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Preface

ike air and sleep, nutrition is a basic human need essential for survival. Nutrition provides
L energy and vitality, helps reduce the risk of chronic disease, and can aid in recovery. It is a
dynamic blend of science and art, evolving over time and in response to technological advances
and cultural shifts. Nutrition at its most basic level is food—for the mind, body, and soul.
Although considered the realm of the dietitian, nutrition is a vital and integral compo-
nent of nursing care. Today’s nurses need to know, understand, apply, analyze, synthesize,
and evaluate nutrition throughout the life cycle and along the wellness/illness continuum.
They incorporate nutrition into all aspects of nursing care plans, from assessment and
nursing diagnoses to implementation and evaluation. By virtue of their close contact with
patients and families, nurses are often on the front line in facilitating nutrition. This text
seeks to give student nurses a practical and valuable nutrition foundation to better serve
themselves and their clients.

NEW TO THIS EDITION

This seventh edition continues the approach of providing the essential information nurses
need to know for practice. Building upon this framework, content has been thoroughly
updated to reflect the latest evidence-based practice. Examples of content updates that are
new to this edition are as follows:

= MyPlate, which replaces MyPyramid as the graphic to illustrate the Dietary Guidelines for
Americans

= Recommended Dietary Allowances (RDAs) for calcium and vitamin D

= Inclusion of a validated stand-alone nutrition screening tool for older adults that is ap-
propriate for community settings and in clinical practice

= Expanded coverage of bariatric surgery and obesity in general, particularly with regard
to the importance of behavioral strategies for navigating our increasingly obesogenic
environment

= The low-FODMAP (fermental oligo-, di-, and monosaccharides and polyols) diet for
irritable bowel syndrome and possibly other gastrointestinal disorders

= A shift in focus from single nutrients (e.g., saturated fat) to a food pattern approach (e.g.,
the DASH diet) for communicating and implementing a heart healthy diet

= Updated 2011 nutrition therapy guidelines for patients with chronic kidney disease who
are not on dialysis

ORGANIZATION OF THE TEXT

Unit One is devoted to Principles of Nutrition. It begins with Chapter 1, Nutrition in
Nursing, which focuses on why and how nutrition is important to nurses in all settings.
Chapters devoted to carbohydrates, protein, lipids, vitamins, water and minerals, and energy
balance provide a foundation for wellness. The second part of each chapter highlights health
promotion topics and demonstrates practical application of essential information, such as
how to increase fiber intake, criteria to consider when buying a vitamin supplement, and the
risks and benefits of a vegetarian diet.
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Unit Two, Nutrition in Health Promotion, begins with Chapter 8, Guidelines for
Healthy Eating. This chapter features the Dietary Reference Intakes, the Dietary Guide-
lines for Americans, and MyPlate. Other chapters in this unit examine consumer issues and
cultural and religious influences on food and nutrition. The nutritional needs associated
with the life cycle are presented in chapters devoted to pregnant and lactating women, chil-
dren and adolescents, and older adults.

Unit Three, Nutrition in Clinical Practice, includes nutrition therapy for obesity and
eating disorders, enteral and parenteral nutrition, metabolic and respiratory stress, gastro-
intestinal disorders, diabetes, cardiovascular disorders, renal disorders, cancer, and HIV/
AIDS. Pathophysiology is tightly focused as it pertains to nutrition.

RECURRING FEATURES

This edition retains popular features of the previous edition to facilitate learning and engage
students.

= Check Your Knowledge presents true/false questions at the beginning of each chapter
to assess the students’ baseline knowledge. Questions relate to chapter Learning
Objectives.

= Key Terms are defined in the margin for convenient reference.

= Quick Bites—fewer and more condensed to improve layout and readability in the new
edition—provide quick nutrition facts, valuable information, and current research.

= Nursing Process tables clearly present sample application of nutrition concepts in con-
text of the nursing process.

= How Do You Respond? helps students identify potential questions they may encounter
in the clinical setting and prepares them to think on their feet.

= A Case Study and Study Questions at the end of each chapter challenge students to
apply what they have learned.

= Key Concepts summarize important information from each chapter.

TEACHING AND LEARNING RESOURCES

Instructors and students will find valuable resources to accompany the book on Point
at http: //thePoint.lww.com/Dudek7e.

Comprehensive teaching resources are available to instructors upon adoption of this text
and include the following materials.

= A free E-book on thePoint provides access to the book’s full text and images online.

= A Test Generator lets instructors put together exclusive new tests from a bank contain-
ing NCLEX-style questions.

= PowerPoint Presentations provide an easy way to integrate the textbook with the class-
room. Multiple-choice and true /false questions are included to promote class participation.

= An Image Bank provides the photographs and illustrations from this text for use in
course materials.

= Access to all student resources is also provided.


http://thePoint.lww.com/Dudek7e
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Students can activate the code in the front of this book at http://thePoint.Iww.com/
activate to access the following free resources.

= A free E-book on thePoint provides access to the book’s full text and images online.

= NEW! Practice & Learn Interactive Case Studies provide realistic case examples and
offer students the opportunity to apply nutrition essentials to nursing care.

* Journal Articles provided for each chapter offer access to current research available in
Lippincott Williams & Wilkins journals.

I hope this text and teaching/learning resource package provide the impetus to embrace
nutrition on both a personal and professional level.

Susan G. Dudek, RD, CDN, BS


http://thePoint.lww.com/
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Nutrition in Nursing
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The nurse's role in nutrition is to call the dietitian.
Nutrition screening is used to identify clients at risk for malnutrition.

The Joint Commission stipulates the criteria to be included on a nutritional screen for
hospitalized patients.

Changes in weight reflect acute changes in nutritional status.

A person can be malnourished without being underweight.

The only cause of a low serum albumin concentration is protein malnutrition.
“Significant” weight loss is 5% of body weight in 1 month.

People who take five or more prescription or over-the-counter medications or dietary
supplements are at risk for nutritional problems.

Obtaining reliable and accurate information on what the client usually eats can help
identify intake as a source of nutrition problems.

Physical signs and symptoms of malnutrition develop only after other signs of malnutri-
tion are apparent (e.g., abnormal lab values, weight change).

LEARNING OBJECTIVES

Upon completion of this chapter, you will be able to

1 Compare nutrition screening to nutrition assessment.

2 Evaluate weight loss for its significance over a 1-month or 6-month interval.

3 Discuss the validity and reliability of using physical signs to support a nutritional diagnosis
of malnutrition.

4 Give examples of nursing diagnoses that may use nutrition therapy as an intervention.

5 Demonstrate how nurses can facilitate client and family teaching of nutrition therapy.

6 Explain why an alternative term to “diet” is useful.
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B ased on Maslow’s hierarchy of needs, food and nutrition rank on the same level as air in
the basic necessities of life. Obviously, death eventually occurs without food. But unlike
air, food does so much more than simply sustain life. Food is loaded with personal, social,
and cultural meanings that define our food values, beliefs, and customs. That food nour-
ishes the mind as well as the body broadens nutrition to an art as well as a science. Nutrition
is not simply a matter of food or no food but rather a question of what kind, how much,
how often, and why. Merging want with need and pleasure with health are keys to feeding
the body, mind, and soul.

Although the dietitian is the nutrition and food expert, nurses play a vital role in nutri-
tion care. Nurses may be responsible for screening hospitalized patients to identify patients
at nutritional risk. They often serve as the liaison between the dietitian and physician as
well as with other members of the health-care team. Nurses have far more contact with the
patient and family and are often available as a nutrition resource when dietitians are not,
such as during the evening, on weekends, and during discharge instructions. In home care
and wellness settings, dietitians may be available only on a consultative basis. Nurses may
reinforce nutrition counseling provided by the dietitian and may be responsible for basic
nutrition education in hospitalized clients with low to mild nutritional risk. Nurses are inti-
mately involved in all aspects of nutritional care.

This chapter discusses nutrition within the context of nursing, including nutrition
screening and how nutrition can be integrated into the nursing care process.

NUTRITION SCREENING

Nutritional Screen:
a quick look at a few
variables to judge a
client's relative risk for
nutritional problems.
Can be custom de-
signed for a particular
population (e.g., preg-
nant women) or for

a specific disorder
(e.g., cardiac disease).

Malnutrition: literally
“bad nutrition” or any
nutritional imbalance
including overnutrition.
In practice, malnutrition
usually means undernu-
trition or an inadequate
intake of protein and/or
calories that causes
loss of fat stores and/or
muscle wasting.

