Reference Intakes of Acceptable Macronutrient
Distribution Range: To calculate the protein needs of an
individual who is consuming 2200 kcal/day based on the
Dietary Reference Intake recommendation of 10% to 35%
of total kilocalories, complete the following calculations:
2200 kecal x 0.10 = 220 kcal/day and
2200 kcal x 0.35 = 770 kcal/day, thus giving a range of 220

to 770 kcal/day from protein
220 kcal + 4 kcal/g (the fuel factor for protein) = 55 and
770 kcal + 4 kcal/g=192.5 g of protein per day, thus giving
a range of 55 to 192.5 g of protein per day

2. Recommended Dietary Allowance relative to ideal body

weight: To calculate the protein needs of a woman who is

5 feet, 4 inches tall with an ideal body weight of 120 Ib

(see Chapter 15) based on the Recommended Dietary

Allowance of 0.8 g of protein/kg of body weight per day,

perform the following calculations:

Convert weight in pounds to weight in kg (2.2 Ib =1 kg) as

follows: 120 Ib + 2.2 lbo/kg = 54.5 kg

54.5 kg x 0.8 g/kg = 43.6 g of protein per day

Therefore, a woman who measures 5 feet, 4 inches tall and
who is consuming 2200 kcal/day with a minimum of 10% of
her calories coming from high-quality protein will safely obtain
her Recommended Dietary Allowance for protein of 43.6 g
per day.

Now, calculate your own dietary needs for protein based
on both your total kcal intake and your body weight. Does your
usual food intake meet your protein needs?
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FOOD APPROXIMATE AMOUNT PROTEIN (g)
Veal, leg, meat only, braised 3 0z cooked 31.2
Beef, top round, trimmed of fat 3 0z cooked 30.7
Chicken, breast, meat only, roasted 3 oz cooked 26.7
Tuna, fresh, bluefin, cooked with dry heat 3 0z cooked 25.4
Turkey, meat only, roasted 3 0z cooked 24.9
Goose, meat only, roasted 3 oz cooked 24.6
Pork, sirloin, boneless, roasted 3 oz cooked 24.5
Halibut, fresh, cooked with dry heat 3 0z cooked 22.7
Liver, chicken, pan fried 3 0z cooked 21.9
Lamb, shoulder, trimmed to }; inch of fat, broiled 3 0z cooked 21.7
Tuna, canned in water, drained 3 oz cooked 21.7
Beef, ground, 70% lean, 30% fat, pan browned 3 oz cooked 21.7
Haddock, cooked with dry heat 3 0z cooked 20.6
Duck, meat only, roasted 3 oz cooked 20
Scallops, steamed 3 oz cooked 19.7
Salmon, Atlantic, cooked with dry heat 3 0z cooked 18.8
Soy burger 3 oz cooked 16.1
QOysters, cooked with moist heat 3 0z cooked 16.1
Tofu, fried 30z 14.6
Ham, sliced, 11% fat 3 0z cooked 141
Cottage cheese, 2% milk fat 30z 11.7
Soy milk 1 cup 11
Milk, 1% fat 1 cup 9.7
Peanut butter, smooth 2 Tbsp 8
Lentils, boiled 3 oz cooked 7.7
Kidney beans, boiled 3 0z cooked 7.4
Cheddar cheese 10z 7
Egg, whole, scrambled 1 large 6.8
Yogurt, plain, skim milk 30z 4.9

Data from U.S. Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. Nutrient Data Laboratory home page (website): <http://

ndb.nal.usda.gov/>; Accessed September 22, 2011.
*Listed in decreasing order of protein per serving.

Table 4-3 provides a comparison of protein-rich

food portions.

MyPlate

As with the other macronutrient recommendations
from the MyPlate guidelines, Americans are encour-
aged to consume a variety of foods to meet all of their
nutrient needs (see Figure 1-3).* The MyPlate website

Putting It All Together

e Protein provides the human body with amino acids,
which are its primary tissue-building units. Of the 20
common amino acids, 9 are indispensable in the diet,
because the body cannot manufacture them as it can

the remaining 11.

(www.choosemyplate.gov) includes tips for choosing
lean sources of meat, poultry, and fish as well as veg-
etable protein sources such as beans, nuts, and seeds.
A personalized plan can be obtained by entering an
individual’s age, sex, height, weight, and physical
activity level. Sample menus for omnivores and eating
tips for vegetarian lifestyles are also available.

e Foods that supply all of the indispensable amino acids
are called complete proteins; these foods are mostly of
animal origin. Plant protein foods are considered
incomplete proteins, because they lack one or more of
the indispensable amino acids. The exception is soy
protein, which is of plant origin and provides complete
proteins.
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http://www.choosemyplate.gov

e A constant turnover of tissue protein occurs between
tissue anabolism and tissue catabolism. Adequate
dietary protein and a reserve pool of amino acids help
to maintain this overall protein balance. Nitrogen
balance is a measure of overall protein balance.

e A mixed diet that includes a variety of foods, together
with sufficient nonprotein kilocalories from the primary
fuel foods (i.e., carbohydrates), supplies a balance of
protein and other nutrients.

e \/egan diets involve only plant proteins. Other
vegetarian diets may include dairy products, eggs, and
sometimes fish. All vegetarian lifestyles can provide
balanced nutrition with planning and variety.

e After protein foods are eaten, a powerful digestive team
of six protein-splitting enzymes frees individual amino
acids for absorption.

e Protein requirements are principally influenced by
growth needs and the nature of the diet in terms of
protein quality and energy intake. Clinical influences on
protein needs include fever, disease, surgery, and other
trauma to body tissues.

Chapter Review Questions

See answers in Appendix A.

1. Amino acids are unique as compared to carbohydrates
and fats because of the presence of in their
structure.

a. Carbon

b. Hydrogen
¢. Phosphorus
d. Nitrogen

2. Complete proteins can be found in which food source?
a. Corn
b. Eggs
¢. Whole-grain bread
d. Peanuts
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3. A substitution to recommend to a patient who is vegan
and wants to make a recipe that calls for whole cow’s
milk would be:

a. Sour cream.
b. Egg whites.
c¢. Soy milk.
d. Goat milk.

4, Protein requirements would be the highest for which of
the following individuals?
a. 16-year-old teenager
b. 25-year-old lawyer
¢. 37-year-old pilot
d. 62-year-old grandmother

5. A state of negative nitrogen balance is most likely
found in which of the following?
a. A 29-year-old woman who is 6 months’ pregnant
b. A 32 year old on bed rest following severe trauma
c. A 10-year-old boy who plays soccer every day
d. A 48-year-old high school math teacher

Additional Learning Resources

& http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.
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chapter

Digestion, Absorption, and Metabolism

Key Concepts

e Through a balanced system of mechanical and chemical
digestion, food is broken down into smaller substances,
and the nutrients are then available for biologic use.

e Special organ structures and functions accomplish these
tasks through the successive parts of the gastrointestinal
system.

e Absorption, transport, and metabolism allow for the
distribution, use, and storage of nutrients throughout the
body.

As described in previous chapters, nutrients that the
body requires do not come ready to use; rather, they
are packaged as foods in a variety of forms. There-
fore, whole food must be broken down into smaller
substances for absorption and metabolism to meet
the body’s needs. Digestion of the macronutrients—
carbohydrates, fat, and protein—has been discussed in
preceding chapters.

This chapter views the overall process of food diges-
tion and nutrient absorption as one continuous whole
that involves a series of successive events. In addition,
metabolism and the unique body structures and func-
tions that make this process possible are reviewed.

DIGESTION
BASIC PRINCIPLES

Body cells cannot use food as it is eaten. Food must be
changed into simpler substances for absorption and
then into even more simple constituents that cells can
use to sustain life. Preparing food for the body’s use
involves many steps, including digestion, absorption,
transport, and metabolism.

The different parts of the gastrointestinal (GI) tract
and accessory organs are shown in Figure 5-1. The

digestion the process by which food is broken down in
the gastrointestinal tract to release nutrients in forms
that the body can absorb.

absorption the process by which nutrients are taken into
the cells that line the gastrointestinal tract.

transport the movement of nutrients through the
circulatory system from one area of the body to
another.

metabolism the sum of the vast number of chemical
changes in the cell that ultimately produce the
materials that are essential for energy, tissue building,
and metabolic controls.

56

individual parts of the GI system work systematically
together as a whole to complete the process of diges-
tion and metabolism. Food components travel through
this system until they ultimately are absorbed and
delivered to the cells or excreted as waste.

MECHANICAL AND CHEMICAL DIGESTION

For nutrients to be absorbed, food must go through a
series of mechanical and chemical changes. Together,
these two actions encompass the overall process of
digestion.

The specific mechanical and chemical actions that
occur during the digestion of the macronutrients have
previously been discussed in Chapters 2 to 4. Of the
micronutrients, most vitamins and minerals require
little to no digestion. There are some exceptions (e.g.,
vitamins A and By, biotin) that require digestion before
absorption can take place. Water does not require
digestion, and it is easily absorbed into the general
circulation. This chapter explores those actions as a
whole and then as an interdependent process. Vitamins,
minerals, and water will be reviewed again in Chapters
7,8, and 9, respectively.

Mechanical Digestion: Gastrointestinal Motility
Beginning in the mouth, the muscles and nerves in
the walls of the GI tract coordinate their actions to
provide the necessary spontaneous motility for diges-
tion to proceed. This automatic response to the pres-
ence of food enables the system to break up the food
mass swallowed in each bite and move it along the
digestive pathway. Muscles and nerves work together
to produce constant motility.

Muscles. Layers of smooth muscle in the GI wall
interact to provide two general types of movement: (1)
muscle tone or tonic contraction, which ensures the
continuous passage of the food mass and valve control
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FIGURE 5-1 The gastrointestinal system. Through the successive parts of the system, multiple activities of digestion

liberate food nutrients for use. (Courtesy Rolin Graphics.)

along the way; and (2) periodic muscle contraction
and relaxation, which are rhythmic waves that mix the
food mass and move it forward. These alternating
muscular contractions and relaxations that force the
contents forward are known as peristalsis, a term that
comes from the Greek words peri, meaning “around,”
and stalsis, meaning “contraction.”

Nerves. Specific nerves regulate muscular action
along the GI tract. A complex network of nerves in the
GI wall called the intramural nerve plexus extends from
the esophagus to the anus. These nerves do three
things: (1) they control muscle tone in the wall; (2) they
regulate the rate and intensity of the alternating muscle
contractions; and (3) they coordinate all of the various
movements. When all is well, these finely tuned move-
ments flow together like those of a great symphony,

without conscience awareness. However, when all is
not well, the discord is felt as pain. Such problems and
diseases of the GI tract are covered in Chapter 18.

Chemical Digestion: Gastrointestinal Secretions
A number of secretions work together to make chemi-
cal digestion possible. Five types of substances are
involved.

Hydrochloric acid and buffer ions. Hydrochloric acid
and buffer ions are needed to produce the correct pH
(i.e., the degree of acidity or alkalinity) that is neces-
sary for enzymatic activity.

Enzymes. Digestive enzymes are proteins produced
in the body and are specifically designed to break
down other nutrients.




Mucus. Secretions of mucus lubricate and protect the
mucosal tissues that line the GI tract, and help to mix
the food mass.

Water and electrolytes. The products of digestion are
carried and circulated through the GI tract and into the
tissues by water and electrolytes.

Bile. Made in the liver and stored in the gallbladder,
bile emulsifies fat into smaller pieces to expose more
surface area for the actions of fat-splitting enzymes.
Secretory cells in the intestinal tract and the nearby
accessory organs (i.e., the pancreas and the liver)
produce each of the preceding substances for specific
jobs in chemical digestion. The secretory action of
these cells or glands is stimulated by (1) the presence
of food; (2) nerve impulses; or (3) hormonal stimuli.

DIGESTION IN THE MOUTH AND ESOPHAGUS

Mechanical Digestion

In the mouth, the process of mastication (i.e., biting
and chewing) begins to break down food into smaller
particles. The teeth and oral structures are particularly
suited for this work. After the food is chewed, the
mixed mass of food particles is swallowed, and it
passes down the esophagus, largely as a result of auto-
nomic peristaltic waves that are controlled by nerve
reflexes. Muscles at the base of the tongue facilitate the
swallowing process. Then, if the body is in the upright
position, gravity helps with the movement of food
down the esophagus. At the entrance to the stomach,
the gastroesophageal sphincter muscle relaxes, much
like a one-way valve, to allow the food to enter. The
gastroesophageal sphincter then constricts again to
retain the food within the stomach cavity. If the sphinc-
ter is not working properly, it may allow acid-mixed
food to seep back into the esophagus from the stomach.
The result is the discomforting feeling of gastroesopha-
geal reflux, or heartburn.

Heartburn has nothing to do with the heart, but it
was so named because the sensations are perceived as
originating in the region of the heart. A hiatal hernia
is another common cause of heartburn; this occurs
when part of the stomach protrudes upward into the
chest cavity (i.e., the thorax; see Chapter 18).

Chemical Digestion

The salivary glands secrete saliva that contains salivary
amylase, which is also called ptyalin. Amylase is the
general name for any starch-splitting enzyme. Small
glands at the back of the tongue (i.e., von Ebner’s
glands) secrete lingual lipase. Lipase is the general
name for any fat-splitting enzyme. However, in this
case, food does not remain in the mouth long enough
for much chemical action to occur. During infancy,
lingual lipase is a more relevant enzyme for the
digestion of milk fat. The salivary glands also secrete
a mucous material that lubricates and binds food
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particles to facilitate the swallowing of each food bolus
(i.e., lump of food material). Mucous glands also line
the esophagus, and their secretions help to move the
food mass toward the stomach.

DIGESTION IN THE STOMACH

Mechanical Digestion

Under sphincter muscle control from the esophagus,
which joins the stomach at the cardiac notch, the
food enters the fundus (i.e., the upper portion of
the stomach) in individual bolus lumps. Within the
stomach, muscles gradually knead, store, mix, and
propel the food mass forward in slow, controlled
movements. By the time the food mass reaches the
antrum (i.e., the lower portion of the stomach), it is
now a semiliquid, acid—food mix called chyme. A con-
stricting sphincter muscle at the end of the stomach
called the pyloric valve controls the flow at this point.
This valve slowly releases acidic chyme into the duo-
denum, which is the first section of the small intestine.
The slow release allows the alkaline intestinal secre-
tions to quickly buffer the chyme, thus avoiding irrita-
tion of the mucosal lining. The caloric density of a
meal, which mainly results from its fat composition,
influences the rate of stomach emptying at the pyloric
valve. The major parts of the stomach are shown in
Figure 5-2.

Chemical Digestion
The gastric secretions contain three types of materials
that help with chemical digestion in the stomach.

salivary amylase a starch-splitting enzyme that is
secreted by the salivary glands in the mouth and that
is commonly called ptyalin (from the Greek word
ptyalon, meaning “spittle”).

chyme the semifluid food mass in the gastrointestinal
tract that is present after gastric digestion.

A
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FIGURE 5-2 Stomach. (Reprinted from Raven PH, Johnson GB.
Biology. 3rd ed. New York: McGraw-Hill; 1992.)



Acid. The hormone gastrin stimulates parietal cells
within the lining of the stomach to secrete hydrochlo-
ric acid. Hydrochloric acid creates the necessary degree
of acidity for gastric enzymes to work, and it also acti-
vates the first protease, pepsinogen, in the stomach. As
you will recall from Chapter 4, protease is the general
name for any protein-splitting enzyme. In addition,
the acidic environment created by hydrochloric acid
secretion in the stomach aids in the absorption of
several vitamins and minerals (see the Drug-Nutrient
Interaction box, “Acidity for Nutrient Absorption”).

Mucus. Mucous secretions protect the stomach lining
from the erosive effect of hydrochloric acid. Secretions
also bind and mix the food mass and help to move it
along the GI tract.

gastrin a hormone that helps with gastric motility, that
stimulates the secretion of gastric acid by the parietal
cells of the stomach, and that stimulates the chief cells
to secrete pepsinogen.

)
Acidity for Nutrient Absorption

The body controls the pH of the gastrointestinal tract contents
by secreting acidic or alkaline buffering agents. The release of
hydrochloric acid in the stomach decreases the acidity; and
bicarbonate, secreted from the pancreas into the small intes-
tines, neutralizes the pH. The release of hydrochloric acid and
bicarbonate is controlled by hormones and a feedback system
that is constantly fine-tuning the environment of the gastroin-
testinal tract for optimal performance.

Hydrochloric acid in the stomach has many functions. The
acid kills microorganisms, activates pepsinogen, and begins
the digestive process of proteins. In addition, the downstream
absorption of several vitamins and minerals depends on the
exposure to an acidic environment in the stomach. Specifically,
the interaction with hydrochloric acid increases the bioavail-
ability of vitamin By, calcium, iron, zinc, and magnesium further
along the Gl tract. Therefore, situations that cause a decrease
in hydrochloric acid secretion in the stomach can reduce the
bioavailability of these vitamins and minerals, slow down the
digestive process of protein, and increase the bacterial load.

Proton pump inhibitors are a class of drugs that inhibit the
release of acid in the stomach. The use of acid suppressors is
one of the most commonly used medications in the United
States and they are often used for extended periods of time.
While the extent of nutrient deficiency due to the chronic use
of proton pump inhibitors is not yet well understood, it is
accepted that the clinical implications could be significant and
should especially be considered for individuals at risk for nutri-
ent deficiency.’

REFERENCE
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Enzymes. The inactive enzyme pepsinogen is secreted
by stomach cells, and it is activated by hydrochloric
acid to become the protein-splitting enzyme pepsin.
Other cells produce small amounts of a specific gastric
lipase called tributyrinase, which works on tributyrin
(i.e., butterfat); however, this is a relatively minor
activity in the stomach.

Various sensations, emotions, hormones, and foods
stimulate the nerve impulses that trigger these secre-
tions. The concept that the stomach is said to “mirror
the person within” is not without merit. For example,
anger and hostility increase secretions, whereas fear
and depression decrease secretions and inhibit blood
flow and motility.

DIGESTION IN THE SMALL INTESTINE

Up to this point, the digestion of food has largely been
mechanical, and it has resulted in the delivery of a
semifluid mixture of fine food particles and watery
secretions to the small intestine. Chemical digestion
has been minimal. Thus, the major task of digestion
and the absorption that follows occur in the small
intestine. The structural parts, synchronized move-
ments, and array of specific enzymes of the small
intestine are highly developed for the final step of
mechanical and chemical digestion.

Mechanical Digestion

Under the control of nerve impulses, the muscular

walls of the small intestines stretch from the food

mass or hormonal stimuli, and the intestinal muscles
produce several types of movement that aid digestion,
as follows:

e Peristaltic waves slowly push the food mass forward,
sometimes with long, sweeping waves over the
entire length of the intestine.

* Pendular movements from small, local muscles sweep
back and forth, thereby stirring the chyme at the
mucosal surface.

* Segmentation rings from the alternating contraction
and relaxation of circular muscles progressively
chop the food mass into successive soft lumps and
then mix them with GI secretions.

* Longitudinal rotation by long muscles that run the
length of the intestine rolls the slowly moving food
mass in a spiral motion to mix it and expose new
surfaces for absorption.

* Surface villi motions stir and mix the chyme at the
intestinal wall, thereby exposing additional nutri-
ents for absorption.

Chemical Digestion

The small intestines, together with the GI accessory
organs (i.e., the pancreas, liver, and gallbladder),
supply many secretory materials to accomplish the
major chore of chemical digestion. The pancreas and
intestines secrete enzymes that are specific for the
digestion of each macronutrient.




Pancreatic enzymes.

1. Carbohydrate: Pancreatic amylase converts starch
into the disaccharides maltose and sucrose.

2. Protein: Trypsin and chymotrypsin split large
protein molecules into smaller and smaller peptide
fragments and finally into single amino acids.
Carboxypeptidase removes end amino acids from
peptide chains.

3. Fat: Pancreatic lipase converts fat into glycerides
and fatty acids.

Intestinal enzymes.

1. Carbohydrate: Disaccharidases (i.e., maltase, lactase,
and sucrase) convert their respective disaccharides
(i.e., maltose, lactose, and sucrose) into monosac-
charides (i.e., glucose, galactose, and fructose).

2. Protein: The intestinal enzyme enterokinase acti-
vates trypsinogen, which is released from the
pancreas to become the protein-splitting enzyme
trypsin. Amino peptidase removes end amino acids
from polypeptides. Dipeptidase splits dipeptides
into their two remaining amino acids.

3. Fat: Intestinal lipase splits fat into glycerides and
fatty acids.

Mucus. Large quantities of mucus, which are secreted
by intestinal glands, protect the mucosal lining from
the irritation and erosion that would result from expo-
sure to the highly acidic gastric contents entering the
duodenum.

Bile. Bile is an emulsifying agent and an important
part of fat digestion and absorption. It is produced by
the liver and stored in the adjacent gallbladder, and it
is ready for use when fat enters the intestine.

Hormones. The hormone secretin, which is produced
by the mucosal glands in the first part of the intestine,
controls the acidity and secretion of enzymes from the
pancreas. An alkaline environment in the small intes-
tine, with a pH greater than 8, is necessary for the
activity of the pancreatic enzymes. The hormone cho-
lecystokinin, which is secreted by intestinal mucosal
glands when fat is present, triggers the release of bile
from the gallbladder to emulsify fat.

The arrangement of accessory organs to the duode-
num, which is the first section of the small intestine, is
shown in Figure 5-3. These organs make up the biliary
system. The liver is sometimes called the “metabolic
capital” of the body, because it performs numerous
functions for the metabolism of all converging nutri-
ents (Box 5-1). The liver’s many metabolic functions
are reviewed in greater detail in Chapter 18.

The various nerve and hormone controls of diges-
tion are illustrated in Figure 5-4. Although small indi-
vidual summaries of digestion are given in each of the
macronutrient chapters, a general summary of the
entire digestive process is shown in Figure 5-5 so that
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FIGURE 5-3 Organs of the biliary system and the pancreatic ducts.

the overall process can be viewed as it is: one continu-
ous and integrated whole.

ABSORPTION AND TRANSPORT

When digestion is complete, food has been changed
into simple end products that are ready for absorption.
Carbohydrate foods are reduced to the simple sugars
glucose, fructose, and galactose. Fats are reduced into
fatty acids and glycerides. Protein is reduced into
single amino acids. And vitamins and minerals are
liberated. With a water base for solution and transport,
in addition to the necessary electrolytes, the whole
fluid food-derived mass is now prepared for absorp-
tion. For many nutrients, especially certain vitamins
and minerals, the point of absorption becomes the vital
gatekeeper that determines how much of a given nutri-
ent is available for cellular use. Although the GI tract

pancreatic amylase a major starch-splitting enzyme
that is secreted by the pancreas and that acts in the
small intestine.

pancreatic lipase a major fat-splitting enzyme produced
by the pancreas and secreted into the small intestine
to digest fat.

secretin a hormone that stimulates gastric and
pancreatic secretions. Secretin secretion is increased
in response to a low pH in the duodenum. Secretin
stimulates the pancreatic release of bicarbonate to
increase the pH to an alkaline environment. Secretin
also stimulates the secretion of pepsinogen from the
chief cells of the stomach.

cholecystokinin (CCK) a hormone secreted from the
mucosal epithelium of the small intestine in response
to the presence of fat and certain amino acids in
chyme. CCK inhibits gastric motility, increases the
release of pancreatic enzymes, and stimulates the
gallbladder to secrete bile into the small intestine.
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Functions of the Liver

MAJOR FUNCTIONS e Glycolysis: breaking down glucose into pyruvate to
e Bile production enter the Krebs cycle
e Synthesis of proteins and blood clotting factors e Gluconeogenesis: converting noncarbohydrate
e Metabolism of hormones and medications substances into glucose
e Regulation of blood glucose levels e Glycogenolysis: breaking down glycogen into individual
e Urea production to remove the waste products of glucose units

normal metabolism e Glycogenesis: combining units of glucose to store as
SPECIFIC METABOLIC FUNCTIONS REGARDING o g’lﬁzaegegradation' breaking down proteins into single
THE MACRONUTRIENTS amino acids ’

e Lipolysis: breaking down lipids into fatty acids and
glycerol

e |ipogenesis: building up lipids from fatty acids and
glycerol

e Protein synthesis: building complete proteins from
individual amino acids
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FIGURE 5-4 Summary of the factors that influence secretions in the gastrointestinal tract. (Courtesy Rolin Graphics.)
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is quite efficient, 100% of all nutrients consumed are
not absorbed as a result of varying degrees of bioavail-
ability. A nutrient’s bioavailability depends on the
following: (1) the amount of nutrient present in the
GI tract; (2) the competition among nutrients for
common absorptive sites; and (3) the form in which
the nutrient is present (see the Clinical Applications
box, “Micronutrient Bioavailability and Competitive
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Absorption”). This degree of bioavailability is a factor
in setting dietary intake standards for all macronutri-
ents and micronutrients."

ABSORPTION IN THE SMALL INTESTINE

Absorbing Structures
Three important structures of the intestinal wall surface
(Figure 5-6) are particularly adapted to ensure the

a Clinical Applications

Micronutrient Bioavailability and Competitive Absorption

[ron and zinc deficiency are two of the most common
micronutrient deficiencies worldwide. Subsequently, food
fortification/enrichment and dietary supplements containing
both iron and zinc are often used as a means for increasing
intake. However, just because we consume it, it does not
mean we can absorb or use it within the body. Many factors
regulate nutrient bioavailability, including the presence of other
nutrients.

Iron and zinc enrichment in grain products have several
factors working against the absorption of either nutrient. For
example, the phytic acid found in grain products decreases
the bioavailability of both iron and zinc by binding to the miner-
als and preventing absorption. In addition, divalent cations
compete for absorption throughout the gastrointestinal tract.
For example, iron, copper, and zinc compete for binding to
transporter molecules during absorption. Thus, a high level of
any one divalent metal will reduce the bioavailability of the other

divalent minerals. Grain products are also enriched with folic
acid but high intakes of folic acid or calcium may reduce zinc
absorption when consumed together.

Does this mean that it is a waste of time to include such
products in the diet? No; not at all. Reduced bioavailability is
not the same as blocked absorption. Reduced bioavailability
only means that a smaller percent of the nutrient consumed is
actually absorbed. Fortunately, the body is extremely efficient
and does not depend on 100% absorption of all nutrients
consumed. If you are working with a patient who is suffering
from a nutrient deficiency and he or she has been prescribed
a dietary supplement, it would be prudent to check for factors
inhibiting or enhancing the bioavailability of that particular nutri-
ent. That way, you can help the patient make ideal choices
about when to take their supplement, what foods to take it
with or avoid, and what foods to consume to help stabilize the
supply of the nutrient of concern.

Microvilli

Absorptive cell
Villus

Goblet cell

Lamina propria

Lacteal (lymphatic)
Capillary

Crypt of Lieberkihn
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cells of Paneth
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FIGURE 5-6 The intestinal wall. A diagram of the villi of the human intestine that shows its structure and the blood
and lymph vessels. (Reprinted from Mahan LK, Escott-Stump S. Krause’s Food & Nutrition Therapy. 12th ed.

Philadelphia: Saunders; 2008.)




maximal absorption of essential nutrients in the diges-

tive process:

* Mucosal folds: Like the hills and valleys of a moun-
tain range, the surface of the small intestine piles
into many folds. Mucosal folds can easily be seen
when such tissue is examined.

e Villi: Closer examination under a regular light
microscope reveals small, finger-like projections
that cover the folds of the mucosal lining. These
little villi further increase the area of exposed surface.
Each villus has an ample supply of blood vessels to
receive protein, carbohydrate, and water-soluble
micronutrient materials. Each villus also has a
lymph vessel to receive fat-soluble nutrients. This
lymph vessel is called a lacteal, because the fatty
chyme is creamy at this point and looks like milk.

* Microvilli: Even closer examination with an electron
microscope reveals a covering of smaller projections
on the surface of each tiny villus. The covering of
microvilli on each villus is called the brush border,
because it looks like bristles on a brush.

These three unique structures of the inner intestinal
wall—folds, villi, and microvilli—combine to make the
inner surface nearly 600 times greater than the area of
the outer surface of the intestine. The length of the
small intestine is approximately 660 cm (22 ft). This
remarkable organ is well adapted to deliver nutrients
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from digested food into the circulation for use within
the body’s cells. If its entire surface were spread out
on a flat plane, the total surface area is estimated to be
as large as half of a basketball court. Far from being
the lowly gut, the small intestine is one of the most
highly developed, exquisitely fashioned, and special-
ized tissues in the body.

Absorption Processes

A number of absorbing processes complete the task of
moving vital nutrients across the inner intestinal wall
and into the body circulation. These processes include
diffusion, energy-driven active transport, and pinocy-
tosis (Figures 5-7 and 5-8):

mucosal folds the large, visible folds of the mucous
lining of the small intestine that increase the absorbing
surface area.

villi small protrusions from the surface of a membrane;
finger-like projections that cover the mucosal surfaces
of the small intestine and that further increase the
absorbing surface area.

microvilli extremely small, hair-like projections that cover
all of the villi on the surface of the small intestine and
that greatly increase the total absorbing surface area.

Active transport
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FIGURE 5-7 Transport pathways through the cell membrane. (Reprinted from Mahan LK, Escott-Stump S. Krause’s
Food & Nutrition Therapy. 13th ed. Philadelphia: Saunders; 2012.)
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FIGURE 5-8 Pinocytosis; the engulfing of a large molecule by the cell.



* Simple diffusion is the force by which particles move
outward in all directions from an area of greater
concentration to an area of lesser concentration.
Small materials that do not need the help of a spe-
cific protein channel to move across the mucosal cell
wall use this method.

* Facilitated diffusion is similar to simple diffusion, but
it makes use of a protein channel for the carrier-
assisted movement of larger items across the
mucosal cell membrane.

* Active transport is the force by which particles move
against their concentration gradient. Active trans-
port mechanisms usually require some sort of
carrier to help transport the particles across the
membrane. For example, glucose enters absorbing
cells through an active transport mechanism that
involves sodium as a partner.

* Pinocytosis is the penetration of larger materials by
attaching to the thicker cell membrane and being
engulfed by the cell (see Figure 5-8).

ABSORPTION IN THE LARGE INTESTINE

Water

The main absorptive task that remains for the large
intestine is to absorb water. Most water in the chyme
that enters the large intestine is absorbed in the first
half of the colon. Only a small amount (approximately
100 mL) remains to form the feces and be eliminated.

IEWERRE N Intestinal Absorption of Some Major Nutrients
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Dietary Fiber

Dietary fiber is not digested because humans lack the
specific enzymes that are required to break the beta
bonds between molecules. However, fiber contributes
important bulk to food mass and helps to form feces.
The formation and passage of intestinal gas is a normal
process of healthy digestion, but it can be problem-
atic for some individuals (see the Clinical Applica-
tions box, “The Sometimes Embarrassing Effects of
Digestion”).

Macronutrients and Micronutrients

Table 5-1 summarizes the major features of intesti-
nal nutrient absorption, including macronutrients and
micronutrients. In addition, Figure 5-9 shows the ap-
proximate location of absorption of each nutrient as
well as the route through which it is absorbed (i.e.,
lymph or blood).

TRANSPORT

After nutrients have been broken down from food and
absorbed, they must be transported to various cells
throughout the body. This transportation requires the
work of both the vascular and the lymphatic systems.

Vascular System
The vascular system is composed of veins and arteries,
and it is responsible for supplying the entire body with

CONTROL AGENT OR
NUTRIENT FORM MEANS OF ABSORPTION REQUIRED COFACTOR ROUTE
Carbohydrate Monosaccharides (glucose Competitive — Blood
or galactose) Selective —
Active transport by Sodium
sodium pump
Fructose Facilitated diffusion Protein carrier Blood
Protein Amino acids Selective — Blood
Some dipeptides Facilitated diffusion Pyridoxine (pyridoxal Blood
phosphate)
Whole protein (rare) Pinocytosis Protein carrier Blood
Fat Fatty acids Fatty acid-bile complex Bile Lymph
(micelles)
Glycerides (monoglycerides
and diglycerides)
Few triglycerides (neutral fat) Pinocytosis — Lymph
Vitamins Bis Facilitated diffusion Intrinsic factor Blood
A, D, E, and K Bile complex (micelles) Bile Blood
K from bacterial synthesis From the large intestine
to the blood
Minerals Sodium Active transport by — Blood
sodium pump
Calcium Active transport Vitamin D Blood
Iron Active transport Ferritin mechanism Blood (as transferrin)
Water Water Osmosis — Blood, lymph, and
interstitial fluid
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The Sometimes Embarrassing Effects of Digestion

After eating certain foods, some people complain of the dis-
comfort or embarrassment of gas. Gas is a normal by-product
of digestion, but when it becomes painful or apparent to
others, it may become a physical and social dilemma.

The gastrointestinal tract normally holds approximately 3 oz
of gas that moves along with the food mass and is silently
absorbed into the bloodstream. Sometimes extra gas collects
in the stomach or intestine, thereby creating an embarrassing—
although usually harmless—situation.

STOMACH GAS

Gas in the stomach results from trapped air bubbles. It occurs
when a person eats too fast, drinks through a straw, or other-
wise takes in extra air while eating. Burping releases some
gas, but the following tips may help to avoid uncomfortable
situations:

e Avoid carbonated beverages.

Do not gulp.

Chew with the mouth closed.

Do not drink from a can or through a straw.

Do not eat while overly nervous.

INTESTINAL GAS
Intestinal gas forms in the colon, where bacteria attack
fermentable residues and cause them to decompose and
produce gas. Carbohydrates release hydrogen, carbon dioxide,
and—in some people with certain types of bacteria in the
gut—methane. All three products are odorless (although noisy)
gases. Protein produces hydrogen sulfide and volatile com-
pounds such as indole and skatole, which add a distinctive
aroma to the expelled air. Changing the diet to include less
fermentable residue foods can significantly improve symp-
toms."? However, problem foods are specific to individuals
and may also depend on the type and quantity of bacteria in
the gut.®

The following suggestions may help to control flatulence:
e Cut down on simple carbohydrates (e.g., sugars).

Especially observe milk’s effect, because lactose

intolerance may be the culprit. Substitute cultured

forms, such as yogurt or milk treated with a lactase

product such as Lactaid (McNeil Nutritionals, Fort

Washington, Pa).

e Use a prior leaching process before cooking dry beans
to remove indigestible saccharides such as raffinose
and stachyose. Although humans cannot digest these
substances, they provide a feast for bacteria in the
intestines. This simple procedure eliminates a major
portion of these gas-forming saccharides. First, put
washed, dry beans into a large pot; add 4 cups of water
for each pound of beans (approximately 2 cups); and boil
the beans uncovered for 2 min. Remove the pot from the
heat, cover it, and let it stand for 1 hour. Finally, drain and
rinse the beans, add 8 cups of fresh water, bring the
water to a boil, reduce the heat, and simmer the beans in
a covered pot for 1 to 2 hours or until beans are tender.
Season as desired.

e Eliminate known food offenders. These vary from person
to person, but some of the most common offenders are
beans (if they are not prepared for cooking as described),
onions, cabbage, and high-fiber wheat and bran
products.

When relief has been achieved, slowly add more complex
carbohydrates and high-fiber foods back into the diet. After
small amounts are tolerated, try moderate increases. If no relief
occurs, medical help may be needed to rule out or treat an
overactive gastrointestinal tract.
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nutrients, oxygen, and many other vital substances
that are necessary for life via the blood. In addition,
the vascular system transports waste (e.g., carbon
dioxide, nitrogen) to the lungs and kidneys for removal.

Most of the products of digestion are water-soluble
nutrients, which therefore can be absorbed into the
vascular system (i.e., the blood circulatory system)
directly from the intestinal cells. The nutrients travel
first to the liver for immediate cell enzyme work before
being dispersed to other cells throughout the body.
The portion of circulation from the intestines to the
liver is called the portal circulation.

Lymphatic System

Because fatty materials are not water soluble, another
route must be provided. These fat molecules pass into
the lymph vessels in the villi (e.g., the lacteals), flow
into the larger lymph vessels of the body, and eventu-
ally enter the bloodstream through the thoracic duct.

METABOLISM

At this point, the individual macronutrients in food
have been broken down through digestion into the
basic building blocks (i.e., monosaccharides, amino
acids, and fatty acids) and absorbed into the blood-
stream or the lymphatic system. Now these nutrients
can be converted into needed energy or stored in the
body for later use.

In addition, the micronutrients (i.e., vitamins and
minerals) have been liberated from any bound pro-
teins, and they are free for absorption. Once inside, the
micronutrients are dispersed throughout the body for
their many critical functions.

CATABOLISM AND ANABOLISM

Metabolism is the sum of the chemical reactions that
occur within a living cell to maintain life. The mito-
chondrion of the cell is the work center in which all



Digestion, Absorption, and Metabolism CHAPTER 5

Food and drink

Salivary
amylase _’ Mouth
Esophagus
Stomach
Gastric juice
* Pepsin
e HCI ) Alcohol >
Pancreas Duodenum
Pancreatic juice CIm, S04~ >
* Bicarbonate === ) Iron )
* Enzymes v . 4
Calcium »
Magnesium >
Gallbladder [ Bile =) ) Zinc >

Glucose, galactose, fructose m———

Intestinal brush
border enzymes

Amino acids, dipeptides and tripeptides
Vitamin C

Vitamins A, D, E, K
Fat
Cholesterol

Thiamin Water-

Riboflavin ¢ soluble

Pyridoxine | Vitamins Lacteals .

Fy| id (lymphatic . Left subclavian
olic acl system) and left internal

Blle salts and vitamin B, =——)

jugular veins

_’ Nat, K*

A 4

e Viitamin K formed by
bacterial action

A 4

P H:0

Rectum

Anus

!

Feces

Hepatic
portal vei

-

FIGURE 5-9 Sites of secretion and absorption in the gastrointestinal tract. (Mahan LK, Escott-Stump S. Krause’s
Food & Nutrition Therapy. 12th ed. Philadelphia: Saunders; 2008.)

metabolic reactions take place. The two types of metab-
olism are catabolism and anabolism. Catabolism is the
breaking down of large substances into smaller units.
For example, breaking down stored glycogen into its
smaller building blocks (i.e., glucose) is a catabolic
reaction. Anabolism is the opposite; it is the process by
which cells build large substances from smaller parti-
cles, such as building a complex protein from single
amino acids.

The Krebs cycle, which is also known as the citric
acid cycle or the TCA (tricarboxylic acid) cycle, is the
hub of energy production that occurs in the mitochon-
dria of the cell. It is not so much that energy is produced
here. Rather, energy is converted into a form that the
body can use. The combined processes of metabolism
(i.e., catabolic and anabolic reactions) ensure that the
body has much needed energy in the form of adenos-
ine triphosphate (ATP). Figure 5-10 illustrates a brief
breakdown of the macronutrients and shows how they
enter the final step of energy production to ultimately
supply cells with ATP.

The rate of ATP production fluctuates, and it speeds
up or slows down depending on energy needs at a
given time. Energy needs are minimal during sleep,
but they increase dramatically during strenuous physi-
cal activity. Energy supply and demand are discussed
further in Chapter 6.

ENERGY DENSITY

Because carbohydrates have 4 kcal/g and fat has
9 kcal/g, the metabolism of glucose yields less energy
(i.e., ATP) than the metabolism of fat, gram for gram.
However, the body prefers to use glucose as its primary
source of energy. Protein can be used as a source of
energy as well, but this is an inefficient use of protein,
and it results in extra nitrogen waste. The body only
breaks down protein for energy when glucose and
fatty acids are in short supply.

STORING EXTRA ENERGY

If the amount of food consumed yields more energy
than is needed to maintain voluntary and involuntary
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actions, the remaining energy is stored for later use in
the body. The human body is a highly efficient organ-
ism. Energy or kilocalories in excess of needs are not
wasted. Excess glucose can easily be stored as glyco-
gen in the liver and muscles for quick energy at a later
time. The anabolic process of converting extra glucose
into glycogen is called glycogenesis.

When the glycogen reserves are full, additional
excess energy from carbohydrates, fat, or protein is
stored as fat in adipose tissue. Lipogenesis is the build-
ing up of triglycerides for storage in the adipose tissue
of the body. Both glycogen and stored fat are available
for use when energy demands require it. Energy
balance and the factors that influence it are discussed
further in Chapter 6.

Excess protein intake is not “stored as muscle.” The
body uses amino acids to build functional and struc-
tural proteins as needed, and the liver maintains some
free amino acids to meet rapid needs of the body.
However, protein intake above and beyond the body’s
requirements is broken down further so that the nitro-
gen unit is removed, and the remaining carbon chain
can be converted to glucose or fat for storage. The
conversion of amino acids to glucose is referred to as
gluconeogenesis.

Although alcohol is not a nutrient, it does provide
7 kcal/g. Therefore, alcohol intake adds to the overall
supply of energy (see the For Further Focus box, “What
About Alcohol?”).

ERRORS IN DIGESTION AND METABOLISM
THE GENETIC DEFECT

Certain food intolerances stem from underlying genetic
disease. For each genetic disease involving metabo-
lism, the necessary enzyme that controls the cell’s use
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of a specific nutrient is missing, thereby preventing
normal nutrient metabolism. Three examples of genetic
defects are phenylketonuria (PKU), galactosemia, and
glycogen storage diseases.

Phenylketonuria

Phenylalanine hydroxylase is the enzyme that is
responsible for metabolizing the essential amino acid
phenylalanine. PKU is an autosomal recessive genetic
disorder that results when phenylalanine hydroxylase
is not produced by the body. Although the disease
is not curable, it is treatable through diet. If left
untreated, this condition causes permanent mental
retardation and central nervous system damage. Other
possible symptoms and side effects include irritability,
hyperactivity, convulsive seizures, and psychiatric
disorders.

PKU affects approximately 1 in every 10,000 to
15,000 live births in the United States. Screening tests
began during the 1960s, and they are now mandatory
at birth in all areas of the United States. A simple blood
test can identify affected infants, and thus treatment
can start immediately. With proper treatment, children
with PKU grow normally and have healthy lives. The
treatment is a low-phenylalanine diet of special formu-
las and low-protein food products for life (see also
the Drug-Nutrient Interaction box titled “Aspartame
and Phenylketonuria” in Chapter 4). Unfortunately,
the prescribed diet is somewhat unpalatable, and life-
long adherence is low. Intensive family counseling by
a metabolic team is needed. Research into cell-directed
therapy and more permanent treatment guidelines is
ongoing.”"

Galactosemia
Galactosemia is a genetic disease that affects carbohy-
drate metabolism and that also results from a missing
enzyme. Similar to PKU, galactosemia is an auto-
somal recessive disorder; it affects 1 in every 10,000
to 30,000 live births. The missing enzyme, galactose-
1-phosphate uridyltransferase, is one that converts
galactose to glucose. Because galactose comes from
the breakdown of lactose (milk sugar), all sources of
lactose in the diet must be eliminated. When it is not
treated, galactosemia causes brain and liver damage.
Newborn screening programs, which are required in
all states, identify affected infants.'”” If treatment begins
immediately, life-threatening damage may be avoided
and some complications may be recovered."”
Treatment is a strict galactose-free diet, with special
formulas for infants and lactose-free food guides.
The treatment diet must be followed for life. Despite
rigorous treatment, patients with galactosemia gener-
ally experience complications at some point in life such
as cognitive disability, speech problems, neurologic
and/or movement disorders, and ovarian dysfunction
for women. Currently there is no globally accepted
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DOES ALCOHOL PROVIDE ENERGY?

Yes. Alcohol contributes to the overall energy intake in the form
of calories. Alcohol yields 7 kcal/g. This is more than both
carbohydrates and protein, which yield 4 kcal/g each.

IS ALCOHOL A NUTRIENT?

No. Unlike carbohydrates, fats, proteins, vitamins, minerals,
and water, alcohol performs no essential function in the body.
Alcohol is not stored in the body, but the by-products of
metabolism can accumulate to toxic amounts when alcohol is
consumed in large quantities.

HOW IS ALCOHOL DIGESTED?

About 85% to 95% of alcohol is absorbed without any chemi-
cal digestion. Alcohol is one of the few substances that can
be absorbed directly into the circulation from the stomach.
Small amounts of alcohol can enter the blood circulation from
the mouth and the esophagus. What is not absorbed in the
stomach is absorbed in the small intestine and sent directly to
the liver for detoxification and metabolism.

HOW IS ALCOHOL METABOLIZED?

Alcohol metabolism takes precedence over the metabolism of
any other nutrient in the body because it is a toxin to the liver.
The primary by-product of alcohol metabolism is acetalde-
hyde, which is the culprit for the destruction of healthy tissue
that is associated with alcoholism. After detoxifying the alcohol,
the liver uses remaining by-products to produce fatty acids.

Fatty acids are combined with glycerol through lipogenesis to
form triglycerides, and they are stored in the liver. A single
drinking binge can result in an accumulation of fat in the liver.
Repeated episodes over time can lead to fatty liver disease,
which is the first stage of alcoholic liver disease.

Alcohol metabolism is a priority for the liver. Blood alcohol
concentrations peak at approximately 30 to 45 minutes after
one drink, which is defined as 12 oz of beer, 5 oz of wine, or
1.5 oz of 80-proof distilled spirits. The liver can only work at a
designated speed to metabolize and rid the body of alcohol,
regardless of how much has been consumed. When con-
sumption exceeds the rate of metabolism, alcohol and its
metabolites begin to accumulate in the blood and circulate
throughout the body.

Several factors influence an individual’s ability to metabolize
alcohol, including gender, food intake, body weight, sex hor-
mones, and medications.

MORE INFORMATION

To find out more about alcohol and its dangers, benefits, and

associated diseases, refer to the following websites:

e Mayo Clinic: site search for alcohol: www.mayoclinic.org

¢ Alcoholics Anonymous: www.aa.org

e The National Council on Alcoholism and Drug
Dependence: www.ncadd.org

e National Institute on Alcohol Abuse and Alcoholism:
www.niaaa.nih.gov

treatment protocol that is successful in avoiding all
complications."

Glycogen Storage Diseases

Glycogen storage diseases (GSDs) are a group of rare
genetic defects that inhibit the normal metabolic path-
ways of glycogen. This disease occurs in 1 of every
20,000 to 40,000 live births in the United States.'”
Twelve distinct forms of GSD result from the absence
of the enzymes that are required for the synthesis or
breakdown of glycogen. The specific form of GSD is
distinguished by the enzyme that is missing and the
tissue affected. The liver is the primary site of glycogen
metabolism; therefore, hepatic forms of GSD (e.g., von
Gierke’s disease or type I glycogenosis) affect the
glucose availability of the whole body. Myopathic
forms of GSD inhibit normal glycogen metabolism in
the striated muscles, and they are less severe than
hepatic forms. An example of a myopathic form is
McArdle’s disease (i.e., type V glycogenosis).

The focus of dietary treatment for patients with
GSD is to avoid hypoglycemia through a balanced
carbohydrate diet. Because the patients are not able
to utilize stored glycogen for blood glucose balance
during periods of fasting (e.g., overnight, between

meals), a constant and steady intake of available
glucose is imperative for cell function throughout
the body.

OTHER INTOLERANCES OR ALLERGIES

Other problems with digestion and metabolism are the
result of food intolerances or allergies. An example of
an error in digestion is lactose intolerance, which
results from the inability to digest lactose.

Lactose Intolerance

A deficiency of any one of the disaccharidases (i.e.,
lactase, sucrase, or maltase) in the small intestine may
produce a wide range of GI problems and abdominal
pain because the specific sugar involved cannot be
digested (see Chapter 2). Lactose intolerance is the
most common, and it presents as varying degrees of
intolerance. With this condition, there is insufficient
lactase to break down the milk sugar lactose; thus,
lactose accumulates in the intestine, causing abdomi-
nal cramping and diarrhea. Milk and all dairy prod-
ucts containing lactose are carefully avoided. Milk that
is treated with a commercial lactase product and milk
substitute products (e.g., soy, almond, rice milk) are
safe alternatives.
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Allergies

Allergies are inappropriate immune responses to sub-
stances that are not otherwise harmful. Food allergies
are not necessarily problems with digestion or metabo-
lism but can affect the gastrointestinal tract and its
normal function. One example would be celiac disease.

Putting It All Together

e Nutrients in food must be changed, released,
regrouped, and rerouted into forms that body cells
can use. The closely related activities of digestion,
absorption, and transport ensure that key nutrients are
delivered to the cells so that the multiple metabolic
tasks that sustain life can be completed.

e Mechanical digestion consists of spontaneous muscular
activity that is responsible for the initial mechanical
breakdown by mastication and the movement of the
food mass along the Gl tract by motions such as
peristalsis.

e Chemical digestion involves enzymatic action that
breaks food down into progressively smaller
components and then releases its nutrients for
absorption.

e Absorption involves the passage of nutrients from the
intestines into the mucosal lining of the intestinal wall. It
primarily occurs in the small intestine as a result of the
work of highly efficient intestinal wall structures that
increase the absorbent surface area.

e Nutrients that are absorbed are then transported
throughout the body by the blood circulation.

¢ The energy-yielding nutrients that we eat are converted
into ATP through the cycles of metabolism. Metabolism
is the sum of the body processes that change food
energy from the macronutrients into various forms of
body energy. Metabolism is a balance of both anabolic
and catabolic reactions.

e Genetic diseases of metabolism result from missing
enzymes that control the metabolism of specific
nutrients. Special diets in each case limit or eliminate
the particular nutrient involved.

Chapter Review Questions

See answers in Appendix A.

1. If you chew a piece of bread in the mouth for a long
time, it begins to taste sweet because of the action of
the enzyme:

a. Pepsin.
b. Mucus.
c. Amylase.
d. Lipase.

Celiac disease is an allergy to the proteins known
as gluten. The response is a cellular destruction of
the GI tract lining. As a result, digestion of all nutrients
is negatively affected. Issues that are specific to GI
disorders and allergies are covered in more detail in
Chapter 18.

2. An example of mechanical digestion is:
a. Mastication.
b. Amylase secretion.
c¢. Active transport.
d. Simple diffusion.

3. A 45-year-old female is considering eating 2 }; times the
recommended protein for her body in order to build
more lean muscle. What would you suggest?

a. Encourage her to proceed since the extra protein
will build more muscle.

b. Explain to her that excess protein intake is broken
down and used for energy if needed or stored as fat.

c. Explain that the extra protein intake will build muscle
as long as she increases calorie intake as well.

d. Encourage her to eat more fruit and vegetables
rather than protein, to build muscle mass.

4. A 23 year old who is admitted to the hospital from
hypothermia and starvation would most likely be in a
state of upon admission.

a. Catabolism.
b. Anabolism.

c. Glycogenesis.
d. Lipogenesis.

5. A patient who has a large surgical resection of the
small intestine would most likely have difficulty with:
a. Absorbing water.
b. Secreting pepsin.
c¢. Digesting food.
d. Producing chyme.

Additional Learning Resources

evolve http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.
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Energy Balance

Key Concepts

e Food energy is changed into energy the body can use to
do work.

e The body uses most of its energy supply for basal
metabolic needs.

chapter

¢ A balance between the intake of food energy and the
output of body work maintains life and health.

e States of being underweight and overweight reflect
degrees of energy imbalance.

Our efficient bodies constantly convert energy from
food into the energy that is used for work and activity.
Fuel is used or stored according to intake and output
demands. This chapter looks at the big picture
of energy balance among all of the energy-yielding
nutrients and demonstrates how energy intake is mea-
sured, cycled, and used to meet the body’s energy
demands.

HUMAN ENERGY SYSTEM

ENERGY NEEDS

The body needs constant energy to do the work that is
necessary for maintenance of life and health. Both vol-
untary and involuntary actions require energy.

Involuntary Body Work

The greatest use of energy in the body is the result of
involuntary work, which includes all of the activities
that are not consciously performed. These activities
consist of such vital processes as circulation, respira-
tion, digestion, and absorption as well as many other
internal activities that maintain life. Involuntary body
functions require energy in various forms, such as
chemical energy (in many metabolic products), electri-
cal energy (in brain and nerve activities), mechanical
energy (in muscle contraction), and thermal (i.e., heat)
energy to maintain body temperature.

Voluntary Work and Exercise

Voluntary work includes all of the actions related to a
person’s conscious activities of daily living and physi-
cal activity. Although it may seem like we burn more
calories performing these intentional actions through-
out the day that usually is not the case.

MEASUREMENT OF ENERGY

In common usage, the word calorie refers to the amount
of energy in food or the amount that is expended in
physical actions. However, in human nutrition, the

term kilocalorie (i.e., 1000 calories) is used to designate
the large calorie unit that is used in nutrition science
to avoid dealing with too many zeros. A kilocalorie,
which is abbreviated as kcalorie or kcal, is the amount
of heat that is necessary to raise 1 kg of water 1° C.
When referring to body or food energy, we will always
refer to the kcal in this text. Most people do not realize
that there is a difference between a calorie and a kilo-
calorie. The terms are used interchangeably in common
language but should never be confused in the scientific
literature.

The international unit of measure for energy is the
joule (J). To convert kilocalories (kcal) into kilojoules
(kJ), multiply the number of kilocalories by 4.184 (e.g.,
200 kcal x 4.184 = 836.8 kJ). Nutrition facts labels on
food products in most of the world express energy in
units of kilojoules instead of kilocalories.

FOOD AS FUEL FOR ENERGY

Energy that is needed for voluntary and involuntary
body work is in the form of adenosine triphosphate
(ATP). ATP is a metabolic end product of the energy-
yielding foods consumed (see Figure 5-10). The body
must have an adequate supply of fuel to balance
energy demands for healthy weight maintenance. As
explained earlier in this book, the only three energy-
yielding nutrients are the macronutrients carbohy-
drate, fat, and protein. Carbohydrates are the body’s
primary fuel, with fat assisting as a storage fuel. Protein
is used for energy only when other fuel sources are not
available.

calorie a measure of heat; the energy necessary to do
work is measured as the amount of heat produced
by the body’s work; the energy value of a food is
expressed as the number of kilocalories that a
specified portion of the food will yield when it is
oxidized in the body.

7
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Fuel Factors

Fuel factors reflect the quantity of ATP units that will
be provided to the body after metabolism of each
energy-yielding substance. This may also be referred
to as energy density (see Chapter 5). Note that the term
substance was used instead of energy-yielding nutri-
ents. That is because ethanol (i.e., beverage alcohol
from fermented grains and fruits) also supplies energy
but is not a nutrient. The fuel factors are as follows:
carbohydrate, 4 kcal/g; fat, 9 kcal/g; protein, 4 kcal/g;
and alcohol, 7 kcal/g.

Energy and Nutrient Density
The term density refers to the degree of concentrated
material in a given substance. More material in a
smaller volume of a given substance increases the
density. Thus, the concept of energy density refers to a
high concentration of energy (i.e., kilocalories) in a
small amount of food. Of the three energy-yielding
nutrients, foods that are high in fat have the highest
energy density. Similarly, foods may be evaluated in
terms of their nutrient density. A food with a high nutri-
ent density means that it has a relatively high concen-
tration of vitamins and minerals in a smaller volume
of a given food. Some foods are both energy and nutri-
ent dense, which means that they provide a lot of both
kilocalories and micronutrients. Foods that are referred
to as empty calories are the direct opposite of a nutrient
dense food.
Examples of foods that would fit into each cate-
gory are:
* Energy dense: butter, oil, French fries, fried meats
(e.g., fried chicken), ice cream
* Nutrient dense: vegetables, fruits, legumes, whole
grains, lean protein (e.g., non-fatty fish, white chick-
en), and low-fat dairy/dairy-substitute products
* Energy and nutrient dense: avocados, cheese, seeds
(e.g., sunflower seeds), nuts, nut butters (e.g., peanut
butter, almond butter)
* Empty calories: soda, pastries, donuts, cakes, sugary
drinks
Food guides such as MyPlate and the Dietary
Guidelines for Americans (see Figures 1-3 and 1-4) rec-
ommend foods that are nutrient dense as opposed to
only energy dense.