Nutrition screening is a quick look at a few variables to identify individuals who are mal-
nourished or who are at risk for malnutrition so that an in-depth nutrition assessment
can follow. Screening tools should be simple, reliable, valid, applicable to most patients
or clients in the group, and use data that is readily available (Academy of Nutrition and
Dietetics, 2012). For instance, a community-based senior center may use a nutrition
screen that focuses mostly on intake risks common to that population, such as whether
the client eats alone most of the time and /or has physical limitations that impair the abil-
ity to buy or cook food (Fig. 1.1). In contrast, common screening parameters in acute
care settings include unintentional weight loss, appetite, body mass index (BMI), and
disease severity. Advanced age, dementia, and other factors may be considered. There is
no universally agreed upon tool that is valid and reliable at identifying risk of malnutrition
in all populations at all times.

The Joint Commission, a nonprofit organization that sets health-care standards and
accredits health-care facilities that meet those standards, specifies that nutrition screening be
conducted within 24 hours after admission to a hospital or other health-care facility—even
on weekends and holidays. The Joint Commission allows facilities to determine screening
criteria and how risk is defined. For instance, a hospital may use serum creatinine level as a
screening criterion, with a level greater than 2.5 mg/dL defined as “high risk” because the
majority of their patients are elderly and the prevalence of chronic renal problems is high.
The Joint Commission also leaves the decision of who performs the screening up to indi-
vidual facilities. Because the standard applies 24 hours a day, 7 days a week, staff nurses are
often responsible for completing the screen as part of the admission process. Clients who
“pass” the initial screen are rescreened after a specified amount of time to determine if their
status has changed.
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Nutritional
Assessment: an
in-depth analysis of a
person’s nutritional
status. In the clinical
setting, nutritional
assessments focus on
moderate- to high-risk
patients with suspected
or confirmed protein—
energy malnutrition.

Principles of Nutrition

DETERMINE YOUR NUTRITIONAL HEALTH

The warning signs of poor nutritional health are often overlooked. Use this checklist to find out if
you or someone you know is at nutritional risk.

Read the statements below. Circle the number in the “yes” column for those that apply to you or
someone you know. For each “yes” answer, score the number in the box. Total your nutritional

score.

YES
| have an illness or condition that made me change the kind and/or amount of food | eat. | 2
| eat fewer than two meals per day. 3
| eat few fruits or vegetables, or milk products. 2
| have three or more drinks of beer, liquor or wine almost every day. 2
| have tooth or mouth problems that make it hard for me to eat. 2
| don't always have enough money to buy the food | need. 4
| eat alone most of the time. 1
| take three or more different prescribed or over-the-counter drugs a day. 1
Without wanting to, | have lost or gained 10 pounds in the last six months. 2
| am not always physically able to shop, cook and/or feed myself. 2

TOTAL

Total your nutritional score. If it’'s —

0-2 Good! Recheck your nutritional score in six months.

3-5 You are at moderate nutritional risk. See what can be done to improve your eating
habits and lifestyle. Your office on aging, senior nutrition program, senior citizens
center or health department can help. Recheck your nutritional score in three
months.

6 or more You are at high nutritional risk. Bring this checklist the next time you see your doctor,
dietitian or other qualified health or social service professional. Talk with them about
any problems you may have. Ask for help to improve your nutritional health.

Remember that warning signs suggest risk, but do not represent diagnosis of any condition.

FIGURE 1.1 Determine your nutritional health. American Academy of Family
Physicians, the American Dietetic Association, the National Council on the Aging, Inc.
The Nutrition Screening Initiative.

NUTRITION CARE PROCESS

Clients considered to be at moderate or high risk for malnutrition through screening are
usually referred to a dietitian for a comprehensive nutritional assessment to identify spe-
cific risks or confirm the existence of malnutrition. Nutritional assessment is more accu-
rately called the nutrition care process, which includes four steps (Fig. 1.2). While nurses
use the same problem-solving model to develop nursing or multidisciplinary care plans that
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FIGURE 1.2 The nutrition care process.
Like the nursing process, the nutrition care

1
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Screening
Nutrition
assessment
Nutrition monitoring Nutrition
and evaluation diagnosis

Nutrition

process is a problem-solving method used to intervention

evaluate and treat nutrition-related problems.

may also integrate nutrition, the nutritional plan of care devised by dietitians is specific for
nutrition problems. Some obvious differences in focus are described below:

= Dietitians may obtain much of their preliminary information about the patient from the
nursing history and physical examination, such as height and weight; skin integrity;
usual diet prior to admission; difficulty chewing, swallowing, or self-feeding; chief com-
plaint; medications, supplements, and over-the-counter drugs used prior to admission;
and living situation. Dietitians may request laboratory tests to assess vitamin levels when
micronutrient deficiencies are suspected.
= Dietitians interview patients and /or families to obtain a nutrition history, which may include
information on current dietary habits; recent changes in intake or appetite; intake of snacks;
alcohol consumption; food allergies and intolerances; ethnic, cultural, or religious diet influ-
ences; nutrition knowledge and beliefs; and use of supplements. A nutrition history can help
differentiate nutrition problems caused by inadequate intake from those caused by disease.
Dietitians usually calculate estimated calorie and protein requirements based on the
assessment data and determine whether the diet ordered is adequate and appropriate for
the individual.
Dietitians determine nutrition diagnoses that define the nutritional problem, etiology,
and signs and symptoms. While a nursing diagnosis statement may begin with “Altered
nutrition: eating less than the body needs,” a nutrition diagnosis would be more specific,
such as “Inadequate protein—energy intake.”
Dietitians may also determine the appropriate malnutrition diagnosis code for the patient
for hospital reimbursement purposes.
Nutrition interventions may include requesting a diet order change, requesting additional
laboratory tests to monitor nutritional repletion, and performing nutrition counseling or
education.
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NUTRITION IN THE NURSING PROCESS

Subjective Global
Assessment (SGA):

a clinical method of
assessing nutritional
status based on findings
in a health history and
physical examination.

In nursing care plans, nutrition may be part of the assessment data, diagnosis, plan,
implementation, or evaluation. The remainder of this chapter is intended to help nurses
provide quality nursing care that includes basic nutrition, not to help nurses become
dietitians.

It is well recognized that malnutrition is a major contributor to morbidity, mortality, im-
paired quality of life, and prolonged hospital stays (White et al., 2012). However, there is
currently no single, universally agreed upon method to assess or diagnose malnutrition.
Approaches vary widely and may lack sensitivity (the ability to diagnose all people who
are malnourished) and specificity (misdiagnosing a well-nourished person). For instance,
albumin and prealbumin have been used as diagnostic markers of malnutrition. These pro-
teins are now known to be negative acute phase proteins, which means their levels de-
crease in response to inflaimmation and physiologic stress. Because they are not specific
for nutritional status, failure of these levels to increase with nutrition repletion does not
mean that nutrition therapy is inadequate (Fessler, 2008). Although their usefulness in
diagnosing malnutrition is limited, these proteins may help identify patients at high risk for
morbidity, mortality, and malnutrition (Banh, 2006). BMI and some or all of the compo-
nents of a subjective global assessment (Box 1.1) are commonly used to assess nutrition
(Fessler, 2008).

Medical History and Diagnosis

The chief complaint and medical history may reveal disease-related risks for malnutrition
and whether inflammation is present (Fig. 1.3). Patients with gastrointestinal symptoms or
disorders are among those who are most prone to malnutrition, particularly when symptoms
such as nausea, vomiting, diarrhea, and anorexia last for more than 2 weeks. Box 1.2 lists
psychosocial factors that may impact intake or requirements and help identify nutrition
counseling needs.

Box 1.1 CRITERIA INCLUDED IN SUBJECTIVE GLOBAL ASSESSMENT

Weight Change Functional Capacity

= Unintentional weight loss and the time = Normal or suboptimal; ambulatory or
period of loss bedridden

Dietary Intake Disease and Its Relation to Nutritional

= Change from normal, duration, type of Requirements _ _
diet consumed = Primary diagnosis; severity of metabolic

stress

Gastrointestinal Symptoms Lasting
Longer than 2 Weeks
= Nausea, vomiting, diarrhea, anorexia

Physical Signs and Severity of Findings

= Loss of subcutaneous fat (triceps, chest),
muscle wasting (quadriceps, deltoids),
ankle edema, sacral edema, ascites
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Chronic illness
(e.g., cancer, AIDS, COPD)

:

Inadequate intake/
nutrient availability = o
(anorexia, malabsorption) - Malnutrition
Acute illness Inflammation . infect
(e.g., infection, i -—p requent infection,
trauma, pancreatitis) catabolism altered Gl function

FIGURE 1.3 Factors that may be involved in the etiology of iliness-related malnutrition.

Body Mass Index

Body Mass Index:

an index of weight in
relation to height that
is calculated mathemat-
ically by dividing weight
in kilograms by the
square of height in
meters.

‘%@chk BITE

Body mass index (BMI) is an index of a
person’s weight in relation to height used
to estimate relative risk of health problems
related to weight. Because it is relatively
quick and easy to measure height and weight
and requires little skill, actual measures, not
estimates, should be used whenever possible
to ensure accuracy and reliability. A patient’s
stated height and weight should be used only
when there are no other options.

Interpreting BMI

<185 underweight
18.5-24.9 healthy weight
25-29.9 overweight
30-34.9 obesity class 1
35-39.9 obesity class 2
=40 obesity class 3
Box 1.2

PsycHosociaL FacTtors THAT MAY INFLUENCE INTAKE,
NuTtriTiIONAL REQUIREMENTS, OR NUTRITION COUNSELING

Psychological Factors
= Depression

= Eating disorders

= Psychosis

Social Factors

= [lliteracy

= Language barriers

= Limited knowledge of nutrition and food
safety

= Altered or impaired intake related to
culture

= Altered or impaired intake related to
religion

= Lack of caregiver or social support
system

= Social isolation

= Lack of or inadequate cooking
arrangements

= Limited or low income

= Limited access to transportation to
obtain food

= Advanced age (older than 80 years)

= Lack of or extreme physical activity

= Use of tobacco or recreational drugs

= Limited use or knowledge of community
resources
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“Healthy” or “normal” BMI is defined numerically as 18.5 to 24.9. Values above and
below this range are associated with increased health risks. Although BMI can be calcu-
lated with a mathematical formula, tables and nomograms are available for convenience
(see Chapter 14). One drawback of using BMI is that a person can have a high BMI and
still be undernourished in one or more nutrients if intake is unbalanced or if nutritional
needs are high and intake is inadequate.

Weight Change

Dietary Intake

Unintentional weight loss is a well-validated indicator of malnutrition (White et al., 2012).
The significance of weight change is evaluated after the percentage of usual body weight
lost in a given period of time is calculated (Box 1.3). Usually, weight changes are more
reflective of chronic, not acute, changes in nutritional status. The patient’s weight can be
unreliable or invalid due to hydration status. Edema, anasarca, fluid resuscitation, heart
failure, and chronic liver or renal disease can falsely inflate weight.

A decrease in intake compared to the patient’s normal intake may indicate nutritional
risk. However, like other data, validity and reliability may be an issue. Although the nurse
may only be required to fill in a blank space next to the word “appetite,” simply ask-
ing the client “How is your appetite?” will probably not provide sufficient information.
A Dbetter question may be “Has the type or amount of food you eat recently changed?
If so, please explain.” Consuming only liquids and severely limiting the type or amount
of food are risks.

Another question to avoid while obtaining a nursing history is “Are you on a diet?” To
many people, diet is synonymous with weight loss diet; they may fail to mention they use
nutrition therapy to avoid sodium, modify fat, or count carbohydrates. A better question
would be, “Do you avoid any particular foods?” or “Do you watch what you eat in any
way?” Even the term “meal” may elicit a stereotypical mental picture. Questions to consider
when asking a client about his or her usual intake appear in Box 1.4.

Box 1.3 CALcuLATING AND EvaLuaTiING PERCENT WEIGHT CHANGE

Calculating Percent Weight Change

(usual body weight — current body weight)

X 100
usual body weight

% weight change =

Significant Unintentional Weight Loss

Time Period (% of Weight Lost)
1 week >2

1 month >b

3 months >7.5

6 months >10

Source: Academy of Nutrition and Dietetics. (2012). Nutrition Care Manual. Available at http://nutritioncaremanual
.org/content.cfm?ncm_content_id=79554. Accessed on 8/16/2012.
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Box 1.4 QuEesTIONS TO CoNsIDER ABOUT INTAKE

How many meals and snacks do you eat in a 24-hour period? This question helps to
establish the pattern of eating and identifies unusual food habits such as pica, food
faddism, eating disorders, and meal skipping.

Do you have any food allergies or intolerances, and, if so, what are they? The greater the
number of foods restricted or eliminated in the diet, the greater the likelihood of nutri-
tional deficiencies. This question may also shed light on the client’s need for nutrition
counseling. For instance, clients with hiatal hernia who are intolerant of citrus fruits and
juices may benefit from counseling on how to ensure an adequate intake of vitamin C.

What types of vitamin, mineral, herbal, or other supplements do you use and why?

A multivitamin, multimineral supplement that provides 100% or less of the daily

value offers some protection against less than optimal food choices. Folic acid in
supplements or fortified food is recommended for women of childbearing age;

people older than 50 years are encouraged to obtain vitamin B,, from fortified foods or
supplements. However, potential problems may arise from other types or amounts

of supplements. For instance, large doses of vitamins A, Bg, and D have the potential
to cause toxicity symptoms. Iron supplements may decrease zinc absorption and
negatively impact zinc status over time.

What concerns do you have about what or how you eat? This question places the
responsibility of healthy eating with the client, where it should be. A client who may
benefit from nutrition intervention and counseling in theory may not be a candidate for
such in practice depending on his or her level of interest and motivation. This question
may also shed light on whether or not the client understands what he or she should be
eating and whether the client is willing to make changes in eating habits.

For clients who are acutely ill: How has illness affected your choice or tolerance of
food? Sometimes, food aversions or intolerances can shed light on what is going
on with the client. For instance, someone who experiences abdominal pain that is
relieved by eating may have a duodenal ulcer. Clients with little or no intake of food
or liquids are at risk for dehydration and nutrient deficiencies.

Who prepares the meals? This person may need nutritional counseling.

Do you have enough food to eat? Be aware that pride and an unwillingness to admit inabil-
ity to afford an adequate diet may prevent some clients and families from answering this
question. For hospitalized clients, it may be more useful to ask the client to compare the
size of the meals they are served in the hospital with the size of meals they normally eat.

How much alcohol do you consume daily? Risk begins at more than one drink daily for
women and more than two drinks daily for men.

Physical Findings

Subclinical:
asymptomatic.

Loss of subcutaneous fat, such as in the triceps and chest, muscle wasting in the quadriceps
and deltoids, ankle edema, sacral edema, and ascites may be indicative of malnutrition.
These abnormal findings are subjectively assessed as mild, moderate, or severe.

Box 1.5 lists other physical findings that may suggest malnutrition. Most physical symp-
toms cannot be considered diagnostic because evaluation of “normal” versus “abnormal”
findings is subjective, and the signs of malnutrition may be nonspecific. For instance, dull,
dry hair may be related to severe protein deficiency or to overexposure to the sun or use
of hair products such as colorants. In addition, physical signs and symptoms of malnutri-
tion can vary in intensity among population groups because of genetic and environmental
differences. Lastly, physical findings occur only with overt malnutrition, not subclinical
malnutrition.
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Box 1.5 PHysicaL Symptoms SUGGESTIVE OF IVIALNUTRITION

= Hair that is dull, brittle, or dry, or falls out easily

= Swollen glands of the neck and cheeks

= Dry, rough, or spotty skin that may have a sandpaper feel
= Poor or delayed wound healing or sores

= Thin appearance with lack of subcutaneous fat

= Muscle wasting (decreased size and strength)

= Edema of the lower extremities

= Weakened hand grasp

= Depressed mood

= Abnormal heart rate, heart rhythm, or blood pressure
= Enlarged liver or spleen

= Loss of balance and coordination

A diagnosis is made after assessment data are interpreted. Nursing diagnoses in hospitals
and long-term care facilities provide written documentation of the client’s status and serve
as a framework for the plan of care that follows. The diagnoses relate directly to nutrition
when the pattern of nutrition and metabolism is the problem. Other nursing diagnoses,
while not specific for nutrition, may involve nutrition as part of the plan, such as teaching
the patient how to increase fiber intake to relieve the nursing diagnosis of constipation.
Box 1.6 lists nursing diagnoses with nutritional significance.

Outcomes, or goals, should be measurable, attainable, specific, and client centered. How
do you measure success against a vague goal of “gain weight by eating better”? Is “eating
better” achieved by adding butter to foods to increase calories or by substituting 1% milk
for whole milk because it is heart healthy? Is a 1-pound weight gain in 1 month acceptable
or is 1 pound/week preferable? Is 1 pound/week attainable if the client has accelerated
metabolism and catabolism caused by third-degree burns?