ENERGY BALANCE

Energy—Ilike matter—is neither created nor destroyed.
When we refer to energy as “being produced,” it really
means that it is transformed (i.e., changed in form and
cycled through a system). Consider the human energy
system as part of the total energy system on Earth.
In this sense, two energy systems support life—one
within the body and the much larger one surrounding
us—as follows:
1. External energy cycle: In the environment, the ulti-
mate source of energy is the sun and its vast nuclear

reactions. With the use of water and carbon dioxide
as raw materials, plants transform the sun’s radia-
tion into stored energy (mainly carbohydrate with
some fat and protein). The food chain continues as
animals eat plants and the products of other animals
(e.g., meat, milk, eggs).

2. Internal energy cycle: When people eat plant and
animal foods, the stored energy of the food changes
into body fuels (i.e., glucose and fatty acids) to meet
the energy needs within the body. Voluntary and
involuntary actions of the body require energy in
many forms, such as chemical, electrical, mechani-
cal, and thermal energy. As this internal energy
cycle continues, water is excreted, carbon dioxide is
exhaled, and heat is radiated, thereby returning
these end products to the external environment. The
overall energy cycle continually repeats itself to
sustain life.

ENERGY INTAKE

The total overall energy balance within the body
depends on the energy intake in relation to the energy
output. The main source of energy for all body work
is food and caloric drinks, and this is supplemented
with stored energy in the body tissues.

Estimating Dietary Energy Intake

Personal energy intake can be estimated by recording
a day’s actual food consumption and calculating
its energy value. Nutritrac, which is the nutrition
analysis program that is available on the Evolve
website for this book (see the front matter for instruc-
tions and details), is an excellent tool for evaluating
energy intake as well as several other components
of an individual’s diet (e.g., vitamins, minerals, fat,
carbohydrates, sugar, protein). SuperTracker (www
supertracker.usda.gov) is another free software tool
that is available through the Internet and that can be
used to assess energy intake. SuperTracker may also
be used to estimate energy output through physical
activity and basal energy expenditure. The accuracy
of both programs depends on the precision of the
food consumption and physical activity recorded and
entered into the program by the user.

Stored Energy

When food is not available, such as during sleep,
longer periods of fasting, or the extreme stress of star-
vation, the body draws from its stored energy.

basal energy expenditure (BEE) the amount of energy
(in keal) needed by the body for the maintenance of
life when a person is at complete digestive, physical,
mental, thermal, and emotional rest (i.e., 10 to 12
hours after eating and 12 to 18 hours after physical
activity); measured immediately upon waking. Also
referred to as basal metabolic rate (BMR).


http://www.supertracker.usda.gov
http://www.supertracker.usda.gov

Glycogen. In awell-nourished person, there is a 12- to
48-hour reserve of glycogen in the liver and muscles.
This supply is quickly depleted if it is not replenished
by daily food intake. For example, glycogen stores
maintain normal blood glucose levels during sleep.
The first meal, breakfast (which is so named because
it “breaks the fast”), has a significant function for
energy intake.

Adipose tissue. Although the amount of fat storage is
larger than that of glycogen storage, the supply varies
among persons. As an additional energy resource,
stored fat provides more kilocalories per gram than
any other fuel source.

Muscle mass. Energy derived from protein may be
elicited from muscle mass. However, this lean tissue
serves important structural functions, and it is ideally
not sacrificed for energy use. Only during longer
periods of fasting or starvation does the body turn to
this tissue for energy.

ENERGY OUTPUT

The necessary activities to sustain life—normal body
functions, the regulation of body temperature, and
the processes of tissue growth and repair—use energy
from food and body reserves. The sum of the total
chemical changes that occur during all of these activi-
ties is called metabolism (see Chapter 5). The following
three demands for energy determine the body’s total
energy requirements: (1) basal energy expenditure; (2)
physical activity; and (3) the thermic effect of food.

Basal Energy Expenditure

The term basal energy expenditure (BEE) or basal meta-
bolic rate (BMR) refers to the sum of all internal
working activities of the body while at total rest; it is
expressed in kilocalories per day. For example, if an
individual’s BEE is 1500 kcal, that would represent the
amount of energy that this particular person would
need to consume, on average, over a 24-hour period to
maintain his or her current weight while at complete
rest. Sometimes the terms BEE and resting energy
expenditure (REE) are used interchangeably. However,
a technical difference exists between BEE and REE.
BEE must be measured when an individual is at
absolute digestive, physical, mental, thermal, and
emotional rest. Maintaining the stringent conditions

thermic effect of food an increase in energy expenditure
caused by the activities of digestion, absorption,
transport, and metabolism of ingested food; a meal that
consists of a usual mixture of carbohydrates, protein,
and fat increases the energy expenditure equivalent to
approximately 10% of the food’s energy content (e.g.,
a 300-kcal piece of pizza would elicit an energy
expenditure of 30 kcal to digest the food).
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required to measure a true BEE is rather difficult;
therefore, measurements are most often expressed as
REE. The REE is up to 10% higher than a true BEE
measurement.'’

For the average person, 60% to 75% of their total
energy expenditure (TEE) will be used to meet basal
energy demands. And the vast majority of that energy
is used by a few small but highly active organs. The
combined weight of the brain, heart, liver, and kidneys
equals only 5% to 6% of an adult’s total body weight.
But these highly active organs account for 60% to 70%
of the body’s REE for the day. Thus, the size of highly
metabolically active organs and tissues accounts for
the majority of individual variability for REE and total
energy needs.” There are many methods available for
predicting a person’s REE based on body size and the
size of individual organs of high metabolic activity.
The evolution of these formulas has been ongoing for
more than a century.’

Measuring basal energy expenditure or resting
energy expenditure. A measure of BEE or REE is
sometimes made in clinical practice (e.g., hospital
patients with altered metabolism,””” athletes, research
laboratories) with the use of indirect calorimetry. This
method measures the amount of energy that a person
uses while at rest. A portable metabolic cart allows
the person to breathe into an attached mouthpiece or
ventilated hood system while lying down, and the
normal exchange of oxygen and carbon dioxide is
measured (Figure 6-1). The metabolic rate can be

FIGURE 6-1 Measuring resting metabolic rate with a metabolic cart.
(Courtesy Susie Parker-Simmons, United States Olympic Committee.)

resting energy expenditure (REE) the amount of energy
(in keals) needed by the body for the maintenance of
life at rest over a 24-hour period; this is often used
interchangeably with the term basal energy expenditure,
but in actuality it is slightly higher as the protocol for
measurement does not put the person at complete rest.
Also referred to as resting metabolic rate (RMR).
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calculated with a high degree of accuracy from the rate
of gas exchange.

The MedGem and BodyGem (Microlife USA,
Clearwater, FL) products are alternative, reliable
methods for determining REE with fast and portable
devices (Figure 6-2).”" Both devices are hand-held and
come with disposable mouthpieces and nose clips. The
individual being tested holds the device while breath-
ing exclusively into the mouthpiece. Unlike the meta-
bolic cart that measures oxygen and carbon dioxide
exchange, the MedGem and BodyGem devices measure
only oxygen consumption to determine an individu-
al’'s REE. The device then predicts REE by using a
modified Weir equation with a constant respiratory
quotient of 0.85.

Predicting basal energy expenditure or resting
energy expenditure. A rudimentary formula for cal-
culating basal energy needs is to multiply 0.9 or 1 kcal/
kg body weight by the number of hours in a day. Thus,
examples of how the daily basal metabolic needs (in
kilocalories) would be calculated for men and women
are as follows:

For a 154-Ib man:

1 kcal x kg body weight x 24 hours
(1) Convert pounds to kilograms: 154 1b+2.2 =70 kg
(2) 1kcal x70 kg x 24 hr = 1680 kcal /24 hr

FIGURE 6-2 (A) MedGem and (B) BodyGem devices, which are
used to determine the resting metabolic rate. (Courtesy Microlife
USA, Dunedin, FL.)

For a 121-1b woman:

0.9 kcal xkg body weight x 24 hours
(1) Convert pounds to kilograms:1211b+2.2=55kg
(2) 0.9 kcal x55 kg x 24 hr =1188 kcal /24 hr

Obviously, this simple equation does not take into
account age, height, activity level, fitness, or any other
factor that would alter energy needs. This formula is
useful in determining the energy needs of groups of
people to get an overall estimate. For example, if we
have a group of individuals going on a backpacking
trip and need to determine how much food to take, we
could start with this formula. Using the average weight
of the group members for the formula, plus additional
kilocalories added for activity levels, we could esti-
mate how many kilocalories should be available per
person per day. By multiplying that number by the
number of people in the group and the number of days
for the trip, we could have an approximate estimate of
the number of kilocalories the group would need to
transport. It is not precise enough to use in a clinical
setting or for specific individual needs.

The Mifflin-St. Jeor equations, the Harris-Benedict
equations, and the equations that were used for the
2002 Dietary Reference Intake values provide an alter-
nate method of estimating the REE or BEE that is more
specific to the individual (Box 6-1). Of these equations,
studies found the Mifflin-St. Jeor equation to give the
most reliable REE measurement.'> However, such for-
mulas are not reliable for some patients because of
disease state, age (at either end of the spectrum), or
obesity status. Therefore, indirect calorimetry mea-
surements are the only accurate methods for reliably
calculating energy needs for these patients.”

In addition, thyroid function tests may be used as
an indicator of BEE because the thyroid hormone plays
a significant role in regulating metabolism. Thyroid
function tests can measure the activity of the thyroid
gland, serum thyroxine levels, thyroid-stimulating
hormone levels, serum protein-bound iodine levels,
and radioactive iodine uptake levels. Iodine’s basic
function is in the synthesis of the prohormone thyrox-
ine. Such tests are not associated with a kilocalorie
amount in terms of total energy needs. However, they
can be used as a gauge of normal metabolic function.
Abnormal results require the attention of a physician
for treatment.

Factors that influence basal energy expenditure.
Several factors influence the BEE and should be kept
in mind when related test results are interpreted. In
addition to the influence from the highly metaboli-
cally active organs of the body, other major factors

thyroxine (T,) thyroid prohormone; the active hormone
form is Tj; it is the major controller of basal metabolic
rate.



Equations for Estimating Resting Energy Needs
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MIFFLIN-ST. JEOR'
Men
TEE (kcal/day) = (10 x weight [kg] + 6.25 x height [cm]
— 5 x age [yr] + 5) x PA*
Women
TEE (kcal/day) = (10 x weight [kg] + 6.25 x height [cm]
— 5 x age [yr] — 161) x PA*

HARRIS-BENEDICT?
Men
TEE (kcal/day) = (66.47 + 5 x Height [cm] + 13.75 x
Weight [kg] — 6.755 x Age) x PA*
Women
TEE (kcal/day) = (655.1 + 1.85 x Height [cm] + 9.56 x
Weight [kg] — 4.676 x Age) x PA*
“PA Coefficient for Men and Women Applicable to Both
Mifflin-St. Jeor and Harris-Benedict Equations
1.200 = Sedentary (little or no exercise; desk job)
1.375 = Lightly active (light exercise/sports 1 to
3 days/wk)
1.550 = Moderately active (moderate exercise/sports
3 to 5 days/wk)
1.725 = Heavy exercise (hard exercise/sports 6 to
7 days/wkK)

2002 DIETARY REFERENCE INTAKE ENERGY CALCULATION**
EER = TEE + Energy deposition
Children 0 to 36 Months Old
0 to 3 months: (89 x Weight [kg] — 100) + 175 kcal
4 to 6 months: (89 x Weight [kg] — 100) + 56 kcal
7 to 12 months: (89 x Weight [kg] — 100) + 22 kcal
13 to 36 months: (89 x Weight [kg] — 100) + 20 kcal
Boys 3 to 8 Years Old
EER = 88.5 — (61.9 x Age [yr]) + PA x (26.7 x Weight
[kg] + 903 x Height [m]) + 20 kcal
Boys 9 to 18 Years Old
EER = 88.5 — (61.9 x Age [yr]) + PA x (26.7 x Weight
[kg] + 903 x Height [m]) + 25 kcal
PA Coefficient Used for Boys 3 to 18 Years Old
1.00 if PAL is estimated to be >1.0 but <1.4 (sedentary)
1.13 if PAL is estimated to be >1.4 but <1.6 (low active)

1.26 if PAL is estimated to be >1.6 but <1.9 (active)
1.42 if PAL is estimated to be >1.9 but <2.5 (very active)
Girls 3 to 8 Years Old
EER = 135.3 — (30.8 x Age [yr]) + PA x (10.0 x Weight
[kg] + 934 x Height [m]) + 20 kcal
Girls 9 to 18 Years Old
EER = 135.3 — (30.8 x Age [yr]) + PA x (10.0 x Weight
[kg] + 934 x Height [m]) + 25 kcal
PA Coefficient Used for Girls 3 to 18 Years Old
1.00 if PAL is estimated to be >1.0 but <1.4 (sedentary)
1.16 if PAL is estimated to be >1.4 but <1.6 (low active)
1.31 if PAL is estimated to be >1.6 but <1.9 (active)
1.56 if PAL is estimated to be >1.9 but <2.5 (very active)
Men 19 Years Old and Older
EER = 662 — (9.53 x Age [yr]) + PA x (15.91 x Weight
[kg] + 539.6 x Height [m])
PA Coefficient for Men 19 Years and Older
1.00 if PAL is estimated to be >1.0 but <1.4 (sedentary)
1.11 if PAL is estimated to be >1.4 but <1.6 (low active)
1.25 if PAL is estimated to be >1.6 but <1.9 (active)
1.48 if PAL is estimated to be >1.9 but <2.5 (very active)
Women 19 Years Old and Older
EER = 354 — (6.91 x Age [yr]) + PA x (9.36 x Weight
[kg] + 726 x Height [m])
PA Coefficient for Women 19 Years and Older
1.00 if PAL is estimated to be >1.0 but <1.4 (sedentary)
1.12 if PAL is estimated to be >1.4 but <1.6 (low active)
1.27 if PAL is estimated to be >1.6 but <1.9 (active)
1.45 if PAL is estimated to be >1.9 but <2.5 (very
active)
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EER, Estimated energy requirement; PA, physical activity; PAL, physical activity level; TEE, total energy expenditure.
*Each age-specific and gender-specific equation for the 2002 Dietary Reference Intake Energy Calculations has a specific set of PA coefficients. Make sure to use

the PA coefficients associated with the specific equation used.

that affect BEE are lean body mass, growth periods,

body temperature, hormonal status, and disease state

as follows:

* Lean body mass: Lean body mass includes muscles,
bones, connective tissue such as ligaments and
tendons, and internal organs. One of the largest con-
tributors to overall metabolic rate is the relative
percent of lean body mass."”"* The more lean body
mass a person has, the higher the person’s BEE.
This is caused by the greater metabolic activity that
occurs in lean tissues (i.e., muscles and organs) as
compared with adipose tissue. Other factors (e.g.,
sex, age) are thought to primarily influence the met-
abolic rate as they relate to the lean body mass."”

However, while lean body mass decreases with
advanced age, lowered metabolic rate in the elderly
population is not entirely explained by changes in
body composition.”"® In other words, the metabolic
rate in the elderly is slower than would be expected
according to the amount of their lean tissue. This
indicates that the tissue-specific metabolic rate of
the lean tissue may also slow with age."”

* Growth periods: During rapid growth periods,
human growth hormone stimulates cell regenera-
tion and raises BEE to support anabolic metabolism.
Thus, growth spurts during childhood and adoles-
cence reflect periods of elevated BEE and energy
needs per kilogram of body weight. As growth and




the rate of cellular regeneration slow with age, so
does BEE. BEE rises significantly during pregnancy,
which is a period of rapid growth that requires
an additional 340 to 450 kcal/day on average.'
However, this value is highly variable among
women, and it is correlated with total weight gain
and prepregnancy percentage of body fat. BEE
increases above prepregnancy rates with the pro-
gression of pregnancy; average increases with each
trimester are 4.5%, 10.8%, and 24%, respectively."
Body temperature: The body’s energy expenditure
is significantly altered in response to changes in
body temperature. Fever increases BEE by approxi-
mately 7% for each 1° F rise above normal body
temperature. In states of starvation and malnutri-
tion, the process of adaptive thermogenesis results
in lowered heat production to conserve energy and
thus BEE decreases. It has been speculated that a
lower core body temperature may be a contributing
factor to the efficiency of storing fat in preobese
individuals."” In cold weather, especially in freezing
temperatures, BEE rises in response to the genera-
tion of more body heat to maintain normal core
temperature.

Hormonal status: Energy expenditure is also influ-
enced by hormonal secretions. As previously men-
tioned, thyroid hormone plays a significant role
in regulating metabolism. Individuals with an
underactive thyroid gland may develop hypothy-
roidism, which results in a decreased metabolic
rate. Hypothyroidism is treated with medication
(see the Drug-Nutrient Interaction box “Absorption
of Levothyroxine” for more information about
hypothyroid medication interactions). Conversely,
hyperthyroidism occurs when the thyroid gland is
overactive (see the Cultural Considerations box
“Hypermetabolism and Hypometabolism: What
Are They and Who Is at Risk?”). The fight-or-flight
reflexes increase metabolic rate in response to the
hormone epinephrine. Growth hormone increases
metabolism; alternately, a deficiency of normal
growth hormone secretions attenuates the meta-
bolic rate and has recently been linked to obesity.”
Other hormones (e.g., insulin, cortisol) also increase
metabolism, and they may fluctuate daily.

Disease state: The presence of disease may alter a
patient’s total energy expenditure. Depending on
the disease, the BEE may be increased or decreased.
The best method for obtaining accurate estimates of
BEE in such patients is to use direct or indirect calo-
rimetry measurements.”

adaptive thermogenesis an adjustment to heat
production in response to changing environmental
influences (e.g., external temperature, diet).
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Absorption of Levothyroxine
KELLI BOI

Levothyroxine (Synthroid) is a synthetic hormone that is pre-

scribed to treat hypothyroidism and to regulate energy balance.

It is absorbed primarily in the jejunum and ileum of the small

intestine. Many nutritional factors affect the absorption of the

drug':

e Levothyroxine absorption is maximized in an empty
stomach, which suggests the importance of gastric acid.
The presence of food will delay or prevent the drug’s
absorption.

e Dietary fiber reduces the bioavailability of levothyroxine by
binding to the drug and causing it to be eliminated.

e (Calcium and iron supplements and soy products interfere
with the drug’s absorption and reduce its bioavailability.

e Gastrointestinal disorders (celiac disease, lactose intoler-
ance, Helicobacter pylori infection, bowel resection, inflam-
matory bowel disease, and chronic gastritis) all affect the
absorptive ability of the digestive system and consequently
interfere with the absorption of the drug.

A consistent medication and eating schedule is imperative
for normalization of the thyroid hormones through levothyrox-
ine treatment. Levothyroxine should be taken at least 1 hour
before or 2 hours after a meal, especially a meal that is high
in fiber. Levothyroxine should be taken at least 4 hours before
consuming soy products or before taking calcium or iron sup-
plements (however, normal amounts of these minerals in foods
do not seem to pose a problem).

The prevalence of celiac disease is higher among patients
with autoimmune thyroid disorders.® When a patient has celiac
disease or lactose intolerance, drug absorption does not
improve sufficiently with higher doses of the drug until dietary
restrictions for the disorder are followed.?
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Physical Activity
The exercise that is involved in work or recreation
accounts for wide individual variations in energy
output (see Chapter 16). In addition to increasing
energy expenditure and reducing the risk of chronic
diseases, exercise has positive effects on both physical
and mental quality of life.”"* Table 6-1 gives some rep-
resentative kilocalorie expenditures of different types
of work and recreation. Although mental work or
study does not require additional kilocalories, muscle
tension, restlessness, and agitated movements may
slightly increase energy needs for some individuals.
The energy expenditure that is used for physical
activity goes above and beyond the BEE. Keeping track
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Hypermetabolism and Hypometabolism: What Are They and Who Is at Risk?

Hypermetabolism and hypometabolism are conditions in which
the metabolic rate is either significantly higher (hyper) or lower
(hypo) than normal. Because the thyroid gland is responsible
for producing the hormone thyroxine, which controls the meta-
bolic rate, such conditions usually result from malfunctions of
the thyroid gland. Clinically, hypermetabolism and hypome-
tabolism involving the thyroid gland are referred to as hyper-
thyroidism and hypothyroidism, respectively.

An individual with hyperthyroidism has a significantly higher
metabolic rate and higher energy needs than normal. Such
increases in energy needs are not explained by lean tissue,
age, or gender. This individual has an overactive thyroid gland,
which means that he or she produces too much thyroxine. As
a result, the normal energy intake recommendations do not
meet this patient’s needs. For example, a woman who is 25
years old, 5 feet and 5 inches tall, and weighs 125 Ib normally
needs approximately 2200 kcal/day to maintain her weight if
she engages in a moderate level of activity. However, the same
woman with hyperthyroidism may need 1.5 to 2.5 times as
many kilocalories per day to maintain her current weight.

Hypothyroidism is the opposite of hyperthyroidism. Indi-
viduals with hypothyroidism do not produce enough thyroxine
for their body size and therefore require less energy than
normal to maintain their current body weight. The Dietary
Reference Intakes for energy for a patient with hypothyroidism
are too high and would result in weight gain. However, effective
medications are available for hypothyroidism. Typically, both
hyperthyroidism and hypothyroidism are discovered during
young adulthood.

Congenital hypothyroidism (CH), which occurs in 4 out of
every 10,000 live births in the United States, is a type of hypo-
thyroidism that is present at birth and that can result in mental
retardation if it is not treated. Newborn screening for CH began
during the 1970s and is now standard. Studies have found
that the risk of CH is linked to birth weight, gender, and ethnic-
ity and is common in infants with birth defects such as

congenital heart disease.' Both male and female infants who
weigh less than 4.5 Ib or more than 10 Ib have a significantly
higher risk of developing CH. Females of any weight have 50%
more risk than males. The incidence rate of CH in the United
States is twice as high in Hispanic newborns and 44% higher
in Asian and Native Hawaiian or other Pacific Islander new-
borns as compared with Caucasian newborns; it is 30% lower
in African-American newborns as compared with Caucasian
newborns.? Improved methods and frequency of testing in the
past decade have drastically increased the number of diag-
nosed and treated cases in the United States.**

Another risk factor for the development of abnormal thyroid
function and, thus, abnormal metabolism is iodine intake. The
mineral iodine is an important part of the thyroid hormone
thyroxine. The incidence of hyperthyroidism and hypothyroid-
ism has been linked to iodine, with both high and low iodine
intakes associated with thyroid disease.®

The close monitoring of basal metabolism and total energy
expenditure is an important aspect of the treatment of thyroid
disease. Medications and energy intake are then modified to
control weight and prevent complications.
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of all energy that is used explicitly for physical activity
to calculate the total energy requirement is difficult.
Instead, the energy that is used for physical activity
can be estimated as a factor of BEE by categorizing
the physical activity (PA) level in accordance with
standard values (1.0 to 2.5, depending on lifestyle).
This factor is then multiplied by the BEE or REE. For
example, an individual who works at a desk job and
who has little or no leisure activity would have a PA
of approximately 1.2 according to the Mifflin-St. Jeor
equation. To estimate the total energy expenditure for
this individual, you would multiply the person’s BEE
by a PA factor of 1.2 (see Box 6-1).

Thermic Effect of Food

After eating, extra energy is required for the digestion,
absorption, and transportation of nutrients to the cells.
This overall stimulating effect is called the thermic effect
of food. Approximately 5% to 10% of the body’s total
energy needs for metabolism relate to the digestion

and storage of nutrients from food. Another way to
think about it is to assume that 5% to 10% of the calo-
ries in a food consumed will be used for the digestion
of that very food.

Total Energy Expenditure

A person’s TEE is comprised of the energy needs for
BEE, the physical activities of the person, and the
thermic effects of food (Figure 6-3). Total energy
requirements vary considerably between individuals.
To maintain energy balance, food energy intake must
match body energy output as an average over time. An
energy imbalance (i.e., when energy intake exceeds
energy output) can lead to weight gain (see the Clin-
ical Applications box entitled “Energy Imbalance
Over Time”). Treatment should include a decrease in
food kilocalories and an increase in physical activity.
Extreme and unhealthy weight loss (i.e., anorexia
nervosa or starvation) results when food energy intake
does not meet body energy requirements for extended
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@8 Energy Expenditure per Pound per Hour
Jell &t during Various Activities

ACTIVITY kcal/lb/hr*
Aerobics, moderate 2.95
Bicycling

Light: 10 to 11.9 mph 2.72
Moderate: 12 to 13.9 mph 3.63
Fast: 14 to 15.9 mph 4.54
Mountain biking 3.85
Daily Activities

Cleaning 1.36
Cooking 0.91
Driving a car 0.91
Eating, sitting 0.68
Gardening, general 1.81
Office work 0.82
Reading, writing while sitting 0.70
Sleeping 0.41
Shoveling snow 2.72
Running

5 mph (12 min/mile) 3.63
7 mph (8.5 min/mile) 5.22
9 mph (6.5 min/mile) 6.80
10 mph (6 min/mile) 7.26
Sports

Boxing, in ring 5.44
Field hockey 3.63
Golf 2.04
Rollerblading 4.42
Skiing, cross country, moderate 3.63
Skiing, downhill, moderate 2.72
Soccer 3.85
Swimming, moderate 3.14
Tennis, doubles 2.27
Tennis, singles 3.63
Ultimate Frisbee 3.63
\olleyball 1.81
Walking

Moderate: =3 mph (20 min/mile), level 1.50
Moderate: =3 mph (20 min/mile), uphill 2.73
Brisk: =8.5 mph (17.14 min/mile), level 1.72
Fast: =4.5 mph (13.33 min/mile), level 2.86
Weight Training

Light or moderate 1.36
Heavy or vigorous 2.72

Modified from Nieman DC. Exercise Testing and Prescription: A Health-Related
Approach. 5th ed. New York: McGraw-Hill; 2003.

*Multiply the activity factor by the weight in pounds by the fraction of hour
spent performing the activity: Example: A 150-Ib person plays soccer for 45
minutes. Therefore, the equation would be as follows: 3.85 (i.e., the factor
from the table) x 150 (Ib) x 0.75 (hr) = 433.13 calories burned. Energy
expenditure depends on the physical fitness of the individual and the
continuity of exercise.

60%-75%

[@ Basal energy expenditure (BEE)
@ Physical activity

O Thermic effect of food

FIGURE 6-3 The contributions of basal energy expenditure, physical
activity, and the thermic effect of food to total energy expenditure.

E Clinical Applications

Case Study: Energy Imbalance Over Time

You have a 32-year-old female patient with the following
anthropometric measurements:

Weight: 120 Ib  Height: 5 ft 4 in - BMI: 20.6 kg/m?

She has been keeping a diet record; and after analyzing it,
you find that her average energy intake for each meal/snack
is as follows:

Breakfast: 450 kcal

Midmorning snack: 175 kcal

Lunch: 600 kcal

Afternoon snack: 250 kcal

Dinner: 610 kcal

Evening snack: 200 kcal

Thus, her total energy intake averages 2285 kcal/day.

You calculate her basal energy needs according to the
Mifflin-St. Jeor equation and find that her BEE is 1240.5 kcal/
day. She reports a very active lifestyle. Therefore, you multiply
her BEE by a physical activity factor of 1.725. Her total energy
expenditure is: 2140 kcal/day.

You explain to your patient that she eats more kcals than
she is using in a given day; thus she has a positive energy
balance of 145 kcal/day.

QUESTIONS TO CONSIDER:

1. If she continues to consume and burn the same amount
of energy, how long will it take for her to gain a pound of
fat? (1 Ib of fat = 3500 kcal)

2. How would you recommend that she change her lifestyle
to maintain her current weight?

periods. Treatment should include a gradual increase
in food kilocalories along with moderate activity and
rest (see Chapter 15).

The Clinical Applications box entitled “Evaluate
Your Daily Energy Requirements” provides a step-by-
step example for evaluating your own energy needs.
You may also wish to record your food and activities
for a day and to calculate your energy intake (i.e.,
kilocalories) and output (i.e., kilocalorie expenditure
in activities). Because it is difficult to keep track of
what you are doing 24 hours of the day, the estimate
from this method is often quite different from the
equations for estimating REE (i.e., Mifflin-St. Jeor,



Harris Benedict). Total your day’s activity, and compare
it with the general types of similar activities given
in Table 6-1. Estimate the total time that you spent
on a given activity by adding the total minutes
that you spent on that activity at any time and then
converting those minutes to hours (or decimal frac-
tions of hours) for the day. Multiply this total time for
a given type of activity by the average kilocalories
per hour for that activity, and then add them for
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the day’s total kilocalories. Use the following basic

steps to calculate your energy expenditure for a day’s

activities:

1. Total minutes of an activity + 60 = Hours of that
activity

2. Total time (hr) x kcal/hr = Total kcal/day for that
activity

3. Total kcal/day of all activities = Total energy expen-
diture for 1 day from activities

& Clinical Applications

Evaluate Your Daily Energy Requirements

Your estimated energy requirement (in kcal) per day is the sum
of your body'’s three uses of energy, which are as follows:

1. Basal energy expenditure (also known as basal meta-

bolic rate)

2. Thermic effect of food

3. Physical activity

Let us work through a couple of these calculations together.
Then you can plug in your own values to evaluate your daily
energy requirements. For our examples, we will use the
Estimated Energy Requirement (EER) formula from the 2002
Dietary Reference Intakes. Other formulas are also available in
Box 6-1.

EER FORMULA FOR THE 2002 DIETARY REFERENCE INTAKES FOR

MEN AND WOMEN OVER 19 YEARS OF AGE:

Men 19 years old and older = 662 — (9.53 x Age [yr]) +
Physical activity (PA) x (15.91 x Weight [kg] + 539.6 x
Height [m])

Women 19 years old and older = 354 — (6.91 x Age [yr]) +
PA x (9.36 x Weight [kg] + 726 x Height [m])

PHYSICAL ACTIVITY
Abbreviated as PA (or PA coefficient) in the formula or
sometimes as PAL, meaning physical activity level. The
PA level is the ratio of the total energy expenditure to the
basal energy expenditure.

PA FACTOR PA FACTOR
LIFESTYLE FOR MEN FOR WOMEN
Sedentary: Mostly resting with little or no planned strenuous activity and only performing those tasks 1.0 1.0
that are required for independent living
Low Active: In addition to the activities of a sedentary lifestyle, the added equivalent of a 1.5- to 1.1 1.12
3-mile walk at a speed of 3 to 4 mph for the average-weight person*
Active: In addition to the activities identified for a sedentary lifestyle, an average of 60 min of daily 1.25 1.27

moderate-intensity physical activity (e.g., walking at 3 to 4 mph for 3 to 6 miles/day) or shorter
periods of more vigorous exertion (e.g., jogging for 30 min at 5.5 mph)
Very Active: In addition to the activities of a sedentary lifestyle, an activity level equivalent to walking 1.48 1.45
at 3 to 4 mph for 12 to 22 miles/day (approximately 5 to 7 hours per day) or shorter periods of
more vigorous exertion (e.g., running 7 mph for approximately 2.5 hours/day)

*For example, a man who weighs 70 kg and is 1.77 m tall and a woman who weighs 57 kg and is 1.63 m tall, on the basis of the reference body weights for adults.

Let Us Work Through Our First Example:
We have a 32-year-old woman who weighs 130 Ib (59 kg). She
is 5 feet and 4 inches tall and is maintaining a regular physical
exercise program. She is currently consuming approximately
2600 kcal/day. First we will need to convert all of her measure-
ments into metric terms:
Conversions: 1 pound = 2.2 kg; 39.37 in=1m.
Thus our patient is: 1301b + 2.2 = 59 kg; 5 ft 4 in =
64 inches + 39.37 = 1.626 m.
Now, we will insert her numbers into the formula provided
for women using an active PA coefficient:
EER =354 — (6.91 x 32 yr old) + 1.27 [PA] x (9.36 x 59 kg
+ 726 x 1.626 meters)
EER =354 — 221.12 + 1.27 x (652.24 + 1180.5)
EER = 2333.5 kcal/day
Conclusion: According to our calculations and her reported
kcal intake of 2600 kcal/day, our patient is likely to gain
weight over time. Her energy intake is approximately
266 kcal/day more than her energy output. Because
1 1b of body fat equals approximately 3500 kcal, she

could gain about 1 Ib every 13 days with her current
eating and exercise routine.
Let Us Work One More Example Patient Together:

We have a 41-year-old man who weighs 180 Ib (82 kg). He
is 6 feet tall and eats an average of 3300 kcal/day while
maintaining a very active lifestyle. Work through the cal-
culations on your own to make sure you are getting the
order of operations correct. Check your work against the
numbers below.

EER =662 — (9.53 x 41 yr old) + 1.48 [PA] x (15.91 x 82 kg
+539.6 x 1.829 m)

EER = 662 — 390.73 + 1.48 x (1304.62 + 986.93)

EER = 3663 kcal/day

Conclusion: This man will likely lose weight with his current
exercise and meal plan, because he is consuming
approximately 163 kcal less than he is expending.

Approximately how many pounds will he lose per month?

Now, calculate your own daily energy requirements and
estimate your energy balance status. Are you in energy
balance?




RECOMMENDATIONS FOR DIETARY
ENERGY INTAKE

GENERAL LIFE CYCLE

Growth Periods

During periods of rapid growth, extra energy per unit
of body weight is necessary to build new tissue (Table
6-2). The most rapid growth occurs during infancy
and adolescence, with continuous but slower growth
taking place between these periods. The rapid growth
of the fetus and the placenta as well as other maternal
tissues makes increased energy intake during preg-
nancy and lactation highly important.

Adulthood

With full adult growth achieved, energy needs level off
to meet requirements for tissue maintenance and usual
physical activities. As the aging process continues, a
gradual decline in BEE and physical activity decreases
the total energy requirement. There is an average
decline in BEE of 1% to 2% per decade (assuming
that a constant weight is maintained). A more rapid
decline occurs around 40 years of age in men and 50
years of age in women. The increase in fat mass and
accelerated loss of fat-free mass during menopause
among women are associated with a drop in BEE.**
Therefore, food choices should reflect a decline in
caloric density and place greater emphasis on increased
nutrient density.

P9 Approximate Caloric Allowances from
Jel Birth to the Age of 18 Years

AGE (yr) kcal/lb
Infants

Birth to 0.5 33.4
0.6to 1.0 35.6
Children

1to2 36.2
Boys

3to8 32
9to 13 26.3
14 to 18 24
Girls

3to8 29.7
9to 13 23.8
14 to 18 19.3

Data from the Food and Nutrition Board, Institute of Medicine. Dietary
Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol,
Protein, and Amino Acids. Washington, DC: National Academies Press; 2005.
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body mass index the body weight in kilograms divided
by the square of the height in meters (kg/m?); this
measurement correlates with body fatness and the
health risks associated with obesity.

DIETARY REFERENCE INTAKES

To determine recommendations for energy intake,
the Food and Nutrition Board of the Institute of Medi-
cine considered the average energy intake of individu-
als who were healthy, free living, and maintaining
a healthy body weight as determined by body mass
index measurements (see inside back cover of text for
body mass index chart).' Table 6-3 gives the mean total
energy expenditure throughout the lifecycle. Note the
average height, weight, body mass index, and physical
activity level within each age and gender group. The
DRIs for vitamins and minerals are set at two standard
deviations above the mean in order to meet the needs
of 97.5% of the population. However, the DRIs for
energy are set at the mean for the population so as to
not encourage overconsumption of kilocalories.

DIETARY GUIDELINES FOR AMERICANS

The Dietary Guidelines for Americans address energy

needs by making the following recommendations™:

* Choose a healthy eating pattern at an appropriate
calorie level to help achieve and maintain a healthy
body weight, support nutrient adequacy, and reduce
the risk of chronic disease.

e To meet nutrient needs within calorie limits, choose
a variety of nutrient-dense foods across and within
all food groups in recommended amounts.

* Meet nutritional needs primarily through whole
foods.

* Limit calories from added sugars and saturated
fats.

* Meet the
Americans.

Physical ~Activity Guidelines for

MYPLATE

The MyPlate website (www.choosemyplate.gov) can
help you to determine an individualized calorie level
and corresponding serving sizes from each of the food
groups to meet energy and nutrient density needs on
the basis of age, gender, weight, height, and activity
level.” The site also provides helpful information for
maintaining a balance between food intake and energy
output through physical activity.


http://www.choosemyplate.gov
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Median Height, Weight, and Recommended Energy Intake
MEAN BODY  BASAL ENERGY MEAN TOTAL ENERGY
MEAN WEIGHT  MEAN HEIGHT  MASS INDEX  EXPENDITURE MEAN PHYSICAL  EXPENDITURE
AGE (yr) (kg [Ib]) (m [in]) (kg/m?) (kcal/day) ACTIVITY LEVEL  (kcal/day)
Infants
Birth to 0.5 6.9 (15) 0.64 (25) 16.9 — — 501
0.6to 1.0 9 (20) 0.72 (28) 17.2 — — 713
Children
1to02 11 (24) 0.82 (32) 16.2 = = 869
Males
3to8 20.4 (45) 1.15 (45) 15.4 1035 1.39 1441
91013 35.8 (79) 1.44 (57) 17.2 1320 1.56 2079
14 t0 18 58.8 (130) 1.70 (67) 20.4 1729 1.80 3116
19 to 30 1 (156) 1.80 (71) 22.0 1769 1.74 3081
31 to 50 71.4 (157) 1.78 (70) 22.6 1675 1.81 3021
5110 70 0 (154) 1.74 (69) 23.0 1524 1.63 2469
71+ 68.9 (152) 1.74 (69) 22.8 1480 1.52 2238
Females
3t08 22.9 (50) 1.20 (47) 15.6 1004 1.48 1487
9to 13 36.4 (80) 1.44 (57) 17.4 1186 1.60 1907
14 t0 18 54.1 (119) 1.63 (64) 20.4 1361 1.69 2302
19 to 30 59.3 (131) 1.66 (65) 21.4 1361 1.80 2436
31 to 50 58.6 (129) 1.64 (65) 21.6 1322 1.83 2404
51 to 70 59.1 (130) 1.63 (63) 22.2 1226 1.70 2066
71+ 54.8 (121) 1.58 (62) 21.8 1183 1.33 1564
Pregnant
First trimester +0
Second and +300/day
third trimesters
Lactating
First 12 months +500/day

Data from Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and

Amino Acids. Washington, DC: National Academies Press; 2005.

Putting It All Together

e In the human energy system, food provides energy.
Energy is measured in kilocalories in the United
States. Energy from food is cycled through the body’s
internal energy system in balance with the external
environment’s energy system, which is ultimately
powered by the sun.
Metabolism is the sum of the body processes that are
involved in converting food into various forms of energy
available for use within the cells. When food is not
available, the body draws on its stored energy, which is
in the forms of glycogen, fat, and muscle protein.
e Total energy expenditure is based on the following:

(1) basal energy expenditure, which makes up the

largest portion of energy needs; (2) energy for physical
activities; and (3) the thermic effect of food.

e Energy requirements vary throughout life and are
altered in disease states.

Chapter Review Questions

See answers in Appendix A.
1. Which of the following individuals most likely has the
highest energy needs per unit of body weight?
a. 38-year-old male administrative assistant
b. 72-year-old grandmother
¢. 22-year-old college student
d. 7-month-old baby boy
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2. Which of the following serves to maintain normal blood 5. Calculate the amount of calories in 1 cup of milk that
glucose levels during sleep hours? contains 4 grams of fat, 10 grams of protein, and 15
a. Lipid stores grams of carbohydrate.
b. Protein stores a. 90 kcal
¢. Glycogen stores b. 120 kcal
d. Vitamin D stores c. 136 kcal
d. 145 kcal

3. A measure of a patient’s metabolic rate could be

determined using: v g
7, Glysamen Evas, Additional Learning Resources
b. Indirect calorimetry. e Please refer to this text’s Evolve website for

¢. Physical activity records. answers to the Case Study questions.
d. Body temperature. http://evolve.elsevier.com/Williams/basic/

4. Jenny is trying to lose weight and has decreased her
energy intake by 250 kcal per day. How long should it
take her to lose 1 Ib of body fat?

a. Approximately 8 days

b. Approximately 14 days
¢. Approximately 27 days
d. Approximately 32 days

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.


http://evolve.elsevier.com/Williams/basic/

Vitamins

Key Concepts

e Vitamins are noncaloric, essential nutrients that are
necessary for many metabolic tasks.

e Certain health problems are related to inadequate or
excessive vitamin intake.

e Vitamins occur in a wide variety of foods and are
packaged with the energy-yielding macronutrients.

chapter

e The body uses vitamins to make the coenzymes that are
required for some enzymes to function.

e The need for particular vitamin supplements depends on a
person’s vitamin status.

More than any other group of nutrients, vitamins have
captured public interest and concern. This chapter
answers some of the questions about vitamins: What
do they do? How much of each vitamin does the
human body need? What foods do they come from?
Do we need to take dietary supplements? The scientific
study of nutrition, on which the Dietary Reference
Intake (DRI) guidelines are based, continues to expand
the body of nutrition knowledge. Thus, the answers to
these questions have evolved through years of research
and discovery.

This chapter looks at the vitamins both as a group
and as individual nutrients. It explores general and
specific vitamin needs as well as reasonable and real-
istic dietary supplement use.

THE NATURE OF VITAMINS
DISCOVERY

The study of vitamins and minerals and their many
functions in human nutrition remains a subject of
interesting scientific investigation.

Early Observations

Vitamins were largely discovered while searching for
cures of classic diseases that were suspected to be asso-
ciated with dietary deficiencies. Such discoveries date
back as early as 1753 when British naval surgeon Dr.
James Lind observed that many sailors became ill and
died on long voyages when they had to live on rations
without fresh foods." When Lind provided the sailors
with fresh lemons and oranges, no one became ill. Dr.
Lind had discovered that scurvy, which had been the
curse of sailors, was caused by a dietary deficiency of
vitamin C and was prevented by adding citrus fruit to
the diet. Because British sailors carried limes on these
long voyages, they got the nickname limeys.

Early Animal Experiments

In 1906 Dr. Frederick Hopkins of Cambridge University
began a series of experiments in which he fed a group
of rats a synthetic mixture of protein, fat, carbohydrate,
mineral salts, and water. All of the rats became ill
and died. He then added milk to the purified ration
for a separate set of rats, and they maintained normal
growth.” This important discovery—that additional
substances present in natural foods are essential to
life—provided the necessary foundation for the indi-
vidual vitamin discoveries that followed.

Era of Vitamin Discovery

Most of the vitamins that are known today were dis-
covered during the first half of the 1900s. The nature
of these vital molecules became more evident over
time. A form of the name vitamin was first used in 1911,
when Casimir Funk, a Polish chemist working at the
Lister Institute in London, discovered a nitrogen-
containing substance (in organic chemistry, known
as an amine) that he speculated might be a common
characteristic of all vital agents. He coined the word
vitamine, meaning “vital amine.”® The final e was
dropped later, when other vital substances turned out
not to be amines, and the name vitamin was retained
to designate compounds within this class of essential
substances. At first scientists assigned letters of
the alphabet to each vitamin in the order that they

scurvy a hemorrhagic disease caused by a lack of
vitamin C that is characterized by diffuse tissue
bleeding, painful limbs and joints, thickened bones,
and skin discoloration from bleeding; bones fracture
easily, wounds do not heal, gums swell and tend to
bleed, and the teeth loosen.
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were discovered; however, as more vitamins were dis-
covered, this practice was abandoned in favor of more
specific names based on a vitamin’s chemical structure
or body function. Both letter designation and current
name will be used in this text.

DEFINITION

As each vitamin was discovered, the following two

characteristics that define a vitamin clearly emerged:

1. It must be a vital organic substance that is not a
carbohydrate, fat, or protein; and it must be neces-
sary to perform a specific metabolic function or to
prevent a deficiency disease.

2. It cannot be manufactured by the body in sufficient
quantities to sustain life, so it must be supplied by
the diet.

Because the body only needs vitamins in small
amounts, they are considered micronutrients. The total
volume of vitamins that a healthy person normally
requires each day would barely fill a teaspoon. Thus,
the units of measure for vitamins—milligrams or
micrograms—are exceedingly small and difficult to
visualize (see the For Further Focus box, “Small
Measures for Small Needs”). Nonetheless, all vitamins
are essential to life.

FUNCTIONS OF VITAMINS

Although each vitamin has its specific metabolic tasks,
general functions of vitamins include the following:
(1) components of coenzymes; (2) antioxidants; (3) hor-
mones that affect gene expression; (4) components
of cell membranes; and (5) components of the
light-sensitive rhodopsin molecule in the eyes (i.e.,
vitamin A).

Metabolism: Enzymes and Coenzymes

Enzymes act as catalysts; catalysts increase the rate at
which their specific chemical reactions proceed, but
they are not themselves consumed during the reaction.
Coenzymes that are derived from vitamins are an
integral part of some enzymes, without which these
enzymes cannot catalyze their metabolic reactions. For
example, several of the B vitamins (i.e., thiamin, niacin,
and riboflavin) are part of coenzymes. These coen-
zymes are, in turn, integral parts of enzymes that
metabolize glucose, fatty acids, and amino acids to
extract energy.

Tissue Structure and Protection

Some vitamins are involved in tissue or bone building.
For example, vitamin C is involved in the synthesis of
collagen, which is a structural protein in the skin, liga-
ments, and bones. In fact, the word collagen comes
from a Greek word meaning “glue.” Collagen is like
glue in its capacity to add tensile strength to body
structures. Vitamins (e.g., A, C, and E) also act as anti-
oxidants to protect cell structures and to prevent
damage caused by free radicals.
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Small Measures for Small Needs

By definition, vitamins are essential nutrients that are necessary
in small amounts for human health. Just how small those
amounts truly are is sometimes hard to imagine. Vitamins are
measured in the metric system terms of milligram and micro-
gram. Can you visualize how much that is? Perhaps comparing
these amounts with commonly used household measures will
be helpful.

Early during the age of scientific development, scientists
realized that they needed a common language of measures
that could be understood by all nations to exchange rapidly
developing scientific knowledge. Thus, the metric system was
born. This system was developed in the mid-1800s by French
scientists and named Le Systeme International d’Unités, which
is abbreviated as S/ units. The use of these more precise units
is now widespread, especially because it is mandatory for all
purposes in most countries. The U.S. Congress passed the
official Metric Conversion Act in 1975, but America has been
slower to apply the metric system to common use as com-
pared with other countries. However, the use of this system in
scientific work is explicit worldwide.

Let us compare the two metric measures that are used for
vitamins in the United States. Below are the Recommended
Dietary Allowances (RDAs) equated with common measures
to demonstrate just how small our needs are:

e One milligram (mg) is equal to one thousandth of a gram
(28 g =1 0z; 1 g is equal to approximately } tsp). RDAs
are measured in milligrams for thiamin, riboflavin, niacin,
pyridoxine, pantothenic acid, choline, and vitamins C
and E.

e A microgram (mcg or pg) is equal to one millionth of a
gram. RDAs are measured in micrograms for vitamins A
(retinol equivalents), Bs,, D, and K and for folate and
biotin.

It is a small wonder that the total amount of vitamins that
we need each day would scarcely fill a teaspoon; however, that
small amount makes the difference between life and death
over time.

Prevention of Deficiency Diseases

When a vitamin deficiency becomes severe, the spe-
cific function of that vitamin becomes apparent because
the vitamin’s function is no longer preformed. For
example, the classic vitamin deficiency disease scurvy
is caused by insufficient dietary vitamin C. Scurvy is
a hemorrhagic disease that is characterized by bleed-
ing in the joints and other tissues and by the break-
down of fragile capillaries under normal blood
pressure; these are all symptoms that are directly
related to vitamin C’s role in producing collagen.
Collagen is what makes capillary walls strong.
Untreated scurvy leads to internal membrane disinte-
gration and death, as previously mentioned regarding
British sailors of earlier centuries. The name ascorbic

antioxidant a molecule that prevents the oxidation of
cellular structures by free radicals.



acid comes from the Latin word scorbutus, meaning
“scurvy,” and the prefix a- means “without”; thus, the
term ascorbic means “without scurvy.” In developed
countries today, we do not see frank scurvy often, but
we do see vitamin C deficiency in combination with
other forms of overt malnutrition.

VITAMIN METABOLISM

The way in which our bodies digest, absorb, and trans-
port vitamins depends on the vitamin’s solubility.
Vitamins are traditionally classified as either fat solu-
ble or water soluble. The fat-soluble vitamins are A, D,
E, and K. The water-soluble vitamins are C and all
of the B vitamins. This chapter is divided into the fol-
lowing sections: (1) Fat-Soluble Vitamins; (2) Water-
Soluble Vitamins; (3) Plant Nutrients; and (4) Nutrient
Supplementation.

Fat-Soluble Vitamins

Intestinal cells absorb fat-soluble vitamins along with
dietary fat as a micelle and then incorporate all fat-
soluble nutrients into chylomicrons. From the intesti-
nal cells, chylomicrons enter the lymphatic circulation
and then the blood (see Chapter 3 for details on fat
absorption). The absorption of fat-soluble vitamins is
enhanced by the presence of dietary fat. For instance,
the vitamin A in a cup of vitamin A—fortified milk is
better absorbed from whole or 2% milk than from skim
milk, because skim milk contains no fat.

The potential toxicity of each vitamin is determined
by the body’s capacity to store it and the capacity of
the liver and kidneys to clear it. Unlike water-soluble
vitamins, fat-soluble vitamins can be stored in the
liver and adipose tissue for long periods of time. The
body uses this reserve in times of inadequate daily
intake. Fat-soluble vitamin accumulation in the body
is the reason that excess intake can result in toxicity
over time.

Water-Soluble Vitamins

Intestinal cells easily absorb water-soluble vitamins.
From these cells, the vitamins move directly into
the portal blood circulation. Because blood is mostly
water, the transport of water-soluble vitamins does
not require the assistance of carrier proteins.

With the exception of cobalamin (vitamin By,) and
pyridoxine (vitamin Bg), the body does not store water-
soluble vitamins to any significant extent. Therefore,
the body relies on the frequent intake of foods that are
rich in water-soluble vitamins.

Fat-soluble and water-soluble vitamins are absorbed
throughout the small intestines. See Figure 5-9 for the
general absorptive sites of nutrients in the gastrointes-
tinal tract.

DIETARY REFERENCE INTAKES

As discussed in Chapter 1, the DRIs are recommenda-
tions for nutrient intake by healthy population groups.
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Refer back to Chapter 1 for details on the four catego-
ries that make up the DRIs. This chapter’s discussion
of vitamins and the following chapters that discuss
minerals, fluids, and electrolytes refer to the various
DRI recommendations (especially the RDAs) when-
ever possible.

SECTION 1 FAT-SOLUBLE VITAMINS
VITAMIN A (RETINOL)
FUNCTIONS

Vitamin A performs the functions of aiding vision,
growth, tissue strength, and immunity.

Vision

The chemical name retinol was given to vitamin A
because of its major function in the retina of the eye.
The aldehyde form, retinal, is part of a light-sensitive
pigment in retinal cells called rhodopsin, which is com-
monly known as visual purple. Rhodopsin enables the
eye to adjust to different amounts of available light.
A mild vitamin A deficiency may cause night blind-
ness, slow adaptation to darkness, or glare blindness.
Vitamin A-related compounds (i.e., the carotenoids
lutein and zeaxanthin) are specifically associated with
the prevention of age-related macular degeneration.

Growth

Retinoic acid and retinol are involved in skeletal and
soft-tissue growth through their roles in protein syn-
thesis and the stabilization of cell membranes. The
constant need to replace old cells in the bone matrix,
the gastrointestinal tract, and other areas requires ade-
quate vitamin A intake.

Tissue Strength and Immunity

The other retinoids (i.e., retinoic acid and retinol) help
to maintain healthy epithelial tissue, which is the pro-
tective tissue that covers body surfaces (i.e., the skin
and the inner mucous membranes in the nose, throat,
eyes, gastrointestinal tract, and genitourinary tract).
These tissues are the primary barrier to infection.
Vitamin A is also important as an antioxidant and in

retinol the chemical name of vitamin A; the name is
derived from the vitamin’s visual functions related to
the retina of the eye, which is the back inner lining of
the eyeball that catches the light refractions of the lens
to form images that are interpreted by the optic nerve
and the brain and that makes the necessary light-dark
adaptations.

carotenoids organic pigments that are found in plants;
known to have functions such as scavenging free
radicals, reducing the risk of certain types of cancer,
and helping to prevent age-related eye diseases; more
than 600 carotenoids have been identified, with
B-carotene being the most well-known.




the production of immune cells that are responsible for
fighting bacterial, parasitic, and viral attacks.

REQUIREMENTS

Vitamin A requirements are based on its two basic
forms in foods and its storage in the body. The estab-
lished RDAs are listed in the summary table for fat-
soluble vitamins (see Table 7-5) and in the DRI tables
Appendix B.

Food Forms and Units of Measure

Dietary vitamin A occurs in two forms, as follows:

1. Preformed vitamin A or retinol, which is the active
vitamin A found in foods that are derived from
animal products.

2. Provitamin A or B-carotene, which is a pigment in
yellow, orange, and deep green fruits or vegetables
that the human body can convert to retinol.
Carotenoids are a family of compounds that are
similar in structure; B-carotene and lutein are the
most common in foods. Box 7-1 lists some of the
known carotenoids.

In the typical American diet, a significant amount
of vitamin Aisin the provitamin A form (i.e., B-carotene).
To account for all food forms, individual carotenoids
and preformed vitamin A are measured, and the
amounts are converted to retinol equivalents. For the
body to make 1 mcg of retinol, 12 mcg of dietary
B-carotene, 2 mcg of supplemental B-carotene, or
24 mcg of either o-carotene or B-cryptoxanthin are nec-
essary. An older measure that is sometimes used to
quantify vitamin A is the International Unit (IU). One
IU of vitamin A equals 0.3 mcg of retinol or 0.6 mcg of
B-carotene.

carotene a group name for the red and yellow pigments
(a-, B-, and y-carotene) that are found in plant foods;
B-carotene is most important to human nutrition
because the body can convert it to vitamin A, thus
making it a primary source of the vitamin.

Carotenoids

Carotenes: orange pigments that contain no oxygen
e o-Carotene
e [-Carotene
e y-Carotene
e §-Carotene
e Lycopene

Xanthophylls: yellow pigments that contain some oxygen
e - and B-Cryptoxanthin

Lutein

Lycophyll

Neoxanthin

Violaxanthin

Zeaxanthin
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Body Storage

The liver can store large amounts of retinol. In healthy
individuals, the liver stores approximately 70% of the
body’s total vitamin A. Thus, the liver is particularly
susceptible to toxicity as a result of excessive vitamin
A supplementation. The remaining vitamin A stored in
the body may be found in tissues such as adipose
tissue, the lungs, skin, spleen, eyes, and testes.