Client-centered outcomes place the focus on the client, not the health-care provider;
they specify where the client is heading. Whenever possible, give the client the opportunity
to actively participate in goal setting, even if the client’s perception of need differs from
yours. In matters that do not involve life or death, it is best to first address the client’s con-
cerns. Your primary consideration may be the patient’s significant weight loss during the
last 6 months of chemotherapy, whereas the patient’s major concern may be fatigue. The
two issues are undoubtedly related, but your effectiveness as a change agent is greater if you
approach the problem from the client’s perspective. Commitment to achieving the goal is
greatly increased when the client “owns” the goal.

Keep in mind that the goal for all clients is to consume adequate calories, protein, and
nutrients using foods they like and tolerate as appropriate. If possible, additional short-term
goals may be set to alleviate symptoms or side effects of disease or treatments and to prevent
complications or recurrences if appropriate. After short-term goals are met, attention can
expand to promoting healthy eating to reduce the risk of chronic diet-related diseases such
as obesity, diabetes, hypertension, and atherosclerosis.
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Box 1.6 SeLecTED NURsING DiagNoOses WITH NUTRITIONAL SIGNIFICANCE
Pattern Nutrition and Metabolic Examples of Other Diagnoses in Which
High risk for altered nutrition: intake Nutrition Interventions May Be Part of

exceeds the body’s needs the Care Plan
Altered nutrition: intake exceeds the Altered health maintenance
body’s needs Ineffective management of therapeutic
Altered nutrition: eating less than the regimen
body needs Infection
Effective breastfeeding Constipation
Ineffective breastfeeding Diarrhea
Interrupted breastfeeding Bowel incontinence
Ineffective infant feeding pattern Altered urinary excretion
High risk of aspiration Impaired physical mobility
Swallowing disorder Fatigue
Altered oral mucosa Self-care deficit: feeding
High risk for fluid volume deficits Household altered
Fluid volume deficits Altered tissue perfusion
Excess fluid volume Pain
High risk for impaired skin integrity Chronic pain
Impaired skin integrity Alterations sensory/perceptual
Impaired tissue integrity Unilateral oblivion
High risk for altered body temperature Knowledge deficits
Ineffective thermoregulation Anxiety
Hyperthermia Body image disorder
Hypothermia Social isolation
Ineffective individual coping
Ineffective family coping
Defensive coping

What can you or others do to effectively and efficiently help the client achieve his or her
goals? Interventions may include nutrition therapy and client teaching.

Nutrition Therapy

Throughout this book, the heading “Nutrition Therapy” is used in place of “Diet” because,
among clients, diet is a four-letter word with negative connotations, such as counting cal-
ories, deprivation, sacrifice, and misery. A diet is viewed as a short-term punishment to
endure until a normal pattern of eating can resume. Clients respond better to terminology
that is less emotionally charged. Terms such as eating pattern, food intake, eating style, or
the food you eat may be used to keep the lines of communication open.

Nutrition therapy recommendations are usually general suggestions to increase/
decrease, limit/avoid, reduce /encourage, or modify/maintain aspects of the diet because
exact nutrient requirements are determined on an individual basis. Where more precise
amounts of nutrients are specified, consider them as a starting point and monitor the client’s
response. Box 1.7 highlights formulas for calculating calorie and protein requirements.

Nutrition theory does not always apply to practice. Factors such as the client’s prog-
nosis, outside support systems, level of intelligence and motivation, willingness to com-
ply, emotional health, financial status, religious or ethnic background, and other medical
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Box 1.7 CaLcuLAaTING EsTimATED NEEDS

A “rule-of-thumb” method of estimating calorie requirements:
Multiply weight in kg by

30 cal/kg for most healthy adults
25 cal/kg for elderly adults
20-25 cal/kg for obese adults

Example: For an adult weighing 154 pounds:
154 pounds + 2.2 kg/pound = 70 kg

70 kg X 30 cal/kg = 2100 cal/day
Estimating protein requirements
Healthy adults need 0.8 g protein/kg
Example: For an adult weighing 154 pounds:
154 pounds + 2.2 kg/pound = 70 kg
70 kg X 0.8 g/kg = 56 g protein/day

conditions may cause the optimal diet to be impractical in either the clinical or the home
setting. Generalizations do not apply to all individuals at all times. Also, comfort foods
(e.g., chicken soup, mashed potatoes, ice cream) are valuable for their emotional benefits
if not nutritional ones. Honor clients’ requests for individual comfort foods whenever pos-
sible. Box 1.8 suggests ways the nurse can promote an adequate intake.

Client Teaching

Compared with “well” clients, patients in a clinical setting may be more receptive to nutritional
advice, especially if they feel better by doing so or are fearful of a relapse or complications. But
hospitalized patients are also prone to confusion about nutrition messages. The patient’s abil-
ity to assimilate new information may be compromised by pain, medication, anxiety, or a dis-
tracting setting. Time spent with a dietitian or diet technician learning about a “diet” may be

Box 1.8 WAys To PROMOTE AN ADEQUATE INTAKE

= Reassure clients who are apprehensive about eating.

= Encourage a big breakfast if appetite deteriorates throughout the day.
= Advocate discontinuation of intravenous therapy as soon as feasible.
= Replace meals withheld for diagnostic tests.

= Promote congregate dining if appropriate.

= Question diet orders that appear inappropriate.

= Display a positive attitude when serving food or discussing nutrition.
= Order snacks and nutritional supplements.

= Request assistance with feeding or meal setup.

= Get the patient out of bed to eat if possible.

= Encourage good oral hygiene.

= Solicit information on food preferences.
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Box 1.9 WaAys 1o FAcILITATE CLIENT AND FAMILY TEACHING

= Listen to the client’s concerns and ideas.

= Encourage family involvement if appropriate.

= Reinforce the importance of obtaining adequate nutrition.
= Help the client to select appropriate foods.

= Counsel the client about drug—nutrient interactions.

= Avoid using the term “diet.”

= Emphasize things “to do” instead of things “not to do.”

= Keep the message simple.

= Review written handouts with the client.

= Advise the client to avoid foods that are not tolerated.

brief or interrupted, and the patient may not even know what questions to ask until long after
the dietitian is gone. Box 1.9 suggests ways nurses can facilitate client and family teaching.

In the “Nursing Process” sections of this textbook, monitoring and evaluation are grouped
together, even though they are different in practice. In reality, monitoring precedes evalu-
ation as a way to stay on top of progress or difficulties the client is experiencing. Box 1.10
offers general monitoring suggestions. Evaluation assesses whether client outcomes were
achieved after the nursing care plan was given time to work. Given the limitations inherent
in an abstract nursing care plan, monitoring and evaluation are combined in this textbook.

Ideally, the client’s outcomes are achieved on a timely basis, and evaluation statements
are client outcomes rewritten from “the client will” to “the client is.” In reality, outcomes
may be only partially met or not achieved at all; in those instances, it is important to deter-
mine why the result was less than ideal. Were the outcomes realistic for this particular client?
Were the interventions appropriate and consistently implemented? Evaluation includes
deciding whether to continue, change, or abolish the plan.

Consider a male client admitted to the hospital for chronic diarrhea. During the 3 weeks
before admission, the client experienced significant weight loss due to malabsorption sec-
ondary to diarrhea. Your goal is for the client to maintain his admission weight. Your inter-
ventions are to provide small meals of low-residue foods as ordered, to eliminate lactose
because of the likelihood of intolerance, to increase protein and calories with appropriate

Box 1.10 MoONITORING SUGGESTIONS

= Observe intake whenever possible to judge the adequacy.

= Document appetite and take action when the client does not eat.

= Order supplements if intake is low or needs are high.

= Request a nutritional consult.

= Assess tolerance (i.e., absence of side effects).

= Monitor weight.

= Monitor progression of restrictive diets. Clients who are receiving nothing by mouth
(NPO), who are restricted to a clear liquid diet, or who are receiving enteral or paren-
teral nutrition are at risk for nutritional problems.

= Monitor the client’s grasp of the information and motivation to change.
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nutrient-dense supplements, and to explain the nutrition therapy recommendations to the
client to ease his concerns about eating. You find that the client’s intake is poor because of
lack of appetite and a fear that eating and drinking will promote diarrhea. You notify the
dietitian who counsels the client about low-residue foods, obtains likes and dislikes, and
urges the client to think of the supplements as part of the medical treatment, not as a food
eaten for taste or pleasure. You document intake and diligently encourage the client to eat
and drink everything served. However, the client’s weight continues to drop. You attribute
this to his reluctance to eat and to the slow resolution of diarrhea related to inflammation.
You determine that the goal is still realistic and appropriate but that the client is not willing
or able to consume foods orally. You consult with the physician and dietitian about the
client’s refusal to eat and the plan changes from an oral diet to tube feeding.