DEFICIENCY

Adequate vitamin A intake prevents two eye condi-
tions: (1) xerosis, which involves itching, burning, and
red, inflamed eyelids; and (2) xerophthalmia, which is
blindness that is caused by severe deficiency. Dietary
vitamin A deficiency is the leading cause of prevent-
able blindness in children worldwide (Figure 7-1). The
World Health Organization reports that vitamin A
deficiency resulting in night blindness currently affects
5.2 million preschool-aged children and 9.8 million
pregnant women globally.”

As with all nutrients, deficiency symptoms are
directly related to vitamin A’s functions. Therefore, a
lack of dietary vitamin A will also result in epithelial
and immune system disorders.

TOXICITY

The condition created by excessive vitamin A intake is
called hypervitaminosis A. Symptoms include bone
pain, dry skin, loss of hair, fatigue, and anorexia.
Excessive vitamin A intake may cause liver injury with
portal hypertension, which is elevated blood pressure
in the portal vein, and ascites, which is fluid accumula-
tion in the abdominal cavity. Because of the potential
for toxicity, the upper (intake) level (UL) of retinol
for adults has been set at 3000 mcg/day. Toxicity
symptoms usually result from the overconsumption of
preformed vitamin A rather than of the carotenoids.
Excessive vitamin A consumption during pregnancy is

o

FIGURE 7-1 Corneal blindness from vitamin A deficiency. (Courtesy
Lance Bellers In Burton MJ. Prevention, treatment and rehabilitation.
Community Eye Health. 2009;22(71):33-35.)



a known teratogen, which is the reason that acne treat-
ment with medications containing high amounts of
vitamin A (e.g., Accutane, Retin-A) is contraindicated
during pregnancy.

The absorption of dietary carotenoids is dose depen-
dent at high intake levels. However, the prolonged
excessive intake of foods that are high in B-carotene
will cause a harmless orange skin tint that disappears
when the excessive intakes are discontinued. On the
other hand, B-carotene supplements can reach concen-
trations in the body that promote oxidative damage,
cell division, and the destruction of other forms of
vitamin A.

FOOD SOURCES AND STABILITY

Fish liver oils, liver, egg yolks, butter, and cream are
sources of preformed natural vitamin A. Preformed
vitamin A occurs naturally in milk fat. Low-fat and
nonfat milks and margarine are significant sources of
vitamin A, because they are fortified. Some good
sources of B-carotene are dark-green, leafy vegetables
such as collard greens, kale, and spinach as well as
dark-orange vegetables and fruits such as carrots,
sweet potatoes or yams, pumpkins, melon, and apri-
cots. Table 7-1 provides some comparative food sources
of vitamin A.

B-Carotene and preformed vitamin A require emul-
sification by bile salts to be absorbed by the intestine.
Preformed vitamin A is efficiently absorbed at a rate
of 75% to 100%. The absorption of B-carotene is signifi-
cantly more variable with an absorption rate of 3% to
90%.” The capriciousness of these ranges is attributable
to factors such as dietary source, gastric content, nutri-
ent status, and genetic factors. Inside the intestinal
cells, both forms are incorporated into chylomicrons
with fat, and the chylomicrons pass through the
lymphatic system and into the bloodstream. Despite
successful absorption, up to 40% of the dietary carote-
noids are not metabolized in the enterocytes, further
decreasing the bioavailability as compared to pre-
formed vitamin A sources.”

Retinol is unstable when it is exposed to heat and
oxygen. Quick cooking methods that use little water
help to preserve vitamin A in food.

VITAMIN D (CALCIFEROL)

Vitamin D was mistakenly classified as a vitamin in
1922 by its discoverers when they cured rickets with
fish oil, which is a natural source of vitamin D.” Today,
we know that the compounds produced by animals
(i.e., cholecalciferol or vitamin D;) and some organisms
(i.e., ergocalciferol or vitamin D,) are a prohormone
rather than a true vitamin. Vitamins D, and D; are both
physiologically relevant to human nutrition, and they
are collectively referred to as calciferol.

Upon exposure to ultraviolet light, humans are able
to convert the precursor 7-dehydrocholesterol, a
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IELEWAIR Food Sources of Vitamin A

AMOUNT (mcg
OF RETINOL
ITEM QUANTITY EQUIVALENTS)
Fruits and Vegetables
Carrots, raw Y cup 534
Collard greens, boiled ¥ cup 386
Kale, cooked, drained ¥ cup 443
Pumpkin, boiled ¥ cup 306
Spinach, boiled ¥ cup 472
Sweet potato, baked, in 1 medium 1096
skin (114 g)
Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts
Beef liver, pan fried 30z 6582
Chicken liver, pan fried 30z 3652
Egg yolk, fresh, raw 2 large 130
Milk and Dairy Products
Cream, heavy, whipping ¥ cup 247
Milk, low-fat 2%, fortified 8 oz 134
Milk, skim, fortified 8 oz 149
Fats, Qils, and Sugars
Fish oil, cod liver 1 Tosp 4080

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.

compound that is found in the epidermal layer of skin,
into cholecalciferol. Similarly, organisms such as inver-
tebrates and fungi are capable of converting the pre-
cursor ergosterol into ergocalciferol after they receive
ultraviolet irradiation.

Cholecalciferol and ergocalciferol must be acti-
vated in two successive hydroxylation reactions to
yield the active and functional form of vitamin D,
calcitriol. The first hydroxylation reaction occurs in
the liver to produce calcidiol (also known as 25-
hydroxycholecalciferol and 25-hydroxyvitamin D).

teratogen a substance or factor resulting in birth defects
or miscarriage of an embryo or fetus.

cholecalciferol the chemical name for vitamin Ds in its
inactive form; it is often shortened to calciferol.

ergocalciferol the chemical name for vitamin D, in its
inactive form; it is produced by some organisms (not
humans) upon ultraviolet irradiation from the precursor
ergosterol.

prohormone a precursor substance that the body
converts to a hormone; for example, a cholesterol
compound in the skin is first irradiated by sunlight and
then converted through successive enzyme actions in
the liver and kidney into the active vitamin D hormone,
which then regulates calcium absorption and bone
development.

calcitriol the activated hormone form of vitamin D.
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1o-hydroxylase the enzyme in the kidneys that
catalyzes the hydroxylation reaction of
25-hydroxycholecalciferol (i.e., calcidiol) to calcitriol,
which is the active form of vitamin D; 1o-hydroxylase
activity is increased by parathyroid hormone when
blood calcium levels are low.

resorption the breaking down and releasing of minerals
from bones.

The enzyme 10-hydroxylase then catalyzes the second
hydroxylation reaction in the kidneys to produce cal-
citriol (also known as 1,25-dihydroxycholecalciferol
and 1,25-dihydroxyvitamin D;). Figure 7-2 illustrates
the activation process of vitamin D in the body.

FUNCTIONS

Calcium and Phosphorus Homeostasis
Maintaining calcium homeostasis in the blood is a
critical function of vitamin D. Calcitriol acts physio-
logically with two other hormones—parathyroid hor-
mone and the thyroid hormone calcitonin—to control
calcium and phosphorus absorption and metabolism.
Calcitriol stimulates the following: (1) the intestinal
cell absorption of calcium and phosphorus; (2) the
renal reabsorption of calcium and phosphorus; and (3)
the osteoclastic resorption of calcium and phosphorus
from trabecular bone. All of these mechanisms work
together to maintain blood calcium and phosphorus
homeostasis (see Figure 7-2).

Bone Mineralization

Osteoporosis involves a loss of bone density that leads
to brittle bones and spontaneous fractures. Because
calcitriol regulates the rate of calcium and phosphorus
resorption from bone, it has been clinically used to
reduce the risk of osteoporosis.'*"?

REQUIREMENTS

Establishing requirements for vitamin D is difficult
because it is produced in the skin and because the
number of food sources are limited. Dietary vitamin D
requirements will vary with individual exposure to
sunlight, which is affected by the season, the latitude
at which people reside, and even a person’s skin color.

Research indicates that vitamin D deficiency may be
a worldwide nutritional problem, with multifactorial
health consequences.”"” The primary cause of inade-
quate circulating serum vitamin D is a lack of sun
exposure. In the northern hemisphere, particularly
above 35 to 40 degrees latitude, significantly less sun-
light is present throughout the winter months. Because
the amount of vitamin D produced in the skin is rela-
tive to the intensity of the sun, there is an inadequate
availability of endogenous vitamin D during the winter
at higher latitudes. This also affects the vitamin D
requirement of people with darker skin, because
melanin absorbs ultraviolet radiation in a way that
is similar to that of sunscreen. Thus, less vitamin D
is synthesized in darker-skinned people than in

Ultraviolet irradiation of
7-dehydrocholesterol in skin

Vitamin D_|
in blood
(cholecalciferol,
ergocalciferol)

s
D-25-hydroxylase:
%

25-OH-D
(calcidiol)

Small intestine
absorption of
dietary sources

P
Ca
Ca
P
i izati 4CaandP
Bone mineralization absorption o-1-hydroxylase
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T

FIGURE 7-2 Vitamin D activation from skin synthesis and dietary sources. Normal vitamin D metabolism maintains
blood calcium levels. (Modified from Kumar V, Abbas A, Fausto N, Mitchell R. Robbins Basic Pathology. 8th ed.
Philadelphia: Saunders; 2007.)



lighter-skinned people who receive the same amount
of sun exposure.

A flurry of research over the past decade indicates
that the dietary needs of vitamin D are higher than
what was previously believed. The DRIs are listed
in the summary table for fat-soluble vitamins (see
Table 7-5) and in the DRI tables in Appendix B. The
American Academy of Pediatrics recommends that
infants receive a minimum of 400 IU of vitamin D
beginning soon after birth to prevent rickets."

DEFICIENCY

Rickets is caused by chronic calcitriol deficiency during
childhood. Children with rickets have soft long bones
that bend under the child’s weight (Figure 7-3). In
addition to causing skeletal malformations, inadequate
vitamin D intake prevents children from attaining
their peak bone mass, thereby contributing to the
development of osteoporosis or osteomalacia as adults.
Many other chronic diseases have been linked to
vitamin D deficiency, including muscle weakness,
several types of cancer, coronary heart disease, hyper-
tension, stroke, tuberculosis, obesity, type 2 diabetes,
macular degeneration, neurologic disorders (e.g.,
Alzheimer and Parkinson disease), and several auto-
immune diseases (e.g., type 1 diabetes, multiple scle-
rosis, theumatoid arthritis).'*'®

rickets a disease of childhood that is characterized by
the softening of the bones from an inadequate intake
of vitamin D and insufficient exposure to sunlight; it is
also associated with impaired calcium and phosphorus
metabolism.

FIGURE 7-3 A child with rickets; note the bowlegs. (Reprinted from
Kumar V, Abbas A, Fausto N, Mitchell R. Robbins Basic Pathology.
8th ed. Philadelphia: Saunders; 2007.)
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There is no universally accepted method for assess-
ing vitamin D status nor a consensus on the vitamin D
levels that constitute normal. Bearing that in mind, it
is estimated that 50% of Americans have inadequate
vitamin D stores when using the deficiency cut-off
of <20 ng/mL of serum 25-hydroxyvitamin D. There
is a disproportionate prevalence occurring among
non-Hispanic blacks (81%) and Mexican Americans
(58%) as compared to whites (28%).” Genetics may
account for such large differences between ethnic
groups, which calls to question the accuracy of using
the same cut-off point of 25-hydroxyvitamin D levels
to diagnose deficiency in all racial groups. Researchers
believe that despite a lower level of 25-hydroxyvitamin
D measured, the bioavailability of vitamin D to the
body is the same for black and white individuals.”
Thus, the cut-off value for defining vitamin D
deficiency may be race-specific and is still under
investigation.

TOXICITY

Excessive dietary intake of vitamin D can be toxic,
especially for infants and children. Symptoms of toxic-
ity or hypervitaminosis D include fragile bones, kidney
stones, and the calcification of the soft tissues (e.g.,
kidneys, heart, lungs). The prolonged intake of exces-
sive cholecalciferol in dietary supplement form may
produce elevated blood calcium concentrations (i.e.,
hypercalcemia) and calcium deposits in the kidney
nephrons, which interferes with overall kidney func-
tion. The UL for vitamin D among people who are
older than 9 years of age is 4000 IU/day (100 mcg)."”
Vitamin D intoxication cannot occur as a result of
the cutaneous production of vitamin D. For most
people, vitamin D intake from food and dietary sup-
plements is not likely to exceed the UL. However,
individuals who consume diets that are high in fatty
fish and fortified milk in addition to taking dietary
supplements that contain vitamin D may be at risk for
toxicity.

FOOD SOURCES AND STABILITY

Fatty fish are one of the only good natural sources of
vitamin D. Therefore, a large portion of daily vitamin
D intake comes from fortified foods (Table 7-2). Because
it is a common food that also contains calcium and
phosphorus, milk is a practical food to fortify with
vitamin D. The standard commercial practice is to add
400 IU per quart. Butter substitutes such as margarines
and dairy substitutes such as soy or rice milk products
are often fortified with vitamin D.

Vitamin D is relatively stable under most conditions
that involve heat, aging, and storage.

VITAMIN E (TOCOPHEROL)

Early vitamin studies identified a substance that was
necessary for animal reproduction.”’ This substance




IELEWA”A Food Sources of Vitamin D

AMOUNT
(INTERNATIONAL
ITEM QUANTITY UNITS)
Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts
Salmon, sockeye, 30z 447
cooked
Salmon, sockeye, 30z 715
canned, drained
solids
Tuna, light, canned in 30z 229
oil, drained solids
Tuna, bluefin, fresh 30z 193
Milk and Dairy Products
Milk, low-fat 2%, 1 cup 120
fortified (8 fl 0z)
Soymilk, vitamin-D 1 cup 119
fortified (8 fl 0z)
Fats, Oils, and Sugars
Fish oil, cod liver 1 Thsp 1360

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.

was named tocopherol from two Greek words: tophos,
meaning “childbirth,” and phero, meaning “to bring,”
with the -0l ending used to indicate its alcohol func-
tional group. Tocopherol became known as the antiste-
rility vitamin, but it was soon demonstrated to have
this effect only in rats and a few other animals and not
in people. A number of related compounds have since
been discovered. Tocopherol is the generic name for
this entire group of homologous fat-soluble nutrients,
which are designated as a-, B-, y-, and &-tocopherol or
tocotrienol. Of these eight nutrients, o-tocopherol is
the only one that is significant in human nutrition and
thus used to calculate dietary needs.”

FUNCTIONS

The most vital function of o-tocopherol is its antioxi-
dant action in tissues. In addition vitamin E has several
other important functions, such as cell signalling that
drives gene expression and antiproliferative effects in
the eye that are seemingly protective against condi-
tions such as glaucoma.”*

Antioxidant Function

o-Tocopherol is the body’s most abundant fat-soluble
antioxidant. The polyunsaturated fatty acids (see
Chapter 3) in the phospholipids of cell and organelle

tocopherol the chemical name for vitamin E, which was
named by early investigators because their initial work
with rats indicated a reproductive function; in people,
vitamin E functions as a strong antioxidant that
preserves structural membranes such as cell walls.

Part 1 Introduction to Basic Principles of Nutrition Science

membranes are particularly susceptible to free radical
oxidation. a-Tocopherol intercepts this oxidation
process and protects the polyunsaturated fatty acids
from damage.

Relation to Selenium Metabolism

Selenium is a trace mineral that, as part of the selenium-
containing enzyme glutathione peroxidase, works
with a-tocopherol as an antioxidant. Glutathione per-
oxidase is the second line of defense for preventing
free radical damage to membranes. Glutathione per-
oxidase spares o-tocopherol from oxidation, thereby
reducing the dietary requirement for o-tocopherol.
Similarly, a-tocopherol spares glutathione peroxidase
from oxidation, thus reducing the dietary requirement
for selenium.

REQUIREMENTS

o-Tocopherol requirements are expressed in milli-
grams per day. The DRIs are listed in the summary
table for fat-soluble vitamins (see Table 7-5) and in the
DRI tables in Appendix B.

DEFICIENCY

o-Tocopherol stores, along with body fat, are normally
accrued in the fetus during the final 1 to 2 months of
gestation. Thus, premature infants who missed the
period for fat and fat-soluble vitamin accumulation
are particularly vulnerable to hemolytic anemia.
Without adequate vitamin E for antioxidant protec-
tion, the red blood cell membrane phospholipids and
proteins are susceptible to oxidation and destruction.
Without supplemental vitamin E treatment, the contin-
ued loss of functioning red blood cells leads to hemo-
lytic anemia.

A dietary deficiency of vitamin E is rare; the only
cases occur in individuals who cannot absorb or
metabolize fat. In such cases, the o-tocopherol defi-
ciency disrupts the normal synthesis of myelin, which
is the protective phospholipid-rich membrane that
covers the nerve cells. The major nerves that are dis-
turbed are the spinal cord fibers that affect physical
activity and the retina of the eye, which affects vision.

TOXICITY

o-Tocopherol from food sources has no known toxic
effects in people. Supplemental a-tocopherol intakes
that exceed the UL of 1000 mg/day may interfere with
vitamin K activity and blood clotting. Although the
exact mechanism is unknown, this may be particularly
problematic for individuals who are deficient in
vitamin K or for patients who are receiving anticoagu-
lation therapy.”

FOOD SOURCES AND STABILITY

The richest sources of o-tocopherol are vegetable
oils (e.g.,, wheat germ, soybean, safflower). Note
that vegetable oils are also the richest sources of
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polyunsaturated fatty acids, which o-tocopherol pro-
tects. Other food sources of a-tocopherol include nuts,
seeds, and fortified cereals. Table 7-3 provides a list of
food sources of vitamin E.

o-Tocopherol is unstable to heat and alkalis.

VITAMIN K

In 1929 Henrik Dam, a biochemist at the University of
Copenhagen, discovered a hemorrhagic disease in
chicks that were fed a diet from which all lipids had

IELIEVERN Food Sources of Vitamin E as a-Tocopherol

AMOUNT (mg OF
ITEM QUANTITY o-TOCOPHEROL)
Bread, Cereal, Rice, and Pasta
Total whole-grain cereal, 1 cup 18.0
General Mills
Wheat germ, toasted, 1oz 4.53
plain
Fruits and Vegetables
Mango, raw Y medium
Mustard greens 1 cup
Nuts and Seeds
Almonds 1oz 7.27
Hazelnuts 1oz 4.26
Sunflower seeds 1oz 7.40
Fats, Oils, and Sugars
Cottonseed oil 1 Tbsp 4.80
Safflower oil 1 Tbsp 4.64
Sunflower oil 1 Thsp 5.59

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.
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phylloquinone a fat-soluble vitamin of the K group that
is found primarily in green plants.

been removed. Dam hypothesized that an unidentified
lipid factor had been removed from the chicks’” feed.
Dam called it koagulations vitamin or vitamin K, and the
letter that he assigned it is still used today.” Dam later
succeeded in isolating the agent from alfalfa and iden-
tifying it, for which he received the Nobel Prize for
physiology and medicine. As with many of the vita-
mins, several homologous forms of vitamin K make up
the group. The major form in plants that was initially
isolated from alfalfa by Dam is phylloquinone, which is
the dietary form of vitamin K. Menaquinone, a second
form, is synthesized by intestinal bacteria. Menaqui-
none contributes approximately half of our daily
supply of vitamin K. Menadione is a synthetic precur-
sor of vitamin K, but it has not been used in dietary
supplements since the U.S. Food and Drug Admin-
istration banned it due to toxicity effects.

FUNCTIONS

Vitamin K has two well-established functions in the
body: blood clotting and bone development.

Blood Clotting

The most well-known and the earliest discovered func-
tion of vitamin K is in the blood-clotting process.
Vitamin K is essential for maintaining the normal
blood concentrations of four blood-clotting factors.
The first of these vitamin-K-dependent blood factors
to be identified and characterized was prothrombin
(i.e., clotting factor II). Prothrombin, which is synthe-
sized in the liver, is converted to thrombin upon acti-
vation, which then initiates the conversion of fibrinogen
to fibrin to form the blood clot (Figure 7-4).

RBCs enmeshed in fibrin

FIGURE 7-4 The blood-clotting mechanism. The complex clotting mechanism can be distilled into three steps: (1) the
release of clotting factors from both injured tissue cells and sticky platelets at the injury site, which form a temporary
platelet plug; (2) a series of chemical reactions that eventually result in the formation of thrombin; and (3) the
formation of fibrin and the trapping of blood cells to form a clot. (Modified from Thibodeau GA, Patton KT. Anatomy
& Physiology. 8th ed. St Louis: Mosby; 2012.)
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Phylloquinone is an antidote for the effects of exces-
sive anticoagulant drug doses, and it is often used to
control and prevent certain types of hemorrhages.
Fat-soluble vitamins are more completely absorbed
when bile is present. Thus, conditions that hinder the
release of bile into the small intestine decrease the
bioavailability of vitamin K and ultimately increase
the length of time that is required for blood to clot.
When bile salts are given with vitamin K concentrate,
the blood-clotting time returns to normal. See the
Drug-Nutrient Interaction box entitled “Vitamin K
Considerations with Anticoagulant and Antibiotic
Medications” for additional information about special
medication-related considerations with vitamin K.

(o)

Vitamin K Considerations with Anticoagulant and
Antibiotic Medications

Anticoagulation medications such as warfarin act to reduce
the overall production of blood-clotting factors. Because the
primary action of vitamin K is the manufacturing of these same
proteins, the amount of vitamin-K-rich foods that a patient eats
can affect the medication dose necessary for optimal coagula-
tion control. Many patients have been led to believe that they
should completely avoid all foods that are rich in vitamin K
while they are taking warfarin. Doing so would lead to an
undesirable and unnecessary restriction of many nutrient-rich
vegetables and the many vitamins and minerals found within
these foods. Alternatively, patients should strive to eat a diet
with a relatively consistent amount of vitamin-K-rich foods like
dark leafy greens. A dietitian can educate the patient about
foods that are rich in vitamin K and help them to achieve a
balance between their medication level and their desired
vitamin K intake.

One form of vitamin K, menaquinone, is synthesized by
healthy bacteria in the gut. This source is significant for meeting
overall vitamin K needs. Therefore, the long-term use of medi-
cations that destroy gastrointestinal bacteria (e.g., antibiotics)
also obliterates a valuable source of vitamin K. Patients should
be advised to maintain their daily intakes of food sources of
vitamin K (Table 7-4).

Bone Development

Several proteins involved in bone metabolism require
vitamin K-dependent modifications to function.”
The most abundant noncollagenous protein in bone
matrix, osteocalcin, is one of the vitamin K-dependent
proteins. Vitamin K is involved in the modification
of the glutamic acid residues of osteocalcin to form
calcium-binding y-carboxyglutamic acid residues. Like
the blood-clotting proteins, osteocalcin binds calcium;
unlike the blood-clotting proteins, it forms bone
crystals.

REQUIREMENTS

Because intestinal bacteria synthesize menaquinone,
a constant supply is normally available to support
body needs. Currently not enough scientific evidence
is available to establish an RDA; thus, Als are the
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IELEWALN Food Sources of Vitamin K

VEGETABLES QUANTITY AMOUNT (mcg)

Collard greens, 1 cup, chopped 773
cooked, drained

Kale, cooked, 1 cup, chopped 1062
drained

Mustard greens, 1 cup, chopped 830
cooked, drained

Spinach, cooked, 1 cup, chopped 889
drained

Swiss chard, 1 cup, chopped 523
cooked, drained

Turnip greens, 1 cup, chopped 530
cooked, drained

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.

reference values instead. The Als are listed in the
summary table for fat-soluble vitamins (see Table 7-5)
and in the DRI tables in Appendix B.

DEFICIENCY

Primary deficiency of vitamin K is not common.
However, a deficiency (i.e., hypoprothrombinemia)
may present as a secondary result of another clinical
condition. Patients who have severe malabsorption
disorders (e.g., Crohn’s disease) or who are treated
chronically with antibiotics that kill intestinal bacteria
are susceptible to vitamin K deficiency.

Infants do not have adequate vitamin K stores at
birth because vitamin K does not efficiently transfer
through the placenta during gestation, and the intesti-
nal tract of a newborn does not yet have vitamin K-
producing gut flora. Consequently, vitamin K is
routinely given at birth to prevent hemorrhaging.

TOXICITY

Toxicity from vitamin K has not been observed.
Therefore, no UL has been established.

FOOD SOURCES AND STABILITY

Green, leafy vegetables such as spinach, collard greens,
and kale are the best dietary sources of vitamin K,
providing 100 to 1000 mcg of phylloquinone per cup
of cooked food (see Table 7-4).

Phylloquinone is fairly stable, although it is sensi-
tive to light and irradiation. Therefore, clinical prepa-
rations are kept in dark bottles.

Table 7-5 provides a summary of the fat-soluble
vitamins.

primary deficiency deficiency of a nutrient due to
inadequate dietary intake. Different from secondary
causes where the deficiency is due to malabsorption
or other bioavailability hindrances.
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IEWEVELSN Summary of Fat-Soluble Vitamins
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TOLERABLE UPPER
RECOMMENDED INTAKE LEVEL (UL)

VITAMIN FUNCTIONS INTAKE (ADULTS)  DEFICIENCY AND TOXICITY SOURCES

Vitamin A (retinol,  Vision cycle: Men, 900 mcg/  Night blindness; UL: 3000 mcg/day  Retinol (animal
retinal, and adaptation to day; women, XEerosis; Hair loss; skin foods): cod liver
retinoic acid) light and dark; 700 mcg/day xerophthalmia; irritation; bone oil, liver, egg yolk,
Provitamin A tissue growth, susceptibility pain, liver cream, butter,
(carotene) especially skin to epithelial damage; birth fortified dairy

and mucous infection; dry defects products

membranes; skin; impaired Provitamin A (plant

reproduction; immunity, foods): dark green

immune growth, and and deep orange

function reproduction vegetables (e.g.,
spinach, collard
greens, pumpkin,
sweet potatoes,
carrots)

Vitamin D Maintain calcium Between the Rickets and UL: 1000 to Synthesized in the
(cholecalciferol, and ages of 1 growth 4000 IU/day skin with exposure
ergocalciferol) phosphorus and 70 years, retardation Calcification of soft to sunlight,

homeostasis; 600 IU/day; in children; tissue; kidney fortified milk
calcification of 70 years of osteomalacia damage; growth products, fatty
bones and age or older, in adults retardation fish, fish oils
teeth; growth 800 IU/day

Vitamin E Antioxidant Adults, 15 mg/ Breakdown of UL: 1000 mg/day Vegetable oils,
(o-tocopherol) day red blood (from vegetable greens,

cells; anemia; supplements) wheat germ, nuts,
nerve damage;  Inhibition of vitamin seeds
retinopathy K activity in

blood clotting

Vitamin K Normal blood Men, 120 mcg/  Bleeding UL: Not set Synthesis by
(phylloquinone, clotting and day; women, tendencies; Interference with intestinal bacteria,
menaquinone) bone 90 mcg/day hemorrhagic anticoagulation dark green leafy

development disease; poor drugs vegetables
bone growth

SECTION 2 WATER-SOLUBLE VITAMINS

VITAMIN C (ASCORBIC ACID)
FUNCTIONS

Vitamin C has several critical functions in the body. It
acts as an antioxidant and as a cofactor of enzymes,
and it plays a role in many metabolic and immunologic
activities.

Connective Tissue

Ascorbic acid is necessary to build and maintain
strong tissues through its involvement in collagen syn-
thesis. Collagen is especially important in tissues of
mesodermal origin, including connective tissues (e.g.,

ascorbic acid the chemical name for vitamin C; the
vitamin was named after its ability to cure scurvy.

ligaments, tendons, bone matrix, other binding lattices
that hold together and give tensile strength to tissues)
and other tissues that contain connective tissue (e.g.,
cartilage, tooth dentin, capillary walls).

Every time the amino acids proline or lysine are
added during collagen synthesis, they are hydroxyl-
ated (i.e, OH is added) to form hydroxyproline
and hydroxylysine by the ascorbic acid—dependent
enzymes prolyl hydroxylase and lysyl hydroxylase,
respectively. Iron is a cofactor for both enzymes, and
ascorbic acid is required to maintain the iron atoms in
these enzymes in their active ferrous (Fe’') form.
Hydroxyproline and hydroxylysine form covalent
bonds with other residues, which strengthen colla-
gen’s structure. When ascorbic acid is plentiful, colla-
gen and the connective tissues in which it is integral
quickly develop. Blood vessels are particularly depen-
dent on ascorbic acid’s role in collagen synthesis to
help their walls resist stretching as blood is forced
through them.



General Body Metabolism

The more metabolically active body tissues (e.g.,
adrenal glands, brain, kidney, liver, pancreas, thymus,
spleen) contain greater concentrations of ascorbic acid.
Ascorbic acid in the adrenal glands is drawn upon
when the gland is stimulated. This use of ascorbic acid
during adrenal stimulation suggests an increased need
for ascorbic acid during stress. Other enzymes that
require ascorbic acid perform very diverse functions,
including the following: (1) the conversion of the
neurotransmitter dopamine to the neurotransmitter
norepinephrine; (2) the synthesis of carnitine, a mito-
chondrial fatty acid transporter that is involved in
extracting energy from fatty acids; (3) the oxidation of
phenylalanine and tyrosine; (4) the metabolism of
tryptophan and folate; and (5) the maturation of some
bioactive neural and endocrine peptides. Furthermore,
ascorbic acid helps the body to absorb nonheme iron
by keeping it in its bioactive reduced ferrous form
(Fe™), thereby making it available for hemoglobin pro-
duction and helping to prevent iron deficiency anemia.

Antioxidant Function

Similar to vitamin E in function, ascorbic acid is an
antioxidant that works to protect the body from
damage caused by free radicals. Free radicals lead to
oxidative stress, which is associated with increased
risks of inflammatory diseases, Alzheimer’s disease,
cancer, and heart disease.

REQUIREMENTS

The DRIs for vitamin C are listed in the summary table
for water-soluble vitamins (see Table 7-14) and in the
DRI tables in Appendix B. Because cigarette smoke
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increases oxidative stress and free radicals in body
tissues, the DRI committee recommends an addi-
tional 35 mg/day of vitamin C for smokers (see the
Clinical Applications box, “Ascorbic Acid Needs in
Smokers”).

DEFICIENCY

Signs of ascorbic acid deficiency include tissue bleed-
ing (e.g., easy bruising, pinpoint skin hemorrhages;
Figure 7-5, A), joint bleeding, susceptibility to bone
fracture, poor wound healing, bleeding gums, and
tooth loss (Figure 7-5, B). Extreme deficiency results in
the disease scurvy.

TOXICITY

The UL for ascorbic acid is 2000 mg/day. Although
most excessive intakes of water-soluble vitamins are
efficiently excreted in the urine, levels of more than
2000 mg/day are cleared less efficiently and may
result in gastrointestinal disturbances and osmotic
diarrhea. The Institute of Medicine states that further
research into the toxic effects of ascorbic acid is war-
ranted because of the popularity of high intake of the
vitamin in the United States.”

FOOD SOURCES AND STABILITY

The best food sources of ascorbic acid include citrus
fruits, bell peppers, and kiwis. Additional good sources
include berries, broccoli, tomato juice, and other green
and yellow vegetables (Table 7-6).

Ascorbic acid is readily oxidized upon exposure
to air and heat. Therefore, care must be taken when
handling its food sources. Ascorbic acid is not stable
in alkaline mediums; thus, baking soda, which often
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FIGURE 7-5 Scurvy observed on the skin and in the mouth. (A, From Al-Dabagh, A., et al., A disease of the present:
scurvy in “well-nourished” patients. J Am Acad Dermatol, 2013. 69(5): p. €246-7; B, Courtesy Nicholas D Magee,
Royal Victoria Hospital In Minerva, BMJ: British Medical Journal 326(7379):60, 2003.)



E Clinical Applications

Ascorbic Acid Needs in Smokers

Free radicals are reactive molecules that can disrupt the normal
structure of DNA, proteins, carbohydrates, and fatty acids.
Such damage is linked to an increased risk of cancer and
cardiovascular disease. Cigarette smoke is one environmental
source of free radicals—for both the smoker and anyone inhal-
ing second-hand smoke." The body fights free radicals with
antioxidants such as vitamins A, E, and C and minerals such
as selenium and zinc. Antioxidants help neutralize free radicals
and work to protect the body on a cellular level.

As free radical production increases so does the need for
antioxidants. Ascorbic acid is the specific antioxidant essential
to the process of breaking down the toxic compounds found
in cigarette smoke. Thus, cigarette smokers deplete their
supply of ascorbic acid more rapidly than nonsmokers. In addi-
tion to the general health recommendation of discontinuing the
habit of smoking, it is also recommended that cigarette
smokers consume an extra 35 mg of vitamin C per day to help
fight the additional free radical damage invoked by smoking.

REFERENCE

1. Moritsugu KP. The 2006 Report of the Surgeon General: the health
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IELEWEN Food Sources of Vitamin C

ITEM QUANTITY AMOUNT (mg)

Vegetables

Peppers, hot chili, ¥ cup, chopped 108
red, raw

Red pepper, sweet, ¥ cup, chopped 95
raw

Tomato, juice, canned % cup 85

Fruits, Raw

Kiwi Y cup sliced 83

Lemon juice 8floz 94

Orange juice 8 fl oz 124

Orange, navel 1 medium 83

Papaya 1 cup pieces 88

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.

is added to foods to preserve color, destroys the ascor-
bic acid content. Acidic fruits and vegetables retain
their ascorbic acid content better than nonacidic foods,
and the vitamin is also highly soluble in water. The
more water added for cooking, the more ascorbic
acid leaches out of the fruit or vegetable into the
cooking water.

THIAMIN (VITAMIN B,)

The name of the vitamin thiamin comes from the pres-
ence of the thiazole ring in its structure.

Vitamins CHAPTER 7

FUNCTIONS

Thiamin is a component of the coenzyme thiamin
pyrophosphate, which is involved in several metabolic
reactions that ultimately provide the body with energy
in the form of adenosine triphosphate (ATP). Thiamin
is especially necessary for the healthy function of
systems that are in constant action and in need of
energy, such as the gastrointestinal tract, the nervous
system, and the cardiovascular system.

REQUIREMENTS

The dietary requirement for thiamin is directly related
to its function in energy and carbohydrate metabolism.
The DRIs are listed in the summary table for water-
soluble vitamins (see Table 7-14) and in the DRI tables
in Appendix B. Increased thiamin intake is necessary
during pregnancy, lactation, and other conditions or
lifestyles that increase total kilocalorie needs above the
average daily energy requirement. Diseases and condi-
tions that accelerate glucose metabolism, such as fever,
also increase the body’s use of thiamin and thus the
requirement.

DEFICIENCY

Due to thiamin’s involvement in the generation of ATP,
a deficiency of the nutrient will have downstream
effects on energy availability. The gastrointestinal tract
relies on a steady supply of energy for muscular activ-
ity. Therefore, a lack of dietary thiamin may result
in constipation, indigestion, and a poor appetite. The
central nervous system also depends on constant
energy. Without sufficient thiamin, alertness and
reflexes decrease, and apathy, fatigue, and irritability
result. If the thiamin deficit continues, nerve irritation,
pain, and prickly or numbing sensations may eventu-
ally progress to paralysis.

Chronic thiamin deficiency is known as beriberi; this
paralyzing disease was especially prevalent in Asian
countries that relied heavily on polished white rice as
a food staple. The name describes the disease well; it
is Singhalese for “I can’t, I can’t,” because afflicted
people are too ill to do anything. In industrialized
societies, thiamin deficiency is largely associated with
chronic alcoholism and poor diet. Alcohol inhibits the
absorption of thiamin. Alcohol-induced thiamin defi-
ciency causes a debilitating brain disorder known as

thiamin the chemical name of vitamin By; this vitamin
was discovered in relation to the classic deficiency
disease beriberi, and it is important in body
metabolism as a coenzyme factor in many cell
reactions related to energy metabolism.

beriberi a disease of the peripheral nerves that is caused
by a deficiency of thiamin (vitamin B4) and is
characterized by pain (neuritis) and paralysis of legs
and arms, cardiovascular changes, and edema.
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Wernicke’s encephalopathy, which affects mental alert-
ness, short-term memory, and muscle coordination.

TOXICITY

The kidneys clear excess thiamin; therefore, there is no
evidence of toxicity from oral intake, and no UL exists.

FOOD SOURCES AND STABILITY

Although thiamin is widespread in most plant and
animal tissues, the amount is usually small. Thus,
thiamin deficiency is a distinct possibility when food
intake is markedly curtailed (e.g., with alcoholism or
highly inadequate diets). Good food sources of thiamin
include yeast, pork, whole or enriched grains (e.g.,
flour, bread, cereals), and legumes (Table 7-7). Some
raw fish contain a thiamin-degrading enzyme (i.e., thi-
aminase) and consequently are not good sources.
Neutral or alkaline environments will destroy thia-
min. As with other water-soluble vitamins, prepared
foods retain more thiamin when the cooking water is
consumed with the dish rather than discarded.

RIBOFLAVIN (VITAMIN B,)

The name riboflavin comes from the vitamin’s chemical
nature. It is a yellow-green fluorescent pigment that
contains ribose, which is a monosaccharide with five
carbons.

FUNCTIONS

Riboflavin is active in its coenzyme forms: flavin ade-
nine dinucleotide (FAD) and flavin mononucleotide
(FMN). These two flavin coenzymes are required for
macronutrient metabolism to produce ATP via the

IELWEWAYA Food Sources of Thiamin

ITEM QUANTITY  AMOUNT (mg)

Bread, Cereal, Rice, and Pasta

All-Bran Complete cereal, 1 cup 2.0
Kellogg’s

Product 19 cereal, Kellogg’s 1 cup 1.5

Quaker Oat Life cereal, 1 cup 0.54
Kellogg’s

Total Whole Grain cereal, 1 cup 2.0
General Mills

Yeast extract spread 1 tsp 1.4

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beans, black, cooked 1 cup 0.42

Ham, sliced, regular (11% 30z 0.58
fat)

Pork loin, lean, boneless, 30z 0.45
roasted

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.
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enriched a word that is used to describe foods to which
vitamins and minerals have been added back to a
food after a refining process that caused a loss of
some nutrients; for example, iron may be lost during
the refining process of a grain, so the final product will
be enriched with additional iron.

riboflavin the chemical name for vitamin B,; it has a role
as a coenzyme factor in many cell reactions related to
energy and protein metabolism.

Krebs cycle and the electron transport chain. Flavo-
proteins are involved in a number of other metabolic
reactions as well. Some examples of riboflavin-
dependent reactions include converting the amino
acid tryptophan to niacin (vitamin Bs;), converting
retinal to retinoic acid, and synthesizing the active
form of folate.

REQUIREMENTS

Riboflavin needs are related to total energy require-
ments for age, level of exercise, body size, metabolic
rate, and rate of growth. As with thiamin, the RDA is
based on average energy use. The DRIs for thiamin are
listed in the summary table for water-soluble vitamins
(see Table 7-14) and in the DRI tables in Appendix B.

DEFICIENCY

Areas of the body with rapid cell regeneration are most
affected by riboflavin deficiency. Symptoms include
cracked lips and mouth corners; a swollen, red tongue;
burning, itching, or tearing eyes caused by extra blood
vessels in the cornea; and a scaly, greasy dermatitis in
the skin folds. Riboflavin deficiency usually occurs in
conjunction with other B vitamin and nutrient defi-
ciencies (e.g., protein malnutrition) rather than alone.
A rare riboflavin-specific deficiency has been given the
general name ariboflavinosis (i.e., without riboflavin).
Its symptoms are tissue inflammation and breakdown
and poor wound healing; even minor injuries become
easily aggravated and do not heal well.

TOXICITY

No adverse effects of riboflavin intake from food or
supplements have been reported. Thus, there is no UL
for riboflavin.

FOOD SOURCES AND STABILITY

One of the most frequently consumed natural food
source of riboflavin is milk. Each serving of milk con-
tains about 0.5 mg of riboflavin. Other good sources
include enriched grains, animal protein sources such
as meats (especially beef liver), almonds, and soy-
beans. Table 7-8 provides a summary of riboflavin food
sources.

Riboflavin is destroyed by light; therefore, milk is
usually sold and stored in plastic or cardboard cartons
instead of glass containers to preserve the vitamin.
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IELEWAR Food Sources of Riboflavin

ITEM QUANTITY  AMOUNT (mg)

Bread, Cereal, Rice, and Pasta

All-Bran Complete cereal, 1 cup 2.27
Kellogg’s

Product 19 cereal, Kellogg’s 1 cup 1.7

Total Whole Grain cereal, 1 cup 2.28
General Mills

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beef liver, fried 30z 2.9

Chicken liver, simmered 30z 1.7

Soybeans, raw ¥ cup 0.81

Milk and Dairy Products

Milk, skim or whole 8 fl oz 0.45

Soy milk 8 fl oz 0.5

Yogurt, low fat 8 fl oz 0.52

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 17, 2014.

NIACIN (VITAMIN B;)
FUNCTIONS

Niacin is part of two coenzymes. The role of one of the
niacin-containing coenzymes (nicotinamide adenine
dinucleotide, NAD) is the metabolism of the macro-
nutrients. You should notice the theme among the
B vitamin functions with regard to their role in
macronutrient metabolism. The function of this niacin-
containing coenzyme is similar to that of the coen-
zymes containing riboflavin and thiamin. The other
niacin-containing coenzyme (nicotinamide adenine
dinucleotide phosphate, NADP) is involved in DNA
repair and steroid hormone synthesis.

REQUIREMENTS

Factors such as age, growth, pregnancy and lactation,
illness, tissue trauma, body size, and physical activity
—all of which affect energy needs—influence niacin
requirements. Because the body can make some of its
needed niacin from the essential amino acid trypto-
phan, the total niacin requirement is stated in terms of
niacin equivalents (NEs) to account for both sources.
Approximately 60 mg of tryptophan can yield 1 mg of
niacin; thus, 60 mg of tryptophan equals 1 NE. The
DRIs for niacin are listed in the summary table for
water-soluble vitamins (see Table 7-14) and in the DRI
tables in Appendix B.

DEFICIENCY

Symptoms of general niacin deficiency are weakness,
poor appetite, indigestion, and various disorders of
the skin and nervous system. Skin areas that are
exposed to sunlight develop a dark, scaly dermatitis.
Extended deficiency may result in central nervous
system damage with resulting confusion, apathy,
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niacin the chemical name for vitamin Bg; this vitamin
was discovered in relation to the deficiency disease
pellagra; it is important as a coenzyme factor in many
cell reactions related to energy and protein
metabolism.

pellagra the deficiency disease caused by a lack of
dietary niacin and an inadequate amount of protein
that contains the amino acid tryptophan, which is a
precursor of niacin; pellagra is characterized by skin
lesions that are aggravated by sunlight as well as by
gastrointestinal, mucosal, neurologic, and mental
symptoms.

disorientation, and neuritis. Such signs of nervous
system damage are seen in patients with chronic alco-
holism. The deficiency disease that is associated with
niacin is pellagra, which is characterized by the four
Ds: dermatitis, diarrhea, dementia, and death (Figure
7-6). When therapeutic doses of niacin are given, pel-
lagra symptoms improve. Pellagra was common in the
United States and parts of Europe during the early
twentieth century in regions where corn (which is
low in niacin) was the staple food. In the southern
United States, more than 3 million cases of pellagra
resulted in an estimated 100,000 deaths between 1900
and 1940.”

TOXICITY

Excessive niacin intake can produce adverse physical
effects, unlike high intakes of thiamin and riboflavin.
The UL is 35 mg/day, which is based on the skin flush-
ing caused by high supplemental intakes.” Although
no evidence exists of adverse effects from consuming

FIGURE 7-6 Pellagra, which results from a niacin deficiency.
(Reprinted from Mclaren DS. A Colour Atlas and Text of
Diet-Related Disorders. 2nd ed. London: Mosby-Year Book; 1992.)
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niacin that naturally occurs in food, evidence does
exist for excessive niacin consumption and adverse
effects from nonprescription vitamin supplements
and niacin-containing prescription medications. The
primary reaction is a reddened flush on the skin of the
face, arms, and chest that is accompanied by burning,
tingling, and itching. This reaction also occurs in
many patients who are therapeutically treated with
niacin (see the Clinical Applications box, “Niacin as a
Treatment for High Cholesterol”).

& Clinical Applications

Niacin as a Treatment for High Cholesterol

In addition to the many other important functions of niacin,
high-dose niacin supplements can improve blood lipid profiles.
At doses of 1500 mg per day, niacin decreases low-density
lipoprotein cholesterol and triglyceride levels, both of which are
linked with cardiovascular disease. In addition, pharmacologic
doses of niacin improve high-density lipoprotein cholesterol
levels; this is the “good” cholesterol. When niacin is used in
this sense, it is functioning as a drug rather than as a vitamin,
and it should be used only under medical supervision. Patients
with cardiovascular disease who take a statin medication do
not benefit further from supplemental niacin; thus, it is not
recommended to take both.'?

To understand the potentially beneficial role of niacin at
pharmacologic dosing, the potential side effects must also be
understood. The RDA for niacin in adult men and women is
16 mg/day and 14 mg/day, respectively. The UL for niacin is
35 mg/day. Therefore, a long-term dose of 1500 mg/day has
serious side effects. Adverse effects from pharmacologic
dosing are the same as the toxicity effects: flushing of the skin,
tingling sensation in the extremities, nausea, and vomiting.
Some individuals may even experience liver damage if long-
term use is continued unsupervised for months or years at
a time. Physicians will periodically check liver enzymes for
patients on niacin supplementation or statin medications to
monitor any side effects of either medication.

REFERENCES

1. Kolber MR, Ivers N, Allan GM. Niacin added to statins for cardio-
vascular disease. Can Fam Physician. 2012;58(8):842.

2. Keene D, et al. Effect on cardiovascular risk of high density lipo-
protein targeted drug treatments niacin, fibrates, and CETP inhibi-
tors: meta-analysis of randomised controlled trials including
117,411 patients. BMJ. 2014;349:4379.

FOOD SOURCES AND STABILITY

Meat is a good source of niacin. Most dietary niacin in
the United States comes from meat, poultry, or fish
(Table 7-9). Enriched and whole-grain breads, bread
products, and ready-to-eat cereals have ample levels
of niacin. Peanuts are another good source of niacin.

Niacin is stable in acidic mediums and in heat, but
it is lost in cooking water unless the water is retained
and consumed (e.g., in soup).

VITAMIN B,

The name pyridoxine comes from the pyridine ring
in the structure of this vitamin. The term vitamin
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IELEWAR Food Sources of Niacin

AMOUNT (mg
OF NIACIN
ITEM QUANTITY  EQUIVALENTS)
Bread, Cereal, Rice, and Pasta
All-Bran Complete cereal, 1 cup 26.7
Kellogg’s
Product 19 cereal, Kellogg’s 1 cup 20.0
Total Whole Grain cereal, 1 cup 26.7
General Mills
Wheaties cereal, General 1 cup 188
Mills
Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts*
Beef liver, fried 30z 14.9
Chicken, light meat, 30z 8.9
boneless, roasted
Chicken liver, pan-fried 3 0z 11.8
Mackerel, cooked, dry heat 30z 9.0
Peanuts, raw ¥ cup 8.8

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 25, 2014.
*The amino acid tryptophan can be converted into niacin. Therefore, foods
that are high in tryptophan also are significant sources of niacin.

Bg collectively refers to a group of six related com-
pounds: pyridoxine, pyridoxal, pyridoxamine, and
their respective activated phosphate forms. Two of the
phosphorylated compounds are the coenzymes pyri-
doxal 5"-phosphate and pyridoxamine 5-phosphate.

FUNCTIONS

Pyridoxal 5-phosphate, which is the metabolically
active form of vitamin By, has an essential role in
protein metabolism and in many cell reactions that
involve amino acids. It is involved in neurotransmit-
ter synthesis and, thus, in brain and central nervous
system activity. Unlike most water-soluble vitamins,
vitamin By is stored in tissues throughout the body,
particularly muscle. It participates in amino acid
absorption, ATP production, the synthesis of the heme
portion of hemoglobin, and niacin formation from
tryptophan. Enzymes that make use of vitamin By
coenzymes are also involved in carbohydrate and fat
metabolism.

REQUIREMENTS

Vitamin By is involved in amino acid metabolism;
therefore, needs vary directly in response to protein
intake and utilization. The DRIs for vitamin B, are

pyridoxine the chemical name of vitamin Bg; in its
activated phosphate form (i.e., B,PO,), pyridoxine
functions as an important coenzyme factor in many
reactions in cell metabolism that are related to amino
acids, glucose, and fatty acids.
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listed in the summary table for water-soluble vitamins
(see Table 7-14) and in the DRI tables in Appendix B.

DEFICIENCY

A vitamin B deficiency is unlikely, because more of the
vitamin is available in a typical diet than is required.
A vitamin B, deficiency causes abnormal central
nervous system function with hyperirritability, neuri-
tis, and possible convulsions. Vitamin B, deficiency is
one cause of microcytic hypochromic anemia, because
it is required for heme synthesis (part of the red blood
cell protein hemoglobin).

TOXICITY

High vitamin B, intake from food does not result in
adverse effects, but large supplemental doses can
cause uncoordinated movement and nerve damage.
Symptoms improve when supplemental overdosing is
discontinued. The UL for adults is 100 mg/day on the
basis of studies that related vitamin B dosage to nerve
damage.”

FOOD SOURCES AND STABILITY

Vitamin B, is widespread in foods. Good sources
include grains, enriched cereals, liver and kidney, and
other meats (Table 7-10). Limited amounts are found
in legumes.

ELENYAIUN Food Sources of Vitamin Bg (Pyridoxine)

ITEM QUANTITY AMOUNT (mg)

Bread, Cereal, Rice, and Pasta

All-Bran cereal, Kellogg’s Y cup 3.72

Complete Wheat Flakes 1 cup 2.67
cereal, Kellogg’s

Mueslix cereal, Kellogg's 2 cup 1.96

Total Whole Grain cereal, 1 cup 2.67
General Mills

Fruits and Vegetables

Banana 1 medium 0.43

(118 g)
Potato, baked, with skin 1 medium 0.54
(173 g)

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beef liver, fried 30z 0.87

Chicken, light meat, 3 0z 0.46
boneless, roasted

Chicken liver, simmered 30z 0.64

Lentils, cooked, boiled 1 cup 0.35

Pistachios, raw 10z 0.48

Salmon, cooked, dry heat 30z 0.59

Sirloin steak, lean, broiled 3 0z 0.45

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 25, 2014.
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Vitamin By is stable to heat but sensitive to light and
alkalis.

FOLATE

The given name folate comes from the Latin word folium,
meaning “leaf,” because it was originally discovered
in dark green, leafy vegetables. In nutrition, the term
folate refers loosely to a large class of molecules that
are derived from folic acid (i.e., pteroylglutamic acid)
found in plants and animals. The most stable form
of folate is folic acid, which is rarely found naturally
in food but which is the form that is usually used in
vitamin supplements and fortified food products. In
the body, folate is converted to and used as the coen-
zyme tetrahydrofolic acid (TH,).

FUNCTIONS

TH, participates in DNA synthesis (with the enzyme
thymidylate synthetase) as well as cell division. TH, is
involved in the synthesis of the amino acid glycine,
which in turn is required for heme synthesis and thus
hemoglobin synthesis.

TH, also participates in the reduction of blood
homocysteine concentration and indirectly in gene
expression (with the enzyme methionine synthase).
Hyperhomocysteinemia is common in patients with
cardiovascular disease. However, whether this con-
tributes to or is merely an effect of cardiovascular
disease has not been determined because lowering
homocysteine levels through folic acid supplementa-
tion does not subsequently lower the risk for cardio-
vascular events or all-cause mortality.”

REQUIREMENTS

Dietary folate equivalencies (DFEs) are used to express
the DRI for folate because the bioavailability of natu-
rally occurring food folate differs from that of syn-
thetic folic acid.” One mcg of DFE equals 1 mcg of
food folate, 0.5 mcg of folic acid taken on an empty
stomach, or 0.6 mcg of folic acid taken with food. As a
result of the role of folate in cell division during
embryogenesis, adequate preconception and preg-
nancy intakes are linked to reduced neural tube defect
occurrences. Thus, the DRIs include a special recom-
mendation that all women who are capable of becom-
ing pregnant take 400 mcg/day of synthetic folic acid
from fortified foods or supplements in addition to
natural folate found in a varied diet. The DRI recom-
mendations (listed in the summary tables for water-
soluble vitamins [see Table 7-14] and in Appendix B)
are aimed at providing adequate safety allowances
that include specific population groups that are at risk

hyperhomocysteinemia the presence of high levels
of homocysteine in the blood; associated with
cardiovascular disease.



http://ndb.nal.usda.gov/ndb/

for deficiency, such as pregnant women, adolescents,
and older adults.”

DEFICIENCY

Folate deficiency impairs DNA and RNA synthesis.
Thus, rapidly dividing cells are affected quickly by
folate deficiency. When red blood cells cannot divide,
the result is large and immature erythrocytes (i.e.,
megaloblastic macrocytic anemia). If the deficiency
is not corrected, symptoms may progress to poor
growth in children, weakness, depression, and neurop-
athy. Pregnant and lactating women are particularly
susceptible to diminished blood folate concentrations
and anemia as a result of their higher needs.

Neural tube defects (NTDs) such as spina bifida and
anencephaly are some of the most common birth
defects in the United States, occurring in approxi-
mately 1 in every 1000 pregnancies (Figure 7-7). This
defect occurs within the first 28 days after conception,
often before a woman realizes that she is pregnant.
Although the exact causes of neural tube defects are

FIGURE 7-7 A, Myelomeningocele. B, Spina bifida in a child at birth
with a cutaneous defect over the lumbar spine. (B, Courtesy Dr.
Robert C. Dauser, Baylor College of Medicine, Houston, Tex.)

Part I Introduction to Basic Principles of Nutrition Science

spina bifida a congenital defect in the embryonic fetal
closing of the neural tube to form a portion of the
lower spine, which leaves the spine unclosed and the
spinal cord open to various degrees of exposure and
damage.

anencephaly the congenital absence of the brain that
results from the incomplete closure of the upper end
of the neural tube.

not known, adequate stores of folic acid before concep-
tion and during early gestation reduce the risk for
neural tube defect-affected pregnancies.”

TOXICITY

No negative effects have been observed from the
consumption of folate from foods. However, some
evidence shows that excessive folic acid can mask bio-
chemical indicators of vitamin B,, deficiency. Prolonged
By, deficiency can result in permanent nerve damage;
therefore, the adult UL for supplemental folic acid (not
DFE) has been set at 1000 mcg/day.”

FOOD SOURCES AND STABILITY

Folate is widely distributed in foods (Table 7-11). Rich
sources include green, leafy vegetables; orange juice;
legumes; and chicken liver. Since January 1998, as part
of an effort to reduce the occurrences of neural tube
defects, the U.S. Food and Drug Administration has
required all manufacturers of certain grain products

IELIENWAIRN Food Sources of Folate

AMOUNT
ITEM QUANTITY (mcg OF DFE)
Bread, Cereal, Rice, and Pasta
All-Bran Complete Wheat 1 cup 901
Flakes cereal, Kellogg’s
Mueslix cereal, Kellogg’s 2 cup 674
Product 19 cereal, 1 cup 676
Kellogg’s
Quaker Oat Life cereal, 1 cup 941
Kellogg’s
Total Whole Grain cereal, 1 cup 901
General Mills
Fruits and Vegetables
Asparagus, cooked ¥ cup 134
Orange juice, fresh 1 cup, 8 oz 74
Spinach, cooked, boiled ¥ cup 131

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Chicken liver, simmered 30z 491
Garbanzo beans ¥ cup 141
(chickpeas), cooked,
boiled
Lentils, cooked, boiled ¥ cup 179

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 25, 2014.


http://ndb.nal.usda.gov/ndb/

(e.g., enriched white flour; white rice; corn grits; corn-
meal; noodles; fortified breakfast cereals, bread, rolls,
and buns) to fortify with folic acid. The fortification of
the general food supply has successfully reduced the
prevalence of NTDs in the United States by 22.9%.”
Although there are other non—folate-related causes for
NTDs, supplemental folic acid can improve the folate
status of women and improve pregnancy outcomes.”

The special DRI recommendation that women who
are capable of becoming pregnant consume folic acid
from supplements or fortified foods is one of only two
current RDAs that specifically recommend consuming
vitamin sources in addition to those available in a
varied diet of natural foods.

Folate is easily destroyed by heat, and it easily
leaches into cooking water, especially when the food
is submerged in the water. As much as 50% to 90% of
food folate may be destroyed during food processing,
storage, and preparation.

COBALAMIN (VITAMIN B,,)

The name cobalamin was derived from cobalt, which
is the trace mineral that is the single gray atom at the
center of cobalamin’s corrin ring. The term vitamin B,
originally referred to the synthetic pharmaceutical
molecule cyanocobalamin. In nutrition, it has become
a term for all cobalamin derivatives, including the two
biologically active coenzyme derivatives methylco-
balamin and deoxyadenosylcobalamin.

FUNCTIONS

Vitamin B;, is essential for DNA synthesis and cell
division. There are two cobalamin-dependent coen-
zymes with critical biologic activity.

Methylcobalamin is a coenzyme that is required for
the catalytic activity of two of the same enzymes as
tetrahydrofolic acid: methionine synthase and serine
hydroxymethyltransferase. Thus, like tetrahydrofolic
acid, methylcobalamin participates in the reduction of
blood homocysteine concentration and indirectly in
gene expression. Methylcobalamin is also involved in
the production of the amino acid glycine, which in turn
is required for heme synthesis and therefore hemoglo-
bin synthesis.

Deoxyadenosylcobalamin is a coenzyme for the
mitochondrial enzyme methylmalonyl-coenzyme A
mutase, which is involved in the metabolism of fatty
acids that have an odd number of carbon atoms.

cobalamin the chemical name for vitamin B;,; this
vitamin is found mainly in animal protein food sources;
it is closely related to amino acid metabolism and the
formation of the heme portion of hemoglobin; the
absence of hydrochloric acid and intrinsic factor leads
to pernicious anemia and degenerative effects on the
nervous system.
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REQUIREMENTS

The amount of dietary vitamin B, needed for normal
human metabolism is quite small, consisting of only a
few micrograms per day. A mixed diet that includes
animal foods easily provides this much and more. The
DRIs for vitamin By, are listed in the summary table
for water-soluble vitamins (see Table 7-14) and in the
DRI tables in Appendix B. The DRIs include a special
recommendation that both men and women who are
50 years old and older meet their RDA with vitamin
Bi,—fortified foods or supplements due to decreased
absorption with age.”

DEFICIENCY

The vast majority of cobalamin deficiency cases are
due to poor absorption from food as opposed to inad-
equate intake. A component of the gastric digestive
secretions called intrinsic factor is necessary for the
absorption of vitamin By, by intestinal cells (Figure
7-8). Gastrointestinal disorders that destroy the cells in
the stomach (e.g., atrophic gastritis) disrupt the secre-
tion of intrinsic factor and hydrochloric acid, both of
which are needed for vitamin B;, absorption. Diseases
affecting the small intestine such as Crohn’s disease
may prevent absorption in the ileum. Long-term use
of certain medications also interferes with cobala-
min absorption; most notable are the histamine H,
blockers metformin (Glucophage) and protein pump
inhibitors.”

Primary vitamin B, deficiency from inadequate
intake has been reported in vegans (see Chapter 4).
Because foods made with animal products are the only
natural sources of vitamin B;,, vegans must rely on
dietary supplements or foods fortified with cobalamin
to meet their daily requirements. Because many plant-
based foods that are vegan friendly have been fortified
with vitamin By, a conscientious vegan choosing such
foods should not have a problem with inadequate

factor)
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FIGURE 7-8 Digestion and absorption of vitamin B,. (Reprinted from
Mahan LK, Escott-Stump S. Krause’s Food & Nutrition Therapy.
13th ed. Philadelphia: Saunders; 2011.)




intake. For example, fortified almond milk has 3 mcg
per 8 oz cup.

The general symptoms of vitamin B, deficiency in-
clude nonspecific symptoms such as fatigue, anorexia,
and nausea. In advanced cases, a multitude of condi-
tions may develop, including hematologic (e.g., perni-
cious anemia), neurologic (e.g., peripheral neuropathy),
and digestive (e.g., glossitis) manifestations.” In such
cases, vitamin By, is most often administered via hypo-
dermic injection to bypass the absorption defect.

TOXICITY

Vitamin By, has not been shown to produce adverse
effects in healthy individuals when intake from food
or supplements exceeds body needs; therefore, no UL
has been established.

FOOD SOURCES AND STABILITY

Vitamin B,, is bound to protein in foods. All dietary
vitamin By, originates from bacteria that inhabit the
gastrointestinal tracts of herbivorous animals. Thus,
the only naturally occurring food sources are of animal
origin or come from bacteria found on unwashed
plants. Human intestinal bacteria also synthesize
vitamin B;,, but it is not bioavailable. The richest
dietary sources are beef liver, lean meat, clams, oysters,
herring, and crab (Table 7-12).

Vitamin B, is stable throughout ordinary cooking
processes.

PANTOTHENIC ACID

The name pantothenic acid refers to this substance’s
widespread functions in the body and its widespread
availability in foods of all types. The name is based on
the Greek word pantothen, meaning “from every side.”
Pantothenic acid is present in all living things, and it
is essential to all forms of life.

FUNCTIONS

Pantothenic acid is part of coenzyme A (CoA), which
is a carrier of acetyl moieties or larger acyl moieties. It

IELENYEI VA Food Sources of Vitamin By, (Cobalamin)

ITEM QUANTITY  AMOUNT (mcg)
Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts*
Beef liver, pan-fried 30z 83
Clams, cooked, moist heat 30z 84
Mussels, cooked, moist 30z 20
heat
Oysters, Pacific, cooked, 30z 25
moist heat

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 25, 2014.
*Several vegan-friendly meat and dairy substitute products (e.g., soy milk, tofu)
are fortified with vitamin B;,.
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is involved in cellular metabolism as well as both
protein acetylation and protein acylation.

Acetyl CoA is involved in energy extraction from
the fuel molecules glucose, fatty acids, and amino
acids. CoA also is involved in the biosynthesis of the
following: (1) sphingolipids, which are found in neural
tissue; (2) some amino acids; (3) isoprenoid derivatives
(e.g., cholesterol, steroid hormones, vitamins A and D);
(4) 3-aminolevulinic acid, which is the precursor of the
porphyrin rings in hemoglobin, the cytochromes of the
electron transport chain, and the corrin ring of vitamin
Bi,; (5) the neurotransmitter acetylcholine; and (6) mel-
atonin, which is a sleep inducer that is derived from
the neurotransmitter serotonin.

REQUIREMENTS

The usual intake range of pantothenic acid in the
American diet is 4 to 7 mg/day. The Als for panto-
thenic acid are listed in the summary table for water-
soluble vitamins (see Table 7-14) and in the DRI tables
in Appendix B.

DEFICIENCY

Given its widespread natural occurrence, panto-
thenic acid deficiencies are unlikely. The only cases of
deficiency have been in individuals who are fed syn-
thetic diets that contain virtually no pantothenic acid.

TOXICITY

No observed adverse effects have been associated with
pantothenic acid intake in people or animals. Therefore,
the DRI guidelines have not established a UL for this
vitamin.

FOOD SOURCES AND STABILITY

Pantothenic acid occurs as widely in foods as in body
tissues. It is found in all animal and plant cells, and it
is especially abundant in animal tissues, whole-grain
cereals, fortified cereals, and sunflower seeds (Table
7-13). Smaller amounts are found in milk, eggs, and
some vegetables.

Pantothenic acid is stable to acid and heat, but it is
sensitive to alkalis.

BIOTIN
FUNCTIONS

Biotin is a coenzyme for five carboxylase enzymes.
Carboxylase enzymes transfer carbon dioxide moieties

pernicious anemia a form of megaloblastic anemia that
is caused by destroyed gastric parietal cells that
produce intrinsic factor; without intrinsic factor, vitamin
B, cannot be absorbed.

pantothenic acid a B-complex vitamin that is found
widely distributed in nature and that occurs throughout
the body tissues; it is an essential constituent of the
body’s main activating agent, coenzyme A.


http://ndb.nal.usda.gov/ndb/

IELEWAI RN Food Sources of Pantothenic Acid

AMOUNT
ITEM QUANTITY (mg)
Bread, Cereal, Rice, and Pasta
All-Bran Complete Wheat 1 cup 13.34
Flakes cereal, Kellogg’s
Total Whole Grain cereal, 1 cup 13.3
General Mills
Wheat Flakes, Kellogg’s 1 cup 18.5
Complete cereal
Fruits and Vegetables
Avocado, raw Y, medium 0.70
Portabella mushroom, grilled 1 cup, sliced 1.53
Potato, baked, with skin 1 medium 0.66
(173 g)
Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts
Beef liver, fried 3 0z 5.90
Chicken liver, simmered 30z 5.67
Egg, whole, scrambled 1 large 0.74
Sunflower seeds, dry roasted 1 oz 2
Turkey, breast, roasted 30z 0.88
Milk and Dairy Products
Milk, skim 8 fl oz 0.88
Yogurt, whole milk 8floz 0.88

Data from the U.S. Department of Agriculture, Agricultural Research Service.
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed September 25, 2014.

from one molecule to another in the following biotin

enzymes:

1. o-Acetyl-CoA carboxylase, which is involved in fatty
acid synthesis

2. B-Acetyl-CoA carboxylase, which is involved in inhib-
iting fatty acid breakdown during the hours after
starch, sucrose, or fructose is consumed

3. Pyruvate carboxylase, which is involved in synthesiz-
ing glucose during fasting (gluconeogenesis) or
during short bursts of energy (from lactic acid)

4. Methylcrotonyl-CoA carboxylase, which is involved in
the degradation of the amino acid leucine

5. Propionyl-CoA carboxylase, which is involved in
the breakdown of the three-carbon fatty acid propi-
onic acid

REQUIREMENTS

The amount of biotin needed for metabolism is
extremely small, and it is measured in micrograms.
The Als for biotin are listed in the summary table for
water-soluble vitamins (see Table 7-14) and in the DRI
tables in Appendix B.

DEFICIENCY

There are no known natural biotin dietary deficiencies.
A rare inborn error of metabolism called biotinidase
deficiency can result in neurologic disturbances if it is
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left untreated, but it is treatable with lifelong oral
biotin supplementation.”

Biotin is bound by avidin, a protein that is found in
uncooked egg whites. Consequently, consuming raw
eggs inhibits biotin absorption.

TOXICITY

No toxicity or other adverse effects from the consump-
tion of biotin by people or animals are known. No data
currently support setting a UL for biotin.

FOOD SOURCES AND STABILITY

Biotin is widely distributed in natural foods, but it is
not equally absorbed from all of them. For example,
the biotin in corn and soy meal is completely bio-
available (i.e., able to be digested and absorbed by
the body). However, almost none of the biotin in
wheat is bioavailable. The best food sources of biotin
are liver, cooked egg yolk, soy flour, cereals (except
bound forms in wheat), meats, tomatoes, and yeast.
The bacteria that normally inhabit the gut also syn-
thesize biotin, which is available for intestinal cell
absorption.

Biotin is a stable vitamin, but it is water soluble. A
summary of the water-soluble vitamins is given in
Table 7-14.

CHOLINE

Choline is a water-soluble nutrient that is associated
with the B-complex vitamins. The Institute of Medicine
established an Al of choline for the first time in the
1998 DRIs.*

FUNCTIONS

Choline is important for maintaining the structural
integrity of cell membranes as a component of
the phospholipid lecithin (i.e., phosphatidylcholine).
Choline is also involved in lipid transport (i.e.,
lipoproteins), homocysteine reduction, and the
neurotransmitter acetylcholine, which is involved
in involuntary functions, voluntary movement, and
long-term memory storage, among other things.

REQUIREMENTS

The Als for choline are listed in the summary table for
water-soluble vitamins (see Table 7-14) and in the DRI
tables in Appendix B.

DEFICIENCY

Fatty liver disease from choline deficiency has
been reported in patients who are administered long-
term parental nutrition devoid of choline.” There
remains speculation about a multitude of other poten-
tial effects due to choline deficiency such as cancer,
neural tube defects, dementia, and cardiovascular
disease.”



http://ndb.nal.usda.gov/ndb/
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TOXICITY

Very high doses of supplemental choline have resulted
in depressed blood pressure, fishy body odor, sweat-
ing, excessive salivation, and reduced growth rate. The
UL for adults is 3.5 g/day.”

FOOD SOURCES AND STABILITY

Choline is found naturally in a wide variety of foods.
Soybean products, eggs, liver, and other meat products
are especially rich sources of choline.

Choline is a relatively stable nutrient. It is water
soluble, as are all of the B-complex vitamins.

SECTION 3 PLANT NUTRIENTS
PHYTOCHEMICALS

In addition to the vitamins discussed so far in this
chapter, there are other bioactive molecules found in
plants called phytochemicals that have multifaceted
health benefits. Phytochemicals are organic molecules.
The term phytochemical comes from the Greek word
phyton, meaning “plant.” Scientists believe that fruits,
vegetables, beans, nuts, and whole grains provide
thousands of phytochemicals, many of which have yet
to be identified.

What prompted the investigation of phytochemi-
cals were the health differences seen in people who
were eating whole foods compared with people who
were eating micronutrient-deficient refined foods and
relying on dietary supplements for their source of vita-
mins and minerals. Those individuals obtaining their
nutrients from a diet rich in plant foods benefited far
more than those who relied on synthetic supplemental
forms of nutrients. Such findings have led researchers
to conclude that there are other important factors (i.e.,
phytochemicals) in whole foods beyond the known
essential vitamins and minerals.

FUNCTION

Phytochemicals have a wide variety of functions,
some of which include antioxidant activity, hormonal
actions, interactions with enzymes and DNA replica-
tion, and antibacterial effects. Diets that are high in
phytochemicals protect against cardiovascular disease,
cancer, and other chronic diseases.”* The beneficial
effects of phytochemicals are thought to result from the
synergistic actions of multiple constituents as opposed
to the actions of isolated compounds,” which, in part,
explains why taking a dietary supplement with only
one of the known phytochemicals (e.g., carotene, lyco-
pene) does not have the same advantageous effects as
consuming many phytochemicals in whole food form.

RECOMMENDED INTAKE

There are no established DRIs for phytochemicals.
Phytochemicals give fruits and vegetables their spe-
cific colors; thus, consuming a colorful variety of fruits,
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vegetables, whole grains, and nuts will provide a rich
supply of phytochemicals. MyPlate Guidelines recom-
mend filling half of your plate with fruits and veggies
each time you eat. At www.cdc.gov/nutrition/everyone/
fruitsvegetables/index.html, the Centers for Disease
Control and Prevention (CDC) provides recommenda-
tions for the servings of fruits and vegetables a person
should consume daily on the basis of age, gender, and
activity level. One cup of raw or cooked vegetables
or vegetable juice or 2 cups of raw leafy greens are
equivalent to 1 cup from the vegetable group. One cup
of fruit or 100% fruit juice or half a cup of dried fruit is
equivalent to 1 cup from the fruit group.”

These recommendations are based on research find-
ings indicating that the number of fruits and vegeta-
bles a person eats has a direct dose response on their
risk for all-cause mortality. In other words, people
eating five servings of fruits and vegetables per
day have the lowest risk for all-cause mortality."
Unfortunately, adolescents and adults in the United
States only eat fruits and vegetables on average 2.3 and
2.7 times per day, respectively.” This equals approxi-
mately half of the recommended amount per day to
reap the most health benefits. In fact, with regard to
Americans eating according to the dietary recommen-
dations, one group of researchers concluded that “...
nearly the entire U.S. population consumes a diet with
fewer vegetables and whole grains than recommended
and [a] large majority underconsume fruits, milk, and
oils relative to recommendations.”** Thus, it is safe to
say that most of us could enhance our phytochemical
profile by increasing our fruit and veggie intake each
day (see the Cultural Considerations box, “The
American Diet”).

FOOD SOURCES

Foods derived from animals and those that have been
processed and refined are virtually devoid of phyto-
chemicals. Phytochemicals are found in whole and
unrefined foods such as vegetables, fruits, legumes,
nuts, seeds, whole grains, and certain vegetable oils
(e.g., olive oil).

The following is a list of seven typical fruit and
vegetable colors along with the specific phytochemi-
cal or phytochemical class that these fruits and vege-
tables usually contain. The specified phytochemical or
phytochemical class is generally present in fruits or
vegetables of other colors as well. However, color is
one prominent indicator that a significant quantity of
the specified phytochemical or phytochemical class is
present in a food. One specific exception that is worth
noting is flavonoids. Although orange-yellow foods
are good sources of flavonoids, other significant
sources include purple grapes, black tea, olives, onions,
celery, green tea, oregano, and whole wheat, none of
which have an orange-yellow color.

* Red foods provide lycopene.
* Yellow-green foods provide zeaxanthin.



http://www.cdc.gov/nutrition/everyone/fruitsvegetables/index.html
http://www.cdc.gov/nutrition/everyone/fruitsvegetables/index.html

Cultural Considerations

The American Diet

By consuming the recommended servings from each food
group in accordance with the MyPlate guidelines, an individu-
al’s vitamin, mineral, and phytochemical needs should be met.
However, the average American does not consume the recom-
mended servings per day of key vitamin-rich foods such as
fruits, vegetables, and whole grains. According to the Centers
for Disease Control and Prevention, there is not a single state
within the United States that reports its citizens average two
servings of vegetables per day.’

Instead, studies show that the average American overcon-
sumes “nutrient-empty” foods such as added sugars and
refined grains. An excess of added sugars and empty calories
contribute to weight gain and obesity. Note the high amount
of average intake from these empty calorie categories in italics
below. The average daily foods consumed in the United States
for each food group are as follows?:

e Fruits 1.05 cups/day

Added sugars 17.73 tsp/day
Qils 21.15 g/day
Solid fats 37.44 g/day

How do you measure up? Can you say that your diet is
better than the average American? What about your family and
friends? Preventing nutrient deficiency is always preferable to
disease treatment. Hence, the old saying, “An apple a day
keeps the doctor away.”
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e \egetables 1.42 cups/day
e Dairy 1.77 cups/day
e Whole grains 0.78 oz/day

* Refined grains 5.68 oz/day

e Protein-rich foods 5.68 oz/day

[ ]

[ ]

°

* Red-purple foods provide anthocyanin.
e Orange foods provide P-carotene.

* Orange-yellow foods provide flavonoids.
* Green foods provide glucosinolate.

* White-green foods provide allyl sulfides.

By consuming one fruit or vegetable from each of
these seven color categories regularly, individuals get
a variety of phytochemicals. Thousands of other phy-
tochemicals are also widely distributed in fruits, veg-
etables, grains, soybeans, legumes, and nuts.

SECTION 4 NUTRIENT
SUPPLEMENTATION

The Dietary Supplement Health and Education Act
(DSHEA) of 1994 officially defined supplements as a
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product (other than tobacco) that has the following

characteristics:

e It is intended to supplement the diet.

* It contains one or more dietary ingredients
(including vitamins, minerals, herbs or other botan-
icals, amino acids, and other substances) or their
constituents.

e [tisintended to be taken by mouth as a pill, capsule,
tablet, or liquid.

* Anditislabeled on the front panel as being a dietary
supplement.

Dietary supplements are regulated in the United
States by the U.S. Food and Drug Administration.
The Office of Dietary Supplements (http://ods.od.nih
.gov/), which is housed within the National Institutes
of Health, has the following mission: “to strengthen
knowledge and understanding of dietary supplements
by evaluating scientific information, stimulating and
supporting research, disseminating research results,
and educating the public to foster an enhanced quality
of life and health for the U.S. population.”*

The use of dietary supplements is quite common in
the United States. About half of the population regu-
larly takes a dietary supplement. The most commonly
used supplement is of the multivitamin or multimin-
eral variety. It is the position of the Academy of
Nutrition and Dietetics that “... the best nutrition-
based strategy for promoting optimal health and
reducing the risk of chronic disease is to wisely choose
a wide variety of foods. Additional nutrients from
supplements can help some people meet their nutri-
tional needs...”* If people eat a healthy and varied
diet in accordance with the MyPlate guidelines, ade-
quate nutrients should be provided by whole foods.
However, because very few Americans currently eat in
the ways that these guidelines recommend, inadequate
nutrient consumption is possible.” Although dietary
vitamin and mineral supplements may be beneficial
for bridging this gap, it is also possible to exceed the
UL for certain nutrients. Of interest is that the use of
dietary supplements is most common among the
healthiest people rather than among those who need
supplementation the most.

RECOMMENDATIONS FOR
NUTRIENT SUPPLEMENTATION

Health care professionals should be aware that people
often fail to notify their health care providers about the
use of dietary supplements. Drug-nutrient interactions
are more common with dietary supplements than with
whole foods; thus, it is important to specifically ask
patients about their use of vitamin, mineral, macronu-
trient, or herbal supplements. Although dietary sup-
plements may not be necessary for everyone, there are
some instances in which supplemental forms of spe-
cific nutrients are recommended on the basis of age,
lifestyle, or disease state.


http://ers.usda.gov/data-products/food-consumption-and-nutrient-intakes.aspx#26667
http://ers.usda.gov/data-products/food-consumption-and-nutrient-intakes.aspx#26667
http://ers.usda.gov/data-products/food-consumption-and-nutrient-intakes.aspx#26667
http://ods.od.nih.gov/
http://ods.od.nih.gov/

LIFE CYCLE NEEDS

Vitamin needs fluctuate with age and with situations
that occur throughout the life cycle.

Pregnancy and Lactation

The DRI guidelines explicitly establish separate recom-
mendations for women during pregnancy and lacta-
tion that take into account the increased nutrient
demands that occur during this period. To reduce the
risk of neural tube defects, the DRI committee recom-
mends that pregnant women and women who are
capable of becoming pregnant increase their intake of
folic acid from fortified foods and/or dietary supple-
ments in addition to the folate that is already present
in their diets. Women may find meeting the increased
nutrient needs of pregnancy difficult by diet alone as
a result of intolerances, food preferences, or other
factors that can marginalize their diet. Supplements
may then become a viable way of ensuring adequate
intake to meet increased nutrient demands.

Infants, Children, and Adolescents

The American Academy of Pediatrics recommends
that all breastfed infants receive 400 IU of supplemen-
tal vitamin D daily to help prevent rickets. Infants who
are not breastfed, children, and adolescents who do
not consume at least 1 quart/day of vitamin D—fortified
milk or otherwise have an intake of 400 IU of vitamin
D should also receive supplemental vitamin D daily."

Older Adults

The aging process may increase the need for some
vitamins because of decreased food intake and less
efficient nutrient absorption, storage, and usage (see
Chapter 12). The Institute of Medicine recommends
that people who are 50 years of age or older take
2.4 mcg/day of supplemental vitamin B;,. Advancing
age also decreases the ability of the skin to produce
vitamin D. Thus, older adults are encouraged to
consume extra vitamin D from fortified foods or
dietary supplements.”

LIFESTYLE AND HEALTH STATUS

Personal lifestyle choices also influence individual
needs for nutrient supplementation.

Restricted Diets

People who habitually follow fad diets may find
meeting many of the nutrient intake standards diffi-
cult, particularly if their meals provide fewer than
1200 kcal/day. Very restrictive diets are not recom-
mended, because they may cause multiple nutrient
deficiencies. A wise weight-reduction program should
meet all nutrient needs. As mentioned earlier, vegans
need supplemental vitamin By, in fortified foods or
dietary supplements, because the only natural food
sources of this vitamin are of animal origin.
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Smoking

Smoking cigarettes adversely affects health in
many ways, including reducing the body’s vitamin
C reserve. Research shows that smokers have signifi-
cantly less serum vitamin C than nonsmokers.” The
Institute of Medicine sets the RDA of vitamin C at
35 mg/day higher for smokers to compensate for the
oxidative stress that is induced by smoking.” The addi-
tional vitamin C does not necessarily need to come
from a dietary supplement; however, if the person
continues to smoke and does not consume additional
vitamin C-rich foods, a dietary supplement may be
advisable.

Alcohol

The chronic or abusive use of alcohol can interfere
with the absorption of B-complex vitamins, especially
thiamin, folate, and vitamin Be. Multivitamin supple-
ments that are rich in B vitamins may partially miti-
gate the effects. However, decreased alcohol use must
accompany this nutrition therapy to rectify the alcohol-
induced deficiency.

Disease

Evidence does not support the use of multivitamin
and multimineral dietary supplements to prevent
chronic disease. However, for patients with certain
diseases, dietary supplements may be warranted to
help combat specific nutrient deficiencies. In states of
disease, malnutrition, malabsorption, debilitation, or
hypermetabolic demand, each patient requires careful
nutrition assessment. Nutrition support, including
therapeutic supplementation as indicated, is part of
the total medical treatment. A dietitian plans dietary
and supplemental therapy to meet the patient’s clinical
requirements.

SUPPLEMENTATION PRINCIPLES
BASIC PRINCIPLES

The following basic principles may help to guide nutri-

ent supplementation decisions:

* Read the labels carefully. The Nutrition Labeling and
Education Act of 1990 standardized and defined
label terminology on food products in an effort to
ensure that health claims on food packaging are
clear and truthful.

o Vitamins, like drugs, can be harmful in large amounts.
The only time that larger vitamin doses may be
helpful is when severe deficiency exists or when
nutrient absorption or metabolism is inefficient. A
medical provider should be consulted.

* Professionally determined individual needs govern spe-
cific supplement usage. Each person’s need should be
the basis for supplementing nutrients. This prevents
excessive intake, which may have a cumulative
effect over time.




o All nutrients work together to promote good health.
Consuming large amounts of one vitamin may
induce deficiencies of other vitamins or nutrients.

* Food is the best source of nutrients. Whole foods are
the best “package deals” in nutrition. Foods provide
a wide variety of nutrients in every bite as com-
pared with the dozen or so that are found in a
dietary supplement. In addition, by itself, a vitamin
can do nothing. It is catalytic, so it must have a
substrate (i.e., carbohydrate, protein, fat, or their
metabolites) on which to work. With the careful
selection of a wide variety of foods and with good
storage techniques, meal planning, and preparation
techniques, most people can obtain ample amounts
of essential nutrients from their diets.

* Evaluate the information. The Further Reading and
Resources section at the end of the chapter provides
a list of reliable organizations and resources related
to dietary supplements.

MEGADOSES

At high pharmacologic concentrations, vitamins no
longer operate strictly as nutritional agents. Nutrients
and drugs can do the following: (1) participate in or
improve physiologic conditions or illnesses; (2) prevent
diseases; or (3) relieve symptoms. However, many
people are unaware of the similarities between drugs
and vitamins. Most people realize that too much of any
drug can be harmful or even fatal and take care to
avoid overdosing. However, too many people do not
apply this same logic to nutrients and only realize the
dangers of vitamin megadoses when they experience
toxic side effects.

The liver can store large amounts of fat-soluble vita-
mins, especially vitamin A. Therefore, the potential
toxicity of fat-soluble vitamin megadoses, including
liver and brain damage in extreme cases, is well
documented.”* Megadoses of one vitamin can also
produce toxic effects and lead to a secondary defi-
ciency of another nutrient. In addition, hyperphysio-
logic levels of one vitamin may increase the need for
other nutrients with which it works in the body,
thereby effectively inducing a deficiency. The bioavail-
ability of vitamins may be altered by excess supple-
mentation of a vitamin that shares an absorptive
site with another vitamin. By overloading these absorp-
tive pathways, the nutrient in highest quantities may
render the other vitamin unavailable for absorption.
Deficiencies can also occur when a person suddenly
stops overdosing, which is known as a rebound effect.
For example, infants who are born to mothers who
took ascorbic acid megadoses during pregnancy may
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develop rebound scurvy after birth, when their high
doses of ascorbic acid are terminated.

FUNCTIONAL FOODS

The term functional food has no consistently recognized
definition. Generally, “functional foods” include
any foods or food ingredients that may provide a
health benefit beyond its basic nutritional value. Such
foods are also referred to as nutraceuticals or designer
foods. The position of the Academy of Nutrition and
Dietetics is that such whole foods—having been forti-
fied, enriched, or enhanced in some way—could be
beneficial when regularly consumed as part of a varied
diet.”” The regulation of functional foods is compli-
cated by the fact that the current governing body (the
Food and Drug Administration) does not define or
recognize functional foods. Box 7-2 gives examples of
functional food categories.

Recommendations for functional food intake have
not been established because scientific evidence on
which to base such recommendations is insufficient.
However, over the past decade, much research effort
has been focused on determining the clinical efficacy
of functional foods. If efficacy is clearly substantiated
and reliable assessments for accurately quantifying
active constituents in foods are in place, then expert
committees will work to establish recommendations
for intake. Until such recommendations are estab-
lished, the daily intake of foods from all food groups—
including functional foods—is the best way to meet
macronutrient and micronutrient needs.

Box 7-2 Functional Food Categories and Selected
Food Examples*

SELECTED FUNCTIONAL
FOOD EXAMPLES

Orange juice

FUNCTIONAL FOOD CATEGORY

Conventional foods (whole
foods)
Contain natural bioactive

Soy-based foods

food compounds Yogurt
Modified foods Calcium-fortified
Bioactive ingredients orange juice

obtained by enrichment Folate-enriched breads
or fortification
Food ingredients that are

synthesized

Indigestible
carbohydrates

From Crowe KM, et al. Position of the Academy of Nutrition and Dietetics:
functional foods. J Acad Nutr Diet. 2013;113(8):1096-1103.

*NOTE: Medical foods and dietary supplements are not considered functional
foods.



Putting It All Together

Vitamins are organic, noncaloric food substances that
are necessary in minute amounts for specific metabolic
tasks. A balanced diet usually supplies sufficient
vitamins. In individually assessed situations, however,
vitamin supplements may be indicated.

The fat-soluble vitamins are A, D, E, and K. They mainly
affect body structures (i.e., bones, rhodopsin, cell
membrane phospholipids, and blood-clotting proteins).
The water-soluble vitamins are vitamin C (ascorbic
acid), the eight B-complex vitamins (i.e., thiamin,
riboflavin, niacin, pyridoxine, folate, cobalamin,
pantothenic acid, and biotin), and choline. Their major
metabolic tasks relate to their roles in coenzyme
factors, except for vitamin C, which is a biologic
reducing agent that quenches free radicals and helps
with collagen synthesis.

All water-soluble vitamins—especially vitamin C—are
easily oxidized, so care must be taken to minimize the
exposure of food surfaces to air or other oxidizers
during storage and preparation. With few exceptions,
all nutrients in foods are more bioavailable and
beneficial to the body than nutrients in supplements.
Phytochemicals are compounds that are found in whole
and unrefined foods derived from plants. A diet that is
high in phytochemicals from a variety of sources is
associated with a decreased risk for chronic disease.
Vitamin supplementation is beneficial in some
situations. Megadoses of water-soluble or fat-soluble
vitamins can have detrimental effects.

Functional foods are whole foods with added nutrients,
such as vitamins, minerals, herbs, fiber, protein, or
essential fatty acids that are thought to have beneficial
health effects.

See answers in Appendix A.

1.

Mary wants to increase her intake of foods rich in
B-carotene. Which of the following foods would be the
best source?

a. Whole-wheat bread

b. Spinach

¢. Scrambled egg

d. Wheat germ
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2. Vitamin D deficiency is more common in people who:
a. Have darker skin and live at higher latitudes.
b. Have darker skin and live at lower latitudes.
c¢. Have lighter skin and live at higher latitudes.
d. Have lighter skin and live at lower latitudes.

3. The best menu choice for a patient with a severe
wound who needs adequate vitamin C to help promote
healing would be:

a. Stuffed green pepper.

b. Whole-wheat toast with Swiss cheese.
¢. Chocolate milkshake.

d. Grilled chicken.

4. Dermatitis, diarrhea, dementia, and death characterize
toxic symptoms associated with:
a. Pellagra.
b. Scurvy.
c. Rickets.
d. Beri-beri.

5. Megaloblastic anemia is associated with:
a. Vitamin C deficiency.
b. Selenium deficiency.
¢. Protein deficiency.
d. Folate deficiency.

Additional Learning Resources

evolve http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.



http://evolve.elsevier.com/Williams/basic/

chapter

Key Concepts

e The human body requires a variety of minerals to perform
its numerous metabolic tasks.

e A mixed diet of varied foods and adequate energy intake
is the best source of the minerals that are necessary
for life.

e Of the total amount of minerals that a person consumes,
only a relatively limited amount is bioavailable to the body.

Over the course of Earth’s history, shifting oceans and
plate tectonics have deposited minerals throughout its
crust. These minerals move from rocks to soil to plants
to animals and people. Not surprisingly, the mineral
content of the human body is quite similar to that of
the Earth’s crust.

In nutrition, we focus on mineral elements: single
atoms that are simple compared with vitamins, which
are large, complex, organic compounds. However,
minerals perform a wide variety of metabolic tasks
that are essential to human life. This chapter looks at
minerals and shows how they differ from vitamins
with regard to the variety of their tasks and in the
amounts, which range from relatively large to exceed-
ingly small, that are necessary to do those tasks.

NATURE OF MINERALS IN HUMAN NUTRITION

Most living matter is composed of four elements:
hydrogen, carbon, nitrogen, and oxygen, which are
the building blocks of life. The minerals that are neces-
sary to human nutrition are elements widely distrib-
uted in nature. Of the 118 elements on the periodic
table, 25 are essential to human life. These 25 elements,
in varying amounts, perform a variety of metabolic
functions.

CLASSES OF MINERALS

Minerals occur in varying amounts in the body. For
example, a relatively large amount (approximately
1.5%) of our total body weight is calcium, most of
which is in the bones. An adult who weighs 150 Ib has
approximately 2.25 Ib of calcium in the body. Iron, on
the other hand, is found in much smaller quantities.
The same adult weighing 150 Ib has only approxi-
mately 0.11 oz of iron in his or her body. In both cases,
the amount of each mineral is specific to its task.

The varying amounts of individual minerals in
the body are the basis for classification into two main
groups.
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Major Minerals

The term major describes the amount of a mineral in
the body and not its relative importance to human
nutrition. Major minerals have a recommended intake
of more than 100 mg/day. The seven major minerals
are calcium, phosphorus, sodium, potassium, magne-
sium, chloride, and sulfur. Because the body cannot
make minerals, all minerals must be consumed in the
foods that we eat.

Trace Minerals

The remaining 18 elements make up the group of trace
minerals. These minerals are no less important to
human nutrition than the major minerals; however,
smaller amounts of them are in the body. Trace miner-
als have a recommended intake of less than 100 mg/
day. Box 8-1 provides a list of all of the minerals that
are essential to human nutrition.

FUNCTIONS OF MINERALS

Minerals are involved in most of the body’s metabolic
processes. They are involved in processes of building
tissue as well as activating, regulating, transmitting,
and controlling metabolic processes. For example,
sodium and potassium are key players in water
balance. Calcium and phosphorus are required for
osteoblasts to build bone. Iron is critical to the oxygen
carrier hemoglobin. Cobaltis at the active site of vitamin
Bi,. Thyroid peroxidase in thyroid cells uses iodine to
make thyroid hormone, which in turn helps regulate
the overall rate of body metabolism.

hemoglobin a conjugated protein in red blood cells
that is composed of a compact, rounded mass of
polypeptide chains that forms globin (the protein
portion) and that is attached to an iron-containing red
pigment called heme; hemoglobin carries oxygen in
the blood to cells.



Box 8-1 Major Minerals and Trace Minerals
in Human Nutrition

MAJOR MINERALS* Potassium (K)
Calcium (Ca) Chloride (Cl)
Phosphorus (P) Magnesium (Mg)
Sodium (Na) Sulfur (S)

TRACE MINERALS Cobalt (Co)
Essential Boron (B)

Iron (Fe) Vanadium (V)
lodine (1) Nickel (Ni)

Zinc (Zn) Essentiality Unclear
Selenium (Se) Silicon (Si)
Fluoride (Fl) Tin (Sn)

Copper (Cu) Cadmium (Cd)
Manganese (Mn) Arsenic (As)
Chromium (Cr)* Aluminum (Al
Molybdenum (Mo)

*Required intake of more than 100 mg/day.
Required intake of less than 100 mg/day.
*Essentiality is currently under review.

MINERAL METABOLISM

Mineral metabolism is usually controlled either at the
point of intestinal absorption or at the point of tissue
uptake.

Digestion

Minerals are absorbed and used in the body in their
ionic forms, which means that they are carrying either
a positive or a negative electrical charge. Unlike the
macronutrients, minerals do not require a great deal of
mechanical or chemical digestion before absorption
occurs.

Absorption

The following general factors influence how much of
a mineral is absorbed into the body from the gastroin-
testinal tract: (1) food form—minerals from animal
sources are usually more readily absorbed than those
from plant sources; (2) body need—more is absorbed
if the body is deficient than if the body has sufficient
quantities; and (3) tissue health—if the absorbing
intestinal surface is affected by disease, its absorptive
capacity is greatly diminished.

The absorptive method for each mineral depends on
its physical properties. Some minerals require active
transport to be absorbed, whereas others enter the
intestinal cells by diffusion. Compounds found in
foods may also affect the absorptive efficiency. For
example, the presence of fiber, phytate, or oxalate—all
of which are found in a variety of whole grains, fruits,
and vegetables—can bind certain minerals in the gas-
trointestinal tract, thereby inhibiting or limiting their
absorption.

Transport
Minerals enter the portal blood circulation and travel
throughout the body bound to plasma proteins or
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mineral-specific transport proteins (e.g., iron is bound
to transferrin in the circulation).

Tissue Uptake

The uptake of some minerals into their target tissue is
controlled by hormones, and excess minerals are
excreted into the urine. For example, thyroid-stimulating
hormone (TSH) controls the uptake of iodine from the
blood into the thyroid gland depending on the amount
that the thyroid gland needs to make the hormone
thyroxine. When more thyroxine is needed, TSH stimu-
lates the thyroid gland to take up iodine and the
kidneys to retain more iodine. When the thyroxine
concentration is normal, less TSH is released from the
anterior pituitary gland, thereby resulting in less
iodine uptake by the thyroid gland and more excretion
of iodine into the urine by the kidneys.

Occurrence in the Body

Minerals are found in several forms throughout body
tissues. The two basic forms in which minerals occur
in the body are as free ions in body fluids (e.g., sodium
in tissue fluids, which influence water balance) and
as covalently bound minerals that may be combined
with other minerals (e.g., calcium and phosphorus in
hydroxyapatite) or with organic substances (e.g., iron
that is bound to heme and globin to form the organic
compound hemoglobin).

MAJOR MINERALS
CALCIUM

The intestinal absorption of dietary calcium depends
on the food form and hormonal control. Calcium found
in plant forms is sometimes bound to oxalate or phytate
and thus not readily available. The interaction of the
hormones vitamin D, parathyroid hormone, and calci-
tonin (from the thyroid gland) directly controls calci-
um’s intestinal absorption and use, along with indirect
control by the estrogen hormones.

Functions
After it has been absorbed, calcium has four basic func-
tions in the body.

Bone and tooth formation. More than 99% of the
body’s calcium is found in the bones and teeth.
Approximately 1.5% of adult body weight is calcium.
When hydroxyapatite is removed from bone, the

thyroid-stimulating hormone (TSH) an anterior
pituitary hormone that regulates the activity of the
thyroid gland; also known as thyrotropin.

thyroxine an iodine-dependent thyroid gland hormone
that regulates the metabolic rate of the body.

estrogen hormones sex hormones produced primarily
by the ovaries.




remaining tissue is a collagen matrix. If dietary calcium
is insufficient during critical periods (e.g., the initial
formation of the fetal skeleton, childhood growth, or
the rapid growth of long bones during adolescence),
then the construction of healthy bones is hindered.
Teeth are calcified before they erupt from the gums;
thus, insufficient dietary calcium later in life does not
affect tooth structure as it does bone structure.

Blood clotting. Calcium is essential for the formation
of fibrin, which is the protein matrix of a blood clot.

Muscle and nerve action. Calcium ions are required
for muscle contraction and the release of neurotrans-
mitters from neuron synapses.

Metabolic reactions. Calcium is necessary for many
general metabolic functions in the body. Such func-
tions include the intestinal absorption of vitamin By,
the activation of the fat-splitting enzyme pancreatic
lipase, and the secretion of insulin by the [ cells of the
pancreas. Calcium also interacts with the cell mem-
brane proteins that govern the membrane’s permeabil-
ity to nutrients.

Requirements

The Dietary Reference Intake (DRI) for calcium should
provide sufficient calcium nourishment for the body
while recognizing that a lower intake may be adequate
for many individuals. The DRIs for calcium are listed
in the summary table for major minerals (see Table 8-3)
and in the DRI tables in Appendix B.

Deficiency

Various bone deformities may occur if sufficient dietary
calcium is unavailable during growth years. The defi-
ciency disease rickets is related to an inadequate level
of vitamin D to support the intestinal absorption of
calcium. Hypocalcemia relative to blood phosphorus
concentration results in tetany, which is a condition
that is characterized by muscle spasms. The most
common calcium-related clinical issue today is osteo-
porosis (Figure 8-1). Osteoporotic bone fractures have
historically been recognized as primarily a problem
among postmenopausal women. However, with the
increase in life expectancy osteoporotic bone fractures
are progressively more common among elderly men
as well."” Each year in the United States, more than 1.5
million bone fractures and $17 to $20 billion in health
care costs are linked to osteoporosis (see the Cultural
Considerations box, “Bone Health in Gender and

hypocalcemia a serum calcium level that is below
normal.

osteoporosis an abnormal thinning of the bone that
produces a porous, fragile, lattice-like bone tissue of
enlarged spaces that are prone to fracture or
deformity.

Part 1 Introduction to Basic Principles of Nutrition Science

FIGURE 8-1 Osteoporosis. Normal bone (left) versus osteoporotic
bone (right). (From Maher AB et al: Orthopaedic nursing, 3rd ed.
Philadelphia, 2002, Saunders.)

Racial Groups”).” The cost of a single hip fracture has
a direct medical cost ranging from $8400 up to $32,000
per person.”

Osteoporosis is not a primary calcium deficiency
disease as such; rather, it results from a combination
of factors that create an overall loss of bone density.
These factors include the following: (1) chronic calcium
deficiency due to inadequate calcium intake or poor
intestinal calcium absorption related to deviations
in the amounts of hormones that control calcium
absorption and metabolism; (2) a lack of physical activ-
ity, which stimulates muscle insertion into bones
and significantly influences bone strength, shape, and
mass; and (3) side effects of medications such as thia-
zides (antidiabetic medication) and cyclophosphamide
therapy (prostate cancer treatment) that cause bone
loss over time. Although not all risk factors are easily
modified (e.g., cancer treatment), some risk factors are
effectively reduced with lifestyle changes (e.g., diet
and exercise). One study found that relatively seden-
tary men, defined as those participating in less than
33 minutes per day of physical activity, had a 70%
increased risk of bone fracture compared to their phys-
ically active counterparts.” One must realize that there
are likely many other factors at play in studies such as
this that could contribute to the outcome. However,
physical activity is undoubtedly one of the important
lifestyle factors involved.

Bone is a dynamic tissue, with both new bone for-
mation and bone resorption occurring constantly. A
portion of the skeleton is reabsorbed and replaced with
new bone each year; this bone remodeling can affect
up to 50% of total bone mass annually in young chil-
dren and approximately 5% of bone mass in adults.
Unfortunately, bone resorption often outpaces bone
formation in postmenopausal women and in aging
men. The dynamics involved in this process are mul-
tifactorial and not fully understood. Increased calcium
intake alone—be it via dietary calcium or via supple-
mental calcium—does not prevent osteoporosis in sus-
ceptible adults or successfully treat diagnosed cases
of osteoporosis. Therapies that reduce bone loss in



Cultural Considerations

Bone Health in Gender and Racial Groups
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The World Health Organization defines low bone mass as a
bone mineral density (BMD) of between 1 and 2.5 standard
deviations below the mean of a matched reference group.
Osteoporosis involves a BMD of 2.5 standard deviations or
more below the mean of the reference group.

Osteoporosis affects a significant number of older
Americans. Currently, 4.3% of men and 15.4% of women who
are 50 years old or older are living with osteoporosis. An addi-
tional 43.4 million Americans have low bone mass, which is a
significant risk factor for osteoporosis.’

Osteoporosis often is thought of as a “white woman’s
disease.” However, this debilitating bone disease is prevalent
in men and other racial groups as well. It is well established
that there is a disparity between genders, with women carrying
more than double the risk for developing osteoporosis. With
regard to differences among racial groups, non-Hispanic black
men and women have the highest BMD and therefore the
lowest risk for osteoporosis throughout life compared with
non-Hispanic white and Mexican-Americans.'® The reasons
for these observed differences by race are unclear; however,
race, gender, and age are all accepted as essential factors
when calculating the risk for osteoporosis, which is the most
common form of bone disease.

Many factors are involved in BMD and the relative risk for
the development of fragile bones, including body weight, phys-
ical activity, hormonal influences, and dietary intakes of several
vitamins and minerals (not just calcium). Nutrition affects bone
health by providing the materials that are needed for tissue
deposition, maintenance, and repair. Overall bone strength
is determined by BMD and the collagen matrix formation.
Collagen, which is a structural protein, accounts for more than
20% of the dry weight of total bone mass and 90% of the
organic bone matrix. Collagen degradation is associated with

osteoporosis. As such, the vitamins and minerals that are criti-
cal for a strong collagen and bone matrix also are integral to
overall bone health. A balance of several nutrients is important
for healthy bone building, including protein; calcium; phospho-
rus; copper; magnesium; manganese; potassium; zinc; and
vitamins C, D, and K.

Osteoporosis is largely a preventable disease. It is also a
costly disease. Coupled with the general trends of an aging
population, this bone disease is a serious national concern.
Because BMD reaches a peak mass by the average age of 30
years, the years before this are vital for developing healthy
bones and preventing the onset of osteoporosis. Establishing
peak bone mass ensures a greater reserve of bone mineral
and collagen so that, as age-associated degradation ensues,
effects are essentially postponed or abated altogether. A
healthy diet following the MyPlate guidelines should provide all
of the essential nutrients, and it is imperative during the first
three decades of life to establish healthy bones.

For more information about osteoporosis please see the
website of the National Institutes of Health Osteoporosis
and Related Bone Diseases National Resource Center at
www.niams.nih.gov/health_info/bone/osteoporosis/.
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osteoporosis include combinations of the various
factors that are involved in the building of bones: ade-
quate dietary calcium, the active hormonal form of
vitamin D, estrogens, and weight-bearing physical
activity. In addition, there are a variety of medications
in use for the treatment and prevention of bone loss;
however, the long-term compliance of such therapy is
poor in the United States.’

Food intake studies report that the average calcium
intakes of females from adolescence through adult-
hood are generally well below the DRIs. The period
of life during which bone density is reaching its peak
is an especially important time to obtain adequate
dietary calcium. Teenage girls consume 937 mg/day
of calcium on average, whereas the recommended
RDA is 1300 mg/day.” Deficiencies during this critical
period of bone development may have long-term neg-
ative outcomes with regard to overall bone strength
and risk for osteoporosis.®

Toxicity

The toxicity of calcium from food sources is unlikely.
However, a tolerable upper intake level (UL) for
calcium has been set at 2000 to 3000 mg/day

(depending on age) as a result of the negative effects
of excessive calcium supplementation over time.
Hypercalcemia is associated with the calcification of
soft tissue and the decreased intestinal absorption of
several other minerals. Excess calcium can interfere
with the intestinal absorption of iron, magnesium,
phosphorus, and zinc, thereby reducing the bioavail-
ability of these essential nutrients.

Food Sources

Milk and milk products are important dietary sources
of readily available calcium.” Milk that is used in
cooking (e.g., in soups, sauces, or puddings) or in milk
products such as yogurt, cheese, and ice cream is
an excellent source of calcium. Calcium-fortified soy
products, fruit juices, and other food products (e.g.,
cereals, cereal bars) are also high in bioavailable
calcium. In addition, several plants provide a natural
source of calcium. Calcium in low-oxalate greens such
as bok choy, collard greens, kale, and turnip greens is

hypercalcemia a serum calcium level that is above
normal.
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absorbed and can be an important source of calcium
for vegetarians. Oxalic acid is a compound that is
found in plants such as spinach, rhubarb, Swiss chard,
beet greens, and certain other vegetables and nuts that
forms an insoluble salt with calcium (calcium oxalate),
thus interfering with the intestinal absorption of
calcium. Phytate, which is another plant compound
that is found in grains such as wheat, can also bind
with calcium and interfere with its intestinal absorp-
tion. Table 8-1 lists food sources of calcium.

In addition to food sources, calcium intake from
supplements is widespread. Surveys show that 16% of
women and 4% of men in the United States specifically
take calcium supplements, whereas 35% of the total
population takes a multivitamin and mineral supple-
ment that contains calcium." The bioavailability of
calcium from supplements depends on the dose and

IELCR SN Food Sources of Calcium

ITEM QUANTITY AMOUNT (mg)

Bread, Cereal, Rice, and Pasta

Cream of Wheat cereal, 1 cup 306
cooked with water

Total Whole Grain cereal, 1 cup 1333
General Mills

Total Raisin Bran cereal, 1 cup 1000
General Mills

Vegetables™

Collards, cooked Y cup, 178

chopped
Rhubarb, cooked Y cup, 174
chopped

Fruits

Orange juice, frozen 8 fl oz 364
concentrate, fortified
with calcium

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Salmon, pink, canned, 3 0z 241
drained solids with bone

Sardines, canned in ail, 30z 325
solids with bone

Soybeans, green, raw ¥ cup 252

Soybeans, green, boiled Y cup 130

Tofu, raw, firm, prepared Y% cup 861
with calcium sulfate

Milk and Dairy Products or Their Substitutes

Cheese, parmesan, 10z 314
grated, reduced fat

Milk, skim 8 fl oz 299

Soy milk, calcium fortified 8 fl oz 301

Tofu yogurt 8 fl oz 309

Yogurt, plain, skim milk 8 fl oz 452

Data from the U.S. Department of Agriculture, Agricultural Research Service:
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed October 20, 2014.
*Low bioavailability.
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whether it is taken with a meal. Calcium is best
absorbed in doses of 500 mg or less and when taken
with food rather than on an empty stomach (see
the For Further Focus box, “Calcium from Food or
Supplements”).

PHOSPHORUS

Functions

The phosphorus atom in nature is most commonly
found in combination with four oxygen atoms to form
the phosphate molecule. Phosphorus functions in the
following metabolic processes.

Bone and tooth formation. The calcification of bones
and teeth depends on the deposition of hydroxyapatite
[Ca;o(PO,4)s(OH),] by osteoblasts in bone’s collagen
matrix. The ratio of calcium to phosphorus in typical
bone is approximately 1.5:1 by weight.

Energy metabolism. Phosphorus in the form of phos-
phate (PO,”) is necessary for the controlled oxidation
of carbohydrate, fat, and protein to release the energy
in their covalent bonds (as a component of thiamin
pyrophosphate), and it captures energy for use in
the body as a component of adenosine triphosphate.
Phosphate is also involved in protein construction (as
a component of RNA), cell function (as a component
of cell enzymes activated by phosphorylation), and
genetic inheritance (as a component of DNA).

Acid-Base Balance. Phosphate is an important chem-
ical buffer that helps to maintain the pH homeostasis
of body fluids.

Requirements

The typical American diet contains enough phos-
phorus to meet body needs. Surveys indicate that the
mean daily phosphorus intake in the United States is
approximately 1393 mg/day.” Refer to the DRI tables
in Appendix B or the summary table for major miner-
als (see Table 8-3) for the DRIs for phosphorus.

Deficiency

Phosphate (the dietary form of phosphorus) is widely
distributed in foods; thus, a deficiency is rare. A person
must be completely deprived of food for an extended
period to develop a dietary phosphorus deficiency. The
only evidence of deficiency has been among people
who persistently consumed large amounts of antacids
that contained aluminum hydroxide."" The alumi-
num ion (AI*") binds with phosphate, thereby making
the phosphate unavailable for intestinal absorption.
Hypophosphatemia results in bone loss; it is character-
ized by weakness, loss of appetite, fatigue, and pain.

hypophosphatemia a serum phosphorus level that is
below normal.


http://ndb.nal.usda.gov/ndb/
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Good health is not a simple matter, and our bodies are no
simple machines. They require lots of nutrients to function
properly, and these must be provided by the diet. One of the
major minerals that is needed by our body is calcium. The
National Health and Nutrition Examination Study (NHANES)
reports that, unfortunately beginning with the adolescent years,
the average dietary intake of calcium by females falls below
the DRI. The graph below represents the average calcium
intake for females by age group.

A variety of factors influence our dietary intake of calcium.
Over the past decade, Americans’ food choices have changed
in ways that directly affect calcium-rich food consumption. For
example, many Americans have replaced milk with soft drinks;
they are eating out more often at restaurants (which contain
less calcium than home-made meals); there is a trend for
perpetual dieting (and dairy products are often one of the first
foods to go); and there is a lack of risk acknowledgments
regarding the importance of calcium-rich foods and health.

Health organizations such as the National Institutes of
Health, the Academy of Nutrition and Dietetics, the American
Medical Association, and the National Academy of Sciences
agree that the best source of calcium is dairy products. The
primary reason for this is because, unlike calcium supple-
ments, calcium-rich foods supply the body with other benefi-
cial nutrients as well, including protein; vitamins A, By,, and D
(if fortified); magnesium; potassium; riboflavin; niacin; and
phosphorus. Some nondairy foods naturally contain calcium,
including fish with bones (e.g., canned sardines), soybeans,
collards, mustard greens, and rhubarb.” Most people find that
meeting the Dietary Reference Intake for calcium exclusively
from nondairy foods can be difficult, because the relative
amount of calcium in these foods is less than that found in
dairy products. For example, half a cup of chopped collards
has 178 mg of calcium, whereas 8 oz of skim milk contains
299 mg." Many vegetables contain phytates and oxalates that

form insoluble complexes with calcium and thus decrease their
bioavailability to the body. This makes the relative amount of
calcium meaningfully less from vegetable sources.

Keller and colleagues analyzed the consumer cost and
bioavailability of calcium from major sources. They found that
Total cereal was the least expensive food source of calcium,
with fluid milk and calcium-fortified orange juice being the next
least expensive.? Calcium from supplements may be found in
a variety of forms, including calcium carbonate, citrate, phos-
phate, lactate, and gluconate. The amount of calcium absorbed
into the body from these sources varies considerably. Of the
calcium supplements, calcium carbonate in a chewable form
(e.g., Tums) or supplement provides the least expensive and
most bioavailable source of calcium, with a 34% absorption
fraction.?