Should I save my menus from the hospital to help me plan meals at home? This is
not a bad idea if the in-house and discharge food plans are the same, but the menus
should serve as a guide, not a gospel. Just because shrimp was never on the menu
doesn’t mean it is taboo. Likewise, if the client hated the orange juice served every
morning, he or she shouldn’t feel compelled to continue drinking it. By necessity, hospi-
tal menus are more rigid than at-home eating plans.

Can you just tell me what to eat and I’ll do it? A black-and-white approach should be
used only when absolutely necessary, such as for food allergies or for clients who insist on
a rigid plan rather than the freedom to make choices. In most cases, flexible and individ-
ualized guidelines and recommendations will promote the greatest chance of compliance.
Urge the client not to think of foods as “good” or “bad” but rather “more healthy” and
“less healthy,” except in situations of food allergy or intolerance. In most other cases,
foods are negotiable.

Case Stupy

Steven is a 44-year-old male who is 5 ft 11 in tall and weighs 182 pounds. Over the last
month, he has lost approximately 10 pounds, which he blames on loss of appetite and
fatigue. When he went to his family doctor with flu-like symptoms, a blood test revealed a
very high white blood cell count, low platelet count, and low hemoglobin. The doctor told
him to proceed to the hospital for admission to rule out acute leukemia. Further laboratory
tests are pending. Admitting orders include a regular diet. Steven does not have a signifi-
cant medical history. He is married, has three children, and enjoys a successful career.
Calculate and evaluate Steven’s weight according to the following standards:

= BMI

= Percent weight change

= Based on Steven’s weight and weight change, is he at nutritional risk?

= Does Steven’s possible diagnosis place him at nutritional risk?

= What other criteria would help determine his level of risk?

= Calculate his estimated calorie requirements. Calculate his Recommended Dietary
Allowance (RDA) for protein.

= Ifhe is treated for leukemia, his protein need may increase to approximately 1.2 g protein/kg.
How much would he then require?

= The hospital’s diet manual says that, on average, a regular diet provides 2400 calories
and 90 g of protein. Is this diet adequate to meet his needs?
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STUDY QUESTIONS

1. Nurses are in an ideal position to
a. Screen patients for risk of malnutrition
b. Order therapeutic diets
c. Conduct comprehensive nutrition assessments
d. Calculate a patient’s calorie and protein needs

2. How much weight would a 200-pound adult need to lose in a month to be considered
significant?
a. It depends on the patient’s BMI.
b. More than 5 pounds
c. More than 7.5 pounds
d. More than 10 pounds

3. Which of the following criteria would most likely be on a nutrition screen in the hospital?
a. Prealbumin value
b. Weight change
c. Serum potassium value
d. Cultural food preferences

4. Which of the following statements is accurate regarding physical signs and symptoms

of malnutrition?

a. “Physical signs of malnutrition appear before changes in weight or laboratory
values occur.”

b. “Physical signs of malnutrition are suggestive, not definitive, for malnutrition.”

c. “Physical signs are easily identified as ‘abnormal.””

d. “All races and genders exhibit the same intensity of physical changes in response
to malnutrition.”

5. Your patient has a question about the cardiac diet the dietitian reviewed with him

yesterday. What is the nurse’s best response?

a. “Ask your doctor when you go for your follow-up appointment.”

b. “What is the question? If | can’t answer it, | will get the dietitian to come back to
answer it.”

c. "Just do your best. The handout she gave you is simply a list of guidelines, not
rigid instructions.”

d. “If | see the dietitian around, | will tell her you need to see her.”

6. Which of the following statements is true regarding albumin?
a. Albumin is a reliable and sensitive indicator of protein status.
b. An increase in serum albumin accurately reflects the adequacy of nutrition therapy.
c. An increase in albumin levels means nutrition therapy is adequate.
d. Low albumin is associated with morbidity, mortality, and risk of malnutrition
because it reflects severity of illness.

KeEYy CONCEPTS

Nutrition is an integral part of nursing care. Like air, food is a basic human need.
Nutrition screening is used to identify patients or clients who may be at risk for
malnutrition. Screening tools are simple, quick, easy to use, and rely on available data.
The Joint Commission stipulates that nutrition screens be performed within 24 hours
of admission to a health-care facility, but facilities are free to decide what criteria to
include on a screen, what findings indicate risk, and who is to conduct the screen.
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Screens are often the responsibility of staff nurses because they can be completed
during a history and physical examination upon admission.

Patients who are identified to be a low or no nutritional risk are rescreened within a
specified period of time to determine whether their nutritional risk status has changed.
Patients who are found to be a moderate to high nutritional risk at screening receive

a comprehensive nutritional assessment by the dietitian that includes the steps of
assessment, diagnosis, intervention, and monitoring and evaluation.

Dicetitians use information from the nursing history and physical examination to begin
the assessment process. They may also obtain a nutritional history from the patient, cal-
culate estimated protein and calorie needs, assess the adequacy and appropriateness of
the diet order, and identity the patient’s diagnostic code for malnutrition, if appropriate.
Nurses can integrate nutrition into the nursing care process to develop care plans that
address the individual’s needs. Nurses are not expected to be dietitians but rather use
nutrition to provide quality nursing care.

Albumin and prealbumin are not valid criteria for assessing protein status because they
become depleted from inflammation and physiologic stress.

Accurate height and weight are essential for assessing risk and monitoring progress.
They are used to determine BMI and percentage of weight loss. Significant unintentional
weight loss is defined according to the length of time over which the loss occurred.
Dietary data can help determine whether a nutrition problem is caused by intake or

by illness or its treatments. The term diet inspires negative feelings in most people.
Replace it with eating pattern, eating style, or foods you normally eat to avoid negative
connotations.

People with gastrointestinal symptoms, such as nausea, vomiting, diarrhea, and
anorexia, that last more than 2 weeks are at risk for malnutrition.

Physical signs and symptoms of malnutrition are nonspecific, subjective, and develop
slowly and should be considered suggestive, not diagnostic, of malnutrition.
Medical-psychosocial history can reveal factors that influence intake, nutritional
requirements, or nutrition counseling needs.

Medications and nutritional supplements should be evaluated for their potential impact
on nutrient intake, absorption, utilization, or excretion.

Nursing diagnoses relate directly to nutrition when the pattern of nutrition or metabo-
lism is altered. Many other nursing diagnoses, such as constipation, impaired skin integ-
rity, knowledge deficits, and infection, may include nutrition in some aspect of the plan.
A nutrition priority for all clients is to obtain adequate calories and nutrients based on
individual needs.

Short-term nutrition goals are to attain or maintain adequate weight and nutritional
status and (as appropriate) to avoid nutrition-related symptoms and complications of
illness. Client-centered outcomes should be measurable, attainable, and specific.
Intake recommendations are not always appropriate for all persons; what is recom-
mended in theory may not work for an individual. Clients may revert to comfort foods
during periods of illness or stress.

Nurses can reinforce nutrition counseling provided by the dietitian and initiate counsel-
ing for clients with low or mild risk.

Use preprinted lists of “do’s” and “don’ts” only if absolutely necessary, such as in the
case of food allergies. For most people, actual food choices should be considered in
view of how much and how often they are eaten rather than as foods that “must” or
“must not” be consumed.
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Check Your Knowledge Answer Key

1. FALSE The nurse is in an ideal position to provide nutrition information to patients and
their families since he or she is the one with the greatest client contact.

2. TRUE Nutritional screening uses a small number of factors to identify patients or
clients with malnutrition or at risk of malnutrition.

3. FALSE Hospitals and health-care facilities are free to decide what criteria they will use
to identify risk for malnutrition and what defines risk. For instance, one hospital may
use acute pancreatitis as a high-risk diagnosis, whereas another may not.

4. FALSE Changes in weight may be slow to occur. Weight changes are more reflective
of chronic, not acute, changes in nutritional status.

5. TRUE A person can be malnourished without being underweight. Weight does not
provide qualitative information about body composition.

6. FALSE Low serum albumin levels may be caused by problems other than protein mal-
nutrition, such as injury, infection, overhydration, and liver disease.

7. TRUE Weight loss is judged as significant if there is a 5% loss over the course of
1 month.

8. TRUE People who take five or more prescription drugs, over-the-counter drugs, or
dietary supplements are at increased risk for developing drug-induced nutrient
deficiencies.

9. TRUE Determining what the patient normally eats can help diagnose the role of intake
in the nutritional problem as primary, secondary, or insignificant.

10. TRUE Physical signs and symptoms of malnutrition develop only after other signs of
malnutrition, such as laboratory values and weight changes, are observed.

Student Resources on Point

For additional learning materials, activate the code in the front of this book at
http://thePoint.lww.com/activate

Websites For more on the nutrition care process used by dietitians, go to http://www.eatright.org/
HealthProfessionals/content.aspx?id=5902
Find tools to assess dietary intake in well people at http: //fnic.nal.usda.gov/dietary-guidance/
dietary-assessment
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Carbohydrates

CHEcKk YOUR KNOWLEDGE
TRUE FALSE

Starch is made from glucose molecules.

0]

Sugar is higher in calories than starch.

The sugar in fruit is better for you than the sugar in candy.

A WN =

Most commonly consumed American foods provide adequate fiber to enable people to
meet the recommended intake.

o

Enriched wheat bread is nutritionally equivalent to whole wheat bread.

()]

Soft drinks and energy/sports drinks contribute more added sugars to the typical
American diet than any other food or beverage.

N

Bread is just as likely as candy to cause cavities.

0

The sugar content on food labels refers only to added sugars, not those naturally present
in the food.

The safety of nonnutritive sweeteners is questionable.

O O g oo
O O g

o ©

Sugar causes hyperactivity in kids.

LEARNING OBJUECTIVES

Upon completion of this chapter, you will be able to

1 Classity the type(s) of carbohydrate found in various foods.

2 Describe the functions of carbohydrates.

3 Modify a menu to ensure that the adequate intake for fiber is provided.
4 Calculate the calorie content of a food that contains only carbohydrates.
5 Debate the usefulness of using glycemic load to make food choices.

6 Suggest ways to limit sugar intake.

7 Discuss the benefits and disadvantages of using sugar alternatives.

18
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CARBOHYDRATES

Carbohydrates (CHO):
a class of energy-
yielding nutrients that
contain only carbon,
hydrogen, and oxygen,
hence the common
abbreviation of CHO.

Simple Sugars: a
classification of carbohy-
drates that includes
monosaccharides and
disaccharides; commonly
referred to as sugars.

Complex
Carbohydrates: a
group name for starch,
glycogen, and fiber;
composed of long chains
of glucose molecules.

Monosaccharide:
single (mono) molecules
of sugar (saccharide);
the most common mono-
saccharides in foods are
hexoses that contain six
carbon atoms.

Disaccharide: “double
sugar” composed of two
(di) monosaccharides
(e.g., sucrose, maltose,
lactose).

Polysaccharides:
carbohydrates consisting
of many (poly) sugar
molecules.

Starch: the storage form
of glucose in plants.

Sugar and starch come to mind when people hear the word “carbs,” but carbohydrates
are so much more than just table sugar and bread. Foods containing carbohydrates can be
empty calories, nutritional powerhouses, or something in between. Globally, carbohydrates
provide the majority of calories in almost all human diets.

This chapter describes what carbohydrates are, where they are found in the diet, and
how they are handled in the body. Recommendations regarding intake and the role of car-
bohydrates in health are presented.

Carbohydrates (CHO) are comprised of the elements carbon, hydrogen, and oxygen
arranged into basic sugar molecules. They are classified as either simple sugars or complex
carbohydrates (Fig. 2.1).

Simple Sugars

Simple sugars contain only one (mono-) or two (di-) sugar (saccharide) molecules; they
vary in sweetness and sources (Table 2.1). Monosaccharides, such as glucose, fructose,
and galactose, are absorbed “as is” without undergoing digestion; disaccharides, such as
sucrose (table sugar), maltose, and lactose, must be split into their component monosac-
charides before they can be absorbed.

Glucose, also known as dextrose, is the simple sugar of greatest distinction: it circulates
through the blood to provide energy for body cells; it is a component of all disaccharides
and is virtually the sole constituent of complex carbohydrates; and it is the sugar to which
the body converts all other digestible carbohydrates.

Complex Carbohydrates

Complex carbohydrates, also known as polysaccharides, are composed of hundreds to
thousands of glucose molecules linked together. Despite being made of sugar, polysaccha-
rides do not taste sweet because their molecules are too large to fit on the tongue’s taste
bud receptors that sense sweetness. Starch, glycogen, and fiber are types of polysaccharides.

Starch. Through the process of photosynthesis, plants synthesize glucose, which they use
for energy. Glucose not used by the plant for immediate energy is stored in the form of
starch in seeds, roots, or stems. Grains, such as wheat, rice, corn, barley, millet, sorghum,

Carbohydrates
|

v v

Simple sugars

3 |

Monosaccharides Disaccharides Polysaccharides
e glucose e sucrose e starch
e fructose e maltose e glycogen
FIGURE 2.1 L e galactose * lactose o fiber
Carbohydrate classifications.
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Table 2.1 Simple Sugars

Relative Sweetness  Sources

Monosaccharides

Glucose (also known as 70 Fruit, vegetables, honey, corn syrup,
dextrose) cornstarch

Fructose (also known as 170 Fruit, honey, some vegetables
fruit sugar)

Galactose 60 Does not occur in appreciable

amounts in foods; significant only
as it combines with glucose to form

lactose
Disaccharides
Sucrose (composed of 100 Fruit, vegetables
glucose and fructose) Extracted from sugarcane and sugar

beets into white, brown, confectioners,
and turbinado sugars

Maltose (composed of 50 Not found naturally in foods; added
two glucose molecules) to some foods for flavoring (e.g.,
malted milk shakes) and to beer for
coloring
Is an intermediate in starch digestion
Lactose (composed of 40 “Milk sugar”; used as an additive in
glucose and galactose) many foods and drugs

Glycogen: storage
form of glucose in
animals and humans.

Insoluble Fiber:
nondigestible
carbohydrates that do
not dissolve in water.

Soluble Fiber:
nondigestible carbohy-
drates that dissolve

to a gummy, viscous
texture.

oats, and rye, are the world’s major food crops and the foundation of all diets. Other
sources of starch include potatoes, legumes, and other starchy vegetables.

Glycogen. Glycogen is the animal (including human) version of starch; it is stored car-
bohydrate available for energy as needed. Humans have a limited supply of glycogen stored
in the liver and muscles. Liver glycogen breaks down and releases glucose into the blood-
stream between meals to maintain normal blood glucose levels and provide fuel for tissues.
Muscles do not share their supply of glycogen but use it for their own energy needs. There
is virtually no dietary source of glycogen because any glycogen stored in animal tissue is
quickly converted to lactic acid at the time of slaughter. Miniscule amounts of glycogen are
found in shellfish, such as scallops and oysters, which is why they taste slightly sweet com-
pared to other fish.

Fiber. Although there is no universally accepted definition of fiber, it is generally consid-
ered a group name for polysaccharides that cannot be digested by human enzymes.
These polysaccharides include cellulose, pectin, gums, hemicellulose, B-glucans, inu-
lin, oligosaccharides, fructans, lignin, and some resistant starch. Often referred to as
“roughage,” fiber is found only in plants as a component of plant cell walls or intercel-
lular structure.

Historically, fibers have been categorized as insoluble or soluble for the purpose of
assigning specific functions to cach category. For instance, soluble fibers are credited with
slowing gastric emptying time to promote a feeling of fullness, delaying and blunting the
rise in postprandial serum glucose, and lowering serum cholesterol, whereas insoluble fiber
is credited with increasing stool size to promote laxation. However, there is inconsistent
evidence at best that each type has different and specific functions (American Dietetic



CHAPTER 2

Dietary Fiber: carbo-
hydrates and lignin that
are natural and intact
components of plants
that cannot be digested
by human enzymes.

Functional Fiber: as
proposed by the Food
and Nutrition Board,
functional fiber consists
of extracted or isolated
nondigestible carbohy-
drates that have benefi-
cial physiologic effects
in humans.

Total Fiber: total fiber =

dietary fiber + functional
fiber.

Added Sugars: caloric
sugars and syrups
added to foods during
processing preparation
or consumed separately;
do not include sugars
naturally present in
foods, such as fructose
in fruit and lactose

in milk.

Whole Grains and
Whole Grain Flours:
contain the entire grain,
or seed, which includes
the endosperm, bran,
and germ.

Phytochemicals:
bioactive, nonnutrient
plant compounds asso-
ciated with a reduced
risk of chronic diseases.

Refined Grains and
Refined Flours: consist
of only the endosperm
(middle part) of the
grain and therefore do
not contain the bran
and germ portions.