The best way to improve one’s overall diet is to consume a
variety of foods that are high in calcium, preferably from dairy
or fortified dairy substitute sources. However, calcium-fortified
foods and supplements may be necessary for some people to
meet their recommended intake of calcium.

Regardless of the source of your calcium, take a moment
to consider the overall value of your diet, and assess whether
improvements are warranted. For more information about the
fortification of calcium in the American food supply, please see
the paper by Rafferty and colleagues (2007).°
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*The bioavailability of calcium from some vegetables is very poor.
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Toxicity

Hyperphosphatemia from food intake is equally rare.
However, if phosphorus intake is significantly higher
than calcium intake for a long period, bone resorption
may occur. The DRI guidelines list the UL for phos-
phorus at 4 g/day for people between the ages of 9
and 70 years."

Food Sources

Phosphorus is part of all living tissue, and it is found
in all animal and plant cells; therefore, phosphorus is
sufficient in the natural food supply of virtually all
animals. High-protein foods are particularly rich in
phosphorus, so milk and milk products, meat, fish,
and eggs are the primary sources of phosphorus in the
average diet. The bioavailability of phosphorus from
plant seeds (e.g., cereal grains, beans, peas, other
legumes, nuts) is much lower, because these foods
contain phytic acid, which is a storage form of phos-
phorus in seeds that humans cannot directly digest.
However, a healthy flora of gut bacteria will provide a
limited supply of phytase, the enzyme needed to liber-
ate phosphorus from phytic acid.

SODIUM

Sodium is plentiful in the body. Approximately 0.2%
of the adult body is sodium.

Functions

The main function of sodium is the maintenance of
body water balance, which is discussed further in
Chapter 9. Sodium also has important tasks in muscle
action and nutrient absorption.

Water balance. lonized sodium concentration is the
major influence on the volume of extracellular water
(Figure 8-2). Variations in sodium concentration largely
control the movement of water across biologic mem-
branes by osmosis. Sodium is also an integral part of
the digestive juices that are secreted into the gastroin-
testinal tract, most of which are reabsorbed by the
intestinal cells.

Muscle action. Sodium and potassium ions are neces-
sary for the normal response of stimulated neurons,
the transmission of nerve impulses to muscles, and the
contraction of muscle fibers.

Nutrient  absorption. Sodium-dependent glucose
transporters, which are a vital part of intestinal cells,
allow for the passage of glucose and galactose from the
intestinal lumen into the intestinal cells.

Requirements

The body is able to function on various amounts of
dietary sodium through mechanisms that have been
designed to conserve or excrete the mineral as needed.
Individual sodium needs vary greatly depending on
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FIGURE 8-2 The ionic composition of the major body fluid
compartments. (Reprinted from Guyton AC, Hall JE. Textbook of
medical physiology. 12th ed. Philadelphia: Saunders; 2006.)

growth stage, sweat loss, and medical conditions (e.g.,
diarrhea, vomiting). The DRIs for sodium are provided
in the summary table for major minerals (see Table 8-3)
and in the DRI tables in Appendix B.

Deficiency

Sodium deficiencies are rare, because the body’s need
is low, and individual intake in the United States is
typically high. An exception is during heavy sweating,
such as by those who are engaged in heavy labor or
strenuous physical exercise in a hot environment for
an extended period of time (e.g., more than 2 hours).
Commercial sports drinks, which replace sodium,
glucose, and fluid, are useful to restore losses during
such activities. Although sweat is relatively low in
sodium, drinking too much plain water during lengthy
strenuous exercise can further dilute blood sodium
concentration and exacerbate hyponatremia complica-
tions (see Chapter 16). Hyponatremia can result in
acid-base imbalances and muscle cramping.

Toxicity
The sodium content of the average American diet,
which contains a high amount of processed foods,

hyperphosphatemia a serum phosphorus level that is
above normal.

hyponatremia a serum sodium level that is below
normal.



usually far exceeds the recommended intake range.
The National Health and Nutrition Examination
Survey (NHANES) found that women consume an
average of 2997 mg/day of sodium and that men have
an average intake of 4218 mg/day (approximately 2 to
3 times the recommended amount).” Excessive sodium
intake has been linked to hypertension in individuals
who are salt sensitive (i.e., approximately 30% to 50%
of hypertensive patients).” However, for most people
with healthy kidneys and adequate water intake, the
kidneys excrete excess sodium in the urine. The acute
excessive intake of sodium chloride (i.e., table salt)
causes the accumulation of sodium in the blood (i.e.,
hypernatremia) and extracellular spaces. This sodium
can pull water out of cells into the extracellular space
by osmosis, thereby causing edema. The current UL for
sodium intake is 2.3 g/day but some individuals may
have a much lower tolerance."

Food Sources

Common table salt as used in cooking, seasoning, pre-
serving, and processing foods is the main dietary
source of sodium. Sodium also occurs naturally in
foods, and it is generally most prevalent in foods of
animal origin. Enough sodium is found in natural food
sources to meet the body’s needs. When people regu-
larly consume food from manufacturers that add salt
and other sodium compounds to processed foods as a
preservative, sodium intake dramatically increases.
For example, cured ham has approximately 30 times
more sodium than raw pork. Natural unprocessed
food sources of sodium include animal products such
as milk, meat, and eggs and vegetables such as carrots,
beets, leafy greens, and celery (see Appendix C for the
sodium and potassium content of foods).

POTASSIUM

The adult body is approximately 0.4% potassium,
which is approximately twice the amount of sodium.

Functions

Potassium is involved with sodium in the maintenance
of the body water balance, and it also has many other
metabolic functions.

Water balance. Potassium is the major intracellular
electrolyte. Its osmotic effect holds water inside the
cells and counterbalances the osmotic effect of sodium,
which draws water out of the cells and into the extra-
cellular fluid compartments (see Figure 8-2).

Metabolic reactions. Potassium plays a role in energy
production, the conversion of blood glucose into stored
glycogen, and the synthesis of muscle protein.

Muscle action. Potassium ions also play a role in
nerve impulse transmission to stimulate muscle action.
Along with magnesium and sodium, potassium acts as
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a muscle relaxant that opposes the stimulating effect
of calcium, which allows for muscle contraction. The
heart muscle is sensitive to potassium levels; therefore,
the blood potassium concentration is regulated within
narrow tolerances.

Insulin release. Potassium is necessary for the release
of insulin from pancreatic B cells in response to rising
blood glucose concentrations.

Blood pressure. Sodium is one of the main dietary
factors that are associated with hypertension; however,
hypertension may be more related to the sodium and
potassium molar ratio than to the amount of dietary
sodium alone. A potassium intake that is equal to the
sodium intake may help to prevent the development
of hypertension, such is the basis for the Dietary
Approaches to Stop Hypertension (DASH) diet. (You
may visit the National Heart, Lung, and Blood Institute
tolearnmoreaboutthe DASHdiet, www.nhlbi.nih.gov/
health /health-topics/topics/dash/, which will also be
covered in Chapter 19.)

Requirements

The average American diet provides significantly less
potassium than the established AI (4.7 g/day for
adults), with a median daily intake of 2.7 g/day.” The
Dietary Guidelines for Americans encourage the con-
sumption of potassium through an increased daily
intake of vegetables and low-fat dairy products.”
Additional DRIs for potassium are listed in the
summary table for major minerals (see Table 8-3) and
in the DRI tables in Appendix B.

Deficiency

Symptoms of potassium deficiency are well-defined
but seldom related to inadequate dietary intake.
Hypokalemia is more likely to develop during clinical
situations such as prolonged vomiting or diarrhea,
severe malnutrition, or surgery. Hypokalemia also is
a concern while a person is using antihypertensive
medications, particularly diuretics that cause urinary
potassium loss. Characteristic symptoms of potassium
deficiency include heart muscle weakness with possi-
ble cardiac arrest, respiratory muscle weakness with
breathing difficulties, poor intestinal muscle tone with
resulting bloating, and overall muscle weakness.

Toxicity
As with sodium, the kidneys normally excrete excess
potassium so that toxicity does not occur. However, if

hypernatremia a serum sodium level that is above
normal.

hypokalemia a serum potassium level that is below
normal.
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oral potassium intake is excessive or if intravenous
potassium is given that causes hyperkalemia, the heart
muscle can weaken to the point at which it stops
beating. A UL has not been established for potassium
from food sources.

Food Sources

Potassium is an essential part of all living cells; thus,
it is abundant in natural foods. The richest dietary
sources of potassium are unprocessed foods: fruits
such as oranges and bananas, vegetables such as pota-
toes and leafy green vegetables, fish, whole grains,
legumes, seeds, and milk products. Those who eat the
recommended number of servings of fruits and vege-
tables daily usually have an ideal potassium intake.
Plant sources of potassium are highly water soluble;
therefore, much of the potassium is lost when fruits
and vegetables are boiled or blanched (unless the
water is retained). Table 8-2 lists food sources of
potassium.

CHLORIDE

Chloride is the chemical form of chlorine in the body.
Chloride accounts for approximately 0.2% of the

IELER:E”A Food Sources of Potassium

ITEM QUANTITY  AMOUNT (MG)

Bread, Cereal, Rice, and Pasta

Wheat germ, toasted cereal ¥ cup 589

Vegetables

Beet greens, boiled ¥ cup 654

Potato, russet, baked, with 1 medium 952

skin (173 g)

Swiss chard, boiled ¥ cup 480

Sweet potato, baked in skin 1 medium 542
(114 g)

Fruits

Apricot, dried Y, cup 550

Banana 1 medium 422
(118 g)

Orange juice, fresh 8 fl oz 496

Prunes, dried, pitted ¥ cup 637

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beans, white, boiled Y% cup 502

Clams, cooked, moist heat 3 0z 534

Halibut, cooked, dry heat 30z 449

Soybean, green, raw ¥ cup 794

Soybeans, roasted ¥ cup 1264

Milk and Dairy Products

Milk, skim 8 fl oz 382

Yogurt, plain, low fat 8 fl oz 352

Data from the U.S. Department of Agriculture, Agricultural Research Service:
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): http://ndb.nal.usda.gov/ndb/. Accessed October 20, 2014.
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body’s weight, and it is widely distributed throughout
tissues.

Functions
Chloride is predominantly found in the extracellular
fluid compartments, where it helps to maintain
the water and acid-base balances (see Figure 8-2).
Its two significant functions involve digestion and
respiration.

Digestion. Chloride (CI") is one element of the hydro-
chloric acid (HCI) that is secreted in the gastric juices.
The action of gastric enzymes requires that stomach
fluids have a specific acid concentration (i.e., a pH of
approximately 1.0).

Respiration. Carbon dioxide, which is a by-product
of cellular metabolism, is transported by red blood
cells (RBCs) to the lungs, where it is expelled during
respiration. Within the RBCs, the enzyme carbonic
anhydrase combines carbon dioxide (CO,) with water
(H,O) to form carbonic acid (H,COs3). Carbonic acid
then dissociates into a bicarbonate ion (HCO;") and a
proton (H'). Bicarbonate ions move out of the RBCs
and into the plasma, and chloride ions (CI) move
into the RBCs and out of the plasma, thereby maintain-
ing the balance of negative charges on either side
of the RBC membrane. The exchange of a bicarbonate
ion with a chloride ion in the plasma is called the
chloride shift.

Requirements

The DRIs for chloride are listed in the DRI tables in
Appendix B and in the summary table for major
minerals (see Table 8-3). Similar to sodium’s Al, the
need for chloride gradually declines after the age of
50 years.

Deficiency

A dietary deficiency of chloride does not occur under
normal circumstances. Because the normal intake and
output of chloride from the body parallels that of
sodium, conditions that lead to a sodium deficiency
also can lead to a chloride deficiency. The primary
reason for chloride deficiency is excessive loss of
HCl through vomiting, which results in metabolic
alkalosis from disturbances in the acid-base balance
(see Chapter 9).

Toxicity
The only known dietary cause of chloride toxicity is as
a result of severe dehydration, when the concentration
of chloride is too great. No ULs are established for
chloride.

hyperkalemia a serum potassium level that is above
normal.
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Food Sources

Dietary chloride is almost entirely provided by sodium
chloride, which is the chemical name of ordinary table
salt. The kidneys efficiently reabsorb chloride when
dietary intake is low.

MAGNESIUM

Approximately 0.1% of the adult body weight is mag-
nesium and 60% of that magnesium is found in the
bones.

Functions

Magnesium has widespread metabolic functions, and
it is found in all body cells. About 99% of body mag-
nesium is intracellular, with the remaining 1% found
in the extracellular space.

General metabolism. Magnesium is a necessary
cofactor for more than 300 enzymes that make use
of nucleotide triphosphates (e.g., adenosine triphos-
phate) for activating or catalyzing reactions that
produce energy, synthesize body compounds, or help
to transport nutrients across cell membranes.

Protein synthesis. Magnesium is a cofactor for
enzymes that activate amino acids for protein syn-
thesis and that synthesize and maintain DNA. When
cells replicate, they must produce new proteins. The
cell replication process requires magnesium to func-
tion correctly.

Muscle action. Magnesium ions are involved in the
conduction of nerve impulses that stimulate muscle
contraction as part of magnesium adenosine triphos-
phate (MgATP). Calcium is pumped out of the myofi-
brillar spaces into the sarcoplasmic reticulum by
pumps that require MgATP for energy.

Basal energy expenditure. MgATP is involved in the
secretion of thyroxine, thus helping the body to main-
tain a normal metabolic rate and to adapt to cold
temperatures.

Requirements

The average American only consumes about 86%
of the recommended intake for magnesium, with a
median daily intake of 356 mg/day for men and
274 mg/day for women.” The DRIs for magnesium are
listed in the summary table for major minerals (see
Table 8-3) and in the DRI tables in Appendix B.

Deficiency

Aprimary deficiency of magnesium is quite rare among
people who consume balanced diets. Symptoms of
hypomagnesemia have been observed in clinical situa-
tions such as starvation, persistent vomiting or diarrhea
with a loss of magnesium-rich gastrointestinal fluids,
and most commonly as a result of renal disorders.
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hypomagnesemia a serum magnesium level that is
below normal.

Hypomagnesemia is also a symptom of various dis-
eases that involve the cardiovascular and neuromus-
cular systems as well as in patients with diabetes
mellitus, kidney disease, and chronic malnutrition
with alcoholism."” In severe cases, hypomagnesemia
can be life threatening. In cases of magnesium defi-
ciency, it is commonly accompanied with other mineral
deficiencies such as hypocalcemia and hypokalemia.
Deficiency symptoms include muscle weakness, tetany,
and ventricular arrhythmia, which can be fatal.”

Toxicity

Magnesium from food has not been observed to have
adverse effects at high intake levels. Therefore, the
DRI standards give a UL only for magnesium intake
from supplements and pharmaceutical preparations.
The UL from non-food sources is 350 mg/day for
people who are 9 years old and older; it is less for
younger children." Individuals who consume exces-
sive amounts of magnesium from supplements or
non-food sources (e.g., medications) may experience
nausea, vomiting, and diarrhea.

Food Sources

Although magnesium is relatively common in foods,
the content is variable. Unprocessed foods have the
highest concentrations of magnesium. Major food
sources of magnesium include nuts, soybeans, legumes,
whole grains, oats, and cocoa. More than 80% of the
magnesium in cereal grains is lost with the removal of
the germ and outer layers. Significant amounts of mag-
nesium may also be present in drinking water in
regions that have hard water with a fairly high mineral
content.

SULFUR

Functions

As part of the amino acids cysteine and methionine,
sulfur is an essential part of protein structure, and it is
present in all body cells. It participates in widespread
metabolic and structural functions, and it is also a com-
ponent of the vitamins thiamin and biotin.

Hair, skin, and nails. Disulfide bonds between cyste-
ine residues in the protein keratin are essential to the
structure of the hair, skin, and nails.

General metabolic functions. Sulfhydryl or thiol
groups (i.e., sulfur that is covalently bonded to hydro-
gen) form high-energy bonds that make various meta-
bolic reactions energetically favorable.

Vitamin structure. Sulfur is a component of thiamin
and biotin, which act as coenzymes in cell metabolism.




Collagen structure. The disulfide bonding of cysteine
residues is necessary for collagen superhelix forma-
tion, and it is therefore important in the building of
connective tissue.

Requirements

Dietary requirements for sulfur are not stated as such,
because sulfur is supplied by protein foods that contain
the amino acids methionine and cysteine.

Deficiency

Sulfur deficiency states have not been reported. Such
conditions only relate to general protein malnutrition
and the deficient intake of the sulfur-containing amino
acids.

Toxicity

Sulfur is unlikely to reach toxic concentrations in the
body as a result of dietary intake; thus, no UL has been
established.

Food Sources
A diet that contains adequate protein contains ade-
quate sulfur. Sulfur is only available to the body as part
of the amino acids methionine and cysteine and in the
vitamins thiamin and biotin. Thus, animal protein
foods are the main dietary sources of sulfur. Sulfur is
widely available in meat, eggs, milk, cheese, legumes,
and nuts.

Table 8-3 provides a summary of the major
minerals.

TRACE MINERALS

IRON

Iron has the longest and best-described history of all
of the micronutrients. The human body contains
approximately 45 mg of iron per kilogram of body
weight. As with several other nutrients, iron is essen-
tial for life, but it can be toxic in excess. Thus, the body
has developed exquisite systems for balancing iron
intake and excretion and for efficiently transporting
iron into and out of cells to maintain homeostasis. Iron
is transported in the body bound to transferrin, and it
is stored as ferritin in the liver, the spleen, and other
tissues (Figure 8-3).

Functions
Iron serves as the functional part of hemoglobin, and
it plays a role in the body’s general metabolism.

transferrin a protein that binds and transports iron
through the blood.

ferritin the storage form of iron.

anemia a condition that is characterized by a decreased
number of circulating red blood cells, decreased
hemoglobin, or both.
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Hemoglobin synthesis. Approximately 70% of the
body’s iron is in hemoglobin within RBCs. Iron is a
component of heme, which is the nonprotein part of
hemoglobin. Hemoglobin carries oxygen to the cells,
where it is used for oxidation and metabolism. Iron
also is part of myoglobin, a protein found in muscle
cells that is structurally and functionally analogous to
hemoglobin in blood.

General metabolism. Iron is necessary for glucose
metabolism, antibody production, drug detoxification
by the liver, collagen and purine synthesis, and the
conversion of B-carotene to active vitamin A.

Requirements

Iron needs vary throughout life, depending on growth
and development. The DRIs for iron are listed in the
summary table for trace minerals (see Table 8-7) and
in the DRI tables in Appendix B. Women require more
iron to cover the losses that occur during menstrua-
tion. Throughout pregnancy, a woman’s RDA for iron
increases to 27 mg/day. This increase often requires
the addition of an iron supplement, because neither
the typical American diet nor the iron stores of many
women can meet the increased iron demands of preg-
nancy. The average iron intake of women in the United
States is 13.6 mg/day, which is considerably less than
the RDA of 18 mg/day.’” It should be noted that iron
needs are estimated to be 1.8 times higher for vegetar-
ians than for omnivores to accommodate the lower
bioavailability of iron from plant sources.”

Deficiency
The major condition that indicates a deficiency of iron
is anemia. Iron-deficiency anemia is commonly evalu-
ated by the percentage of packed RBCs (i.e., hemato-
crit), the RBC hemoglobin level, or the percentage of
transferrin saturation. Iron-deficiency anemia is the
most prevalent nutrition problem in the world today
(Figure 8-4). The World Health Organization estimates
that iron-deficiency anemia affects 24.8% of the popu-
lation worldwide, with a disproportionate burden
among preschool-aged children and pregnantwomen.”!
The prevalence of iron-deficiency anemia in the United
States is significantly lower than that in other regions
of the world. For example, the prevalence of anemia in
preschool-aged children is estimated as follows per
respective region: 64.6% in Africa, 47.7% in Asia, 39.5%
in Latin American and the Caribbean, 28% in Oceania,
16.7% in Europe, and 3.4% in North America.”'
Iron-deficiency anemia may have several causes,
including the following: (1) inadequate dietary iron
intake (i.e., primary deficiency); (2) excessive blood
loss; (3) a lack of gastric hydrochloric acid, which liber-
ates iron for intestinal absorption; (4) the presence of
inhibitors of iron absorption (e.g., phytate, phosphate,
tannin, oxalate); and (5) the manifestation of intestinal
mucosal lesions that affect the absorptive surface area.
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skin, nails, vitamin,
and collagen
structure; high-
energy sulfur bonds
in energy
metabolism

adequate sulfur

TOLERABLE
UPPER INTAKE
RECOMMENDED INTAKE LEVEL (UL) AND
MINERAL FUNCTIONS (ADULTS) DEFICIENCY TOXICITY SOURCES
Calcium Bone and teeth Between ages of 19 and Tetany, rickets, UL: 2500 mg Dairy products,

(Ca) formation; blood 50 years, 1000 mg; osteoporosis Hypercalcemia; canned fish
clotting; muscle between ages of 51 and interferes with bones,
contraction and 70 years, 1200 mg in with fortified foods
relaxation; nerve women and 1000 mg in absorption of (e.g., orange
transmission men; 70 years or older, other juice, cereal,

1000 mg nutrients tofu products)
Phosphorus  Bone and tooth 700 mg Unlikely, but can  UL: 4 g High-protein

P) formation; energy cause bone Bone foods (e.g.,
metabolism; DNA loss, loss of resorption meat, dairy,
and RNA; acid- appetite, and (loss of fish), soft
base balance weakness calcium) drinks

Sodium Major extracellular Adequate intake: between Fluid shifts, UL: 2.3 g Table salt,

(Na) fluid control; water ages of 19 and 50 acid-base Hypertension in processed
and acid-base years, 1.5 g; between imbalance, salt-sensitive foods (e.g.,
balance; muscle ages of 51 and 70 cramping people; luncheon
action; transmission years, 1.3 g; 71 years or edema meats, salty
of nerve impulse older, 1.2 g snacks)
and resulting
contraction; nutrient
absorption

Potassium Major intracellular fluid  Adequate intake: 14 years Irregular UL not set Fresh fruits and

(K) control; acid-base or older, 4.7 g heartbeat, Cardiac arrest vegetables,
balance; regulation difficulty meats, dairy,
of nerve impulse breathing, legumes,
and muscle muscle whole grains
contraction; blood weakness
pressure regulation;
metabolic reactions

Chloride Acid-base balance Adequate intake: between Hypochloremic UL not set Table salt,

(Cl) (chloride shift); ages of 19 and 50 alkalosis with  Toxicity unlikely processed
hydrochloric acid years, 2.3 g; between prolonged foods
(digestion) ages of 51 and 70 vomiting or

years, 2.0 g; 71 years or diarrhea
older, 1.8 g
Magnesium  Coenzyme in Men, 400 to 420 mg; Tremor, spasm, UL 350 mg Whole grains,

(Mg) metabolism, muscle women, 310 to 320 mg ventricular (from nuts, seeds,
and nerve action; arrhythmia supplements) legumes,
helps with thyroid Nausea; spinach,
hormone secretion vomiting; cocoa

diarrhea
Sulfur (S) Essential constituent Diets that are adequate in Unlikely UL not set Meat, eggs,
of cell protein, hair, protein contain Toxicity unlikely cheese, milk,

nuts, legumes
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FIGURE 8-3 The absorption and metabolism of iron.

Toxicity

Iron toxicity from a single large dose (20 to 60 mg per
kilogram of body weight) results in clinical manifesta-
tions that can be lethal.”? In the United States, iron
overdose from supplements is one of the leading
causes of poisoning among young children who are
less than 6 years old. Symptoms include nausea, vom-
iting, and diarrhea. If left untreated, the iron toxicity
results in free radical damage that overwhelms the
body’s ability to neutralize the oxidative stress by anti-
oxidants. Symptoms may progress to gastrointestinal
bleeding and necrosis, shock, metabolic acidosis, and
damage to the myocardium and liver, which may be

fatal.” The UL for iron is 40 mg/day for children (birth
to 18 years) and 45 mg/day for adults.”
Hemochromatosis may result from five types of
genetic mutations, but it is most commonly the result
of a mutation in the hemochromatosis (HFE) gene. The
congenital disease is an autosomal recessive disorder
that results in iron overload even though iron intake is
within the normal range. This disorder affects from 1
in 150 to 1 in 250 individuals of northern European

hemochromatosis genetic disease resulting in iron
overload
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FIGURE 8-4 The global prevalence of anemia (%) in different population groups. PreSAC, Preschool-aged children
(birth to 4.99 years old); PW, pregnant women; NPW, nonpregnant women (15 to 49.99 years old); SAC, school-
aged children (5 to 14.99 years old); Men, 15 to 59.99 years old; Elderly, includes men who are more than 60 years
old and women who are more than 50 years old. (Reprinted from McLean E, Cogswell M, Egil | et al. Worldwide
prevalence of anaemia, WHO Vitamin and Mineral Nutrition Information System, 1993-2005. Public Health Nutr.

2009;12(4):444-454.)

descent” Afflicted individuals absorb excessive
amounts of iron from food; over time, the iron accu-
mulation causes widespread organ damage (usually
presenting between the ages of 40 and 60 years).
Treatment involves frequent bloodletting (i.e., thera-
peutic phlebotomy) to reestablish normal serum iron
levels; 200 to 250 mg of iron is removed along with
each 500-mL unit of whole blood.” If treatment begins
before pervasive damage occurs, patients may have a
normal life expectancy.

Food Sources

The typical Western diet provides an average of 6 mg
of iron per 1000 kcal of energy intake. Iron is widely
distributed in the U.S. food supply, primarily in meat,
eggs, fortified cereals, and some vegetables (Figure
8-5). Liver and fortified cereal products are especially
good sources. The body absorbs iron more easily when
it is taken along with vitamin C. Iron in food occurs in
two forms: heme and nonheme. Heme iron is the most
efficiently absorbed form of dietary iron, but it contrib-
utes the least to the total iron intake. Heme iron is

FIGURE 8-5 Food sources of dietary iron. A, Beef. B, Black-eyed
peas. C, Oysters and clams. (Copyright Jupiterlimages Corp.)

found in only 40% of the animal food sources and in
no plant foods (Table 8-4). Nonheme iron is less effi-
ciently absorbed, because it is more tightly bound in
foods, yet most of our food sources (i.e., 60% of the
animal food sources and all the plant food sources)
contain nonheme iron. To enhance the absorption of
nonheme iron, food sources of vitamin C and moder-
ate amounts of lean meats, fish, or poultry should be
consumed in the same meal. Enriched and fortified
cereal products are a good source of nonheme iron.
Table 8-5 lists food sources of iron.

IODINE

The average adult body contains only 15 to 20 mg
of iodine.

Functions

Iodine’s basic function is as a component of thyroxine
(Ty), a hormone that is synthesized by the thyroid
gland and that helps to control the basal metabolic
rate. T, synthesis is ultimately controlled by the hypo-
thalamus and the pituitary gland. A sensitive system

Characteristics of the Heme and Nonheme
LELER Portions of Dietary Iron

HEME NONHEME
Food None in plant Alliron in plant
sources sources; 40% of sources; 60% of
iron in animal iron in animal
sources sources
Absorption Rapid; transported Slow; tightly bound
rate and absorbed in organic
intact molecules




IELIER:ESN Food Sources of Iron

ITEM QUANTITY  AMOUNT (MG)

Bread, Cereal, Rice, and Pasta

All Bran Complete Wheat 1 cup 24.01
Flakes cereal, Kellogg’s

Cream of Wheat, instant, 1 cup 11.95
prepared with water

Oatmeal, fortified, instant, 1 cup 13.95
prepared with water

Whole Grain Total cereal, 1 cup 24.00
General Mills

Fruits and Vegetables

Seaweed, spirulina, dried Y% cup 15.96

Spinach, boiled, drained” ¥ cup 3.21

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beef, plate steak, lean only, 30z 5.46
grilled

Chicken, giblets, simmered 30z 5.47

Lamb, liver, pan-fried 3 0z 8.67

Nuts, coconut milk, canned 1 cup 7.46

Qysters, wild, cooked, moist 30z 7.83
heat

Pork, liver, braised 3 0z 15.23

Soybeans, boiled Y cup 4.42

Soybeans, mature seeds, raw  } cup 15.70

Data from the U.S. Department of Agriculture, Agricultural Research Service:
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): http://ndb.nal.usda.gov/ndb/. Accessed October 21, 2014.

*Low bioavailability.

of feedback mechanisms helps maintain adequate T,
levels in the body.

The hypothalamus excretes thyrotropin-releasing
hormone (TRH). TRH, in turn, stimulates the release of
TSH from the anterior pituitary gland. TSH controls
the thyroid gland uptake of iodine from the blood-
stream and the release of triiodothyronine (T;) and T,
into the circulation (Figure 8-6). Blood T, concentration
acts as a feedback mechanism to determine how much
TRH the hypothalamus releases and how much TSH
the pituitary gland releases. As blood T, concentration
decreases, the hypothalamus and the pituitary gland
are stimulated to release more TRH and TSH, respec-
tively. The transport form of iodine in the blood is
called serum protein-bound iodine.

Requirements

To maintain desirable tissue levels of iodine, the adult
body’s minimal requirement is 50 to 75 mcg/day;
therefore, to provide an extra margin of safety, the
RDA is 150 mcg/day for all people who are 14 years
of age and older.”” Additional DRIs for iodine are listed
in the summary table for trace minerals (see Table 8-7)
and in the DRI tables in Appendix B.
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FIGURE 8-6 Uptake of iodine for triiodothyronine and thyroxine
production. (Reprinted from Guyton AC, Hall JE. Textbook of medical
physiology. 12th ed. Philadelphia: Saunders; 2006.)

Deficiency

The World Health Organization reports that iodine-
deficiency disorders are the easiest and least expensive
of all nutrient disorders to avert; however, they remain
the number one cause of preventable brain damage
worldwide.” Todine-deficiency disorders are generally
found in geographic locations with mountains or fre-
quent flooding that result in poor soil iodine levels.
Access to iodized salt has reduced the global preva-
lence of iodine deficiency in the last few decades.”
However, nearly 30% of the world’s population still
has insufficient iodine intake; these individuals are at
high risk for the following deficiency diseases.

Goiter. Goiter is characterized by an enlargement of
the thyroid gland (Figure 8-7). When the thyroid gland
is starved for iodine, it cannot produce a normal
amount of T4. Because of a low blood T, concentration,
the pituitary gland continues to release more TSH.
Large amounts of TSH overstimulate the nonproduc-
tive thyroid gland, thereby causing its size to increase
greatly. An iodine-starved thyroid gland may weigh
0.45 to 0.67 kg (1 to 1.51b) or more. Although the

thyrotropin-releasing hormone (TRH) a hormone that
is produced by the hypothalamus and that stimulates
the release of thyroid-stimulating hormone by the
pituitary.

goiter an enlarged thyroid gland that is usually caused
by a lack of iodine to produce the thyroid hormone
thyroxine.
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FIGURE 8-7 A, lilustration of a goiter. B, The extreme enlargement is a result of an extended duration of iodine
deficiency. (B, Reprinted from Swartz MH. Textbook of physical diagnosis. 7th ed. Philadelphia: Saunders; 2014.)

thyroid is one of the larger endocrine glands, it nor-
mally only weighs 10 to 20 g in an adult.

Cretinism and congenital hypothyroidism. Cretinism
is a congenital disorder resulting from insufficient
thyroid hormone to the fetus during gestation. One
reason for unavailable thyroid hormones is maternal
iodine deficiency throughout pregnancy. Cretinism
is characterized by physical deformity, dwarfism,
mental retardation, and auditory disorders. During
pregnancy, the mother’s need for iodine takes prece-
dence over the iodine needs of the developing fetus.
Thus, the fetus suffers from iodine deficiency and con-
tinues to do so after birth. The physical and mental
development of these children is severely impeded
and irreversible.

Congenital hypothyroidism is a disorder resulting
from insufficient thyroid hormone during gestation
attributable to genetic defects in the metabolic path-
ways of the thyroid hormones. The severity of defects
can vary greatly but early treatment can help prevent
further damage (see the Cultural Considerations box,
“Hypermetabolism and Hypometabolism: What are
they and who is at risk?” in Chapter 6).

Impaired mental and physical development. Study-
ing long-term effects of nutrient deficiencies is diffi-
cult. When a person or a population is deficient in one
nutrient, they are likely deficient in other nutrients as
well. In addition, there are usually other contributing
factors that influence the results of the studies (e.g.,
sociodemographic, ethnic, lifestyle factors). That being
said, there are studies indicating that children born to
women with even mild iodine deficiency during preg-
nancy have a significant reduction in their intelligence
quotient.”” Long-term severe iodine deficiency during
childhood and adolescence appears to delay growth
and the onset of puberty, both of which may be cor-
rected with normalization of dietary iodine levels.”

Hypothyroidism. Hypothyroidism occurs when a
poorly functioning thyroid gland does not make
enough T,, thereby greatly reducing the basal meta-
bolic rate. There are many causes of hypothyroidism,
including both iodine deficiency and iodine toxicity.
Iodine deficiency is the most common cause of hypo-
thyroidism worldwide. Symptoms include thin, coarse
hair; dry skin; poor cold tolerance; weight gain; and a
low, husky voice.” In severe and rare cases, hypothy-
roidism can advance to myxedema coma and death.

Toxicity

When trying to correct for long-term iodine deficiency,
practitioners must be careful of over-supplementing.
Excess iodine supplementation may lead to thyro-
toxicosis or iodine-induced hyperthyroidism.” Indi-
viduals with underlying thyroid dysfunction are more
susceptible to iodine toxicity from chronic or acute
doses than are individuals without existing thyroid
dysfunction. Iodine toxicity may present as iodine-
excess goiter, autoimmune thyroiditis, hypothyroid-
ism, elevated TSH, and ocular damage.

Although the risk of iodine toxicity exists, the con-
tinued use of iodized salt is still recommended and
widely practiced in several countries, including the
United States. The risk for iodine deficiency far out-
weighs the small potential for iodine toxicity. The UL
of iodine in healthy adults is 1100 mcg/day.”

Food Sources

The amount of iodine in natural food sources varies
considerably depending on the iodine content of the
soil in which the food was grown. Seafood consis-
tently provides a good amount of iodine. However, the
major reliable source of iodine in U.S. diets is iodized
table salt, with each gram containing 77 mcg of iodine.
Salt that is used in the preparation of food usually
supplies adequate iodine for those people who do not
use table salt.




ZINC

Zinc is an essential trace mineral with wide clinical
significance. The amount of zinc in the adult body is
approximately 1.5 g (0.050z) in women and 25g¢g
(0.09 0z) in men.

Functions

Zinc is required for the optimal function of more than
300 enzymes. DNA, RNA, and protein synthesis, as
well as energy metabolism and food intake regulation,
are among the many biochemical and physiologic
functions in which zinc is critically involved. Zinc
has three major roles in metalloenzymes, including
(1) participation in catalytic functions, (2) maintenance
of structural stability, and (3) involvement in regula-
tory functions. These metalloenzymes are active in all
major metabolic pathways and are involved in the for-
mation or hydrolysis of proteins, lipids, and carbohy-
drates. All aspects of the immune system are dependent
on adequate zinc availability.” Reproduction, optimal
activity of growth hormone, and successful synaptic
neurotransmission are also among the activities depen-
dent upon zinc. Another critical function of zinc is its
role in the structure and function of biomembranes.
Zinc functions as a stabilizer of erythrocyte mem-
branes, thus decreasing peroxidation and oxidative
damage.

Requirements

Refer to the DRI tables in Appendix B or the summary
tables for trace minerals (see Table 8-7) for zinc’s RDA.
Due to low bioavailability of zinc from plant and grain
products, it is estimated that the dietary need for zinc
in vegan populations may be as high as 50% greater
than their respective DRL”

Deficiency

Adequate zinc intake is imperative for good health
during periods of rapid tissue growth, such as child-
hood and adolescence. Stunted growth, especially in
boys, has been observed in some populations in which
dietary zinc intake is low.” Hypogeusia and hyposmia
are improved with increased zinc intake if dietary zinc
intake was previously inadequate. Zinc deficiency
commonly causes poor wound healing, hair loss, diar-
rhea, skin irritation, and overall compromised immune
function.” Patients with poor appetites, who subsist
on marginal diets, or who have chronic wounds or ill-
nesses with excessive tissue breakdown, may be par-
ticularly vulnerable to developing zinc deficiency. The
For Further Focus box, “Zinc Barriers” discusses other
inhibitors to adequate zinc status.

hypogeusia impaired taste.
hyposmia impaired ability to smell.
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Zinc Barriers

Inadequate zinc intake, and overt zinc deficiency, is a world-
wide nutrition concern, particularly in developing countries.’
While the prevalence is much lower in developed countries,
there remains a risk of inadequate zinc status for some
Americans. In a few cases, a primary zinc deficiency may be
the cause; however, it is more commonly because susceptible
individuals are choosing foods and supplements that reduce
zinc’s availability for absorption. Here are some examples:

e Dietary fiber may hinder absorption and create a nega-
tive zinc balance.

e Vitamin and mineral supplements may contain iron-to-
zinc ratios of greater than 3:1 and thus provide enough
iron to inhibit zinc absorption.

e Animal foods, which are rich in readily available zinc, are
consumed less by cholesterol-conscious individuals.

e \egetarian diets contain less bioavailable zinc due to
high phytic acid consumption.

Low levels of zinc can reduce the amount of carrier-proteins
available to transport iron and vitamin A to their target tissues.
It can also reduce an individual’s immunity and normal appetite
and taste for certain foods.

The following suggestions may help to increase dietary zinc
bioavailability:

¢ Include some form of animal food (e.g., meat, milk, and
eggs) or vegetarian-acceptable fortified food in the diet
each day to ensure an adequate intake of zinc.

e Avoid the excessive use of alcohol.

e Avoid “crash” diets, which are typically low in
micronutrients.

e |[f taking a dietary supplement of zinc, do so separately
from iron supplements.

Signs of zinc deficiency are fairly rare in developed coun-
tries, but they are becoming more apparent among at-risk
people (e.g., older adults who are hospitalized with long-
term chronic illnesses, pediatric populations, some vegans).'*
However, there is no need for the general public to take mega-
doses of supplemental zinc. These large doses may compete
with other minerals (e.g., iron) and create other micronutrient
deficiency problems. Excess zinc can lead to nausea, abdomi-
nal pain, anemia, and immune system impairment. As with
other nutrients, too much of a good thing can sometimes be
as bad as—or even worse than—too little.

REFERENCES
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Acrodermatitis enteropathica (AE) is a rare autosomal
recessive disorder that results in severe zinc deficiency
and death if it is not treated. Patients with this con-
dition are not able to absorb sufficient zinc from the
gut. Classic symptoms of acrodermatitis enteropathica
begin with skin lesions and progress to severely com-
promised immune function (Figure 8-8). This inborn
error of metabolism is successfully treated with oral



FIGURE 8-8 Skin lesions that are characteristic of severe zinc
deficiency in a patient with acrodermatitis enteropathica. (From
Kumar V, Abbas AK, Fausto N. Robbins and Cotran pathologic basis
of disease. 7th ed. Philadelphia: Saunders; 2005.)

zinc supplements at high doses if it is diagnosed
during infancy.

Toxicity

As with several other minerals, zinc toxicity from food
sources alone is uncommon. However, prolonged
supplementation that exceeds the recommended
zinc intake can alter lymphocyte function and cause
adverse symptoms such as nausea, vomiting, and
epigastric pain.** The UL for zinc of 40 mg/day
was established on the basis of the negative effects
of excess zinc supplementation on copper metabo-
lism.”” Excessive zinc intake inhibits copper absorp-
tion, thereby resulting in a zinc-induced copper
deficiency.

Food Sources

The greatest source of dietary zinc in the United States
is meat, which supplies approximately 70% of the
zinc that is consumed. Seafood (particularly oyster) is
another excellent source of zinc. Legumes and whole
grains are reasonable sources of zinc, but the zinc in
these foods is less available for intestinal absorption as
a result of phytate binding. A balanced diet usually
meets adult needs for zinc. People who consume diets
with little or no animal products and who have a high
intake of phytate-rich unrefined grains may benefit
from zinc-fortified foods or supplements to avoid zinc
deficiency.” Table 8-6 lists food sources of zinc.

SELENIUM

Functions

Selenium is present in all body tissues except adipose
tissue. The highest concentrations of selenium are in
the liver, kidneys, heart, and spleen. Selenium is an
essential part of the antioxidant enzyme glutathione
peroxidase, which protects the lipids in cell mem-
branes from oxidative damage. An abundance of sele-
nium may spare vitamin E to an extent, because both
selenium and vitamin E protect against free radical
damage. Selenium is also a component of many
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JEL|EREN Food Sources of Zinc

ITEM QUANTITY  AMOUNT (MG)

Bread, Cereal, Rice, and Pasta

All-Bran Complete Wheat 1 cup 20.00
Flakes cereal, Kellogg’s

Whole Grain Total cereal, 1 cup 20.00
General Mills

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts

Beef, chuck, short ribs, lean 30z 10.44
only, braised

Crab, Alaskan king, cooked, 3 oz 6.48
moist heat

Lobster, northern, cooked, 30z 3.44
moist heat

Qyster, eastern, farmed, 30z 38.38
cooked, dry heat

Oysters, eastern, wild, 30z 66.81
cooked, moist heat

Soybean, mature seeds, ¥ cup 2.70
roasted

Milk and Dairy Products

Yogurt, plain, skim milk 8 fl oz 2.20

Data from the U.S. Department of Agriculture, Agricultural Research Service:
Nutrient Data Laboratory. USDA nutrient database for standard reference
(website): <http://ndb.nal.usda.gov/ndb/>; Accessed October 21, 2014.

proteins in the body that are referred to as selenopro-
teins. One such selenoprotein is type 1iodothyronine 5’-
deiodinase, which is the enzyme required to convert
T, to Ts.

Requirements

Refer to the summary table for trace minerals (see
Table 8-7) and in the DRI tables in Appendix B for the
DRIs of selenium.

Deficiency

Inadequate selenium negatively alters immune func-
tion and increases the opportunity for oxidative stress,
specifically within the thyroid gland. Selenium intake
varies greatly worldwide along with soil selenium
availability. Selenium deficiency is generally only
found in geographic areas with a poor soil content
of selenium. Adequate selenium intake plays a role
in preventing Kashin-Bek disease and Keshan disease.
Kashin-Bek disease results in chronic arthritis and joint
deformity. Keshan disease, which is named after the
area in China where it was discovered, is a disease of
the heart muscle that primarily affects young children
and women of childbearing age and that can lead to
heart failure as a result of cardiomyopathy (i.e., degen-
eration of the heart muscle).

Toxicity

The most common symptoms of selenium toxicity are
hair loss, joint pain, nail discoloration, and gastrointes-
tinal upset (i.e., nausea, vomiting, and diarrhea). Most



http://ndb.nal.usda.gov/ndb/

known cases of dietary selenium toxicity are in iso-
lated regions of the world where the soil has extremely
high levels of selenium. However, in 2008 a misformu-
lated dietary supplement resulted in 201 cases of sele-
nium poisoning in the United States, with symptoms
that persisted for more than 3 months.”*® The UL for
selenium is 400 mcg/day for people who are 14 years
old and older.”

Food Sources
Most selenium in food is highly available for intestinal
absorption. The amount of selenium in food depends
on the quantity of selenium in the soil that is used to
graze animals and grow plants. Pork, turkey, lamb,
chicken, and organ meats (e.g., beef liver) are consis-
tently good sources of selenium. Fish, whole grains,
and other seeds are a decent source of selenium, but
the quantity will vary. Brazil nuts are an exceptionally
good source of selenium with 1275 mg per )4 cup
serving.” In the United States and Canada, the dietary
intake of selenium can vary by the geographic region
in which the fruits and vegetables are grown, but these
local differences are mostly mitigated by the national
food distribution system. The average adult intake of
selenium in the United States is 114.5 mcg/day.

The following sections briefly review the remaining
essential trace minerals.

FLUORIDE

Fluoride forms a strong bond with calcium; thus, it
accumulates in calcified body tissues such as bones
and teeth. Fluoride’s main function in human nutrition
is to prevent the development of dental caries. Fluoride
strengthens the ability of teeth to withstand the erosive
effect of bacterial acids. The use of fluoridated tooth-
paste (0.1% fluoride) and improved dental hygiene
habits have greatly benefited dental health. Addition-
ally, the fluoridation of the public water supply (for
which the optimal level is 1 ppm) is responsible for an
added decline in dental caries during recent decades.

The DRIs for fluoride are listed in the summary
table for trace minerals (see Table 8-7) and in the DRI
tables in Appendix B. The DRI guidelines set the UL
for fluoride at 10 mg/day for people who are 9 years
old and older to avoid dental fluorosis (Figure 8-9)."

Crab, shrimp, raisins, grape juice, hot breakfast
cereals (Cream of Wheat, grits, and oatmeal), and tea
contain the highest concentrations of fluoride. Cooking
in fluoridated water raises the fluoride concentration
in many foods. People who are using well water should
periodically check the fluoride concentration of their
water, because well water can contain excessively high
natural sources of fluoride.

fluorosis an excess intake of fluoride that causes the
yellowing of teeth, white spots on the teeth, and the
pitting or mottling of tooth enamel.
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FIGURE 8-9 Fluorosis.

COPPER

Copper has frequently been called the “iron twin,”
because both iron and copper are metabolized in much
the same way, and both are components of cell en-
zymes. Both of these minerals are also involved in
energy production and hemoglobin synthesis. Primary
deficiency of copper is rare.

There are two severe inborn errors of metabolism
that involve copper. The first is Menkes” disease, which
is an X-linked genetic disease of copper metabolism
that currently has no treatment or cure. Individuals
who are affected with Menkes’ disease progress
through neurodegeneration and connective tissue
deterioration, and they usually do not survive past
childhood.” Wilson’s disease is a rare autosomal reces-
sive genetic disorder that causes an abnormally high
storage of copper in the body. Without treatment,



Wilson'’s disease can result in liver and nerve damage
that leads to death. However, there are treatments for
Wilson’s disease that may stabilize or even reverse
deleterious effects of the disease.”

The DRIs for copper are listed in the summary table
for trace minerals (see Table 8-7) and in the DRI tables
in Appendix B. The UL for copper is 10 mg/day to
avoid gastrointestinal upset and liver damage.”
Copper is widely distributed in natural foods. Organ
meats (especially liver), veal, beef, lamb, oysters, soy
flour, and legumes are the richest food sources of
coppetr.

MANGANESE

An adult body of approximately 150 Ib contains 14 mg
of manganese that is found primarily in the brain,
bone, liver, pancreas, and pituitary gland. Manganese
functions like many other trace minerals: as a compo-
nent of cell enzymes. Manganese-dependent enzymes
catalyze many important metabolic reactions. These
metabolic reactions include metabolism of carbohy-
drates, amino acids, and cholesterol; formation of
bone and cartilage; and wound healing through its
role in manganese-activated glycosyltransferases. In
some magnesium-dependent enzymes, manganese
may serve as a substitute for magnesium, depending
on the availability of these two minerals. The intestinal
absorption and bodily retention of manganese are
associated with serum ferritin concentration.

Manganese deficiency has been documented in
animal studies, but there are no known manganese
deficiencies among humans who are consuming an
unrestricted diet. Manganese toxicity occurs as an
industrial occupation disease known as inhalation tox-
icity in miners and other workers who are exposed to
manganese dust over long periods. The excess manga-
nese accumulates in the liver and the central nervous
system, thereby producing severe neuromuscular
symptoms that are similar to those of Parkinson’s
disease. There is also a potential for manganese toxic-
ity among patients who are receiving parenteral nutri-
tion with standard trace element supplementation,
because the bioavailability is approximately 95%
greater than if it is absorbed enterally. In addition, the
normal elimination pathway is often impaired in these
patients; thus, manganese accumulates and damages
the brain.” The UL from dietary sources is 11 mg/day
for healthy adults.”

The DRIs for manganese are listed in the summary
table for trace minerals (see Table 8-7) and in the DRI
tables in Appendix B. The most commonly consumed
food sources of manganese are of plant origin. Whole
grains, cereal products, and soybeans are the richest
food sources.

MOLYBDENUM

Molybdenum is better absorbed than many minerals,
and inadequate dietary intake is unlikely. The amount
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of molybdenum in the body is exceedingly small.
Molybdenum is the functional catalytic component in
several cell enzymes involved in oxidation-reduction
reactions. The DRIs for molybdenum are listed in
the summary table for trace minerals (see Table 8-7)
and in the DRI tables in Appendix B. There is a UL for
molybdenum of 2000 mcg/day for adults due to
symptoms similar to gout at very high doses (>10 g/
day).” The amounts of molybdenum in foods vary
considerably depending on the soil in which they are
grown.

CHROMIUM

Chromium is thought to be an essential component
of the organic complex glucose tolerance factor,
which stimulates the action of insulin. Chromium
supplements were previously thought to reduce
insulin resistance (the cause of impaired glucose
tolerance) and to improve lipid profiles for at-risk
patients. However, a randomized double-blind study
that examined the effects of chromium supplements
in subjects with impaired glucose tolerance did not
find significant improvements in glucose tolerance
among those who took chromium compared with
the control group.” As a result of lack of evidence
to the contrary, several researchers believe that
chromium should be removed from the list of essen-
tial elements for human nutrition because other
functions of chromium have not been satisfactorily
identified.”*

The Als for chromium are listed in the summary
table for trace minerals (see Table 8-7) and in the DRI
tables in Appendix B. No UL has been established.”
The food content of chromium is difficult to establish
and will vary according to soil mineral content where
plants are cultivated or animals graze.

Table 8-7 provides a summary of selected trace
elements.

OTHER ESSENTIAL TRACE MINERALS

RDAs and Als were not set for the remaining trace
minerals: aluminum, arsenic, boron, nickel, silicon, tin,
and vanadium. At the time of the 2002 DRIs, not
enough data were available to establish such recom-
mendations.”” Most of these minerals are deemed
essential to the nutrition of specific animals and may
be essential to human nutrition as well, although the
complete process of their metabolism is not yet fully
understood. Because these minerals occur in such
small amounts, they are difficult to study, and dietary
deficiency is highly unlikely.

The available research data regarding boron, nickel,
and vanadium are sufficient to establish a tolerable UL
level. The adult ULs for both boron and vanadium
were set on the basis of data that were gathered from
animal studies: for boron, the UL is 20 mg/day; for
vanadium, it is 1.8 mg/day. The adult UL for arsenic
was set at 1 mg/day.”’
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IEWEREYS Summary of Selected Trace Elements

energy production,
hemoglobin
synthesis, iron

abnormalities

Wilson’s disease,
which results in
liver and nerve

TOLERABLE UPPER
RECOMMENDED INTAKE LEVEL (UL)
MINERAL FUNCTIONS INTAKE (ADULTS) DEFICIENCY AND TOXICITY SOURCES
Iron (Fe) Hemoglobin and Men, 8 mg; Anemia, pale skin, UL: 45 mg Liver, meats, egg
myoglobin formation; women impaired Nausea; vomiting; yolk, whole
cellular oxidation of between ages immune diarrhea; liver, grains,
glucose; antibody of 19 and 50 function kidney, heart, and enriched
production years, 18 mg; central nervous grains, dark
women who system damage; green
are 50 years hemochromatosis vegetables,
old or older, legumes, nuts
8 mg
lodine (I) Synthesis of thyroxine, 150 mcg Goiter, cretinism, UL: 1100 mcg lodized salt,
which regulates cell hypothyroidism,  Goiter seafood
oxidation and basal hyperthyroidism
metabolic rate
Zinc (Zn) Essential enzyme Men, 11 mg; Impaired wound UL: 40 mg Meat, seafood
constituent; protein women, 8 mg healing and Nausea; vomiting; (especially
metabolism; storage taste and smell decreased oysters), eggs,
of insulin; immune acuity, stunted immune function; enriched
system; sexual sexual and impaired copper grains,
maturation physical absorption legumes
development
Selenium Forms glutathione 55 mcg Impaired immune UL: 400 mcg Seafood, kidney,
(Se) peroxidase; spares function, Brittleness of hair liver, meats,
vitamin E as an Keshan and nails; whole grains,
antioxidant; protects disease, heart gastrointestinal Brazil nuts
lipids in cell muscle failure upset
membrane
Fluoride (Fl) Constituent of bone Adequate Intake:  Increased dental UL: 10 mg Fluoridated
and teeth; helps men, 4 mg; caries Dental fluorosis water,
prevent dental caries women, 3 mg toothpaste
Copper (Cu)  Associated with iron in 900 mcg Anemia, bone UL: 10 mg Liver, seafood,

whole grains,
legumes, nuts

absorption and conduction
transport, and nerve damage
and immune
function
Manganese Activates reactions in Adequate Intake:  Clinical deficiency ~ UL: 11 mg Cereals, whole
(Mn) urea synthesis, men, 2.3 mg; present only Inhalation toxicity in grains,
energy metabolism, women, with protein- miners, which soybeans,
lipoprotein 1.8 mg energy results in legumes,
clearance, and malnutrition neuromuscular nuts, tea,
synthesis of fatty disturbances vegetables,
acids fruits
Molybdenum  Constituent of many 45 mcg Unlikely UL: 2 mg Organ meats,
(Mo) enzymes Toxicity unlikely milk, whole
grains, leafy
vegetables,
legumes
Chromium Associated with Adequate Intake:  Impaired glucose UL not set Whole grains,
(Cr) glucose metabolism men, 35 mcg; metabolism Toxicity unlikely cereal
women, products,
25 mcg brewer’s yeast




MINERAL SUPPLEMENTATION

The same principles that were discussed in Chapter 7
for vitamin supplementation apply to mineral supple-
mentation. Special needs during growth periods
and in clinical situations may merit specific mineral
supplements. Before taking supplements, potential
nutrient-nutrient interactions and drug-nutrient inter-
actions should be considered. Several situations can
occur in which mineral bioavailability may be hin-
dered (see the Drug-Nutrient Interaction box, “Mineral
Depletion”).

()
Mineral Depletion

Medications interact with minerals through two major mecha-
nisms: either by blocking absorption or by inducing renal
excretion. The following are examples of drug-nutrient interac-
tions that specifically affect mineral status:

e Dijuretics: People who require the long-term use of
diuretic drugs for the treatment of hypertension may
need to pay special attention to certain minerals that are
also lost. The minerals that are usually excreted with
excess water are sodium, potassium, magnesium, and
zinc. The intake of foods that are high in these minerals
is generally enough to regain homeostasis. Some diuret-
ics (e.g., spironolactone) are potassium sparing and thus
extra potassium should not be consumed.

e Chelating agents: Chelation therapy is used to remove
excess metal ions from the body. Penicillamine is used
to treat Wilson’s disease and rheumatoid arthritis and to
prevent kidney stones. It attaches to zinc and copper,
thereby blocking absorption and leading to the excretion
and possible depletion of both minerals.

e Antacids: The acidic environment of the stomach is
required for the absorption of many drugs and nutrients,
including minerals. When this environment is altered as
a result of the chronic use of antacids, mineral deficien-
cies can occur. Phosphate deficiency is a concern for
individuals who are chronically using over-the-counter
antacids. In extreme cases, hypercalcemia may result,
causing damage to soft tissues.

LIFE CYCLE NEEDS

Mineral supplements may be warranted in specific
situations during rapid growth periods throughout the
life cycle.