Enrichment: adding
back certain nutrients
(to specific levels)
that were lost during
processing.
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Association, 2008). In reality, although sources of fiber may be considered either soluble or
insoluble, almost all sources of fiber provide a blend of difterent fibers.

The National Academy of Sciences recommends that the terms insoluble and solu-
ble be phased out in favor of ascribing specific physiologic benefits to a particular fiber.
Dietary fiber refers to intact and naturally occurring fiber found in plants; functional fiber
refers to fiber that has been isolated or extracted from plants that has beneficial physiologic
effects in the body. The sum of dietary and functional fiber equals total fiber. The rationale
for discontinuing soluble and insoluble fiber is that the amounts of soluble and insoluble
fibers measured in a mixed diet are dependent on methods of analysis that are not able to
exactly replicate human digestion.

It is commonly assumed that fiber does not provide any calories because it is not truly
digested by human enzymes and may actually trap macronutrients eaten at the same time
and prevent them from being absorbed. Yet most fibers, particularly soluble fibers, are
fermented by bacteria in the colon to produce carbon dioxide, methane, hydrogen, and
short-chain fatty acids, which serve as a source of energy (calories) for the mucosal lining
of the colon. Although the exact energy value available to humans from the blend of fibers
in food is unknown, current data indicate the value is between 1.5 and 2.5 cal /g (Institute
of Medicine, 2005).

Sources of carbohydrates include natural sugars in fruit and milk; starch in grains, veg-
etables, legumes, and nuts; and added sugars in foods with empty calories. Servings of
commonly consumed grains, fruit, and vegetables contain only 1 to 3 g of dietary fiber;
legumes are rich in fiber (Table 2.2). Figure 2.2 shows the average carbohydrate and fiber
content of each MyPlate food group.

Grains

This group is synonymous with “carbs” and consists of grains (¢.g., wheat, barley, oats, rye,
corn, and rice) and products made with flours from grains (e.g., bread, crackers, pasta, and
tortillas).

Grains are classified as “whole” or “refined” (Box 2.1).Whole grains consist of the
entire kernel of a grain (Fig. 2.3).They may be caten whole as a complete food (e.g., oat-
meal, brown rice, or popcorn) or milled into flour to be used as an ingredient in bread,
cereal, and baked goods. Even when whole grains are ground, cracked, or flaked, they must
have the same proportion of the original three parts:

= The bran, or tough outer coating, which provides antioxidants, iron, zinc, copper, mag-
nesium, B vitamins, fiber, and phytochemicals.

= The endosperm, the largest portion of the kernel, which supplies starch, protein, and
small amounts of vitamins and minerals.

= The germ (embryo), the smallest portion of the kernel that contains B vitamins, vitamin E,
antioxidants, phytochemicals, and unsaturated fat. Its unsaturated fat content makes
whole wheat flour more susceptible to rancidity than refined flour.

Bran cereals and wheat germ are not whole grains because they come from only one part
of the whole.

“Refined” grains have most of the bran and germ removed. They are rich in starch but
lack the fiber, B vitamins, vitamin E, trace minerals, unsaturated fat, and most of the phyto-
chemicals found in whole grains (International Food Information Council, 2009). The process
of enrichment restores some B vitamins (thiamin, riboflavin, and niacin) and iron to levels
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Table 2.2 Fiber Content of Selected Foods

Food Total Fiber (g)
Breads (1 slice)

Rye 1.9
White 0.7
Whole wheat 1.9
Cereals (Y2 cup)

All-Bran 8.8
Cream of Wheat 0.6
Cornflakes 0.3
Oatmeal 2.0
Puffed rice 0.1

Fruit (1 medium unless otherwise specified)

Apple with skin 383
Banana 3.0
Orange 3.0
Peach 1.5
Strawberries (% cup) 1.6
Tangerine 1.5
Watermelon (% cup) 0.3
Legumes (%2 cup cooked)

Baked, vegetarian 5.2
Great northern 6.2
Lentils 7.8
Lima 5.4
Navy 9.5
White 6.3
Nuts (1 0z)

Almonds (24 nuts) 3.3
Cashews (18 nuts) 0.9
Pistachios (47 nuts) 2.8
Walnuts (14 halves) 1.9
Vegetables (/2 cup cooked)

Asparagus 1.4
Broccoli 25
Brussels sprouts 2.0
Cabbage 1.5
Collards 2.4
Mustard greens 1.4
Sweet potato 3.0
Tomatoes 2.4

Source: U.S. Department of Agriculture National Nutrient Database for Standard Reference, Release 24.
(n.d.). Available at https://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/SR24/nutrlist/sr24a291.pdf.
Accessed 8/28/2012.

Fortified: adding
nutrients that are not
naturally present in the
food or were present in
insignificant amounts.

found prior to processing. Other substances that are lost, such as other vitamins, other miner-
als, fiber, and phytochemicals, are not replaced by enrichment. Enriched grains are also required
to be fortified with folic acid, a mandate designed to reduce the risk of neural tube defects.
Examples of refined grains include white flour, white bread, white rice, and refined cornmeal.
Whether whole or refined, a serving of grain is estimated to provide 15 g of carbo-
hydrates. Fiber content can range from 0 g in refined grains to 10 g or more per serving
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GRAINS

Make half your grains whole

15g carbohydrate per 1
ounce equivalent serving,
One 1 ounce serving is about:
* 1 slice bread
« 1 cup breakfast cereal
* 1/2 cup cooked rice,
cereal, pasta
Fiber content varies

Carbohydrates

59 carbohydrate in 1/2 cup
“watery” vegetables, 15g
carbohydrate in 1/2cup
“starchy” vegetables, most
vegetables have 1-3g fiber
in 1/2 cup

159 carbohydrate, 1-3g fiber
in:
+ 1 medium piece of fruit
« 1/2 cup canned fruit
 3/4 cup fruit juice

12g carbohydrate, Og fiber in:
1 cup milk, buttermilk,
artificially sweetened
yogurt, plain yogurt
Higher carbohydrate content
in sweetened milks and
yogurt
No carbohydrate in hard
cheeses

Dry peas and beans: 159
carbohydrate, 5-8¢ fiber
in1/2 cup

Nuts: 4-8g carbohydrate,
1-3g fiber in 1-2 oz.

No other items in this group
naturally provide
carbohydrate

M FIGURE 2.2 Carbohydrate content of MyPlate groups. (Source: U.S. Department
of Agriculture, Center for Nutrition Policy and Promotion. [2011]. Available at
www.choosemyplate.gov)

Vegetables

of high-fiber cereals. Some items in this group, such as sweetened ready-to-eat cereals,

muffins, and pancakes, have added sugar.

Starch and some sugars provide the majority of calories in vegetables, but the content varies
widely among individual vegetables. A 72 cup serving of the following “starchy” vegetables
provides approximately 15 g carbohydrates:

Corn

Legumes (e.g., pinto beans, black beans, garbanzo beans)

Lentils
Peas

Potatoes, sweet potatoes, yams
Winter squash (e.g., acorn, butternut)

Box 2.1

Sources oF WHoLE AND REeErFINED GRAINS

Brown rice

Corn, popcorn

of spelt, emmer, faro, einkorn, bulgur,
cracked wheat, and wheat berries

Products made with whole wheat flour,
such as 100% whole wheat bread,
whole wheat pasta, shredded wheat,
Wheaties, whole wheat tortillas,
whole wheat crackers

Whole oats, oatmeal, Cheerios

Whole-grain barley, whole rye, teff, triti-
cale, millet, amaranth*, buckwheat*,
sorghum¥*, quinoa*, wild rice*

Whole Grains Refined Grains

Whole wheat grain, including varieties

Cream of Wheat, puffed wheat, refined
ready-to-eat wheat cereals

Products made with enriched white
or wheat flour as found in white
or wheat bread, white pasta, flour
tortillas, refined crackers

Oat flour

White rice, Rice Krispies, cream of rice,

puffed rice

Cornstarch, grits, hominy, cornflakes

Pearled barley

*Considered whole grains but are technically not cereals but rather pseudocereals.
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Bran

Outer layer that protects rest of kernel
from sunlight, pests, water, and disease
Provides:

fiber, antioxidants, B vitamin, iron, zinc,
copper, magnesium, and phytochemicals
from sunlight, pests, water, and disease

Endosperm
Storage site

for starch; main
source of flour

Provides:
protein, starch,
small amounts
of vitamins, [
and trace minerals |f

Refined grains:
* made only from endosperm
« are enriched with
thiamin, riboflavin, niacin,
and iron lost through processing
« are fortified with folic acid
« are inferior to whole
grains in vitamin B6, protein,
pantothenic acid, vitamin E,
fiber, phytochemicals

Germ
Embryo that
will sprout into
another plant
if fertilized

Provides:

B vitamins,

some protein,
healthy fat, vitamin E,
minerals, antioxidants,
and phytochemicals

FIGURE 2.3 Whole
wheat. The components of the
whole wheat kernel are the
bran, the germ, and the
endosperm.