Pregnancy and Lactation

Women require additional copper, iodine, iron, mag-
nesium, manganese, molybdenum, selenium, zinc,
and potentially chromium to meet the demands of
rapid fetal growth during pregnancy. DRIs remain
elevated for several minerals throughout lactation to
meet both mother and infant needs. Not all women
will require dietary supplements to meet these
increased needs, because they will be met with a
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healthy, balanced diet. However, iron is regularly sup-
plemented because it is challenging to meet the DRI
recommendations through dietary intake alone during
pregnancy.

Adolescence
Rapid bone growth during adolescence requires
increased calcium, phosphorus, and magnesium.'** If
an adolescent’s diet is chronically lacking in the miner-
als critical for bone development at this vital stage, the
risk for osteoporosis during the later adult years is
intensified.” Too little dietary calcium may lead to the
resorption of calcium from bone to maintain an appro-
priate blood calcium concentration. With the major
increases in soft-drink consumption coupled with the
decreased intake of calcium-containing drinks (i.e.,
milk or milk substitutes) in the United States, there is
reason for concern about poor bone growth during
these important years.

Depending on the adequacy of their diet, supple-
ments that combine iron with folate may be indicated
for adolescent girls as they begin menstruating.

Adulthood

Healthy adults who consume well-balanced and varied
diets do not require mineral supplements. A well-
rounded and varied diet in combination with adequate
physical activity and exercise maintains optimal bone
health in most adults. Studies do indicate that supple-
mental calcium and vitamin D improve bone health
and reduce the risk of fracture among postmenopausal
women.* However, at any adult age, calcium supple-
mentation alone neither prevents nor successfully
treats osteoporosis, the cause of which is multifacto-
rial. In addition to other lifestyle improvements when
indicated (e.g., balanced diet, no tobacco products,
healthy weight maintenance), calcium supplements
may be used as part of a treatment program together
with vitamin D, weight-bearing physical activity, and
hormone therapy to reduce the risk of osteoporosis.*’

CLINICAL NEEDS

People with certain clinical problems or those who are
at high risk for developing such problems may require
mineral supplements.

Iron-Deficiency Anemia

One of the most prevalent health problems encoun-
tered in population surveys is iron-deficiency anemia.
The need for increased iron intake has long been
established for pregnant and breastfeeding women.”
The following high-risk groups also may need to sup-
plement their diets: adolescent girls and women who
are in their childbearing years who consume poor
diets; people who are food insecure (i.e., those who
are not able to secure enough food on a consistent
basis); alcohol-dependent individuals; vegetarians;
and elderly people who consume poor diets.




Zinc Deficiency

The increased popularity of vegetarian diets has ampli-
fied concern about possible zinc deficiency because of
the low zinc content and bioavailability found in plant
foods. The position statement of the Academy of
Nutrition and Dietetics and the Dietitians of Canada
regarding vegetarian diets indicates that zinc require-
ments for individuals who consume high phytate diets

Putting It All Together

e Minerals are elements that are widely distributed in
foods. They are absorbed by the intestines and used in
building body tissue; activating, regulating, and
controlling metabolic processes; and transmitting
neurologic messages.

e Minerals are classified in accordance with their relative
amounts in the body. Major minerals are necessary in
larger quantities than trace minerals, and they make up
60% to 80% of all of the inorganic material in the body.
Trace minerals, which are necessary in quantities as
small as a microgram, make up less than 1% of the
body’s inorganic material.

¢ RDAs have not been set for all minerals because of a
lack of scientific data. However, Als or ULs have been
set for almost all essential minerals without RDAs.

e Mineral supplementation—along with vitamin
supplementation—continues to be a hot topic of
research. There are periods that occur throughout the
life cycle and specific disease states that may warrant
supplementation. However, in most situations, a
balanced diet provides an adequate supply of all of
the essential nutrients.

Chapter Review Questions

See answers in Appendix A.

1. It would be beneficial for a 65-year-old woman to
consume foods with calcium that are well absorbed
such as:

a. Yogurt.

b. Baked beans.
¢. Orange slices
d. Chicken livers.

2. Phosphorus functions in metabolic processes to

maintain health by:

a. Assisting in the formation of fibrin to form clots.

b. Controlling the uptake of iodine from the blood.

¢. Capturing energy in the form of adenosine
triphosphate.

d. Carrying oxygen to the cells for oxidation and
metabolism.
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may exceed the current DRIs.” Signs of zinc deficiency
are slow growth, impaired taste and smell, poor wound
healing, and skin irritation; however, 3 to 24 weeks
may pass before symptoms appear. Others who are
at risk for zinc deficiency include alcohol-dependent
individuals; people on long-term, low-calorie diets;
and elderly people in long-term institutional care.

3. A patient has been taking a diuretic medication to
manage blood pressure and complains of overall
weakness, difficulty breathing, and a feeling of
abdominal bloating. These symptoms may be
characteristic of:

a. Sodium toxicity.

b. Potassium deficiency.

¢. Excess potassium intake.
d. Iron toxicity.

4. A patient with high blood pressure is recommended to
reduce sodium intake in the diet. A food choice that
should be limited is:

a. Whole grain toast with peanut butter.
b. Pork loin with cranberry sauce.

¢. Beef and bean burrito.

d. Olive and feta cheese salad.

5. Hypothyroidism is characterized by:
a. Thin coarse hair, weight gain, poor cold tolerance.
b. Thin coarse hair, general nervousness, weight loss.
¢. Acne-like skin lesions, weight loss, increased
appetite.
d. Weight gain, heat intolerance, dwarfism.

Additional Learning Resources

eVvolve http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.
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Water and Electrolyte Balance

Key Concepts

e Water compartments inside and outside of the
cells maintain a balanced distribution of total
body water.

e The concentration of various solute particles in
water determines the internal shifts and movement
of water.

e Water and electrolyte balance has many checks and
balances beginning at the cellular level and involves organ
and hormonal controls.

e A state of dynamic equilibrium among the body’s water
and acid-base balance system influences the entire body
to sustain life.

Water is the most vital nutrient to human existence.
Humans can survive far longer without food than
without water. Only the continuous need for air is
more demanding.

One of the most basic nutrition tasks is ensuring a
balanced distribution of water to all body cells. Water
is critical for the physiologic functions that are neces-
sary to support life. This chapter briefly looks at the
finely developed water and electrolyte balance systems
in the body, examines how these systems work, and
describes the various parts and processes that main-
tain them.

BODY WATER FUNCTIONS AND REQUIREMENTS

WATER: THE FUNDAMENTAL NUTRIENT

Basic Principles
Three basic principles are essential to an understand-
ing of the balance and uses of water in the human

body.

A unified whole. The human body forms one continu-
ous body of water that is contained by a protective
envelope of skin. Water moves to all parts of the body,
and it is controlled by solvents within the water and
membranes that separate the compartments. Virtually
every space inside and outside of cells is filled with
water-based body fluids. Within this environment, all
processes that are necessary to life are sustained.

Body water compartments. The key word compart-
ment is generally used in human physiology to refer
to dynamic areas within the body. Body water can be
discussed in terms of total body water as well as in
separate intracellular or extracellular compartments
throughout the body. Membranes separate compart-
ments of water. The body’s dynamic mechanisms
constantly shift water to places of greatest need and

maintain equilibrium among all parts. The compart-
ments are discussed later in this chapter.

Particles in the water solution. The concentration and
distribution of particles in water (e.g., sodium, chloride,
calcium, magnesium, phosphate, bicarbonate, protein)
determine the internal shifts and balances among the
compartments of water throughout the body.

Homeostasis

The body’s state of dynamic balance is called homeo-
stasis. W.B. Cannon, a physiologist, viewed these prin-
ciples as “body wisdom.”" Early in the twentieth
century he applied the term homeostasis to the capacity
that is built into the body to maintain its life systems,
despite what enters the system from the outside. The
body has a great capacity to use numerous finely bal-
anced homeostatic mechanisms to protect its vital
water supply.

BODY WATER FUNCTIONS

Body water performs the following functions:

Solvent

Water provides the basic liquid solvent for all chemical
reactions within the body. The polarity of water effec-
tively ionizes and dissolves many substances.

dynamic equilibrium the process of maintaining balance
(i.e., equilibrium) through constant change or motion
by energy or action (i.e., dynamic).

homeostasis the state of relative dynamic equilibrium
within the body’s internal environment; a balance that
is achieved through the operation of various
interrelated physiologic mechanisms.

polarity the interaction between the positively charged
end of one molecule and the negative end of another
(or the same) molecule.
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Transport

Water circulates throughout the body in the form of
blood and various other secretions and tissue fluids.
In this circulating fluid, the many nutrients, secretions,
metabolites (i.e., products formed from metabolism),
and other materials can be carried anywhere in the
body to meet the needs of all body cells.

Thermoregulation
Water is necessary to help maintain a stable body tem-
perature. As the body temperature rises, sweat is

released and evaporates from the skin, thereby cooling
the body.

Lubricant

Water also has a lubricating effect on moving parts of
the body. For example, fluid within joints (i.e., synovial
fluid) helps to provide smooth movement and pre-
vents damage from constant friction.

BODY WATER REQUIREMENTS

The Dietary Reference Intake (DRI) for water is based
on the median total water intake reported by partici-
pants in the Third National Health and Nutrition
Examination Survey (NHANES), which took place
from 1988 to 1994. The amount of total water includes
water in both beverages and food. Set as Adequate
Intakes (Al), the DRIs for water are the amounts that
are required to meet the needs of healthy individuals
who are relatively sedentary and living in temperate
climates.” Recommendations are established to note
ideal water intake amounts and to caution against the
harmful effects of dehydration, which include meta-
bolic and functional abnormalities. To meet adult fluid
needs, the average sedentary woman should consume
2.7 L (91 oz) of total water per day. Because approxi-
mately 19% of total water intake comes from food, a
woman should aim for 74 oz (=9.25 cups or 2.2 L) of
fluids in the form of beverages per day, with the rest

IELECS N Adequate Intake of Water (Liters Per Day)*
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being provided by food. A sedentary man should
consume 3.7 L (125 oz) of total water per day. Assuming
that approximately 0.7 L of water is consumed within
food, a man should aim for 101 oz (=12.6 cups or 3 L)
of fluid in the form of beverages per day.” Table 9-1
lists the Al values of fluid for all individuals.

The body’s requirement for water varies in accor-
dance with several aspects: environment, activity level,
functional losses, metabolic needs, age, and other
dietary influences. Therefore any number of these
factors will change the individual requirement for
fluid intake to offset losses.

Surrounding Environment

Increasing body temperatures may be caused by the
climate or by the heat produced by physical work.
Whatever the cause, high body temperature results in
water loss through sweat and requires fluid intake for
replacement. On the opposite end of the spectrum,
both cold temperatures and altitude result in elevated
respiratory water loss, hypoxia- or cold-induced diure-
sis, and increased energy expenditure, all of which
raise water needs as well.”

Activity Level

Heavy work and physical activity increase the water
requirement for two reasons: (1) more water is lost in
sweat and respiration; and (2) more water is necessary
for the increased metabolic demands of physical
activity.

Fluid intake needs during activity are highly vari-
able and will depend on body size, sweat rates, and
type of activity. Thus, specific hydration plans should
be determined on an individual basis. For the average
person, fluid balance will be reestablished through
normal dietary intake.” Athletes may require more
specificity to their fluid intake regimen before, during,
and after exercise because of prolonged or intense
training sessions. The American College of Sports

MALE FEMALE
AGE FROM FOOD FROM BEVERAGES TOTAL WATER FROM FOOD FROM BEVERAGES = TOTAL WATER
Birth to 6 months 0.0 0.7 0.7 0.0 0.7 0.7
7 to 12 months 0.2 0.6 0.8 0.2 0.6 0.8
1 to 3 years 0.4 0.9 1.3 0.4 0.9 1.8
4 to 8 years 0.5 1.2 1.7 0.5 1.2 1.7
9 to 18 years 0.6 1.8 2.4 0.5 1.6 2.1
14 to 18 years 0.7 2.6 3.3 0.5 1.8 2.3
>19 years 0.7 3.0 3.7 0.5 2.2 2.7
Pregnancy, 14 to 50 years 0.7 2.3 3.0
Lactation, 14 to 50 years 0.7 3.1 3.8

Data from the Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for water, potassium, sodium, chloride, and sulfate. Washington, DC:

National Academies Press; 2004.
*1L=38380z 1L=1.06qt; 1 cup =8 oz



Medicine, the Academy of Nutrition and Dietetics, and
the Dietitians of Canada recommend that athletes
drink 5 to 7 mL/kg of body weight of water or sports
drink at least 4 hours before exercise to ensure euhy-
dration and at least 16 to 24 oz of fluid for every pound
of body weight that is lost during exercise.” (See the
For Further Focus box entitled “Hydrating with Water,
Sports Drink, or Energy Drink” in Chapter 16 for more
information about sports drinks.)

Functional Losses

When any disease process interferes with the normal
functioning of the body, water requirements are likely
affected. For example, with gastrointestinal problems
such as prolonged diarrhea, large amounts of water
may be lost. Uncontrolled diabetes mellitus causes
an excess loss of water through urine as a result of
high blood glucose levels. In such cases, the replace-
ment of lost water and electrolytes is vital to prevent
dehydration.

Metabolic Needs

Metabolic processes require water. A general rule is
that approximately 1000 mL of water is necessary for
the metabolism of every 1000 kcal consumed.

Age

Age plays an important role in determining water
needs. High fluid intake (via breast milk or formula)
is critical during infancy because an infant’s body
content of water is large (approximately 70% to 75% of
their total body weight) and because a relatively large
amount of this body water is outside of the cells and
thus is more easily lost. As body composition changes
throughout the life span, so do relative water needs
per kilogram of body weight.

Caffeine and Medications

Certain dietary constituents and medications can affect
water requirements because of their natural diuretic
effects. Caffeine has long been viewed as a diuretic.
Although the intake of high concentrations of caffeine
(=300 mg) has an acute diuretic effect, the end result
does not appear to be a loss in total body fluid.”® The
metabolism of caffeine will vary among individuals;
however, the routine intake of caffeine diminishes its
influence over time.”

Several medications contain diuretics specifically for
the purpose of reducing overall body fluid, as in the
case of antihypertensive medications (e.g., hydrochlo-
rothiazide [Esidrix], furosemide [Lasix], bumetanide
[Bumex], spironolactone [Aldactone]). Individuals
who are taking medications that promote water loss
should be monitored for dehydration and electrolyte

diuretic any substance that induces urination and
subsequent fluid loss.
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imbalance, particularly upon beginning the medica-
tion (see the Drug-Nutrient Interaction box, “Drug
Effects on Water and Electrolyte Balance”).

DEHYDRATION

Dehydration is the excessive loss of total body water.
Relative severity can be measured in terms of the

@)
Drug Effects on Water and Electrolyte Balance

Some medications can affect fluid and electrolyte balance.
Drugs with anticholinergic properties, such as the antidepres-
sant amitriptyline (Elavil) and the antipsychotic chlorpromazine
(Thorazine), may result in a thickening of the saliva and dry
mouth. Individuals who are using these mediations may need
to increase their fluid intake to help alleviate such side effects.

Antidepressants are divided into classes on the basis of
their activity in the brain. Selective serotonin reuptake inhibitors
(SSRIs, such as Paxil, Zoloft, Prozac, Celexa), tricyclics,
serotonin-norepinephrine reuptake inhibitors (SNRIs, such as
Effexor), and norepinephrine—dopamine reuptake inhibitors
(NDRiIs, such as Wellbutrin) have oral and gastrointestinal side
effects that include taste changes, nausea, vomiting, and dry
mouth. Patients can avoid some of the negative side effects
by drinking 2 to 3 L of water per day and maintaining a con-
sistent sodium intake.

Corticosteroids are sometimes prescribed to replace the
normal hormones that should be released by the adrenal
glands. There are a number of conditions that require the
administration of corticosteroids. Some examples include
inflammation, asthma, arthritis, severe allergies, and intestinal
disorders. Corticosteroids such as prednisone, methylpred-
nisolone, and hydrocortisone increase the excretion of several
nutrients, including potassium. Patients should be encouraged
to increase their daily intake of fluids and of foods that are good
sources of potassium to maintain an adequate body balance.

Loop diuretics (e.g., Lasix) and thiazide diuretics (e.g.,
hydrochlorothiazide) are both used to treat hypertension by
increasing the urinary excretion of fluids. Minerals are lost in
the urine along with fluid excretion. Patients who are taking
these drugs should increase the amount of fresh fruits and
vegetables in their diets and eat other foods that are good
sources of potassium. Although sodium and chloride also are
lost in the urine, it is not necessary to increase the intake of
these electrolytes, as long as the individual is consuming a
normal varied diet.

Potassium-sparing diuretics (e.g., spironolactone) also work
to rid the body of excess fluids, but they do so without wasting
potassium in the urine. Therefore, patients should be careful
to avoid potassium-based salt substitutes so that they can
avoid hyperkalemia (i.e., excessively high potassium levels in
the blood).

Antipsychotics (e.g., phenothiazines, chlorpromazine) can
cause a condition known as psychogenic polydipsia. Patients
who are taking these drugs often experience dry mouth, and
they will consume large amounts of water. If the patient’s fluid
consumption exceeds his or her capacity for excretion, this
can result in hyponatremia and water intoxication. Symptoms
of water intoxication include vomiting, ataxia, agitation, sei-
zures, and coma.




percentage of total body weight loss, with symptoms
apparent after 2% of normal weight is lost. Initial
symptoms include thirst, headache, decreased urine
output, dry mouth, and dizziness. As the condition
worsens, symptoms can progress to visual impair-
ment, hypotension, anorexia, muscle weakness, kidney
failure, and seizures. Chronic or severe dehydration is
associated with risk factors for several adverse health
conditions such as kidney infections, kidney stones,
gallstones, and constipation.” In addition, there is
indication that dehydration may adversely influence
cognitive function and mood.® Without correction,
dehydration can advance to coma and death (Figure
9-1). A fluid loss of more than 10% of body weight
typically requires medical assistance for a complete
recovery.

Dehydration presents special concerns among
elderly adults. The hypothalamus is the regulatory
center for thirst, hunger, body temperature, water
balance, and blood pressure. Physiologic changes in
the hypothalamus naturally occur with age and, as a
result, elderly individuals exhibit an overall decreased
thirst sensation and reduced fluid intake when they
are dehydrated compared with younger adults.”"
Although this does not always constitute a state of
dehydration, it does slow the process of rehydration.
Other physiologic changes (e.g., diminishing kidney
function) that accompany the aging process may exac-
erbate body fluid losses.

WATER INTOXICATION

Although it is not nearly as common, water intoxica-
tion from overconsumption can occur. The excessive
intake of plain water may result in the dangerous con-
dition of hyponatremia (i.e., low serum sodium levels
of less than 136 mEq/L). Under normal situations,
surplus water consumed is lost by increased urinary

PERCENTAGE OF BODY WEIGHT LOST

0
Thirst
1

2 Stronger thirst, vague discomfort, loss of
3 appetite
Decreasing blood volume, impaired
physical performance
Increased effort for physical work,
5 nausea
Difficulty in concentrating

Failure to regulate excess
7 temperature

8
Dizziness, labored breathing with
9 exercise, increased weakness

10 Muscle spasms, delirium, and
11 wakefulness

Inability of decreased blood volume to
circulate normally; failing renal function

FIGURE 9-1 Adverse effects of progressive dehydration.
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output, and this is not likely to pose a problem for a
healthy person who is eating an otherwise typical diet.
However, individuals with psychiatric disorders such
as psychogenic polydipsia may consume an excess of
water in such a rapid rate that the body cannot correct
for the acute dilution of blood and ensuing hyponatre-
mia. If the patient does not receive immediate medical
attention, the patient may progress through the subse-
quent stages of delirium, seizures, coma, and death."

As blood volume is diluted with excess water, the
water moves to the intracellular fluid (ICF) spaces to
reestablish equilibrium with sodium concentrations
there, thereby diluting ICF as well. This movement
causes edema (Figure 9-2), lung congestion, and muscle
weakness. Individuals who are most at risk for hypo-
natremia from water intoxication are infants and chil-
dren (if they are forced to drink water), psychiatric
patients with polydipsia, patients who are taking psy-
chotropic drugs, and individuals who are participating
in prolonged endurance events without electrolyte
replacement.’

WATER BALANCE

BODY WATER: THE SOLVENT

Distribution

Normal body water content ranges from 45% to 75%
of the total body weight. The relative amount of body
water will change throughout the lifecycle with the
highest levels occurring during infancy and the lowest
levels occurring during the advanced years (Table
9-2). Men usually have about 10% more body water
than women for an average of 60% and 50% of total
body weight, respectively. Differences are generally

polydipsia excessive thirst and drinking.

FIGURE 9-2 Edema. Note the finger-shaped depressions that do not
rapidly refill after an examiner has exerted pressure. (From Bloom A,
Ireland J: Color Atlas of Diabetes, 2nd ed. St. Louis, 1992, Mosby.)



attributable to a higher ratio of muscle to fat mass in
males. Muscle contains significantly more water com-
pared with adipose tissue. Thus, the more muscle mass
and less fat mass a person has, the higher the person’s
total body water percentage will be. With that in mind,
it is very possible that a muscular woman with low
body fat would have a higher total body water content
than a man of similar weight having less lean tissue
and more fat mass.

Total body water is categorized into two major com-
partments (Figure 9-3).

Extracellular fluid. The total body water outside of the
cell is called the extracellular fluid (ECF). This water

Table 9-2 Volumes of Body Fluid Compartments
as a Percentage of Body Weight

BODY FLUID INFANT  ADULT MALE  ADULT FEMALE
Extracellular fluid
Plasma 4 4 4
Interstitial fluid 26 16 11
Intracellular fluid 45 40 &5
Total 75 60 50

Reprinted from Patton KT, Thibodeau: Anatomy & Physiology, 9th ed.,
St. Louis, Mosby, 2016. lllustration copyright Rolin Graphics.
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collectively makes up approximately 20% of the total
body weight and 34% of the total body water. One
fourth of the ECF is contained in the blood plasma or
the intravascular compartment. The remaining ECF is
composed of the following: (1) water that surrounds
the cells and bathes the tissues (i.e., interstitial fluid);
(2) water within the lymphatic circulation; and (3)
water that is moving through the body in various
tissue secretions (i.e., transcellular fluid).

Interstitial fluid circulation helps with the move-
ment of materials in and out of body cells. Transcellular
fluid is the smallest component of ECF (i.e., approxi-
mately 2.5% of total body water). Transcellular fluid
consists of water within the gastrointestinal tract, cere-
brospinal fluid, ocular and joint fluid, and urine within
the bladder.

Intracellular fluid. Total body water inside cells is
called the intracellular fluid. This water collectively
amounts to about twice the amount of water that is
outside of the cells, thus making up approximately
35% to 45% of total body weight and two thirds of total
body water.

Table 9-2 presents the relative amounts of water in
the different body water compartments.

Overall Water Balance

Water enters and leaves the body by various routes
that are controlled by basic mechanisms such as thirst
and hormones. The average adult metabolizes 2.5 to
3 L of water per day in a balance between intake and
output.

Water intake. Water enters the body in three main
forms: (1) as preformed water in liquids that are
consumed; (2) as preformed water in foods that are

Extracellular fluid compartment

"“‘*34%/—\

6%

Intracellular fluid compartment -

FIGURE 9-3 The distribution of total body water. (From Thibodeau GA, Patton KT. Anatomy & physiology. 7th ed.

St Louis: Mosby; 2010.)




eaten; and (3) as a product of cell oxidation when
nutrients are burned in the body for energy (i.e., meta-
bolic water or “water of oxidation”) (Figure 9-4). A
variety of foods and their relative water content are
listed in Table 9-3.

Older adults are at higher risk for dehydration as a
result of inadequate intake and the physiologic changes
that are associated with aging. Xerostomia is one such
physiologic condition that is common in the geriatric
population. It is caused by a severe reduction in the
flow of saliva; this in turn negatively affects food
intake as well as oral health."” Xerostomia is also asso-
ciated with the use of certain medications, with certain
diseases or conditions, and with radiation therapy of
the head and neck. Conscious attention to adequate
fluid intake is an important part of health maintenance
and care. Fluid intake should not depend on thirst,
because the thirst sensation is an indicator of present
dehydration rather than a warning in advance.

Water output. Water leaves the body through the
kidneys, skin, lungs, and feces (see Figure 9-4). Of
these output routes, the largest amount of water exits
through the kidneys. A certain amount of water must

xerostomia the condition of dry mouth that results from
a lack of saliva; saliva production can be hindered by
certain diseases (e.g., diabetes, Parkinson’s disease)
and by some prescription and over-the-counter
medications.

Water in foods

Ingested
liquids

catabolism

L

A

' Large intestine
1
FIGURE 9-4 Sources of fluid intake and output. (From Thibodeau

GA, Patton KT. Anatomy & physiology. 7th ed. St Louis: Mosby;
2010))
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be excreted as urine to rid the body of metabolic waste.
This is called obligatory water loss, because it is compul-
sory for survival. The kidneys may also process and
release an additional amount of water each day,
depending on body activities, needs, and intake. This
additional water loss varies in accordance with the
climate, the physical activity level, and the individu-
al’s intake. On average, the daily water output from
the body totals approximately 2400 mL, which bal-
ances the average intake of water.

Table 9-4 summarizes the comparative intake and
output that affect body water balance.

SOLUTE PARTICLES IN SOLUTION

The solutes in body water are a variety of particles in
varying concentrations. Two main types of particles
control water balance in the body: electrolytes and
plasma proteins.

Electrolytes

Electrolytes are small inorganic substances (i.e., either
single-mineral elements or small compounds) that can
dissociate or break apart in solution and that carry an
electrical charge. These charged particles are called
ions. In any chemical solution, particles are constantly

IEL| RSN Water Content of Selected Food

FOOD WATER CONTENT (%)
Apple, raw 86
Banana, raw 75
Bread, whole wheat 38
Broccoli, cooked 89
Cantaloupe, raw 90
Carrots, raw 88
Cheese, cheddar 37
Chicken, roasted 64
Corn, cooked 70
Grapes, raw 81
Lettuce, iceberg 96
Mango, raw 82
Orange, raw 87
Pasta, cooked 66
Peach, raw 89
Pickle 92
Pineapple, raw 86
Potato, baked 75
Squash, cooked 94
Steak, tenderloin, cooked 50
Sweet potato, boiled 80
Turkey, roasted 62

Modified from the Food and Nutrition Board, Institute of Medicine. Dietary
Reference Intakes for water, potassium, sodium, chloride, and sulfate.
Washington, DC: National Academies Press; 2004.



e Average Daily Adult Intake and Output
Table 9-4 of Water

INTAKE OUTPUT
FORM OF WATER (mL/day) BODY PART  (mL/day)
Preformed Lungs 350
In liquids 1500 Skin
In foods 700 Diffusion 350
Metabolism (i.e., 200 Sweat 100
oxidation of food) Kidneys 1400
Anus 200
Total 2400 Total 2400

Modified from Thibodeau GA, Patton KT. Anatomy & physiology. 7th ed.
St Louis: Mosby; 2010.

in balance between cations and anions to maintain
electrical neutrality.

Cations. Cations are ions that carry a positive charge
(e.g., concentrations of sodium [Na'], potassium [K"],
calcium [Ca*'], and magnesium [Mg*']).

Anions. Anions are ions that carry a negative charge
(e.g., concentrations of chloride [CI7], bicarbonate
[HCO;'], phosphate [PO,*], and sulfate [SO,*]).

The constant balance between electrolytes—
specifically sodium and potassium—maintains the
electrochemical and cell membrane potentials. Because
of their small size, electrolytes can freely diffuse across
most membranes of the body, thereby maintaining a
balance between the intracellular and extracellular
electrical charge. The fluid and electrolyte balances are
intimately related, so an imbalance in one creates an
imbalance in the other.

Electrolyte concentrations in body fluids are mea-
sured in terms of milliequivalents (mEq). Milliequiv-
alents represent the number of ionic charges or
electrovalent bonds in a solution. The number of mil-
liequivalents of an ion in a liter of solution is expressed
as mEq/L. Table 9-5 outlines the balance between
cations and anions in the ICF and ECF compartments,
which are exactly balanced.

Plasma Proteins

Plasma proteins—mainly in the form of albumin and
globulin—are organic compounds of large molecular
size. As such, they are too large to move easily across
cell membranes the way that electrolytes do. Therefore,
plasma proteins stay inside the blood vessels. Since the
body has a constant drive for homeostasis, the proteins
(primarily albumin) draw water into the vessels to
reestablish equilibrium of the solute concentration
between the fluid compartments. In this function,
plasma proteins are called colloids, which exert colloi-
dal osmotic pressure (COP) to maintain the integrity
of the blood volume. Without the presence of plasma
proteins, fluid leaks from the capillaries and accumu-
lates in the intercellular tissue spaces causing edema
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Balance of Cation and Anion
IELERESN Concentrations in Extracellular
Fluid and Intracellular Fluid*

EXTRACELLULAR INTRACELLULAR
ELECTROLYTE FLUID (mEg/L) FLUID (mEgq/L)
Cation
Na* 142 85
K* B 123
Ca** 5 15
Mg** 8 2
Total 155 175
Anion
CI- 104 8
PO, 2 80
SO~ 1 10
Protein 16 70
COs* 27 10
Organic acids 5)
Total 155 175

*This balance maintains electroneutrality within each compartment.

(see Figure 9-2). Cellular proteins help to guard cell
water in a similar manner.

Small Organic Compounds

In addition to electrolytes and plasma protein, there
are other small organic compounds in body water.
Their concentration is ordinarily too small to influence
shifts of water. However, in some instances, they are
found in abnormally large concentrations that do
influence water movement. For example, glucose is a
small particle that circulates in body fluids. In the
event of uncontrolled diabetes mellitus, the glucose
concentration is abnormally high, producing polyuria
and body water loss.

SEPARATING MEMBRANES

Two types of membranes separate and contain water
throughout the body: capillary membranes and cell
membranes.

Capillary Membranes
The walls of capillaries are thin and porous. Therefore,
water molecules and small particles can move freely

colloidal osmotic pressure (COP) the fluid pressure
that is produced by protein molecules in the plasma
and the cell; because proteins are large molecules,
they do not pass through the separating membranes
of the capillary walls; thus, they remain in their
respective compartments and exert a constant
osmotic pull that protects vital plasma and cell fluid
volumes in these areas.

polyuria excessive urination.




across them. Such small particles, having free passage
across capillary membranes, include electrolytes and
various nutrient constituents. However, larger parti-
cles such as plasma protein molecules cannot pass
through the small pores of the capillary membrane.
These larger molecules remain in the capillary vessel
and exert COP to bring water and small molecules
back into the capillary.

Cell Membranes

Cell membranes are specially constructed to protect
and nourish the cell’s contents. Although water is
freely permeable, other molecules or ions use channels
within the phospholipid bilayer (see Figure 3-6) for
passage across the membrane. The membrane chan-
nels are highly specific to the molecules that are
allowed to pass. For example, sodium channels
only allow sodium to pass, and chloride channels
only allow chloride to pass.

FORCES MOVING WATER AND SOLUTES
ACROSS MEMBRANES

A variety of forces are at work in the cell membrane to
allow for the maintenance of dynamic equilibrium.

Osmosis

Osmosis is the movement of water molecules from
an area with a low solute concentration to an area with
a high solute concentration. When solutions of differ-
ent concentrations exist on either side of selectively

osmosis the passage of a solvent (e.g., water) through a
membrane that separates solutions of different
concentrations and that tends to equalize the
concentration pressures of the solutions on either side
of the membrane.

10% glucose

20% glucose |

Diffusion —< Equilibrium

Membrane
(permeable to
H,O and glucose)
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permeable membranes, the osmotic pressure moves
water across the membrane to help equalize the solu-
tions on both sides. Therefore, osmosis can be defined
as the force that moves water molecules from an area
of greater concentration of water molecules (i.e., with
fewer particles in solution) to an area of lesser concen-
tration of water molecules (i.e., with more particles in
solution). Figure 9-5 illustrates how water will move
from the 10% glucose solution across the semiperme-
able membrane to the 20% glucose solution to equalize
the solute concentrations. Because the membrane is
permeable to glucose, the amount of glucose will also
change on either side of the membrane to help estab-
lish equilibrium.

Diffusion

As osmosis applies to water molecules, diffusion
applies to the particles in solution. Simple diffusion is
the force by which particles move outward in all direc-
tions from an area of greater concentration of particles
to an area of lesser concentration of particles (see
Chapter 5). The relative movement of water molecules
and solute particles by osmosis and diffusion effec-
tively balances solution concentrations—and hence
pressures—on both sides of the membrane. Again,
refer to Figure 9-5, in which the two balancing forces
of osmosis and diffusion are represented.

Facilitated Diffusion

Facilitated diffusion follows the same principles of
simple diffusion in that particles passively move down
a concentration gradient. The only difference is that,
with facilitated diffusion, membrane transporters
assist particles with the crossing of the membrane.
Some molecules (e.g., glucose) can diffuse across the
cell membrane by either simple diffusion or facilitated
diffusion, but they move much faster with the help of
a transporter.
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FIGURE 9-5 Osmosis and diffusion through a membrane. Note that the membrane that separates a 10% glucose
solution from a 20% glucose solution allows both glucose and water to pass. The container on the left shows the
two solutions separated by the membrane at the start of osmosis and diffusion. The container on the right shows
the results of osmosis and diffusion after some time. (From Thibodeau GA, Patton KT. Anatomy & physiology. 6th ed.

St Louis: Mosby; 2007.)



Filtration

Filtration is another form of a passive transport process
where water and molecules move down a hydrostatic
pressure gradient. In this sense, both water and small
permeable solute particles are filtered through the
pores of capillary membranes from an area of high
hydrostatic pressure to an area of low hydrostatic
pressure. As fluid pushes against the capillary mem-
brane, the permeable membrane will filter the small
particles and allow them to cross through the pores.
Meanwhile, the larger particles (e.g., protein) will
remain within the capillary. This way, water and small
particles can move back and forth between capillaries
and cells according to shifting pressures to establish
homeostasis.

Active Transport

Particles in solution that are vital to body processes
must move across membranes throughout the body at
all times, even when the pressure gradients are against
their flow. Thus, energy-driven active transport is nec-
essary to carry these particles “upstream” across sepa-
rating membranes. Such active transport mechanisms
usually require a carrier to help ferry the particles
across the membrane (see Chapter 5).

Pinocytosis

Sometimes large particles (e.g., proteins, fats) enter
cells by the process of pinocytosis (see Chapter 5,
Figure 5-8). In this process, large molecules attach
themselves to the cell membrane, and they are then
engulfed by the cell. In this way, they are encased in a
vacuole, which is a small space or cavity that is formed
in the protoplasm of the cell. In this cavity, nutrient
particles are carried across the cell membrane and into
the cell. Once inside the cell, the vacuole opens, and
cell enzymes metabolize the particles. Pinocytosis is
one of the mechanisms by which fat is absorbed from
the small intestine.

CAPILLARY FLUID SHIFT MECHANISM

We have now covered the methods by which water
and solutes cross membranes to nourish cells. We must
now consider the driving force of order for this move-
ment. The capillary fluid shift mechanism utilizes a
combination of the membrane transport methods to
perform a balancing act between opposing fluid pres-
sures. It is one of the body’s most important controls
in maintaining homeostasis throughout the body:.

Purpose

Water and other nutrients constantly circulate through
the body tissues by way of blood vessels. However, to
nourish cells, the water and nutrients must get out of

hydrostatic pressure the force exerted by a fluid
pushing against a surface.
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the blood vessels (i.e., the capillaries) and into the cells.
Water and cell metabolites, which are the products of
metabolism that are leaving the cell, must then get
back into the capillaries to circulate throughout the
body. In other words, water, nutrients, and oxygen
must be pushed out of the blood circulation and into
the tissue circulation to distribute their goods within
the cells; at this point, water and cellular waste prod-
ucts (metabolites and carbon dioxide) must be pulled
back into the blood circulation to be disposed through
the kidneys and the lungs. The body maintains this
constant flow of fluid through the tissues and carries
materials to and from the cells by means of hydrostatic
pressure and COP.

Process

When blood first enters the capillary system from the
larger vessels that come from the heart (i.e., the arteri-
oles), the greater blood pressure from the heart forces
water and small particles (e.g., glucose) into the tissues
to nourish the cells. This force of blood pressure is an
example of hydrostatic pressure. However, plasma
protein particles are too large to go through the pores
of capillary membranes. When the circulating tissue
fluids are ready to reenter the blood capillaries, the
initial blood pressure has diminished. The COP of the
concentrated protein particles that remain in the capil-
lary vessel is now the greater influence. COP draws
water and its metabolites back into the capillary circu-
lation after having served the cells and carries them to
larger vessels for blood circulation back to the heart. A
small amount of normal turgor pressure from the
resisting tissue of the capillary membrane remains the
same and operates throughout the system.

Clinical application. This system is dependent upon
adequate plasma protein to exert the required osmotic
pressure. Without it, there would not be enough
osmotic pressure to pull the fluid back into circulation.
This is why protein-energy malnutrition results in
edema (see Chapter 4).

ORGAN SYSTEM CIRCULATION

In addition to blood circulation, two other major organ
systems help to protect the homeostasis of body water:
gastrointestinal circulation and renal circulation.

Gastrointestinal Circulation

Fluid secretions involved with digestion and absorp-
tion include saliva, gastric juice, bile, pancreatic juice,
and intestinal juice. Of these secretions, all but bile
are predominantly water. In the latter portion of the
intestine, most of the water and electrolytes are then
reabsorbed into the blood to circulate over and over
again. This constant movement of a large volume of
water and its electrolytes among the blood, the cells,
and the gastrointestinal tract is called the gastroin-
testinal circulation. The sheer magnitude of this vital




gastrointestinal circulation, as shown in Table 9-6, indi-
cates the significance of fluid loss from the upper or
lower portion of the gastrointestinal tract. The body
works continually to preserve the isotonicity of this
circulation with the surrounding extracellular fluid.

Law of isotonicity. The gastrointestinal fluids are
part of the ECF compartments, which also includes

8 Approximate Total Volume of
Tablo'9-6 Digestive Secretions*

SECRETION VOLUME (mL)
Saliva 1500
Gastric secretions 2500
Bile 500
Pancreatic secretions 700
Intestinal secretions 3000
Total 8200

*As produced over the course of 24 hours by an adult of average size.
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the blood. These fluids are isotonic, which means that
they are in a state of equal osmotic pressure that results
from equal concentrations of electrolytes and other
solute particles. For example, when a person drinks
plain water without any solutes or accompanying
food, electrolytes and salts enter the intestine from
the surrounding blood supply to equalize the pressure
and concentration. If a concentrated solution of food is
ingested, additional water is then drawn into the intes-
tine from the surrounding blood to dilute the intesti-
nal contents. In each instance, water and electrolytes
move among the parts of the ECF compartment to
maintain solutions that are isotonic in the gastrointes-
tinal tract with the surrounding fluid (see the Clinical
Applications box, “Principles of Oral Rehydration
Therapy”).

Clinical application. Because of the large amounts of
water and electrolytes involved, fluid losses via the
upper or lower gastrointestinal tract are the most
common cause of clinical hydration and electrolyte

E Clinical Applications

Principles of Oral Rehydration Therapy

Diarrhea is usually considered a trivial problem in developed
countries; however, it is the second leading cause of death
worldwide among children who are younger than 5 years old
(pneumonia is the leading cause)." Although the vast majority
of the deaths from diarrhea are associated with fluid loss, the
mere provision of water alone can be dangerous. The princi-
ples of electrolyte absorption dictate appropriate rehydration
methods for children with diarrhea.

Intravenous therapy, which was developed by Darrow in the
1940s, provided sodium chloride (a base) and potassium in
water and proved to be successful.>® Unfortunately, intrave-
nous therapy is often not readily available to those who need
it most. A large number of isolated, poor, rural families in both
developed and developing countries do not have access to
health care facilities. Fortunately, the World Health Organization
has developed a means of oral rehydration therapy that is
much less expensive and that is being used in the United
States as well as in developing countries. If safe drinking water
is available, the oral rehydration salt solution packet can be
mixed at home and administered by a care provider. The ingre-
dients of the oral rehydration salt packets are®:

2.6 g of sodium chloride (table salt)

2.9 g of trisodium citrate dihydrate

1.5 g of potassium chloride (or a salt substitute such as

Diamond Crystal or Morton Salt Substitute)

13.5 g of glucose

These salts are mixed with 1 L of safe water. (A premade
formula such as Pedialyte [Abbott Laboratories, Abbott Park,
Il is also appropriate.) This combination is based on the prin-
ciples of sodium absorption that have been observed in the
small intestine.

TRANSPORT OF METABOLIC COMPOUNDS

A number of metabolic compounds—principally glucose but
also certain amino acids, dipeptides, and disaccharides—
depend on sodium to allow them to cross the intestinal wall.

ADDITIVE EFFECTS

The rate at which sodium is absorbed depends on the pres-
ence of substances such as glucose or other protein metabolic
products. The more substances that are present, the better
will be the absorption of sodium.

WATER ABSORPTION

The rate of water absorption is enhanced as sodium absorp-
tion improves. Thus, a solution of sodium and potassium salts
plus glucose can be given orally.

In addition to oral rehydration therapy, infants and older
children with acute diarrhea should continue to eat well-
tolerated foods. Fasting practices were based on the former
belief that recovery is more effective if the bowel is allowed to
rest and heal. To the contrary, children should be fed their
regular age-appropriate diets (i.e., breast milk, breast milk sub-
stitute, or solid foods), allowed to determine the amount of
food that they need, and given extra food as the diarrhea
subsides to recover nutritional deficits. Food choices should
be guided by individual tolerances. The use of the BRAT diet
(bananas, rice, applesauce, and tea or toast) is not recom-
mended, because it does not include typical foods that are
consumed by infants and small children and only worsens the
energy and nutrient deficit.
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problems. Such problems exist, for example, in cases
of persistent vomiting or prolonged diarrhea where
the patient is unable to replace losses through fluid
and food ingestion. Diarrheal disease is the leading
cause of preventable child mortality and morbidity in
the world.” The large concentration of electrolytes
involved in the gastrointestinal circulation is shown in
Table 9-7. It is not always possible to replace such
losses without medical assistance.

Renal Circulation

The kidney’s job is to help maintain appropriate levels
of all constituents of the blood. This is accomplished
by filtering the blood and then selectively reabsorbing
water and needed materials to be carried throughout
the body. The remaining waste products are concen-
trated and excreted as urine. Through this continual
“laundering” of the blood by the millions of nephrons
in the kidneys, water balance and solute balance are
maintained. When disease occurs in the kidneys and
this filtration process does not operate normally, fluid
and solute imbalances occur (see Chapter 21).

HORMONAL CONTROLS

Two hormonal systems help to maintain constant body
water balance.

Table 9-7 Approximate Concentration of Certain
Electrolytes in Digestive Fluids (mEq/L)

SECRETION NA* K+ CL HCO;~

Saliva 10 25 10 15

Gastric secretions 40 10 145 0

Pancreatic secretions 140 5 40 110

Jejunal secretions 135 5 110 30

Bile 140 10 110 40
Hypovolemia

v

Increases ECF Na*
concentration and
colloid osmotic
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Antidiuretic Hormone Mechanism

The antidiuretic hormone (ADH) mechanism is a first-
line defense against hypovolemia. ADH, which is also
called vasopressin, is synthesized by the hypothala-
mus and stored in the pituitary gland for release. ADH
conserves water by working on the kidneys” nephrons
to increase the reabsorption of water. In any stressful
situation with a threatened or real loss of body water,
this hormone is released to rapidly conserve body
water and to reestablish the normal blood volume and
osmotic pressure (Figure 9-6).

Renin-Angiotensin-Aldosterone System

The renin-angiotensin-aldosterone system is a complex
system that corrects for hypovolemia through a nega-
tive feedback mechanism. It works to slowly increase
blood volume by reabsorbing sodium in the kidneys,
which in turn increases water retention. There are
many checks and balances within this system to ensure
activation is essential.

As blood flow through the kidneys drops below
normal, the enzyme renin is released from the kidneys
into the blood. Renin converts angiotensinogen to
angiotensin I. As the blood flows through the lungs, an

hypovolemia low blood volume.

vasopressin a hormone of the pituitary gland that acts
on the distal nephron tubule to conserve water by
reabsorption; also known as antidiuretic hormone.

renin an enzyme released from the kidney due to
hypovolemia that converts angiotensinogen to
angiotensin |.

angiotensinogen an inactive enzyme produced by the
liver that circulates within the blood at all times.

angiotensin | an inactive peptide hormone that is the
precursor to angiotensin |I.

Normal ECF colloid
osmotic pressure and
blood volume

Kidney T

Decreases ECF

pressure Increases kidney Na™ concentration
1 reabsorption of and osmotic pressure
water and
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of ASIH pituitary gland ECF volume
\ Vasoconstriction /
Pituitary a Blood vessel
gland
Hypothalamus

FIGURE 9-6 The antidiuretic hormone (ADH) mechanism. The ADH mechanism helps to maintain the homeostasis of
extracellular fluid (ECF) colloid osmotic pressure by regulating its volume and electrolyte concentration.




enzyme found on the capillaries, called angiotensin-
converting enzyme (ACE), converts angiotensin I into
angiotensin Il. Angiotensin II does several things: it
increases the release of ADH from the pituitary gland,
it leads to vasoconstriction, and it circulates to the
adrenal glands (located on top of each kidney) where
it triggers the release of aldosterone. Aldosterone
then stimulates the kidneys’ nephrons to reabsorb
sodium (Figure 9-7). Therefore, the renin-angiotensin-
aldosterone system is primarily a sodium-conserving
mechanism, but it also exerts a secondary control over
water reabsorption, because water follows sodium.

angiotensin-converting enzyme (ACE) the enzyme
found on the capillary walls within the lungs that
converts angiotensin | to angiotensin Il. ACE is also
present to a lesser extent in the endothelial cells and the
epithelial cells within the kidneys.

angiotensin Il an active hormone that constricts blood
vessels and stimulates the release of aldosterone. Both
actions lead to an increase in blood pressure.
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ACID-BASE BALANCE

An acceptable pH must be maintained in body fluids
to support life. This balance is achieved with the use
of chemical and physiologic buffer systems.

ACIDS AND BASES

The concept of acids and bases relates to hydrogen ion
concentration. Acidity is expressed in terms of pH. The
abbreviation pH is derived from a mathematical term
that refers to the power of the hydrogen ion concentra-
tion. A pH of 7 is the neutral point between an acid

aldosterone a hormone of the adrenal glands that acts on
the distal nephron tubule to stimulate the reabsorption
of sodium in an ion exchange with potassium; the
aldosterone mechanism is essentially a sodium-
conserving mechanism, but it also indirectly conserves
water, because water absorption follows sodium
resorption.

Y
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FIGURE 9-7 The renin-angiotensin-aldosterone mechanism. The renin-angiotensin-aldosterone mechanism restores
normal extracellular fluid (ECF) volume when that volume decreases to less than normal by retaining sodium and
water in the kidneys and by promoting vasoconstriction.



and a base. Because pH is a negative mathematic
factor, the higher the hydrogen ion concentration (i.e.,
the more acid), the lower the pH number. Conversely,
the lower the hydrogen ion concentration (i.e., the less
acid), the higher the pH number. Substances with a pH
of less than 7 are acidic, and substances with a pH of
more than 7 are alkaline. Box 9-1 lists various sources
of acids and bases.

Acids

An acid is a compound that has more hydrogen ions
and that also has enough to release extra hydrogen
ions when it is in solution.

Bases

A base is a compound that has fewer hydrogen ions.
Thus, in solution, it accepts hydrogen ions, thereby
effectively reducing the solution’s acidity.

Acids and bases are the normal by-products of
nutrient absorption and metabolism. As such, mecha-
nisms to reestablish equilibrium within the body are
constantly at work.

BUFFER SYSTEMS

The body deals with degrees of acidity by maintaining
buffer systems to handle an excess of either acid or
base. The human body contains many buffer systems,
because only a relatively narrow range of pH (i.e., 7.35
to 7.45) is compatible with life.

Chemical Buffer System

A chemical buffer system is a mixture of acidic and
alkaline components. It involves an acid and a base
partner that together protect a solution from wide
variations in its pH, even when strong bases or acids
are added to it. For example, if a strong acid is added
to a buffered solution, the base partner reacts with the
acid to form a weaker acid. If a strong base is added
to the solution, the acid partner combines with it
to form a weaker base. The carbonic acid (H,CO;)/

Sources of Acids and Bases

ACIDS

Carbonic acid and lactic acid: the aerobic and anaerobic
metabolism of glucose

Sulfuric acid: the oxidation of sulfur-containing amino
acids

Phosphoric acid: the oxidation of phosphoproteins for
energy

Ketone bodies: the incomplete oxidation of fat for energy

Minerals: chlorine, sulfur, and phosphorus

BASES

Minerals: potassium, calcium, sodium, and magnesium
Sodium bicarbonate

Calcium carbonate

Water and Electrolyte Balance CHAPTER 9

bicarbonate (NaHCO;) buffer system is the body’s
main buffer system for the following reasons.

Available materials. The raw materials for producing
carbonic acid (H,CO;) are readily available: these are
water (H,O) and carbon dioxide (CO,).

Base-to-acid ratio. The bicarbonate buffer system is
able to maintain this essential degree of acidity in the
body fluids because the bicarbonate (base) is approxi-
mately 20 times more abundant than the carbonic acid.
This 20:1 ratio is maintained even though the absolute
amounts of the two partners may fluctuate during
adjustment periods. Whether or not additional base or
acid enters the system, as long as the 20:1 ratio is
maintained, over time, the ECF pH is held constant.

Physiologic Buffer Systems
When chemical buffers cannot reestablish equilibrium,
the respiratory and renal systems will respond.

Respiratory control of pH. With every breath, CO, (an
acid) leaves the body. Therefore, changes in respiration
rates can either increase or decrease the loss of acids.
Hyperventilation (i.e., increasing the depth and rate
of breathing) increases the release of CO,, thereby
combating acidosis. Conversely, hypoventilation (i.e.,
slowing down the depth and pace of breathing) retains
CO,, which ultimately increases the acidity of blood to
alleviate alkalosis.

Urinary control of pH. In the event that chemical
buffer systems and the respiratory buffer system do
not reestablish blood pH, the kidneys can adapt by
excreting more or less hydrogen ions. If blood pH is
too acidic, the kidneys will accept more hydrogen ions
from the blood in exchange for a sodium ion. Because
sodium ions are basic, blood is losing an acid (i.e., H")
while gaining a base, thereby increasing blood pH
back to normal.

Chemical and physiologic buffer systems are critical
for maintaining the blood pH within an acceptable
range for life.

acidosis a blood pH of less than 7.35; respiratory
acidosis is caused by an accumulation of carbon
dioxide (an acid); metabolic acidosis may be caused
by a variety of conditions that result in the excess
accumulation of acids in the body or by a significant
loss of bicarbonate (a base).

alkalosis a blood pH of more than 7.45; respiratory
alkalosis is caused by hyperventilation and an excess
loss of carbon dioxide; metabolic alkalosis is seen with
extensive vomiting in which a significant amount of
hydrochloric acid is lost and bicarbonate (a base) is
secreted.




Putting It All Together

e The human body is approximately 45% to 75% water.
The primary functions of body water are to provide the
water environment that is necessary for cell work, to
act as a transporter, to control body temperature, and
to lubricate moving parts.

e Body water is distributed in two collective body water
compartments: ICF and ECF. The water inside of the
cells is the larger portion. The water outside of the cells
consists of the fluid that is in spaces between cells
(e.g., interstitial and lymph fluid), blood plasma,
secretions in transit (e.g., the gastrointestinal
circulation), and a smaller amount of fluid in cartilage
and bone.

e The overall water balance of the body is maintained by
fluid intake and output.

e Two types of solute particles control the distribution of
body water: (1) electrolytes, which are mainly charged
mineral elements; and (2) plasma proteins, which are
chiefly albumin. These solute particles influence the
movement of water across cell or capillary membranes,
thereby allowing for the tissue circulation that is
necessary to nourish cells.

e The acid-base buffer system, which is mainly controlled
by the lungs and kidneys, makes use of electrolytes
and hydrogen ions to maintain a normal ECF pH of
approximately 7.4. This pH level is necessary to
sustain life.

Chapter Review Questions

See answers in Appendix A.

1. Elderly adults are at risk for dehydration because of:
Inability to dilute urine.

b. Decreased serum glucose levels.

c. Decreased thirst sensation.

d. Poor intestinal fluid absorption.

o)
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2. The easiest way to measure fluid loss during a day of

hard work in a hot climate is to:

a. Measure and compare fluid intake and urine output.

b. Measure blood pressure throughout the day.

¢. Determine serum sodium levels before and after
work.

d. Measure body weight at the beginning and at the
end of the day.

3. A patient with uncontrolled diabetes who is
experiencing a high serum blood glucose level may
present to the clinic with:

a. Polyuria.
b. Anuria.

c. Oliguria.
d. Dysuria.

4. Substances that work with electrolytes to help maintain
body fluid balance include:
a. Dietary fiber.
b. Plasma proteins.
c¢. Blood hemoglobin.
d. Vitamin C.

5. The main electrolyte that surrounds the outside of the
cells is:
a. Sodium.
b. Calcium.
¢. Potassium.
d. Calcium.

Additional Learning Resources

evolve http://evolve.elsevier.com/Williams/basic/

References and Further Reading and Resources in the
back of the book provide additional resources for enhancing
knowledge.
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Nutrition during Pregnancy and Lactation

Key Concepts

e The mother’s food habits and nutritional status before
conception—as well as during pregnancy —influence the
outcome of her pregnancy.

e Pregnancy is a prime example of physiologic synergism in
which the mother, the placenta, and the fetus collaborate
to sustain and nurture new life.

chapter
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e Through the food that a pregnant woman eats, she gives
her unborn child the nourishment that is required to begin
and support fetal growth and development.

e Through her diet and energy stores, a breastfeeding
mother continues to provide nutrition to her nursing baby.

The tremendous growth of a baby from the moment of
conception to the time of birth depends entirely on
nourishment from the mother. The complex process of
rapid human growth and lactation demands a signifi-
cant increase in nutrients from the mother’s diet.

This chapter explores the nutrition needs of preg-
nancy, as well as nutrition-related risk factors and
complications. We will also explore the physiologic
process and nutrition demands of lactation. The health
and wellness of a pregnant or lactating mother imparts
a vital role in the development of a healthy infant.

NUTRITIONAL DEMANDS OF PREGNANCY

Years ago, traditional practices and diet during preg-
nancy were often restrictive in nature. They were built
on assumptions and folklore of the past, and had little
or no basis in scientific fact. Early obstetricians even
supported the notion that semistarvation of the mother
during pregnancy was a blessing in disguise, because
it produced a small, lightweight baby who was easy to
deliver. To this end, pregnant women were sometimes
encouraged to select a diet that was restricted in kilo-
calories, protein, water, and salt.'

Developments in both nutrition and medical science
have refuted these ideas and laid a sound base for
positive nutrition in current maternal care. It is now
known that the mother’s and the child’s health depend
on the pregnant woman eating a well-balanced diet
with adequate essential nutrients. In fact, women
who have always eaten a well-balanced diet are in a
good state of nutrition at conception, even before they
know that they are pregnant. Such women have a
better chance of having a healthy baby compared with
women who have been undernourished before con-
ception and remain so throughout gestation.

The 9 months between conception and the birth
of a fully formed baby is a spectacular period of
rapid growth and intricate functional development.
Such activities require increased energy and nutrient
support. General guidelines for these nutrient increases
are provided in the comprehensive Dietary Reference
Intakes (DRIs) issued by the National Academy of
Sciences.””

The DRIs are based on the general needs of healthy
populations. Women who are poorly nourished when
becoming pregnant or those with additional risks
may require more nutrition support. The Dietary Guide-
lines for Americans also outline specific recommenda-
tions for pregnant and lactating women (Box 10-1).°
This chapter reviews the basic nutrition needs for
the positive support of a normal pregnancy, with
emphasis placed on critical energy and protein
requirements as well as on key vitamin and mineral
needs.

ENERGY NEEDS

The metabolic cost of pregnancy is significant over
the course of gestation. The exact amount of energy
needs will vary greatly among women depending
on her prepregnancy weight, health status, and activ-
ity level.

Reasons for Increased Need

During the second and third trimesters of pregnancy,
the mother needs more kilocalories for two general
reasons: (1) to supply the increased fuel demanded by
the metabolic workload for both the mother and the
fetus; and (2) to spare protein for the added tissue-
building requirements. For these reasons, the mother
must consider the nutrient and energy density of the
food in her diet.

147
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Dietary Guidelines for Americans, 2015-
2020, for Specific Populations Regarding
Pregnancy and Lactation

FOR WOMEN WHO ARE CAPABLE OF BECOMING PREGNANT

e Before becoming pregnant, women are encouraged to
achieve and maintain a healthy weight.

e Choose foods that supply heme iron, which is more
readily absorbed by the body; additional iron sources;
and enhancers of iron absorption, such as vitamin
C-rich foods.

e Consume 400 micrograms per day of synthetic folic
acid from fortified foods or supplements in addition to
food forms of folate from a varied diet.

FOR WOMEN WHO ARE PREGNANT OR BREASTFEEDING

e \Women who are pregnant are encouraged to gain
weight within the gestational weight gain guidelines.

e Consume 8 to 12 ounces of seafood per week from a
variety of seafood types that are lower in methyl
mercury. (The U.S. Environmental Protection Agency
can advise on low-mercury sources of seafood.)

e Do not drink alcohol while pregnant.

Box 10-1

From the U.S. Department of Health and Human Services and U.S.
Department of Agriculture. 2015-2020 Dietary Guidelines for Americans. 8th
Edition. December 2015. Available at http://health.gov/dietaryguidelines/2015/
guidelines/.

Amount of Energy Increase

The energy needs of pregnant women remain the same
during the first trimester of pregnancy as their kiloca-
larie needs before conception (i.e., no noticeable differ-
ence). The DRIs note an increased need of 340 kcal/
day during the second trimester and approximately
452 kcal/day during the third trimester,” which is an
increase of about 15% to 20% over the energy needs of
nonpregnant women. It is important for health care
professionals to council women on how this relates to
daily life. For example, the increased energy needs of
a woman during her second trimester of pregnancy
could be met by one additional snack per day consist-
ing of a medium banana (105 kcal), an 8-oz serving of
whole milk yogurt (138 kcal), and % cup of mixed nuts
(101 kcal). That snack provides 344 kcal. Providing
examples of exactly what “extra energy needs” means
is important so that expecting mothers do not misun-
derstand the message and assume that they need
to “eat for two.” Increased complex carbohydrates,
monounsaturated fats, and polyunsaturated fats are
the preferred sources of energy, especially during late
pregnancy and throughout lactation.

Active, large, teenage, or nutritionally deficient
pregnant women may require more energy than the
DRI guidelines. The emphasis always should be on
adequate kilocalories to secure the nutrient and energy
needs of a rapidly growing fetus. Sufficient weight
gain is vital to a successful pregnancy. Gestational
weight gain is a predictor of infant birth weight and
birth weight is associated with body mass index (BMI)
later in life (see back cover of text for BMI table).” This

translates to each end of the spectrum; both too little
and too much weight gain during gestation have impli-
cations for the overall health of the infant. Inadequate
gestational weight gain increases the risk for preterm
deliveries, and for low birth weight babies who have
increased risks for poor outcome.'’ Alternatively, exces-
sive weight gain poses both short-term and potentially
long-term complications for the mother and fetus.

PROTEIN NEEDS

Reasons for Increased Need

Protein serves as the building block for the tremen-
dous growth of body tissues during pregnancy.
Sufficient protein is required to meet the growth needs
in the following ways:

Development of the placenta. The placenta is the
fetus’s lifeline to the mother. A mature placenta requires
sufficient protein for its complete development as a
vital and unique organ to sustain, support, and nourish
the fetus.

Growth of the fetus. The mere increase in size from
one cell to millions of cells in a 3.2-kg (7-Ib) infant in
only 9 months indicates the relatively large amount of
protein that is required for such rapid growth.

Growth of maternal tissues. To support pregnancy
and lactation, the increased development of uterine
and breast tissue is required.

Increased maternal blood volume. The mother’s
plasma volume increases by 40% to 50% during preg-
nancy. More circulating blood is necessary to nourish
the fetus and to support the increased metabolic work-
load. However, with extra blood volume comes a need
for the increased synthesis of blood components, espe-
cially hemoglobin and albumin, which are proteins
that are vital to pregnancy. An increase in hemoglobin
helps to supply oxygen to the growing number of cells.
Meanwhile, albumin production increases to regulate
blood volume through osmotic pressure (see Chapter
9). Most women (60% to 75%) will experience some
level of edema during the latter part of gestation;
however, adequate albumin helps prevent an excessive
accumulation of water in tissues.

Amniotic fluid. Amniotic fluid, which contains various
proteins, surrounds the fetus during growth and
guards it against shock or injury.

Amount of Protein Increase

The protein DRI for nonpregnant women is =46 g/day
and the DRI for pregnant women is =71 g/day.® This
represents an increase of 25 g/day more than the
average woman’s protein requirement. However, it
should be noted that the average nonpregnant woman
aged 20 to 39 years old in America already consumes


http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/
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74 g of protein per day." Thus, individual nutrition
counselling for women intending to become pregnant
and pregnant women would be beneficial in the early
stages to help design personalized dietary advice,
because additional protein may or may not be war-
ranted.” On the other hand, high-risk or active preg-
nant women may require more protein than their
current diet provides.

Food Sources

Complete protein foods of high biologic value include
eggs, milk, beef, poultry, fish, pork, cheese, soy prod-
ucts, and other animal products (e.g., lamb, venison,
and so on). Other incomplete proteins from plant
sources such as legumes and grains contribute addi-
tional valuable amounts of amino acids. Protein-rich
foods also contribute other nutrients, such as calcium,
iron, zinc, and fat-soluble vitamins. The sample food
plan in Table 10-1 demonstrates the amount of food
from each food group recommended to supply the
daily needed nutrients. See Chapter 4 for more infor-
mation on dietary sources of protein and protein
quality.

KEY MINERAL AND VITAMIN NEEDS

Many nutrients are needed in higher quantities during
pregnancy to meet the greater structural and metabolic
requirements of gestation. These increases are indi-
cated in the DRI tables in Appendix B. Although all

IELICR OB Daily Food Plan for Pregnant Women*!

nutrients are important for a successful pregnancy,
only the nutrients that pose a specific risk for defi-
ciency are discussed below.

Minerals

The physiologic and metabolic changes that take
place during pregnancy are vast and will vary greatly
between women.'® But in all cases, the nutrient needs
of the mother must be met before the nutrient needs
of the placenta will be met and finally, before the
needs of the fetus are fulfilled. As such, all nutrients
are of greatimportance in the mother’s diet. Teratogenic
effects may develop as a result of a maternal diet that
is deficient in many of the minerals covered in Chapter
8 (e.g., Kestan disease, goiter, cretinism, fetal growth
restriction). We will only cover the more common
mineral deficiency concerns in the United States.

Calcium. A good supply of calcium—along with
phosphorus, magnesium, and vitamin D—is essential
for the fetal development of bones and teeth as well
as for the mother’s own body needs. Calcium is also
necessary for blood clotting. A diet that includes at
least 3 cups of milk or milk substitute daily (e.g.,
calcium-fortified soy milk), generous amounts of green

teratogenic causing a birth defect.

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER
2200 KCAL 2400 KCAL 2600 KCAL
Grains' 7 ounces 8 ounces 9 ounces
Vegetables® 3 cups 3 cups 3 cups
Fruits 2 cups 2 cups 2 cups
Milk 3 cups 3 cups 3 cups
Meat and beans 6 ounces 6% ounces 6 ounces
Aim for at least this amount of whole grains per day 3} ounces 4 ounces 4}, ounces
AIM FOR THIS MUCH WEEKLY
Dark green vegetables 2 cups 2 cups 2}, cups
Red and orange vegetables 6 cups 6 cups 7 cups
Dry beans and peas 2 cups 2 cups 2% cups
Starchy vegetables 6 cups 6 cups 7 cups
Other vegetables 5 cups 5 cups 5% cups
OILS AND DISCRETIONARY CALORIES
Aim for this amount of oils per day 6 teaspoons 7 teaspoons 8 teaspoons
Limit extras (extra fats and sugars) to this amount per day 266 calories 330 calories 362 calories

From the U.S. Department of Agriculture, Center for Nutrition Policy and Promotion. USDA’s MyPlate home page (website): www.choosemyplate.gov. Accessed

November 4, 2014.

*This particular food plan is based on the average needs of a pregnant woman who is 30 years old, who is 5 feet, 5 inches tall, whose prepregnancy weight was
125 pounds, and who is physically active between 30 and 60 minutes each day. Plans provided by the MyPlate.gov site are specific to each individual woman;

however, this is an example for a woman of the described stature and activity level.

These plans are based on 2200-, 2400-, and 2600-calorie food-intake patterns. The recommended nutrient intake increases throughout the pregnancy to meet

changing nutritional needs.
*Make half of your grains whole.
SVary your veggies.



http://www.choosemyplate.gov
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vegetables, and enriched or whole grains usually sup-
plies enough calcium. During pregnancy, physiologic
changes occur in the mother’s absorption capacity to
help meet the needs of some nutrients; for example,
calcium and zinc are both more bioavailable during
pregnancy. This enhanced absorption helps the mother
to meet her nutrient needs as well as those of the
growing fetus. Calcium supplements may be indicated
for cases of poor maternal intake or pregnancies that
involve more than one fetus. Because food sources of
the two major minerals (i.e., calcium and phosphorus)
are almost the same, a diet that is sufficient in calcium
also provides enough phosphorus.

Iron. Particular attention is given to iron intake during
pregnancy. Iron is essential for the increased hemoglo-
bin synthesis that is required for the greater maternal
blood volume as well as for the baby’s necessary pre-
natal storage of iron.

The average intake of iron for women of childbear-
ing age in the United States is 14.5 g/day." Meanwhile,
the current DRIs recommend a daily iron intake of
27 mg/day during pregnancy, which is significantly
more than both a woman’s nonpregnant DRI of 18 mg/
day and the current average intake.” Iron occurs in
small amounts in food sources and much of this intake
is not in a readily absorbable form. Even though there
is an increased absorptive capacity for iron during
pregnancy, the maternal diet alone rarely meets
requirements. Consuming foods that are high in
vitamin C along with dietary sources of iron enhances
the body’s ability to absorb and use iron with a low
bioavailability. In addition, avoiding foods that inhibit
iron absorption (e.g., whole-grain cereals, unleavened
whole-grain breads, legumes, tea, coffee) within meals
that provide significant iron is recommended.

Because the increased pregnancy requirement is
difficult to meet with the iron content of a typical
American diet, daily iron supplements are often rec-
ommended. Historically, iron supplements given to
pregnant women were in excessively high doses (e.g.,
100 to 200 mg/day). At this high dose, unpleasant
gastrointestinal side effects were common. However,
iron supplements that are taken between meals or at
bedtime in doses of 20 to 80 mg/day are adequate to
prevent iron-deficiency anemia with no clinical gas-
trointestinal side effects." Although there is limited
research available regarding dietary supplement use
in pregnant women, one report noted that adherence
to iron supplementation is correlated with ethnicity
and socioeconomic status.” The conclusions of this
study indicate that encouragement and education
for African-American, Mexican-American, and low-
income women to continue taking their iron supple-
ments during pregnancy may benefit both the mother
and the fetus.

As with most supplemental forms of nutrients, bio-
availability is suboptimal compared with food sources;

hence, the reinforcement of a balanced diet with ample
iron is still important. See Table 8-5 for a list of foods
that are high in iron.

Vitamins

The DRIs for pregnant women are slightly higher
for most vitamins. As total energy intake increases, so
do the nutrients contained in the foods consumed.
Therefore, the recommended intake for most nutri-
ents is achieved through a selection of nutrient
dense foods.

As with the mineral section, we will limit the dis-
cussion here to those vitamins that are of specific
concern during pregnancy because of inadequate
dietary intake. See Chapter 7 for more information on
the function of each vitamin.

Folate. Folate is important for both mother and fetus
throughout pregnancy. Tetrahydrofolic acid (TH,) par-
ticipates in DNA synthesis, cell division, and hemoglo-
bin synthesis. It is particularly relevant during the
early periconceptional period (i.e., from approximately
2 months before conception to week 6 of gestation) to
ensure adequate nutrient availability in the endome-
trial lining of the uterus for embryonic tissue develop-
ment. The neural tube forms during the critical period
from 21 to 28 days’ gestation, and it grows into the
mature infant’s spinal column and its network of
nerves.

Although the exact mechanism by which folate
helps thwart neural tube defects (NTDs) is unknown,
it is thought to be a result of a complex relationship
between folate availability, genetics, and other envi-
ronmental factors.'® While folate intake alone does not
guarantee that a pregnancy will be NTD-free, there is
enough evidence to support the use of folate supple-
ments and/or food fortification to reduce the overall
occurrence. The Centers for Disease Control and
Prevention estimates that, before the national fortifica-
tion of grains with folic acid, there was an annual
average of 4130 NTD-affected pregnancies in the
United States. Following the 1998 federally mandated
food fortification, the national average of NTD-affected
pregnancies has declined by 22.9%."” An analysis of the
worldwide benefit of folate supplementation conser-
vatively estimated that women taking folate supple-
ments during and immediately before pregnancy
could reduce the occurrence of NTDs by up to 62%;
and that food fortification with folic acid may reduce
NTD occurrences by up to 46%."°

Spina bifida and anencephaly are the two most
common forms of NTDs, which are defined as any
malformation of the embryonic brain or spinal cord.
Spina bifida occurs when the lower end of the neural
tube fails to close (see Figure 7-7). As a result, the
spinal cord and backbone do not develop properly.
The severity of spina bifida varies in accordance with
the size and location of the opening in the spine.
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Disability ranges from mild to severe, with limited
movement and function. Anencephaly occurs when
the upper end of the neural tube fails to close. In this
case, the brain fails to develop or is entirely absent.
Pregnancies that are affected by anencephaly end in
miscarriages or death soon after delivery.

The current DRIs recommend a daily folate intake
of 600 mcg/day during pregnancy and 400 mcg/day
for nonpregnant women during their childbearing
years.” Women who are unable to achieve such dietary
recommendations by eating foods that are fortified
with folate may do so with a dietary supplement. All
enriched flour and grain products as well as fortified
cereals contain a well-absorbable form of dietary folic
acid. Other natural sources of folate include liver;
legumes (e.g., pinto beans, black beans, kidney beans);
orange juice; asparagus; and broccoli.

Vitamin D. As was mentioned in Chapter 7, vitamin
D deficiency is thought to be a common worldwide
problem, including among pregnant women. There is
concern that vitamin D deficiency during pregnancy
may be associated with adverse outcomes for both
the mother and the fetus, including preeclampsia,
gestational diabetes, and preterm birth. However,
causality has not yet been determined and research
studies investigating the connection between vitamin
D deficiency and such pregnancy complications are
contradictory.”” The current DRIs recommend preg-
nant and lactating women consume 15 mcg/d (600 1U)
to ensure the absorption and use of calcium and phos-
phorus for fetal bone growth.” Increased vitamin D
needs can be met by the mother’s intake of at least 3
cups of fortified milk (or milk substitute) in her daily
food plan. Fortified milk contains 10 mcg (400 IU) of
cholecalciferol (i.e., vitamin D) per quart. The mother’s
exposure to sunlight increases her endogenous synthe-
sis of vitamin D as well. Lactose-intolerant women or
vegetarians can obtain adequate vitamin D from forti-
fied soymilk or rice milk products.

Registered dietitians are an excellent resource for
pregnant women who need help planning an indi-
vidualized balanced diet.

WEIGHT GAIN DURING PREGNANCY

Amount and Quality

Appropriate weight gain is a positive reflection of
good nutritional status, and it contributes to a success-
ful course and outcome of pregnancy. The average
gestational weight gain is 10 to 16.7 kg (22 to 36.8 Ib).”
Table 10-2 provides an approximation of this weight
distribution. The Institute of Medicine recommends
setting weight gain goals together with the pregnant
woman in accordance with her prepregnancy nutri-
tional status and her BML*' Table 10-3 provides the
recommended total gestational weight gain as well as
the average rate of weight gain relative to prepreg-
nancy BMIL

P9 Approximate Weight Gain Distribution
L during a Normal Pregnancy

PRODUCT WEIGHT (Ib)
Fetus 7.5
Placenta 1.5
Amniotic fluid 2
Uterus 2
Breast tissue 2
Blood volume increase 3
Maternal stores: fat, protein, water, and 11
other nutrients
Total 29

9 Months

Reprinted from Lowdermilk DL, Perry SE. Maternity & women’s health care.
10th ed. St Louis: Mosby; 2012.

Important considerations in each case are the quan-
tity and quality of weight gain as well as the foods
consumed to bring it about, which should involve a
nourishing, well-balanced diet. Inappropriate weight
gain (i.e., too much or too little) is associated with
adverse pregnancy outcomes, such as preterm birth,
increased risk of cesarean delivery, low birth weight
infant, postpartum weight retention, and failure to ini-
tiate breastfeeding.'’”'

Severe caloric restriction during pregnancy is poten-
tially harmful to the developing fetus and the mother.
Such a restricted diet cannot supply all of the energy
and nutrients that are essential to the growth process.
Thus, weight reduction never should be undertaken
during pregnancy. Special care for pregnant women
who are suffering from eating disorders (e.g., anorexia
nervosa, bulimia nervosa) is essential for the health of
both the mother and the fetus.
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IEWERIEEE Recommendations for Total Weight Gain and Rate of Weight Gain during Pregnancy, by Prepregnancy BMI

RATES OF WEIGHT GAIN*
TOTAL WEIGHT GAIN 2ND AND 3RD TRIMESTERS
PREPREGNANCY BMI RANGEINkg  RANGEINIb  MEAN (RANGE) IN kg/week  MEAN (RANGE) IN Ib/week
Underweight (<18.5 kg/m?) 12.5-18 28-40 0.51 (0.44-0.58) 1 (1-1.3)
Normal weight (18.5-24.9 kg/m?) 11.5-16 25-35" 0.42 (0.35-0.50) 1 (0.8-1)
Overweight (25.0-29.9 kg/m?) 7-115 15-25 0.28 (0.23-0.33) 0.6 (0.5-0.7)
Obese (230.0 kg/m?) 5-9 11-20 0.22 (0.17-0.27) 0.5 (0.4-0.6)

From Rasmussen KM, Yaktine AL, editors. Weight gain during pregnancy: reexamining the guidelines. Washington, DC: National Academies Press; 2009.

*Calculations assume a 0.5-2 kg (1.1-4.4 Ib) weight gain in the first trimester.
"Normal weight women carrying twins: 37 to 54 Ib.

Rate of Weight Gain

Approximately 1 to 2kg (2 to 41b) is the average
amount of weight gained during the first trimester of
pregnancy. Thereafter, the rate of weight gain should
be reflective of a woman’s prepregnancy BMI. Women
with a prepregnancy BMI between 18.5 and 24.9 kg/
m?’ generally gain =0.4 kg (14 oz) per week during the
remainder of the pregnancy. The rate of weight gain
for underweight women should be slightly more and
overweight and obese women should average a slower
rate of weight gain (see Table 10-3).”'

Unusual patterns of weight gain should be moni-
tored closely. For example, a sudden sharp increase in
weight after the twentieth week of pregnancy may
indicate abnormal edema and impending hyperten-
sion. Alternatively, an insufficient or low maternal
weight gain is a predictor of small for gestational age
(SGA) infants with increased risks for complications.

DAILY FOOD PLAN

General Plan

Ideally, a food plan will be established for the pregnant
woman on an individual basis to meet her nutrition
needs. This core food plan should be a varied and well-
rounded diet including all food groups designed to
supply the essential nutrients (see Table 10-1).

Alternative Food Patterns

The core food plan provided in Table 10-1 may be only
a starting point for women with alternate food pat-
terns. Such food patterns may occur among women
with different ethnic backgrounds, belief systems, and
lifestyles, thereby making individual diet counseling
important. Specific nutrients (not specific foods) are
required for successful pregnancies, and these may be
found in a variety of foods. Wise health care providers
encourage pregnant women to use foods that serve
both their personal and their nutritional needs. For
example, vegans can meet their dietary protein needs

small for gestational age (SGA) infant is smaller than a
gender and gestational age matched infant. Birth
weight is below the 10th percentile.

through the use of soy foods (e.g., tofu, soy milk, soy
yogurt, soybeans) and complementary proteins (see
Chapter 4 for additional information and resources
that address planning a vegetarian diet).

Basic Principles of Diet and Exercise

Whatever the food pattern, two important principles
govern the prenatal diet: (1) pregnant women should
eat a sufficient quantity of high-quality food; and
(2) pregnant women should eat regular meals and
snacks and avoid fasting and skipping meals. In addi-
tion, pregnant women are encouraged to participate in
at least 150 minutes of moderate-intensity aerobic
activity spread throughout the week or 30 minutes of
moderately intense exercise on most, if not all, days of
the week (unless there is a medical reason that prohib-
its exercise).'

GENERAL CONCERNS

GASTROINTESTINAL PROBLEMS

Nausea and Vomiting

Nausea and vomiting affect 69% of women during
early pregnancy in the United States.” It can be dis-
tressing and disruptive to daily life. For the majority
of women experiencing nausea and vomiting, it will
persist throughout the entire day. As a matter of fact,
less than 2% of women experience “morning sickness”
(i.e.,, nausea and vomiting limited to the morning
hours).” It is likely caused by hormonal adaptations to
human chorionic gonadotropin (hCG) during the first
trimester, and it generally peaks at about 9 to 11 weeks’
gestation.” For about half of the women with nausea
and vomiting, it will resolve around 14 weeks; and
90% of women will have no additional symptoms after
22 weeks’ gestation.” In most cases it is self-limiting
and does not indicate further complication.

To date, there is inadequate evidence to support the
efficacy of any particular pharmacologic or nonphar-
macologic intervention for the treatment of nausea and
vomiting during pregnancy.” Pregnant women often
resort to alternative treatments (e.g., acupuncture, accu-
pressure) for the relief of symptoms; however, these
methods do not appear to be consistently effective for
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treating nausea and vomiting in this population. Some

studies show improvements in symptoms with the use

of ginger and vitamin By, although findings are incon-
sistent and high-quality research is limited.***

Although the data does not indicate any treatment
will be effective in all patients, some dietary and life-
style interventions are worth trying because they have
no negative side effects. The following dietary actions
may help with the relief of symptoms”*:

* Avoid an empty stomach by eating small, frequent
meals and snacks that are fairly dry and bland with
low-fat and low-fiber.

* Drink liquids between (rather than with) meals.

* Avoid odors, foods, or supplements that trigger
nausea.

* Try ginger (125 to 250 mg) or vitamin B¢ supple-
ments (10 to 25 mg).

If nausea and vomiting persist and become severe
and prolonged, then the woman should be evaluated
for hyperemesis gravidarum, a condition in which
medical treatment is usually required. Approximately
1% of pregnant women develop hyperemesis gravi-
darum, and women who have experienced this con-
dition with their first pregnancy are at a greater risk
for recurrence during any additional pregnancies
(15.2%).” Patients with hyperemesis gravidarum
should be closely followed for hydration, electrolyte
balance, and appropriate weight gain. Pregnancy
outcome and fetal growth are both compromised
in pregnancies with persistent hyperemeis gravi-
darum that prevents adequate nutrition and weight
gain. Prescription antiemetic medication may benefit
some women in this situation (see the Drug-Nutrient
Interaction box, “Antiemetic Medications”).

(o)

Antiemetic Medications
KELLI BOI

Hyperemesis gravidarum can compromise the nutritional
status of both the mother and the fetus as a result of food
aversions or inadequate nutrient intake. In severe cases, a
physician may opt to prescribe an antiemetic medication.

One of these medications, Reglan (metoclopramide), may
also be prescribed during lactation to stimulate the secretion
of prolactin and thus increase the milk supply. Some nutritional
implications of taking antiemetics include dry mouth, diarrhea,
abdominal pain, and constipation. Phenergan (promethazine),
which is another antiemetic option, may increase the patient’s
need for riboflavin.

hyperemesis gravidarum a condition that involves
prolonged and severe vomiting in pregnant women,
with a loss of more than 5% of body weight and the
presence of ketonuria, electrolyte disturbances, and
dehydration.

Constipation

Although it is usually a minor complaint, constipation
may occur during the latter part of pregnancy as a
result of the increasing pressure of the enlarging uterus
and the muscle-relaxing effect of progesterone on the
gastrointestinal tract, thereby reducing normal peri-
stalsis. Helpful remedies include adequate exercise,
increased fluid intake, and consumption of high-fiber
foods such as whole grains, vegetables, dried fruits
(especially prunes and figs), and other fruits and juices.
Pregnant women should avoid artificial and herbal
laxatives.

Hemorrhoids

Hemorrhoids are enlarged veins in the anus that often
protrude through the anal sphincter, and they are not
uncommon during the latter part of pregnancy. This
vein enlargement is usually caused by the increased
weight of the baby and the downward pressure that
this weight produces. Hemorrhoids may cause consid-
erable discomfort, burning, and itching; they may even
rupture and bleed under the pressure of a bowel move-
ment, thereby causing the mother anxiety. Hemorrhoids
are usually controlled by the dietary suggestions given
for constipation. Sufficient rest during the latter part
of the day may also help to relieve some of the down-
ward pressure of the uterus on the lower intestine.
Hemorrhoids resolve spontaneously after delivery in
many women, in which case long-term treatment is not
necessary.

Heartburn

Pregnant women sometimes have heartburn or a “full”
feeling. These discomforts occur especially after meals,
and they are caused by the pressure of the enlarging
uterus crowding the stomach. Gastric reflux may occur
in the lower esophagus, thereby causing irritation and
a burning sensation. The full feeling comes from
general gastric pressure, the lack of normal space in
the area, a large meal, or the formation of gas. Dividing
the day’s food intake into a series of small meals and
avoiding large meals at any time usually help to relieve
these issues. Comfort is sometimes improved by the
wearing of loose-fitting clothing.

HIGH-RISK PREGNANCIES

Identifying Risk Factors
Pregnancy-related deaths claim the lives of 600 to 700
women in the United States annually.” Identifying
risk factors and addressing them early are critical to
the promotion of a healthy pregnancy. Nutrition-
related risk factors are listed in the Clinical Applications
box, “Nutrition-Related Risk Factors In Pregnancy.”
To avoid the compounding results of poor nutrition
during pregnancy, mothers who are at risk for compli-
cations should be identified as soon as possible. Health
care professionals should not wait for clinical symp-
toms of poor nutrition to appear. The best approach is
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E Clinical Applications

Nutrition-Related Risk Factors in Pregnancy

RISK FACTORS AT THE ONSET OF PREGNANCY

e Age: <18 years old or =35 years old

e Frequent pregnancies: three or more during a 2-year
period

History of poor obstetric performance or fetal outcome
Poverty, food insecurity, or both

Bizarre or trendy food habits or eating disorder
Abuse of tobacco, alcohol, or drugs

Therapeutic diet that is required for a chronic disorder
Poorly controlled preexisting condition (e.g., diabetes,
hypertension)

e Weight: <85% or >120% of ideal body weight

RISK FACTORS DURING PREGNANCY

e Anemia: low hemoglobin level (i.e., less than 12 g) or
hematocrit level (i.e., less than 34%)

* [nadequate weight gain: any weight loss or weight gain of
less than 1 kg (2 Ib) per month after the first trimester

e Excessive weight gain: more than 1 kg (2 Ib) per week
after the first trimester

e Substance abuse (i.e., alcohol, tobacco, drugs)

e Gestational diabetes, hypertensive disorder of pregnancy,
hyperemesis gravidarum, pica, or another pregnancy-
related condition

e Poor nutritional status, especially involving folic acid, iron,
or calcium

e Multifetal gestation

to identify poor food patterns and to prevent nutrition
problems from emerging. Examples of dietary patterns
that are not optimal for maternal and fetal nutrition
are as follows: (1) insufficient food intake; (2) poor
food selection; and (3) poor food distribution through-
out the day.

Teenage Pregnancy

Teenage pregnancy rates in the United States are at a
record low with an annual rate of 29.4 pregnancies for
every 1000 girls between the ages of 15 and 19 years.”
Pregnancy at this early age is physically and emo-
tionally difficult. From a nutrition standpoint, special
care must be given to support the adequate physi-
ologic growth of both the mother and the fetus. The
current DRIs distinguish specific vitamin and mineral
needs for pregnant females who are younger than 18
years old. See the For Further Focus box, “Pregnant
Teenagers,” for more information about health and
nutrition concerns for adolescent mothers.

Recognizing Special Counseling Needs

Every pregnant woman deserves personalized care
and support during pregnancy. Women with risk
factors such as those in the following discussion have
distinct counseling needs. In each case, the clinician
must work with the mother in a sensitive and sup-
portive manner to help her develop a healthy food
plan that is both practical and nourishing. Dangerous

practices (e.g., fad dieting, extreme macrobiotic diets,
attempted weight loss) should be identified early and
amended. In addition to avoiding dangerous practices,
several topics require sensitive counseling, including
those related to age and parity, detrimental lifestyle
habits, and socioeconomic problems.

Age and parity. Pregnancies at either age extreme
of the reproductive cycle carry special risks. Adoles-
cent pregnancy adds many social and nutritional
risks as its social upheaval and physical demands are
imposed on an immature teenage girl. Sensitive coun-
seling necessitates both helpful information and emo-
tional support with good prenatal care throughout.
Alternatively, pregnant women who are older than 35
years old and having their first child also require
special attention. Pregnancy rates among women who
are more than 35 years old continue to rise in the
United States.” These women are at a higher risk for
obstetric and perinatal complications such as pre-
eclampsia, gestational diabetes, and cesarean deliv-
ery.”” In addition, women with an extremely high
parity rate (i.e., those who have had several pregnan-
cies within a limited number of years) are at an
increased risk for poor pregnancy outcomes™” and are
often facing the increasing physical and economic
pressures of child care.

Obesity. Obesity poses health concerns at any stage of
life, including pregnancy. Excessive gestational weight
gain, particularly in normal and overweight women,
increases the risk for adiposity in the offspring and
perhaps the complications of obesity later in life.”
Thus, individual and specific person-centered counsel-
ling for pregnant women is ideal to help improve
overall pregnancy outcome."”

Alcohol. Alcohol use during pregnancy can lead to
fetal alcohol spectrum disorders (FASDs), of which fetal
alcohol syndrome (FAS) is the most severe form (Figure
10-1). Fetal alcohol spectrum disorders comprise the
leading causes of preventable mental retardation and
birth defects in the United States. It is difficult to deter-
mine the exact prevalence of FAS; however, one study
estimated that between 2 and 7 per 1000 live births in
the United States are affected by FAS.” Alcohol is a

fetal alcohol spectrum disorders a group of physical
and mental birth defects that are found in infants who
are born to mothers who used alcohol during
pregnancy; the physical and mental disabilities vary in
severity; there is no cure.

fetal alcohol syndrome (FAS) a combination of physical
and mental birth defects that are found in infants who
are born to mothers who used alcohol during
pregnancy; this is the most severe of the fetal alcohol
spectrum disorders; there is no cure.
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RN For Further Focus
Pregnant Teenagers

Birth Rates for Teenagers Aged 15-19,
by Race and Hispanic Origin: United States, 1990-2012
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Few situations are as life-changing for a teenage girl and her
family as an unintended pregnancy. Depending on how she
and her family—as well as her partner—deal with the situation,
lifelong consequences may occur for them as well as for the
broader community. Adolescent pregnancy rates have histori-
cally been higher among African-American and Hispanic teens
than among whites in the United States, but rates are gradually
declining in all ethnic groups.'

Teen pregnancy is associated with a high risk for complica-
tions and poor outcome, with increased rates of low birth
weight, preterm delivery, and infant mortality." The following
problems may contribute to pregnancy complications with
teens: the physiologic demands of the pregnancy, which com-
promise the teenager’s needs for her own unfinished growth
and development; the psychosocial influences of a low income;
inadequate diet; and experimentation with alcohol, smoking,
and other drugs. Little or no access to appropriate prenatal
care may also significantly contribute to a lack of support,
including nutrition support, for the pregnancy. Early nutrition
intervention is essential, and it can change the course of events
and the pregnancy outcome. Changes from the inconsistent
and often poor food pattern of teenagers may be difficult to
achieve. Experienced and sensitive health care workers in teen
clinics emphasize the need for supportive individual and group
nutrition counseling. The following suggestions may help to
secure a positive and healthy environment for the teen.

KNOW EACH GLIENT PERSONALLY

All nutrition services must be tailored to the unique needs and
characteristics of each pregnant teenager. Many of these girls
have lower educational levels to which informative material
must be adapted. Low-income teens lack the financial
resources to maintain an adequate diet, and those who are
living at home may have little control over the food that is avail-
able to them. Personal stress regarding the pregnancy is para-
mount, and nutrition concerns are often not a priority.

T T T
1990 1995 2000

T T T
2005 2010 2012

Year

- American Indian or Alaskan native
- Asian or Pacific islander
= Hispanic

SEEK WAYS TO MOTIVATE CLIENTS

If clients are participating in the Women, Infants, and Children
(WIC) Food and Nutrition Services program, schedule meet-
ings on days that clients are coming in for their supplemental
food vouchers or other health care appointments. Invite the
teen’s mother and her friends to accompany her to group
counseling sessions so that they can support the recommen-
dations that are made. Make each recommendation concrete
and reasonable. Avoid scare tactics.

MAKE APPROPRIATE ASSESSMENTS

Use simple and concrete forms to evaluate dietary intake (e.g.,
the basic food groups of the MyPlate.gov guidelines). A tradi-
tional model can be used, with increased amounts indicated
for pregnancy, as both an educational and an assessment
tool.

PLAN PRACTICAL INTERVENTIONS

Plan short, enjoyable, and active learning sessions. Use posi-
tive reinforcement liberally. Provide specific suggestions for car-
rying out changes at home. Review progress during follow-up
sessions, and always maintain a supportive atmosphere.

SUPPORT THE TEENAGER’S RESPONSIBILITY

Help the teenager learn to be responsible. Pregnant teenag-
ers must take on responsibility, often for the first time, for
their own nourishment and the nourishment of others. Helping
them in a supportive manner to understand and carry out
this responsibility —which ultimately only they can do—is a
primary objective of nutrition counseling. Nutrition consultants
must be skillful so that they can establish the kind of rapport
and relationship in which these responsibilities can develop
and grow.
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FIGURE 10-1 Fetal alcohol syndrome. (From Moore M: Pocket Guide
to Nutritional Assessment and Care, 6th ed. St. Louis, Mosby,
2009.)

potent and well-documented teratogen. There are no
safe amounts, types, or times during pregnancy that
are acceptable for the consumption of alcohol. FAS is
100% preventable by abstaining from alcohol during
pregnancy.

Nicotine. An estimated 12.3% of pregnant women
continue to smoke cigarettes during pregnancy.”’
Maternal cigarette smoking or exposure to second-
hand smoke (also known as environmental tobacco
smoke) during pregnancy is associated with placental
complications, preterm delivery, fetal growth restric-
tion, congenital abnormalities, and sudden infant
death syndrome (SIDS).** Women who stop smoking
at the onset of pregnancy have similar pregnancy out-
comes as nonsmokers, meaning that they are able to
avoid such smoking-related complications for their
infant.”

See the Clinical Applications box, “Low Birth Weight
Baby” for more information regarding risk factors for
fetal growth restriction.

Drugs. Drug use, whether medicinal or recreational,
poses problems for both the mother and the fetus,
especially when it involves the use of illicit substances.
Drugs cross the placenta and enter the fetal circulation,
thereby creating a potential addiction in the unborn
child. Neonatal abstinence syndrome (NAS) is a condition
from which the infant suffers after birth because of
the abrupt discontinuation of a drug chronically used
throughout gestation. Substances that may result in
NAS include opioids (heroin, methadone, buprenor-
phine, and prescription opioid medications), selec-
tive serotonin reuptake inhibitors (SSRIs), tricyclic

teratogen a substance that causes a birth defect.

E Clinical Applications

Low Birth Weight Baby

Infants who weigh less than 2500 g (5 Ib, 8 0z) at birth often
present with medical complications and require special care in
the newborn intensive care unit.

FACTORS THAT INFLUENCE THE TREND TOWARD LOW BIRTH

WEIGHT BABIES

e Premature delivery

¢ |Intrauterine growth restriction

e Health complications of the mother, including disease or
infection

e Maternal use of cigarettes, alcohol, and drugs

¢ |nadequate maternal weight gain and/or poor dietary
habits

e Poor socioeconomic factors

e |nadequate or late prenatal care

antidepressants, methamphetamines, and inhalants.*
Dangers come from the drugs themselves, the use of
contaminated needles, and the impurities that are con-
tained in illicit substances. Self-medication with over-
the-counter drugs also may present adverse effects.
Pregnant women should always check the label for
safety notices of use during pregnancy or speak with
their doctor or pharmacist regarding medications.

Medications made from vitamin A compounds (e.g.,
retinoids such as tretinoin [Accutane], which are pre-
scribed for severe acne) have caused birth defects and
the spontaneous abortion of malformed fetuses by
women who conceived during acne treatment. Thus,
the use of this medication without contraception is
contraindicated.”

Caffeine. Caffeine use is common during pregnancy.
Caffeine crosses the placenta and enters fetal circu-
lation. Studies on caffeine use and pregnancy risks
have been controversial with conflicting results over
the past several decades. Three large-scale reviews
of the available literature did not find consistent evi-
dence that either normal or high intakes (defined as
>300 mg/d) of caffeine during pregnancy posed a risk
for congenital malformations, growth restriction, or
spontaneous abortion (miscarriage).”” Of note, two
of the reviews were funded by the Caffeine Committee
of the International Life Sciences Institute and the
National Coffee Association. The use of caffeine and
safety during pregnancy is difficult to study; however,
it will continue to be a hot topic of research for years
to come.

Pica. Pica is the craving for and the purposeful con-
sumption of nonfood items (e.g., chalk, laundry starch,
clay). It is a practice that is sometimes seen in pregnant
or malnourished individuals. Although the etiology is
unknown, pica is significantly associated with iron-
deficiency anemia as well as other contributing factors,
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such as poor zinc status, hunger, and psychologic
stress.” ™ Although pica may occur in any population
group, worldwide it is most common among pregnant
women. The practice of eating nonfood substances can
introduce pathogens (e.g., bacteria, worms) and inhibit
micronutrient absorption, thereby resulting in various
deficiencies. Most patients do not readily report the
practice of pica; therefore, practitioners should always
ask patients directly about their consumption of any
nonfood substance.

Socioeconomic difficulties. Special counseling is
often needed for women and young girls who live in
low-income situations. Poverty particularly puts preg-
nant women in grave danger, because they need
resources for food, medical care, and shelter. Dietitians
and social workers on the health care team can provide
special counseling and referrals. Community resources
include programs such as the Special Supplemental
Nutrition Program for Women, Infants and Children,
known as WIC, which has helped to improve the health
and well-being of many children in the United States.
WIC also provides nutrition education counseling
regarding the nutrition needs of both the mothers and
their babies.

COMPLICATIONS OF PREGNANCY

For the majority of pregnant women, their gestation
will progress without complication. However, for
others, preexisting conditions or health problems that
develop along with the pregnancy will present diffi-
culties. One such example is hyperemesis gravidarum,
which was discussed earlier in this chapter. Other
issues may affect only the fetus, such as neural tube
defects. Although there are a large number of obstacles
that may complicate pregnancy, we will focus only on
the more common conditions here.

Anemia

Iron-deficiency anemia is the most common nutri-
tional deficiency worldwide and is a risk factor for
delivering low birth weight infants.”*” Approxi-
mately 42% of pregnant women worldwide experience
iron-deficiency anemia (Hb <110 g/L). Although a dis-
proportionate amount of these cases occur in underde-
veloped countries, the prevalence ranges greatly, from
about 6% in North America to 55.8% in Africa.”
Anemia is more prevalent among poor women, many
of whom live on marginal diets that lack iron-rich
foods, but it is by no means restricted to lower socio-
economic groups.

Dietary intake must be improved and supplements
used as necessary to avoid the long-term detrimental
effects on the fetus of iron deficiency during gestation.
As a result of the severe complications of both
iron- and folate-deficiency anemia, the World Health
Organization currently recommends an intermittent

(once, twice, or three times weekly on nonconsecutive
days) iron and folic acid dietary supplement as a safe,
effective, and inexpensive way to prevent anemia
during pregnancy for women living in areas with a
high risk for anemia.”

Intrauterine Growth Restriction

Women with high-risk pregnancies have an elevated
risk of intrauterine growth restriction (IUGR). A fetus
with IUGR is at risk for preterm birth and being small
for gestational age,” both of which are associated with
increased infant morbidity and mortality. Many factors
contribute to IUGR, but low prepregnancy weight,
inadequate weight gain during pregnancy, inadequate
folate and iron status, and the use of cigarettes, alcohol,
and otherdrugsaremodifiablerisk factors. Furthermore,
infants who suffer from IUGR are at higher risk for the
development of chronic diseases as adults, including
cardiovascular disease and hypertension.”

Hypertensive Disorders of Pregnancy

The etiology of hypertension development during

pregnancy is unknown, but it is a leading cause of

pregnancy-related deaths worldwide. Hypertension is
defined as a blood pressure of 2140 mm Hg systolic or

290 mm Hg diastolic. Hypertensive disorders of preg-

nancy include several classifications®:

* Chronic hypertension: preexisting hypertension or
hypertension that appears before 20 weeks’
gestation.

* Gestational hypertension: high blood pressure diag-
nosed after 20 weeks’ gestation. Blood pressure
returns to normal within 6 weeks’ postpartum.
Affects 5% to 10% of all pregnancies.

* Preeclampsia: gestational hypertension plus protein-
uria (=300 mg/d of protein in the urine). Affects 2%
to 5% of all pregnancies.

* Eclampsia: preeclampsia plus seizures.

* Preeclampsia superimposed on chronic hypertension:
preexisting hypertension with the development of
proteinuria during gestation. Affects 20% to 25% of
women with chronic hypertension.

Hypertension is called the silent disease because it
has no symptoms. However, there are other indicators
that alert patients to report to their doctor if they expe-
rience signs such as severe headaches, blurred vision,
chest pain, nausea, or a sudden weight gain (ie.,
edema). Specific treatment varies according to indi-
vidual severity and presentation;’ however, in any
case, optimal nutrition is important, and prompt
medical attention is required. Salt restriction is not
advised because it does not prevent preeclampsia or

intrauterine growth restriction (IUGR) a condition that
occurs when a newborn weighs less than 10% of
predicted fetal weight for gestational age.
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help to treat the symptoms. An overall healthy diet
before and during pregnancy with a high intake of
plant foods, antioxidants, and high fiber is thought to
be helpful.

Women with mild preexisting hypertension or
gestational hypertension, without additional co-
morbidities, are usually not at risk for poor pregnancy
outcome.”” Complications of severe hypertensive and
preeclampsia/eclampsia often require hospitalization
and, in advanced cases, induced labor. Preeclampsia is
thought to be a disorder of the placenta and there are
currently no known cures. Preeclampsia/eclampsia is
associated with poor fetal outcomes such as maternal
and fetal morbidity and mortality, IUGR, low birth
weight, and preterm delivery.” Thus, early and consis-
tent prenatal care is imperative in order to identify
symptoms early.

Gestational Diabetes

Gestational diabetes is defined as glucose intolerance
with onset during pregnancy, and the definition applies
regardless of whether medication (e.g., oral hypogly-
cemic agents, insulin) or only diet modification is used
for treatment. Women found to have diabetes at their
initial prenatal visit (usually by fasting or random
blood glucose test) are assumed to have had undiag-
nosed diabetes before becoming pregnant and are
therefore diagnosed with overt diabetes and not ges-
tational diabetes.”” The prevalence of gestational dia-
betes in the United States is approximately 7% of all
pregnancies annually.”” The treatment for gestational
diabetes follows a similar protocol as that for type 2
diabetes, with diet and exercise of paramount impor-
tance as a first-line treatment plan.

Prenatal clinics routinely screen pregnant women
between 24 and 28 weeks’ gestation with either a “One-
Step” or a “Two-Step” oral glucose tolerance test for
diagnosis. Particular attention is given to women who
are at higher risk for the development of gestational
diabetes, including those who are 30 years old and
older who are overweight (i.e., those with a BMI of
>26 kg/m?) and who have a history of any of the fol-
lowing predisposing factors:

* Previous history of gestational diabetes

e Family history of diabetes

e Ethnicity associated with a high incidence of diabe-
tes (Asian, Hispanic, African Americans, and Native

Americans)

* Glucosuria
* Obesity
* Previous delivery of a large baby weighing 4.5 kg

(10 1b) or more

Women with gestational diabetes are at higher risk
for caesarean delivery and fetal damage such as birth
defects, stillbirth, macrosomia, and neonatal hypo-
glycemia. Additionally, these women have a 7-fold
increased risk of developing type 2 diabetes later
in life.”” Therefore, identifying and providing close

follow-up testing and treatment with a well-balanced
diet, exercise, and medication (as needed) are impor-
tant interventions.

Preexisting Disease

Preexisting diseases (e.g., cardiovascular diseases,
hypertension, type 1 or 2 diabetes, HIV, eating disor-
ders) can cause complications during pregnancy.
Inborn errors of metabolism (e.g., phenylketonuria)
and food allergies or intolerances (e.g., celiac disease,
lactose intolerance) must also be taken into consider-
ation and maintained under good control to mitigate
any flare-ups or compromised nutrient intake. All
potential preexisting diseases will not be discussed
here, because pregnant women may have any combi-
nation of preexisting conditions.

In each case, a woman'’s pregnancy is managed—
usually by a team of specialists—in accordance to the
principles of care related to pregnancy and the particu-
lar disease involved. See Chapters 18 through 23 for
major nutrition-related diseases that require medical
nutrition therapy.

LACTATION

Breastfeeding is “an unequalled way of providing
ideal food for the healthy growth and development of
infants.”* Breastfeeding is recommended for at least 1
year with iron-fortified solid foods added to the exclu-
sive diet of breast milk at about 6 months of age.

TRENDS

Approximately 37% of infants worldwide are exclu-
sively breastfed for the first 6 months of life, compared
with only 18.8% in the United States.”® Although the
rates are still low in the United States compared with
other countries, breastfeeding has been on the rise

“One-Step” a method for diagnosing diabetes using a
75-g oral glucose tolerance test. The patient’s fasting
plasma glucose level is measured; then the patient
drinks a solution with 75 mg of glucose and plasma
glucose is measured again at 1-hour and 2-hour
postconsumption. Diagnostic criteria are based on the
levels of plasma glucose at each measurement.

“Two-Step” a method for diagnosing diabetes using a
two-step method of oral glucose tolerance test in a
nonfasting patient. Step 1: The patient drinks a 50-g
glucose solution and plasma glucose is measured at
1-hour postconsumption. If the patient’s plasma
glucose level is 2140 g/dL then the patient must
return for Step 2, which is a fasting 100-g glucose
tolerance test.

stillbirth the death of a fetus after the twentieth week of
pregnancy.

macrosomia an abnormally large baby.

exclusively breastfed feeding the infant only breast milk
with no supplemental liquids or solid foods, other than
necessary medications or vitamin/mineral supplements.
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in the last few decades (Figure 10-2). Breastfeeding
initiation and continuation are highest among well-
educated, older women (see the Cultural Considerations
box, “Breastfeeding Trends in the United States”).”
The Healthy People 2020 report lists specific goals to
increase the prevalence and duration of breastfeeding
in the United States"":
¢ Increase the proportion of infants who are breast-
fed at least 1 year to 34%.
* Increase the proportion of employers that have
worksite lactation support programs to 38%.
¢ Increase the proportion of live births that occur
in facilities that provide recommended care for
lactating mothers and their babies to 8%.
* Reduce the proportion of breastfed newborns
who receive breast milk substitutes within the
first 2 days of life to 14% or less.

THE BABY-FRIENDLY HOSPITAL INITIATIVE

The Baby-Friendly Hospital Initiative, which was
launched by the World Health Organization and the

United Nations Children’s Fund, has worked to
promote breastfeeding rates worldwide since 1991.
Box 10-2 outlines the 10 steps for successful breast-
feeding that are recommended by the Baby-Friendly
Hospital Initiative. Almost all women who choose to
breastfeed their infants can do so, provided they have
the necessary information and support from their
family, community, and health care system.”* Well-
nourished mothers who exclusively breastfeed provide
adequate nutrition to their infants, as well as a host of
other beneficial components.

PHYSIOLOGIC PROCESS OF LACTATION

Mammary Glands and Hormones

The female breasts are highly specialized secretory
organs (Figure 10-3). Throughout pregnancy, the
mammary glands are preparing for lactation. The
mammary glands are capable of extracting certain
nutrients from the maternal blood in addition to syn-
thesizing other compounds. The combined effort
results in the nutrient-complete breast milk.

Any Breastfeeding

90
80 ——
70 —
o
g 60
g 50 ————
30
20
10 T T T T T T T T T T T T T
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year of Birth
—— Early postpartum at 12 months
= at 6 months
Exclusive Breastfeeding
40
e
/
30 =
o
o
S
5 20
<
)
e« /_/\
10

T T T T
2003 2004 2005 2006

T T T T T
2007 2008 2009 2010 2011
Year of Birth

—— Exclusively through 3 months
—— Exclusively through 6 months

FIGURE 10-2 Breastfeeding among children in the United States. (Adapted from Centers for Disease Control and
Prevention. Breastfeeding among U.S. children born 2001-2011, CDC National Immunization Survey, 2011. Cited
November 14, 2014. Available from www.cdc.gov/breastfeeding/data/NIS_data.)
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Cultural Considerations
Breastfeeding Trends in the United States

Increasing the prevalence of breastfeeding continues to be a
health goal both nationally and internationally. In the United
States, breastfeeding is most common among women who
have a higher socioeconomic and education level; and are 30

years old or older. A higher prevalence of breastfeeding is also
noted among married women, and it is more common in the
Western states (see map).'?

Rates of any and exclusive breastfeeding by state among
children born in 2011 (percentage +/— half 95% confidence interval)

PREVALENCE OF BREASTFEEDING IN THE UNITED STATES

[[]<11% [ 14-16%
[]11-13% [l =17%

PREVALENCE OF BREASTFEEDING IN THE UNITED STATES

PERCENTAGE EXCLUSIVE

PERCENTAGE EXCLUSIVE

SELECTED CHARACTERISTICS BREASTFEEDING SELECTED CHARACTERISTICS BREASTFEEDING
OF MOTHER THROUGH 6 MONTHS OF MOTHER THROUGH 6 MONTHS
Total 18.8 Education

Mother’s Age at Baby’s Birth Not a high school graduate 13.5
<20 years 5.6 High school graduate 15.8
20 to 29 years 155 Some college or technical school 16.5
>30 years 22.2 Collage graduate 25.5
Race or Ethnicity Poverty Income Ratio*

American Indian or Alaska Native 15.6 <100% 14.2
Asian 26.6 100% to 199% 18.0
Black 13.7 200% to 399% 22.0
Hispanic 171 400% to 599% 25.2
Hawaiian or Pacific Islander 21.0 >600% 23.1

White 20.3
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Cultural Considerations—cont’d

As a health care provider, be sure to note the perceived
obstacles to the initiation and continuation of breastfeeding
so that education and alternatives may be presented at the
appropriate time (i.e., before delivery). The American Academy
of Pediatrics notes the following potential obstacles®:

e [nsufficient prenatal education about breastfeeding

e Disruptive hospital policies and practices

¢ |nappropriate interruption of breastfeeding

e Early hospital discharge in some populations

e | ack of timely routine follow-up care and postpartum
home health visits

e Maternal employment (especially in the absence of
workplace facilities that support breastfeeding)

e | ack of family and broad societal support

e Media portrayal of bottle-feeding as normal

e Commercial promotion of infant formula through the
distribution of hospital discharge packs containing breast
milk substitutes

e Coupons for free or discounted formula

e Misinformation about what medical conditions may be
contraindications for breastfeeding

e | ack of guidance and encouragement from health care
professionals

REFERENCES

1. National Center for Chronic Disease Prevention and Health
Promotion. Rates of any and exclusive breastfeeding by socio-
demographics among children born in 2011. Atlanta, Ga: Centers
for Disease Control and Prevention; 2014. Available at: <www
.cdc.gov/breastfeeding/data/nis_data/rates-any-exclusive-bf
-socio-dem-2011.htm>.

2. Centers for Disease Control and Prevention. Rates of any and
exclusive breastfeeding by state among children born in 2011.
Atlanta, Ga: Department of Health and Human Services; 2014.
Available at: <www.cdc.gov/breastfeeding/data/nis_data/rates-any
-exclusive-bf-state-2011.htms>.

3. Gartner LM, et al. Breastfeeding and the use of human milk.
Pediatrics. 2005;115(2):496-506.

*The poverty income ratio is the self-reported family income compared with the federal poverty threshold value. It depends on the number of people in the

household.

@A Ten Steps to Successful Breastfeeding

1. Have a written breastfeeding policy that is routinely
communicated to all health care staff.

2. Train all health care staff in the skills that are
necessary to implement this policy.

3. Inform all pregnant women about the benefits and
management of breastfeeding.

4. Help mothers to initiate breastfeeding within 30
minutes after birth.

5. Show mothers how to breastfeed and maintain
lactation, even if they may be separated from their
infants.

6. Give newborn infants no food or drink other than
breast milk unless it is medically indicated to do so.

7. Practice rooming in: allow mothers and infants to
remain together 24 hours a day.

8. Encourage breastfeeding on demand.

9. Give no artificial teats or pacifiers to breastfeeding
infants.

10. Foster the establishment of breastfeeding support
groups, and refer mothers to these groups when
they are discharged from the hospital or clinic.

From the World Health Organization, United Nations Children’s Fund. The
Baby-Friendly Hospital Initiative (website): www.unicef.org/programme/
breastfeeding/baby.htm#10. Accessed November 16, 2014.

After the delivery of the baby, milk production and
secretion are stimulated by the two hormones prolactin
and oxytocin, respectively. The stimulation of the
nipple from infant suckling sends nerve signals to
the brain of the mother (Figure 10-4); this nerve signal
then causes the release of prolactin and oxytocin.

prolactin hormone released from the anterior pituitary
gland that stimulates milk production.

oxytocin hormone released from the posterior pituitary
gland that stimulates milk let-down.

Chest muscle

Alveolus

Ductule

Duct

Lactiferous duct
Lactiferous sinus
Alveolar margin
Nipple pore

Ampulla

FIGURE 10-3 Anatomy of the breast. (Reprinted from Mahan LK,
Escott-Stump S. Krause’s food & nutrition therapy. 12th ed.
Philadelphia: Saunders; 2008.)

Let-down is the process of the milk moving from the
upper milk-producing cells down to the nipple for
infant suckling.

Supply and Demand

Milk production is a supply-and-demand procedure.
The mammary glands are stimulated to produce milk
each time that the infant feeds. Therefore, the more
milk that is taken from the breast (i.e., during breast-
feeding or pumping), the more milk the mother pro-
duces, thereby always meeting the infant’s needs.
As a result of this supply-and-demand production,
mothers of multiple infants (e.g., twins, triplets) are
able to produce more milk with the additional stimula-
tion. Some mothers of multiples choose to pump and
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Anterior o
pituitary PILIESY

~ Prolactin
(milk production)

Oxytocin
(milk ejection)

Sucking affects
receptors in nipple

FIGURE 10-4 Physiology of milk production and the let-down reflex.
PRH, Prolactin-releasing hormone. (Reprinted from Mahan LK,
Escott-Stump S. Krause’s food & nutrition therapy. 13th ed.
Philadelphia: Saunders; 2012.)

then bottle-feed the infants the breast milk so that
other members of the family can help with feedings.

Composition

Breast milk changes in composition to meet the specific
needs of infants as they grow. Colostrum is the first milk
that is produced after birth. It is a yellowish fluid that is
rich in antibodies, and it gives the infant his or her first
immune boost. Mature breast milk comes in within a
few days after delivery. The terms foremilk, midmilk,
and hindmilk are used to recognize the changing milk
composition throughout each feeding. As the breast
is emptied, the milk becomes more concentrated in
fat. Hence hindmilk is a good source of essential fatty
acids for the infant. As you can see from Table 10-4, the
composition of mature human milk is quite different
from that of cow’s milk. Cow’s milk is an inappropriate
food source for infants younger than 1 year old because
of its high protein and electrolyte levels.

Complications

Although breastfeeding is a natural physiologic
process, it is not without complications. Many women
find breastfeeding difficult and these problems rapidly

colostrum fluid first secreted by the mammary glands
for the first few days after birth, preceding the mature
breast milk. Colostrum contains up to 20% protein,
including a large amount of lactalbumin, more
minerals, and immunoglobulins that represent the
antibodies found in material blood. It has less lactose
and fat than mature milk.

Nutrition Composition of Human Milk
LR Versus Cow's Milk*

HUMAN MILK COW’S MILK,

NUTRIENT COLOSTRUM MATURE = WHOLE
Kilocalories 58 73 63
Protein (g) 2.0 1.07 3.25
Carbohydrate (g)" 7.4 7.2 4.95
Fat (g) 2.9 4.56 83
Fat-Soluble Vitamins
A (U) 296 221 167
D (IV) — S 583
E (mg) 0.8 0.08 0.07
K (mcg) — 0.3 0.3
Water-Soluble Vitamins
Thiamin (mg) 0.02 0.015 0.05
Riboflavin (mg) 0.029 0.037 0.17
Niacin (mg) 0.075 0.18 0.09
Vitamin C (mg) 6 5.2 0
Folate (mcg) 0.05 o) o)
Minerals
Calcium (mg) S &8 116
Phosphorus (mg) 14 15 87
Iron (mg) 0.09 0.08 0.08
Zinc (mg) 0.5 0.18 0.38
Magnesium (mg) 4.2 3 10
Sodium (mg) 48 18 44
Potassium (mg) 74 58 136

*Per 100 mL.

Lactose.

*Fortified.

lead to the cessation of breastfeeding. Not all issues are
physiologic in nature though; some problems women
face are psychologic and perception-based.” For
example, the two most common reasons women stop
breastfeeding are (1) their perception that the baby
is not satisfied with breast milk alone and (2) they do
not think they are making enough milk. Mothers have
reported discontinuation of breastfeeding within the
first month of the infant’s life because of the following
common reasons’’:

e Physiologic and nutritional: Sore, cracked, or
bleeding nipples; engorged breast; the baby had
trouble latching on; breastfeeding was too
painful; breast milk alone did not satisfy my
baby; I did not have enough milk; and I had
trouble getting the milk flow to start.

* Psychosocial: Breastfeeding was too tiring or
inconvenient; I did not want to breastfeed in
public.

* Medical and infant self-weaning: My baby lost
interest; I was sick and had to take medicine; my
baby weaned himself.
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Almost all of the complications encountered during
breastfeeding could either be prevented or be treated
by motivated and educated health care practitioners
and mothers. A thorough understanding of the physi-
ology of lactation and the psychosocial factors influ-
encing the success of breastfeeding are imperative to
effectively support a nursing mother. The article by
Bergmann and colleagues (full reference provided in
the reference section for this chapter at the back of the
book.) is an excellent resource for understanding the
common medical problems of breastfeeding.”

NUTRITION AND LIFESTYLE NEEDS

The basic diet recommended for the mother during
pregnancy, as well as any prenatal supplements used,
should be continued through the lactation period. The
MyPlate food guide system provides specific nutrient
information for pregnant and lactating women at
www.choosemyplate.gov/pregnancy-breastfeeding
.html. The Daily Food Plan for Moms takes into account
the mother’s age, height, weight, and physical activity
level; the infant’s age; and the amount of breast
milk the mom is producing to offer individualized
recommendations. The website also provides help
with menu planning for mothers with an easy-to-use
interactive site.

Diet

Energy and nutrients. Lactation requires energy for
both the process and the product. Some of this energy
will be met by the extra fat that is stored in the mother
during pregnancy. The increased calorie recommenda-
tions are 330 kcal/day (plus 170 kcal/day from mater-
nal stores) during the first 6 months of lactation and
400 kcal/day during the second 6 months of lactation
over the woman’s nonpregnant, nonlactating energy
requirements. The requirement for protein during lac-
tation is 25 g/day more than a woman’s average need
of 46 g/day, for a total of 71 g/day (i.e., 1.1 g/kg body
weight per day).’

An example of a core food plan for meeting the
nutrient needs of pregnant and lactating women is
presented in Table 10-1. When considering the energy
requirement for the development of a zygote to a 7.5-1b
infant, it is no surprise that energy intake is a critical
part of a healthy pregnancy. Likewise, providing that
infant with enough nutrition through exclusive breast-
feeding to double their birthweight in about 5 months
will require a substantial amount of energy and nutri-
ents provided by the mother through her diet and
stored body fat.

Fluids. Because milk is a fluid, breastfeeding mothers
need ample fluids for adequate milk production; their
fluid intake should be approximately 3 L/day. Water
and other sources of fluid such as juices, milk, and
soup contribute to the fluid that is necessary to produce
milk. Beverages that contain alcohol and caffeine

should be avoided, because these substances pass into
the breast milk.

Lifestyle

In addition to the increase in overall diet and fluid
intake, breastfeeding mothers require rest, moderate
exercise, and relaxation. Because the production and
let-down reflexes of lactation are hormonally con-
trolled, negative environmental and psychologic
factors may contribute to the early cessation of breast-
feeding.”' Such factors are called prolactin inhibitors,
and they include stress, fatigue, medical complica-
tions, lack of support, poor self-efficacy, and irregular
breastfeeding. A lactation specialist can help by coun-
seling mothers about their new family situations and
by helping them to develop a plan to meet their per-
sonal needs.

LONG-TERM IMPACTS OF FEEDING METHODS

Risks of Using Breast Milk Substitutes

Medical professionals agree that breastfeeding is the
normal means by which an infant should be fed and
that other feeding methods carry risks for the infant.
For decades, the literature has presented many “ben-
efits of breastfeeding.” However, many researchers
believe that it is more useful to present the risks of
formula feeding as opposed to the benefits of feeding in
a normal manner.”” Another way to look at it is to
assume that the many “benefits of breastfeeding” are
only the normal expectations of infant feeding; there-
fore, infants who are receiving other forms of breast
milk substitutes are suffering a loss.

Advantages of Breastfeeding

Many physiologic and practical advantages of breast-
feeding are gained by both the mother and the infant.
Several such benefits are listed in Box 10-3.

The antibodies in human milk that are passed to the
nursing infant make a significant contribution to the
infant’s immune system. This accounts for the reduced
risk of many diseases and infections. In addition,
research indicates that breastfed infants are cognitively
advanced compared with formula-fed infants, despite
differences in environments, with a positive relation-
ship seen between the duration of breastfeeding and
the intelligence quotient of the child.” In a recent pub-
lication on the long-term advantages of breastfeeding,
the World Health Organization concluded that “there
is strong evidence of a causal effect of breastfeeding
on IQ".*

The mother receives many health benefits as
well. Some noted advantages of breastfeeding for the

lactation specialist health care professionals with
specialized knowledge and clinical expertise in
breastfeeding and human lactation. Also known as a
lactation consultant.
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o @XM Benefits of Breastfeeding Compared with Using Breast Milk Substitutes (i.e., Formula)

BENEFITS FOR INFANTS

BENEFITS FOR MOTHERS

e Optimal nutrition for infant

Strong bonding with mother

Safe, fresh milk

Enhanced immune system

Reduced risk for acute otitis media, nonspecific

gastroenteritis, severe lower respiratory tract infections, and

asthma

e Protection against allergies and intolerances

e Promotion of the correct development of the jaw and teeth

e Association with higher intelligence quotient and school
performance through adolescence as a function of
parental skill

¢ Reduced risk for sudden infant death syndrome

e Reduced risk for chronic diseases such as obesity, type 1
and 2 diabetes, heart disease, and childhood leukemia

e Reduced risk for infant morbidity and mortality

e Improved bone density and decreased risk for hip fracture

Strong bonding with infant

Increased energy expenditure, which may lead to faster
return to prepregnancy weight

Faster shrinking of the uterus

Reduced postpartum bleeding

Delayed return of the menstrual cycle

Decreased risk for chronic diseases such as type 2
diabetes and breast and ovarian cancer

Decreased risk for postpartum depression; enhanced
self-esteem in the maternal role

Time saved by not having to purchase, prepare, and mix
formula

Money saved by not buying formula and from not having
to pay the increased medical expenses associated with
formula feeding

From James DC, Lessen R. Position of the American Dietetic Association: promoting and supporting breastfeeding. J Am Diet Assoc. 2009;109(11):1926-1942.

mother are decreased bleeding; an earlier return to
prepregnancy weight; and decreased risks of breast
cancer, ovarian cancer, and osteoporosis.”

ADDITIONAL RESOURCES

The Academy of Nutrition and Dietetics and the
American Academy of Pediatrics encourage and
strongly support breastfeeding for all able mothers
for the first 12 months of life and continued thereafter
for as long as mutually desired.”””® The American
Academy of Pediatrics keeps updated breastfeeding

e Pregnancy involves the fundamental interaction of the
following three distinct yet unified biologic entities: the
mother, the placenta, and the fetus. Maternal needs
also reflect the increasing nutritional needs of the
placenta and the fetus.

e Optimal weight gain during pregnancy varies with the
normal nutritional status and weight of the woman, with
a goal of 25 to 35 Ib for a woman of normal
prepregnancy weight. Sufficient weight gain is
important during pregnancy to support the rapid growth
that is taking place. However, the nutritional quality of
the diet is as significant as the quantity of weight gain.

e Common problems during pregnancy include nausea
and vomiting associated with hormonal adaptations
and, later, constipation, hemorrhoids, or heartburn that
result from the pressure of the enlarging uterus. These
problems are usually relieved without medication by
simple and often temporary changes in the diet.

information available for
.healthychildren.org.

The World Health Organization has written
and posted an entire chapter entitled “Infant and
Young Child Feeding” for medical students and
allied health professionals that is freely available
online at whgqlibdoc.who.int/publications/2009/
9789241597494_eng.pdf. A multitude of additional
resources about this topic are available from the
World Health Organization at www.who.int/topics/
breastfeeding/en/.

the public at www

Putting It All Together

e Unusual or irregular eating habits, age, parity,
inadequate weight gain, and low socioeconomic status
are among the many related conditions that put
pregnant women at risk for complications.

e The ultimate goal of prenatal care is a healthy infant
and a healthy mother who can breastfeed her child if
she chooses to do so. Breast milk provides essential
nutrients in quantities that are uniquely suited for
optimal infant growth and development.

Chapter Review Questions

See answers in Appendix A.
1. Complete protein sources that can help meet increased
nutrient needs during pregnancy are:
a. Cow’s milk and soy milk.
b. Baked beans and green beans.
¢. Orange juice and grapefruit juice.
d. Whole-grain cereal and whole-grain bread.


http://www.healthychildren.org
http://www.healthychildren.org
http://www.who.int/topics/breastfeeding/en/
http://www.who.int/topics/breastfeeding/en/
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2. An increase of 340 kcal/day is recommended during 5. Gestational diabetes is more common in women who
pregnancy during the: have:
a. Second trimester. a. Anemia.
b. Third trimester. b. Hyperemesis.
c¢. First and second trimesters. c. Obesity.
d. Second and third trimesters. d. Hypertension.
3. It is important to counsel women of childbearing age to
consume adequate amounts of folic acid to reduce the Additional Learning Resources
risk of: e http://evolve.elsevier.com/Williams/basic/
a. Developing type 2 diabetes mellitus.
b. Developing hyperemesis gravidarum. . References and Further Reading and Resources in the
¢. Malformation of the neural tube during the gestation back of the book provide additional resources for enhancing
period. knowledge.

d. Poor absorption of calcium and phosphorus during
fetal bone growth.

4. Benefits of breastfeeding include:
a. More flexibility in the mother’s schedule.
b. Enhanced immune system in the infant.
¢. Reduced risk of iron deficiency in the infant.
d. Decreased energy needs for the mother.


http://evolve.elsevier.com/Williams/basic/

chapter

11

and Adolescence

Key Concepts

e The normal growth of individual children varies within a
relatively wide range of measures.

e Human growth and development require both nutritional
and psychosocial support.

Nutrition during Infancy, Childhood,

e A variety of food patterns and habits supply the energy
and nutrient requirements of normal growth and
development, although basic nutritional needs change with
each growth period.

In any culture, food nurtures both the physical and the
emotional process of “growing up” for each infant,
child, and adolescent. Food and eating during these
significant years of childhood do not exist apart from
the overall process of psychosocial development and
physical growth. The entire process plays a role in
creating and shaping the whole person.

This chapter outlines the nutritional needs and food
patterns of each age group and briefly discusses some
of the more common health problems that have nutri-
tion implications.

GROWTH AND DEVELOPMENT
LIFE CYCLE GROWTH PATTERN

The normal human life cycle follows four general
stages of overall growth, with individual variation
along the way. The nutrition needs of an individual
will depend more on the person’s biologic age than his
or her chronologic age. For example, if two infants
were born yesterday and one infant was 6 weeks pre-
mature and the other infant was born at full term, they
will both be 1 day old but will have different nutri-
tional needs relative to their physiologic development
(i.e., their biologic age). The differences in nutrition
needs, based on biologic age, are most important
during key growth periods of life. Most notably, this is
during infancy and the growth spurts surrounding
puberty.

Infancy

Growth is rapid during the first year of life, with the
rate tapering off somewhat during the latter half of the
year. Most infants more than double their birth weight

biologic age age of the body relative to physiologic and
maturity developmental standards.
chronologic age amount of time a person has lived.

166

by the time they are 6 months old, and they triple it by
the time they reach about 12 to 15 months of age.
Growth in length is not quite as rapid, but infants
generally increase their birth length by 50% during the
first year and double it by 4 years of age.

Childhood

Between infancy and adolescence, the childhood
growth rate slows and becomes irregular. Growth
occurs in small spurts during which children have
increased appetites and eat accordingly. Appetites
usually taper off during periodic plateaus. Parents
who recognize the ebb and flow of normal growth pat-
terns during the latent period of childhood can relax
and enjoy this time. Alternatively, unawareness of or
inexperience with this normal flux in growth and
appetite can result in stress and battles over food
between parents and children.

Adolescence

The onset of puberty begins the second stage of rapid
growth, which continues until adult maturity. Levels
of growth hormone and sex hormones rise, which
brings multiple and often bewildering body changes
to young adolescents. During this period, long bones
grow quickly, sex characteristics develop, and fat and
muscle mass increase significantly.

Adulthood

With physical maturity comes the final phase of a
normal life cycle. Physical growth levels off during
adulthood and then gradually declines during old age.
However, mental and psychosocial development lasts
a lifetime.

MEASURING CHILDHOOD GROWTH

Individual Growth Rates

Children grow at widely varying rates. Therefore, the
best counsel for parents is that children are individu-
als. A child’s growth is not inadequate because the rate
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does not equal that of another child. Growth can be
measured in children as it relates to physical develop-
ment as well as mental, emotional, social, and cultural
growth.

Physical Growth Measurement

Growth charts. Growth charts, such as those devel-
oped by the World Health Organization (WHO) and
the Centers for Disease Control and Prevention (CDC),
provide an assessment tool for measuring height,
weight, and head circumference growth patterns in
infants, children, and adolescents. These charts are
based on large numbers of well-nourished children
who represent the national population. They are used
as guides to follow an individual child’s pattern of
physical growth in relation to the standard growth
curves of healthy children.

The current recommendation is for clinicians to use
the WHO growth charts for infants from birth to 2
years old and the CDC growth charts for children who
are more than 2 years old." The combined use of the
WHO and CDC growth charts allows practitioners to
plot the growth patterns for height (or length), weight,
and head circumference from birth to the age of 20
years. The body mass index (BMI)-for-age charts for
children can be used continuously from 2 years of age
into adulthood. Because the BMI during childhood is
an indicator of the adult BMI, the risk of obesity can
be identified and addressed early.

Growth charts are not used to identify “short”
or “tall” children. They are used as a means for
the continuous assessment of a child’s growth rate.
Measurements are plotted as a percentile of the popu-
lation in terms of a specific anthropometric measure-
ment. For example, if a child has a height-for-age at the
70th percentile, then 29% of age-matched and gender-
matched children are taller, and 70% are shorter. With
adequate nutrition and in the absence of disease, this
child should continue to grow on about the 70th per-
centile curve.

There are specific growth charts for boys and girls.
Figure 11-1 demonstrates two examples of the growth
charts. The Evolve site for this book includes a full
set of the WHO and CDC growth charts, which are
also available at www.cdc.gov/growthcharts/who
_charts.htm. To assess a child’s growth accurately, the
following three things are essential: (1) an appropriate
growth chart (girl vs. boy, appropriate age group, and
WHO vs. CDC); (2) an accurate measurement; and
(3) an accurate calculation of the child’s age. Small
errors in measurement can easily lead to a false alarm

anthropometric measurements physical measurements
of a person’s body. Examples include height, weight,
body composition; and head, hip, and waist
circumferences.

regarding a child’s growth pattern. See the Clinical
Applications box “Use and Interpretation of Growth
Charts” for a step-by-step demonstration of how to
accurately use and interpret the standard charts.

Growth charts for children with special health care
needs. Specialized growth charts are available for
several conditions that affect standard childhood
growth. Examples include low or very low birth weight
infants, achondroplasia, Down syndrome, fragile X
syndrome, Prader-Willi syndrome, sickle cell disease,
and spastic quadriplegia. Specialty growth charts
are developed by collecting anthropometric data of
children with a particular condition and using that
information to design a chart reflecting expected
growth patterns. Although the amount of data used
to create such charts is much less than that used to
establish the standard CDC charts, these charts are
usually still more appropriate to use for children with
special health care needs. For example, children with
Down syndrome are generally shorter in stature than
age-matched controls. Thus, plotting them on a CDC
growth chart will indicate that they are below average
in height. On the other hand, by plotting them on a
specialized chart for children with Down syndrome,
their height will be compared to other age-matched
children with the same condition and expected growth
pattern. Specialized growth charts are not available for
all special health care needs.

Psychosocial Development

Various assessments can be used to measure mental,
emotional, social, and cultural growth and develop-
ment. Food is intimately related to these aspects
of psychosocial development as well as to physical
growth. The growing child does not learn food atti-
tudes and habits in a vacuum but rather as a part of
close personal and social relationships. Such relation-
ships begin very early in life.

NUTRITIONAL REQUIREMENTS FOR GROWTH

Growth requires an ample supply of macronutrients
and micronutrients. Food intake must meet the daily
demands of life and physical activity, while also pro-
viding for additional nutrients to build bones, supply
tissues and organs, and increase the blood supply to
feed and nourish that growth.

ENERGY NEEDS

The demand for energy as measured in kilocalories per
kilogram (kg) of body weight per day (kcal/kg/d) is
relatively large throughout infancy and childhood.
During the first 3 years of life, children need some-
where between 80 and 120 kcal/kg/d to support rapid
growth.” Although the exact energy needs of prema-
ture infants are highly variable and not well-defined,
they are thought to range from 110 to 135 kcal/kg/d.**
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FIGURE 11-1 Example of a CDC and WHO growth chart. (Courtesy National Center for Health Statistics, National Center for Chronic
Disease Prevention and Health Promotion, Hyattsville, Md.)
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E Clinical Applications

Use and Interpretation of Growth Charts

PURPOSE

This guide instructs health care providers how to use and
interpret the Centers for Disease Control and Prevention (CDC)
and World Health Organization (WHO) growth charts. With the
use of these charts, health care providers can assess growth
in infants, children, and adolescents and compare it with a
nationally representative reference that is based on children of
all ages and ethnic groups.

During a routine screening, health care providers assess
physical growth by using the child’s weight, stature or length,
and head circumference. When plotted correctly, a series of
measurements offers important information about a child’s
growth pattern and possible nutrition risks. Contributing factors
such as parental stature and the presence of acute or chronic
illness should also be considered when making health and
nutrition assessments.

STEP 1: OBTAIN AGCURATE WEIGHTS AND MEASURES

When weighing and measuring children, follow procedures that
yield accurate measurements, and use equipment that is well
maintained.

STEP 2: SELECT THE APPROPRIATE GROWTH CHART

Select the growth chart to use on the basis of the age and

gender of the child:

e Use the WHO growth standards to monitor growth for
infants and children who are between the ages of birth
and 2 years.

e Use the CDC growth charts for children who are 2 years
old and older.

STEP 3: RECORD DATA

First, record information about factors obtained at the initial

visit that may influence growth.

e Enter the child’s name and the record number, if
appropriate.

e Enter the mother’s and father’s statures, as reported.

e Enter the child’s gestational age in weeks and date of
birth.

e Enter the child’s birth weight, length, and head
circumference.

e Add any notable comments (e.g., breastfeeding, illnesses,
biologic parent anthropometrics unknown).
Record information obtained during the current visit.

e Enter today’s date.

e Enter the child’s age.

e Enter the child’s weight, stature, and head circumference
(if appropriate) immediately after taking the measurement.

e Add any notable comments (e.g., child was not
cooperative in getting measurements).

STEP 4: CALCULATE THE BODY MASS INDEX
The body mass index (BMI) is calculated by using weight and
stature measurements. The BMI-for-age chart compares a
child’s weight relative to stature with that of other age- and
gender-matched children.
¢ Determine the BMI with the following calculation:

BMI = Weight (kg)/Stature (m?)

Weight and stature measurements must be converted to

the appropriate decimal value.

Example: 37 Ib 4 oz = 37.25 Ib; 41); in. = 41.5 in.
Enter the BMI to one place after the decimal point (e.g.,
15.204 = 15.2).

STEP 5: PLOT THE MEASUREMENTS

On the appropriate growth chart, plot the measurements

recorded in the data entry table for the current visit.

¢ Find the child’s age on the horizontal axis. When plotting
weight for length, find the length on the horizontal axis.
Use a straight edge or a right-angle ruler to draw a
vertical line up from that point.

e Find the appropriate measurement (i.e., weight, length,
stature, head circumference, or BMI) on the vertical axis.
Use a straight edge or a right-angle ruler to draw a
horizontal line across from that point until it intersects the
vertical line.

* Make a small dot where the two lines intersect.

STEP 6: INTERPRET THE PLOTTED MEASUREMENTS

e The curved lines on the growth chart show selected
percentiles that indicate the rank of the child’s
measurement. For example, when the dot is plotted on
the 95th percentile for BMI-for-age, it means that 5% of
age- and gender-matched children in the reference
population have a higher BMI and 94% have a lower BMI.

1. Determine the percentile rank.

2. Determine if the percentile rank suggests that the
anthropometric index is indicative of nutritional risk on
the basis of the percentile cutoff value.

The 2nd and 98th percentile values are the cut-off
for indicating nutritional or overall health concern.

Measurements involving weight (BMI-for-age,
weight-for-length/height, and weight-for-age) that are
>85th and <97th percentiles indicate an at risk status
that should be monitored.

3. Compare today’s percentile rank with the rank from
previous visits to identify any major shifts in the child’s
growth pattern and the need for further assessment.

The WHO recommends using the 2nd and 98th percentiles
as cut-off points at which children who fall outside of this range
are screened for potential health- or nutrition-related problems.
Children and adolescents with a BMI-for-age above the 85th
percentile are at risk for being overweight as adults. The 95th
percentile on the BMI-for-age charts correlates with a BMI of
30 in adults, which is considered obese. Because the BMI-for-
age charts correlate with the adult BMI index, they can be used
from childhood into adulthood, thereby providing a lifelong
assessment tool that indicates risk factors for chronic disease
associated with obesity.

For additional information on the use and interpretation of
growth charts, please see: World Health Organization Growth
Chart Training; available at: www.cdc.gov/nccdphp/dnpao/
growthcharts/who/index.htm.

Source: World Health Organization. Training Course on Child Growth Assessment. Geneva: WHO.2008


http://www.cdc.gov/nccdphp/dnpao/growthcharts/who/index.htm
http://www.cdc.gov/nccdphp/dnpao/growthcharts/who/index.htm
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To put the enormity of these energy needs into context,
adults usually need between 30 and 40 kcal/kg/d.

The Dietary Reference Intake values (see Appendix
B) present general recommendations for energy and
protein needs at different ages. However, specific indi-
vidual needs vary with biologic age and condition. The
total daily caloric intake of an average 5-year-old child
is spent in the following way:

* Basal metabolism: 50%

* Physical activity: 25%

e Tissue growth: 12%

* Fecal loss: 8%

* Thermic effect of food: 5%

However, some children are more physically active
than others and have a higher daily caloric expendi-
ture. Likewise, a child who is growing rapidly has
higher tissue growth needs and a higher basal metabo-
lism compared with a similar child who is not going
through a growth spurt.

Carbohydrates are the preferred energy source of
total kilocalories by the body. Carbohydrates also
spare protein so that it may be used for the vital task
of growth instead of burned as energy. Fat is a backup
energy source, and it supplies the essential fatty acids
that are necessary for growth.

PROTEIN NEEDS

Protein is the fundamental tissue-building substance
of the body. It supplies the essential amino acids for
tissue growth and maintenance. As a child gets older
and the growth rate slows, the protein requirements
per kilogram of body weight gradually decline. For
example, for the first 6 months of life, the protein
requirements of an infant are 1.52 g/kg; however,
the protein needs of a fully grown adult are only
0.8 g/kg.” A healthy, active, growing child usually eats
enough of a variety of foods to supply the necessary
protein and kilocalories for overall growth.

WATER REQUIREMENTS

Water is an essential nutrient that is second only to
oxygen for life. Metabolic needs, especially during
periods of rapid growth, demand adequate fluid
intake. Infants require more water per unit of body
weight than adults for the following three important
reasons: (1) a greater percentage of the infant’s
total body weight is composed of water; (2) a larger

proportion of the infant’s total body water is in the
extracellular spaces; and (3) infants have a larger
proportional body surface area and metabolic rate
compared with adults. In 1 day, an infant generally
consumes an amount of water that is equivalent to 10%
to 15% of his or her body weight, whereas an adult
consumes a daily amount that is equivalent to 2% to
4% of his or her body weight. Table 11-1 provides a
summary of the estimated daily fluid needs during the
years of growth.

MINERAL AND VITAMIN NEEDS

All minerals and vitamins have important roles in
tissue growth and maintenance as well as in overall
energy metabolism. Positive childhood growth
depends on adequate amounts of all essential sub-
stances. Some nutrients of special concern are dis-
cussed in the following sections.

Calcium

Calcium needs are critical during the most rapid
growth periods of infancy through adolescence.
During infancy, the mineralization of the skeleton is
taking place while the bones are growing larger and
the teeth are forming. Many factors influence bone
development in infants and toddlers, including genet-
ics, the maternal nutritional status during pregnancy,
preterm birth, the type of infant feeding, the calcium
and phosphorus content of breast milk or of a breast
milk substitute (i.e., commercial formula), and the
diet and physical activity during the toddler and pre-
school years.’

Approximately 40% of adult peak bone mineral
density is deposited during the short period of adoles-
cence. The development of good bone density requires
an ample dietary supply of calcium, phosphorus,
vitamin D, protein, and several other nutrients. In fact,
both research and clinical experience indicate that as a
preventive measure to reduce the risk for fractures and
osteoporosis, appropriate calcium intake and weight-
bearing activity must be emphasized during adoles-
cence more so than at any other time throughout the
life span.®”

Calcium absorption, calcium deposition in bone,
and calcium retention peak just before puberty and
coincide with linear bone growth periods. Researchers
have found significant differences in calcium retention

IELICRREN Approximate Daily Fluid Needs during Growth Years

AGE MALES AND FEMALES (L/day) AGE MALES (L/day) FEMALES (L/day)
Birth to 6 months 0.7 9 to 13 years 2.4 2.1

7 to 12 months 0.8 14 to 18 years 33 2.3

1 to 3 years 1.3 >19 years 3.7 2.7

4 to 8 years 1.7

Data from the Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for water, potassium, sodium, chloride, and sulfate. Washington, DC:

National Academies Press; 2004.
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among ethnic groups.” The Cultural Considerations
box entitled “Racial Differences in Calcium Retention
and Peak Bone Mass” discusses this issue further.

Iron

Iron is essential for hemoglobin formation and cogni-
tive development during the early years of life. Infants
of mothers with iron-deficiency anemia during gesta-
tion are at risk for iron-deficiency anemia at birth. Iron
deficiency during this critical time of life is negatively
associated with long-term cognitive and behavioral
performance in children.”"’

The iron content of breast milk is highly absorbable
and fully meets the needs of an infant for the first 6
months of life."" At that point, the infant’s nutrition
needs for iron typically exceed that provided exclu-
sively by breast milk, and the addition of solid foods
(e.g., enriched cereal, egg yolk, meat) at approximately
6 months of age supplies additional iron. Infants who
are not breastfed need an iron-fortified breast milk
substitute.

Vitamin Supplements

Much debate has occurred over the years about dietary
supplementation of vitamins and minerals for infants
and children. The American Academy of Pediatrics
recognizes only two vitamins that are potentially
needed in supplemental form: vitamins K and D."

Nearly all infants who are born in the United States
and Canada receive a one-time prophylactic injection
of 1 mg of vitamin K at birth. Vitamin K is critical for
blood clotting. A major contributor to the daily supply
of vitamin K is provided by bacterial production in the
gut. Because infants are born without bacterial flora,
their vitamin K synthesis and stores are minimal.

The concern for a high prevalence of vitamin D
deficiency, and subsequent low vitamin D levels in
breast milk, led to the recommendation that breastfed
infants receive oral vitamin D drops (400 IU) begin-
ning at hospital discharge and continuing until the
infant is drinking 16 oz of vitamin D—fortified milk, or
dairy substitute, daily.” Recent studies indicate that
mothers supplemented with vitamin D produce breast
milk that is adequate to meet the infant’s needs;
however, more research is necessary to determine if
supplementation recommendations should change."
Formula-fed infants receive supplemental vitamin D
in the breast milk substitute.

Excessive supplementation in infants and children
is not unusual, and, as with adults, toxicity is a danger.
Excess amounts of vitamins A and D are of special
concern in children (see Chapter 7). Excess intake may
occur over prolonged periods as a result of careless-
ness or misunderstanding. Parents should take care to
provide only the amount that they are directed to give
and no more. Vitamin supplements in the form of
gummy bears or other candy-type treat should be kept
out of children’s reach.

Cultural Considerations

Racial Differences in Calcium Retention and Peak Bone Mass

As discussed in the Cultural Considerations box in Chapter 8,
“Bone Health in Gender and Racial Groups,” noted disparities
exist among the genders and ethnic groups regarding bone
density. African Americans have significantly higher bone
mineral density and strength than their Caucasian counterparts
throughout life. Two studies involving adolescent girls provided
insight into the mechanism behind racial differences in peak
bone mass. Bryant and colleagues found that, during the
period of peak calcium retention and development of bone
mass, African-American girls were able to retain 57% more
dietary calcium than Caucasian girls, and they had a higher
rate of bone formation." The authors concluded that adult dif-
ferences in bone mass originate during adolescence, thereby
making the dietary intake of calcium-rich foods throughout the
teen years a critical component of lifelong bone health.

A follow-up study that compared calcium retention with a
range of calcium intake in a similar cohort of subjects obtained
similar results. African-American girls retain more calcium at all
intake levels than do their Caucasian counterparts; and reten-
tion peaks for both ethnic groups just before the onset of
puberty. This difference in calcium retention is apparent in
conjunction with lower 25(0OH)-vitamin D levels, higher
1,25(0OH)-vitamin D levels, and higher parathyroid hormone
(PTH) levels among African-American girls, all of which influ-
ence calcium absorption efficiency.®*

Because adolescence is such a pivotal point for bone health
via calcium retention, factors that affect the body’s ability to
maintain dietary calcium are equally as important. Dietary
sodium promotes the loss of calcium through urinary excretion.
Wigertz and colleagues were interested in comparing the dif-
ferences in this effect between adolescent African-American
and Caucasian girls. Those authors found that urinary calcium
excretion increased along with increased sodium intake among
Caucasian girls much more so than among African-American
girls.® This indicates that high intakes of sodium in Caucasian
girls will intensify the loss of calcium and further weaken poten-
tial bone mass.

Health care providers should impress upon adolescent
girls—especially Caucasian girls—that high calcium intake,
limited sodium consumption, and regular weight-bearing phys-
ical activity will have long-lasting benefits for their bone health.
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NUTRITION REQUIREMENTS DURING INFANCY

Food is intimately related to each stage of develop-
ment. Physical growth and personal psychosocial
development go hand in hand.

INFANT CLASSIFICATIONS

Infants may be classified according to several different
terms depending on their maturity, gestational age,
and weight. Nutritional needs of the infant and feeding
methods will vary accordingly.

Maturity

Term infants. Full-term infants are born between 37
and 42 weeks’ gestation. Mature newborns have finely
developed body systems and grow rapidly. Provided
with adequate nutrition, they will gain approximately
168 g (6 oz) per week during the first 6 months.

Premature infants. Premature infants are defined as
having been born before 37 weeks’ gestation. Special
care is crucial for tiny premature babies, who are gen-
erally categorized further into two groups that are
defined by weight or size for gestational age.

Weight Classification

Although both term and preterm infants may be clas-
sified as low birth weight, it is more common among
premature infants. Low birth weight (LBW) infants
weigh less than 2500 g (5 1b 8 0z); very low birth weight
(VLBW) infants weigh less than 1500 g (3 1b 5 oz);
extremely low birth weight (ELBW) babies weigh less
than 100 g (2 Ib 3 oz). The lower the birth weight, the
higher the risks for complications and poor infant
outcome.

Size for Gestational Age Classification

This classification is relative to gestational age; there-
fore, infants who are born full term or preterm may
also be categorized according to their expected size.
The categories are as follows:

Appropriate for gestational age (AGA). The infant’s
weight, length, and head circumference are all within
the normal range on a growth chart (i.e., between the
10th and 90th percentiles) relative to the infant’s ges-
tational age.

Large for gestational age (LGA). Birth weight is >90th
percentile for their age and gender, also known as
Mmacrosomia.

Small for gestational age (SGA). Birth weight is <10th
percentile for their age and gender. This category is
further divided into:
* Proportionately small for gestational age (pSGA):
birth weight, length, and head circumference are
all <10th percentile for age and gender.

e Disproportionately small for gestational age (1SGA):
length and head circumference are of normal size
but weight is <10th percentile.

CONSIDERATIONS REGARDING FEEDING
PREMATURE INFANTS

The feeding process is an important component of the
bonding relationship between the parent and the child.
In the event that an infant is premature or otherwise
has complications surrounding the process of feeding,
there are trained health care professionals who can
assist parents to bridge the gap for optimal nourish-
ment for the child.

Physiologic Delays Relevant to Feeding

Premature infants are subject to problems with growth
and nutrition. Because their bodies are not fully
formed, they differ from term infants of normal weight
in the following ways: (1) they have more body water,
less protein, and fewer mineral stores; (2) there is little
subcutaneous fat to maintain body temperature; (3)
they have poorly calcified bones; (4) their nerve and
muscle development is incomplete, thus making their
sucking reflexes weak or absent; (5) they have a limited
ability for digestion, absorption, and renal function;
and (6) they have immature livers that lack developed
metabolic enzyme systems or adequate iron stores. To
survive, these tiny babies require special attention to
their nutrition and method of feeding.

Milk Content for Premature Infants

The American Academy of Pediatrics recommends the
normal feeding of breast milk to premature and other
high-risk infants. Infants of mothers who are not able
to breastfeed are encouraged to consider using human
milk from milk banks.”” Mothers of preterm infants
produce milk that is significantly higher in energy,
carbohydrates, protein, and fat to meet the elevated
needs of preterm infants.” If the energy provided
in the breast milk alone is not meeting the energy
demands of a preterm infant, human milk fortifiers may
be used in addition to breast milk to increase the nutri-
ent content.

Methods of Milk Delivery

For most premature infants, nursing or bottle-feeding
can be successful with care and support. Infants who
have not yet developed the sucking reflex, which is
acquired between 32 and 34 weeks’ gestation, can still
benefit from breast milk, provided that the mother is

human milk fortifiers powder or liquid mixed with
breast milk to increase the concentration of calories
and protein in the milk for premature and low birth
weight infants who need more kilocalories than
provided in breast milk.
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willing and able to pump her breast milk for delivery
to the baby by tube or cup feeding.

If the infant cannot tolerate enteral feedings through
the gastrointestinal tract then peripheral or central
vein feedings are required. Parenteral nutrition is used
in special cases to nourish the infant directly through
the vascular system, but carries significant risks and
thus is avoided if possible.

WHAT, HOW, AND WHEN TO FEED
THE MATURE INFANT

Breast Milk

Human milk is the ideal first food for infants, and it is
the primary recommendation of pediatricians and
dietitians.'”'® As the infant grows, breast milk adapts
in composition to match the needs of the developing
child, and the fat content of breast milk changes from
the beginning to the end of a single feeding (see
Chapter 10).

The newborn’s rooting reflex, his or her oral needs
for sucking, and basic hunger help to facilitate breast-
feeding for healthy, relaxed mothers (Figure 11-2).
Mothers who are away from their infant for several
hours at a time and want to breastfeed their babies can
do so by using manual expression or a breast pump
while away. The milk can be stored and frozen in

rooting reflex reflex that occurs when an infant’s cheek
is stroked or touched. The infant will turn toward the
stimuli and make sucking (or rooting) motions in an
effort to nurse.

FIGURE 11-2 Breastfeeding the newborn infant. Note that the
mother avoids touching the infant’s outer cheek so as not to
counteract the infant’s natural rooting reflex at the touch of the
breast. (Copyright Jupiterimages Corp.)

sealed plastic baby bottle liners for later use. Breast-
feeding mothers can find support and guidance
through local groups of the national La Leche League
or professional certified lactation counselors. For addi-
tional information about successful breastfeeding, see
Chapter 10.

Breast Milk Substitute

If a mother chooses not to breastfeed or if some condi-
tion in either the mother or the baby prevents it, bottle-
feeding of an appropriate breast milk substitute is an
acceptable alternative. Research shows that many
mothers do not adhere to recommended safety precau-
tions when preparing infant formula, which can
increase the risk for infant food-borne illness and
scalding.”"® The type of commercial infant formula
chosen, sterile procedures in formula preparation, and
the amount of formula consumed are some aspects

that must be addressed to ensure the safety of the
child.

Choosing acommercial infant formula. Most mothers
who use breast milk substitutes use a standard com-
mercial formula. In some cases of milk allergy or intol-
erance, a soy-based formula (not soy milk) is used. For
infants who are allergic to cow’s milk and soy-based
formulas, amino acid-based formulas may be medi-
cally advised. Examples include Nutramigen (Mead
Johnson Nutrition, Evansville, Ind), EleCare (Abbott
Nutrition, Columbus, Ohio), and Neocate (Nutricia
North America, Gaithersburg, Md). Table 11-2 com-
pares the nutrient composition of breast milk with
those of standard and specialty formulas.

Preparing the formula. With any commercial formula,
the manufacturer’s instructions for mixing concen-
trated or powdered formula with water should be pre-
cisely and consistently followed, and the formula
should be refrigerated until use. Throughout the
process, scrupulous cleanliness and accurate dilution
are essential to prevent infection and illness. A ready-
to-feed formula only requires a sterile nipple and
bypasses many problems, but it is substantially more
expensive. Bottles should be heated in a bowl of warm
water (not in a microwave) to prevent uneven heating
and scalding the infant’s mouth.

Feeding the formula. Babies usually drink formula
either cold or warm; they primarily want it to be con-
sistent. Tilting the bottle to keep the nipple full of milk
can prevent air swallowing, and the baby’s head
should be slightly elevated during feeding to facilitate
the passage of milk into the stomach. Caregivers
should be encouraged to never prop the bottle or leave
the baby alone to feed, especially as a pacifier at sleep
time. This practice deprives the infant of the cuddling
that is a vital part of nurturing, and it also allows milk
to pool in the mouth, which can cause choking, earache,
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IELERREYAN Nutritional Values of Human Milk and Breast Milk Substitutes

SPECIAL FORMULAS FOR INFANTS WHO ARE
NOT BREASTFED OR WHO CANNOT
TOLERATE STANDARD FORMULAS
NUTRITIONAL STANDARD FORMULAS* NUTRAMIGEN (CASEIN
COMPONENT HUMAN MILK, ENFAMIL, WITH IRON, HYDROLYSATE AND PURAMINO (FREE AMINO
PER LITER MATURE READY TO FEED FREE AMINO ACIDS) ACIDS)
Kilocalories 729 649 687 676
Protein (g) 10.7 14.2 19.05 18.9
Fat (g) 45.6 36 36.4 35.8
Carbohydrate (g) 71.7 74 70.9 71.7
Calcium (mg) 888 526 645 635
Phosphorus (mg) 146 361 437 351
Sodium (mg) 177 186 323 318
Potassium (mg) 588 732 750 743
Iron (mg) 0.31 121 12.281 12177

*Most standard formulas are very similar. This represents an average of Enfamil (Mead Johnson Nutrition, Evansville, Ind).

With added iron.

FIGURE 11-3 Baby bottle tooth decay. (From Swartz MH. Textbook
of physical diagnosis, history, and examination. 5th ed. Philadelphia:
Saunders; 2006.)

or baby bottle tooth decay. Children should never be
put to sleep with a bottle of milk or fruit juice or any
other caloric liquid that is capable of pooling in the
mouth. Natural bacteria found in the mouth feed on
carbohydrates, thereby producing enamel-damaging
acid. Baby bottle tooth decay (Figure 11-3) is a serious
and completely avoidable problem that results from
this practice.

Cleaning bottles and nipples. Whether preparing a
single bottle for each feeding or an entire day’s batch,
scrub, rinse, and sterilize all equipment with the use
of the terminal sterilization method. Rinse bottles and
nipples after each feeding with special bottle and
nipple brushes that force water through nipple holes
to prevent formula from crusting in them.

Weaning

Throughout the feeding process, observant parents
quickly learn to recognize their baby’s signs of hunger
and satiety and to follow the baby’s lead. Babies
are individuals who set their own particular needs
according to age, activity level, growth rate, and meta-
bolic efficiency. A newborn has a very small stomach
that holds only 1 to 2 fluid ounces (fl 0z), but he or she
will gradually take in more as his or her stomach
capacity enlarges relative to overall body growth. The
amounts of increased intake during the first 6 months
vary and reflect growth patterns. By 6 to 9 months of
age, as increasing amounts of other foods are intro-
duced, weaning from bottle-feeding takes place. For
some children, growing physical capacities and the
desire for independence lead to self-weaning, but
many children need a little added encouragement
from their parents.

Cow’s Milk

An infant should never be fed cow’s milk during the
first year of life. Unmodified cow’s milk is not suitable
for infants; it provides too heavy a load of solutes for
the infant’s gastrointestinal tract and renal system.
Infants can drink cow’s milk after 1 year of age.
However, children between the ages of 1 and 2 years

baby bottle tooth decay the decay of the baby teeth as
a result of inappropriate feeding practices such as
putting an infant to bed with a bottle; also called
nursing bottle caries, bottle mouth, and bottle caries.

weaning the process of gradually acclimating a young
child to food other than the mother’s milk or a breast
milk substitute as the child’s natural need to suckle
wanes.
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old should not be fed reduced-fat cow’s milk (e.g.,
skim or low-fat milk), because insufficient energy is
provided and because linoleic acid, which is the essen-
tial fatty acid for growth that is found in the fat portion
of the milk, is lacking.

Solid Food Additions
When to introduce. Iron-fortified solid foods should
be added to the infant’s basic diet of breast milk (or
breast milk substitute) at approximately 6 months of
age. Age is one of the basic indicators of readiness for
solid foods. However, each infant will develop motor
skills at his or her own rate. The American Academy
of Pediatrics note that other signs of readiness to begin
solid foods include the following:

* Can the infant hold his or her head up? Infants
should have good head control before solids are
introduced.

* Does the infant open his or her mouth in anticipa-
tion of food coming his or her way? Infants ready
for solid foods will show signs such as reaching for
the food and eagerness to be fed.

* Can the infant move the food from the spoon to his
or her throat to swallow? The infant should have
controlled movement of the tongue. The ability to
swallow solids is a reflex that will develop when the
infant is capable of this task. If the infant pushes
food out of his or her mouth when served, then he
or she may not be ready for solids.

e [s the infant large enough? Generally, infants should
have doubled their birth weight before being offered
any solid foods.

The most effective prevention regimen against aller-
gic disease is to provide breast milk and to avoid all
solid foods and cow’s milk for a minimum of 17 weeks
after birth."” Thereafter, one new food every 3 to 5 days,
as the infant tolerates, may be introduced.” It is equally
important that parents and other caregivers are able to
understand feeding cues from the infant (e.g., hunger,
satiety) for a mutually pleasant experience.

What to introduce. When solid foods are started, no
specific sequence of food additions must be followed.
Some organizations promote the introduction of veg-
etables or even meat before fruits or grains. The root
of this recommendation lies in the following two theo-
ries: (1) fruits are sweeter than vegetables, and infants
may develop a preference for a sweet taste first and
then not like the more bitter taste of vegetables
(although this theory lacks strong support); and (2)
infants who were given meat before cereal had better
zinc intake.

Table 11-3 provides a general schedule for the intro-
duction of solid foods, but individual needs and
responses vary, and the suggestions of individual prac-
titioners should be the guide for a specific child.
Introduce foods one at a time (starting with iron-
fortified cereal) and in small amounts so that if an

Guideline for Adding Solid Foods to an
e =3 Infant’s Diet during the First Year
WHEN TO ADD  FOODS ADDED*

6 months [ron-fortified infant cereal made from rice,
barley, or oats (these are offered one
at a time)

Pureed baby food (vegetables or strained
fruit)

Whole-milk yogurt

Pureed baby food (meats)

8 months

81to 10
months

Introduce more grain products one at a
time, including wheat, various crackers
and breads, pasta, and cereal

Add more vegetables and fruits in
various textures (e.g., chopped,
mashed, cooked, raw)

Egg yolks, beans, and additional types of
pureed meats

Cottage cheese and hard cheeses (e.g.,
cheddar, Colby-Jack)

Infants should be able to tolerate a large
variety of grain products and textures

Chopped fruits and vegetables

Finger foods

10 to 12
months

12 months Whole eggs

Whole milk

*Semisolid foods should be given immediately before milk feeding. First, 1 or
2 tsp should be given. If the food is accepted and tolerated well, then the
amount should be increased 1 to 2 Tbsp per feeding.

adverse reaction occurs the offending food can be
easily identified. The highly allergenic foods (e.g.,
peanuts, tree nuts, cow’s milk) can be given as comple-
mentary foods once a few traditional first foods (e.g.,
rice and oat cereal) have been tolerated. Highly aller-
genic foods should first be given at home rather than
at a day care center or a restaurant.”’

Commercial or homemade complementary foods.
Some parents prefer to prepare their own baby food.
Baby food can be prepared at home by cooking and
straining vegetables and fruits, freezing a batch at a
time in ice cube trays, and then storing the cubes in
plastic bags in the freezer. A single cube can later be
reheated for feeding. Good food-safety practices
should always be used. A variety of commercial baby
foods are also available and are now prepared without
added sugar or unnecessary seasonings.

Throughout the early feeding period, whatever plan
is followed, there are a few basic principles that should
guide the feeding process: (1) necessary nutrients—not
any specific food or sequence—are needed; (2) food is
a basis for learning; and (3) normal physical develop-
ment guides an infant’s feeding behavior (see the For
Further Focus box, “How Infants Learn to Eat”). Good
food habits begin early during life and continue as the
child grows. By 8 or 9 months of age, infants should
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&N ForFurtherfoous ]

How Infants Learn to Eat

Guided by reflexes and the gradual development of muscle
control during their first year of life, infants learn many things
about living in their particular environments. A basic need is
food, which infants obtain through a normal developmental
sequence of feeding behaviors during the process of learning
to eat.

1 T0 3 MONTHS

Rooting, sucking, and swallowing reflexes are present at birth
in term infants, along with the tonic neck reflex. Infants secure
their first food, milk, with a suckling pattern in which the tongue
is projected during a swallow. In the beginning, head control
is poor, but it develops by the third month of life.

4 T0 6 MONTHS

The early rooting and biting reflex fades. Infants now change
from a suckling pattern with a protruded tongue to a mature
and stronger suck with liquids, and a munching pattern begins.
Infants are now able to grasp objects with a palmar grip, bring
them to the mouth, and bite them.

7 TO 9 MONTHS

The gag reflex weakens as infants begin chewing solid foods.
They develop a normal controlled gag along with control of the
choking reflex. A mature munching increases their intake of
solid foods while chewing with a rotary motion. These infants
can sit alone, secure items, release and resecure them, and
hold a bottle alone. They begin to develop a pincer grasp to
pick up small items between the thumb and forefinger and put
the items into the mouth.

10 TO 12 MONTHS

Older infants can now reach for a spoon. They bite nipples,
spoons, and crunchy foods; they can grasp a bottle or food
and bring it to the mouth; and, with assistance, they can drink

from a cup. These infants have tongue control to lick food
morsels off of the lower lip, and they can finger-feed them-
selves with a refined pincer grasp. These normal developmen-
tal behaviors are the basis for the progressive pattern of
introducing semisolid and table foods to older infants.

Photos credit: Thinkstock/Collection: Istock.

be able to eat soft table foods (i.e., cooked, chopped,
and simply seasoned foods) without requiring special
infant foods.

Summary Guidelines

The guidelines for infant feeding are as follows:

* Breastfeeding should be continued for at least the
first full year of life, and it should be supplemented
with a vitamin K shot at birth and daily vitamin D
drops.

e [ron-fortified formula should be used for any infant
who is not breastfeeding.

* Water and juice are unnecessary for breastfed infants
during the first 6 months of life.

* Solid foods may be introduced at approximately 6
months of age, after the extrusion reflex of early
infancy disappears and the ability to swallow solid
food is established.

* Whole cow’s milk, or milk substitute, may be intro-
duced at the end of the first year (if the infant is
consuming one third of his or her kilocalories as a
balanced mixture of solid foods, including cereals,
vegetables, fruits, and other foods). Reduced-fat or

fat-free cow’s milk is not recommended until after
the age of 2 years.

* Allergens such as wheat, egg white, citrus juice, and
nuts should not be given as the first solid foods but
should be introduced soon after traditional solid
foods are tolerated. See Chapter 18 for more infor-
mation about food allergies and intolerances.

* Honey should not be given to an infant who is
younger than 1 year old, because botulism spores
have been reported in honey, and the immune
system capacity of the young infant cannot resist
this infection.

* Foods with a high risk for choking and aspiration such
as hot dogs, nuts, grapes, carrots, popcorn, cherries,
peanut butter, and round candy are best delayed for

extrusion reflex the normal infant reflex to protrude the
tongue outward when it is touched.

allergens food proteins that elicit an immune system
response or an allergic reaction; symptoms may
include itching, swelling, hives, diarrhea, and difficulty
breathing as well as anaphylaxis in the worst cases.
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careful use only with the older child and not given

to an infant.

* Beginning at age 6 months, fluoride supplementa-
tion should be provided to infants residing in com-
munities where the fluoride concentration in the
water is <0.3 ppm.”!

Throughout the first year of life, the requirements
for physical growth and psychosocial development are
met by breast milk or a breast milk substitute, a variety
of solid food additions, and a loving and trusting rela-
tionship between the parents or caregivers and the
child.

NUTRITION REQUIREMENTS DURING CHILDHOOD

TODDLERS (1 TO 3 YEARS OLD)

When children learn to walk at approximately 1 year
of age, these toddlers are off and running, exploring
everything and learning new skills. This dawning
sense of self, which is a fundamental foundation for
ultimate maturity, carries over into many areas, includ-
ing that of food and eating. After parents become
accustomed to the rapid growth and resulting appetite
of the first year of life, they may be concerned when
they see their toddler eating less food and at times
having little appetite while being easily distracted
from food to another activity. Increasing the variety of
foods available helps children to develop good food
habits. The food preferences of young children grow
directly from the frequency of a food’s use in pleasant
surroundings and the increased opportunity to become
familiar with a number of foods (see the Clinical
Applications box, “Feeding Made Simple”). Sweets
should be reserved for special occasions and not used
habitually or as bribes.

Energy and protein needs are still high (per kilo-
gram of body weight) compared with adult needs.
Toddlers have a wide range of energy needs during
this time, and these are related to their velocity of
growth and level of physical activity. Muscle mass,
bone structure, and other body tissues continue to
grow rapidly and require an adequate dietary supply
of protein, minerals, and vitamins. The Food and
Nutrition Board recommends a daily intake of 19 g of
fiber to prevent constipation and to promote a healthy
gastrointestinal tract.”

PRESCHOOL-AGED CHILDREN
(3 TO 5 YEARS OLD)

Physical growth and appetite continue in spurts during
this period. Mental capacities develop, and the expand-
ing environment is gradually explored. Children con-
tinue to form patterns, attitudes, and basic eating
habits as a result of social and emotional experiences
involving food. Food jags are not uncommon in this
age group. A jag may last a few days or weeks but they
are usually self-limiting and of no major long-term
concern. Again, the key to happy and healthy eating is

food variety, appropriately sized portions, and a big
dose of parental patience.

Group eating becomes a significant means of social-
ization. For example, during preschool, food prefer-
ences trend toward what the group is eating. In such
situations, a child learns a variety of food habits and
establishes new relationships with food and with their
meal-time companions. A solid foundation of healthy
eating habits developed during this time with the
supervision and encouragement from caregivers will
set the stage for eating behaviors throughout child-
hood. Likewise, unhealthy habits established during
this time will be long-lived.

The U.S. Department of Agriculture published a
child-friendly version of MyPlate, with dietary and
physical 