Fruits

In comparison, “watery” vegetables provide 5 g carbohydrate or less per %4 cup serving;:

Asparagus

Bean sprouts

Broccoli

Carrots

Green beans, wax beans
Okra

Tomatoes

The average fiber content of vegetables is 2 to 3 g per serving.

Generally, almost all of the calories in fruit come from the natural sugars fructose and
glucose. (The exceptions to this are avocado, olives, and coconut, which get the ma-
jority of their calories from fat.) A serving of fruit, defined as % cup of juice, 1 piece
of fresh fruit, %2 cup of canned fruit, or ¥4 cup of dried fruit, provides 15 g carbohy-

Unpeeled fresh apple (1) 3.0
Peeled fresh apple (1) 1.9
Applesauce (%2 cup) 1.5

Apple juice (3% cup) Negli.gible

drate and approximately 2 g fiber. Because
fiber is located in the skin of fruits, fresh
whole fruits provide more fiber than do
fresh peeled fruits, canned fruits, or fruit
juices. The effect of processing on fiber
content is demonstrated in the examples
on the left.
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Dairy
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Although milk is considered a “protein,” more of milk’s calories come from carbohydrate
than from protein. One cup of milk, regardless of the fat content, provides 12 g of carbohy-
drate in the form of lactose. Flavored milk

and yogurt have added sugars, as do ice
Carbohydrate {g) cream, ice milk, and frozen yogurt. With

Milk, 8 oz 12 the exception of cottage cheese, which has
Chocolate milk, 8 oz 26 about 6 g of carbohydrate per cup, cheese
Plain yogurt, 8 oz 15 is virtually lactose free because lactose is
Strawberry yogurt, 8 oz fls converted to lactic acid during production.
Regular vanilla ice 15.6

cream, % cup The carbohydrate content, inclu.ding bqth
Swiss cheese, 1 0z 1 natural and added sugars, of various dairy
foods is listed in the box on the left.

Empty Calories

Digestion

Absorption

Empty carbohydrate calories are calories that come from added sugars and syrups; these
ingredients provide calories with few or no nutrients. Sometimes, 100% of the calories in
a food are from added sugar, such as in pancake syrup, sweetened soft drinks, and hard

candies. In other products, added sug-

‘6@ QUICK BITE ars account for only some of the calo-

ries. For instance, in the chocolate milk

B . listed above, added sugars provide 14 g

Sugar content of selected “extras (56 empty calories) of the 26 g total

Sugar (g) carbohydrate—the difference between

White sugar, 1tsp 4.0 the total carbohydrate in chocolate

Brown sugar, 1 tsp 4.5 milk compared to the total carbohy-

Jelly, 1 tsp 4.5 drate (the natural sugar lactose) in

Gelatin, ¥2 cup 19.0 plain milk. Only the calories of the
Cola drink, 12 oz 40.0 added sugar are considered “empty.”

oNCEa,

&, 74

Cooked starch begins to undergo digestion in the mouth by the action of salivary amylase,
but the overall effect is small because food is not held in the mouth very long (Fig. 2.4).
The stomach churns and mixes its contents, but its acid medium halts any residual effect
of the swallowed amylase. Most carbohydrate digestion occurs in the small intestine, where
pancreatic amylase reduces complex carbohydrates into shorter chains and disaccharides.

Disaccharidase enzymes (maltase, sucrase, and lactase) on the surface of the cells of
the small intestine split maltose, sucrose, and lactose, respectively, into monosaccharides.
Monosaccharides are the only form of carbohydrates the body is able to absorb intact and
the form all other digestible carbohydrates must be reduced to before they can be absorbed.
Normally, 95% of starch is digested usually within 1 to 4 hours after eating.

Glucose, fructose, and galactose are absorbed through intestinal mucosa cells and travel to
the liver via the portal vein. Small amounts of starch that have not been fully digested pass
into the colon with fiber and are excreted in the stools. Fibers may impair the absorption of
some minerals—namely, calcium, zinc, and iron—by binding with them in the small intestine.
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CHAPTER 2

Metabolism

Postprandial: following
ameal.
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Fructose and galactose are converted to glucose in the liver. The liver releases glucose into
the bloodstream, where its level is held fairly constant by the action of hormones. A rise
in blood glucose concentration after eating causes the pancreas to secrete insulin, which
moves glucose out of the bloodstream and into the cells. Most cells take only as much glu-
cose as they need for immediate energy needs; muscle and liver cells take extra glucose to
store as glycogen. The release of insulin lowers blood glucose to normal levels.

In the postprandial state, as the body uses the energy from the last meal, the blood
glucose concentration begins to drop. Even a slight fall in blood glucose stimulates the
pancreas to release glucagon, which causes the liver to release glucose from its supply of
glycogen. The result is that blood glucose levels increase to normal.

Glycemic Response

Glycemic Response:
the effect a food has

on the blood glucose
concentration; how
quickly the glucose level
rises, how high it goes,
and how long it takes to
return to normal.

It was commonly believed that sugars produce a greater increase in blood glucose levels, or
glycemic response, than complex carbohydrates because they are rapidly and completely
absorbed. This proved to be too simplistic of an assumption, as illustrated by the lower
glycemic index of cola (sugar) compared to that of baked potatoes (complex carbohydrate)
(Table 2.3). A food’s glycemic response is actually influenced by many variables including

Table 2.3 Glycemic Index and Glycemic Load of Selected Foods

Glycemic Index

Item (Glucose = 100) Glycemic Load/Serving
White spaghetti 58 28
Baked potato 85 26
White bagel 72 25
Cornflakes 92 24
Long-grain white rice 56 24
Snickers Bar 68 23
Jelly beans 78 22
Macaroni 45 22
Sweet corn 60 20
Honey 87 18
Boiled sweet potato 59 18
Shredded wheat 83 17
Coca-Cola 56 16
Steamed brown rice 50 16
Pound cake b4 15
Unsweetened clear apple juice 44 13
Banana 46 12
White bread 70 10
Chickpeas 33 10
All-Bran cereal 38 9
Reduced-fat yogurt 26 8
Watermelon 72 4
Orange 40 4
Premium ice cream 37 4
Low-fat ice cream 50 3
Peanuts 17 1

Source: Foster-Powell, K., Holt, S., & Brand-Miller, J. (2002). International table of glycemic index and
glycemic load values: 2002. The American Journal of Clinical Nutrition, 76, 50-56.




28 UNIT 1

Glycemic Index: a
numeric measure of the
glycemic response of
50 g of a food sample;
the higher the number,
the higher the glycemic
response.

Glycemic Load: a
food's glycemic index
multiplied by the
amount of carbohydrate
it contains to determine
impact on blood glucose
levels.
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the amounts of fat, fiber, and acid in the food; the degree of processing; the method of
preparation; the amount eaten; the degree of ripeness (for fruits and vegetables); and
whether other foods are eaten at the same time.

To assess a food’s impact on blood glucose response more accurately, the concept of
glycemic index was developed. A food’s glycemic index is determined by comparing the
impact on blood glucose after 50 g of a food sample is eaten to the impact of 50 g of pure
glucose or white bread. For instance, a baked potato with a glycemic index of 76 elicits 76%
of the blood glucose response as an equivalent amount of pure glucose.

Because the amount of carbohydrate contained in a typical portion of food also influ-
ences glycemic response, the concept of glycemic load was created to define a food’s
impact on blood glucose levels more accurately (see Table 2.3). It takes into account both
the glycemic index of a food and the amount of carbohydrate in a serving of that food.
For example, watermelon has a high glycemic index of 72, but because its carbohydrate
content is low (it is mostly water), the glycemic load is only 4.

In a practical sense, glycemic load is not a reliable tool for choosing a healthy diet, and
claims that a low glycemic index diet promotes significant weight loss or helps control appe-
tite are unfounded. Soft drinks, candy, sugars, and high-fat foods may have a low to moder-
ate glycemic index, but these foods are not nutritious and eating them does not promote
weight loss. In addition, a food’s actual impact on glucose levels is difficult to predict because
of the many factors influencing glycemic load. However, glycemic index may help people
with diabetes fine-tune optimal meal planning (see Chapter 19), and athletes can use the
glycemic index to choose optimal fuels for before, during, and after exercise (see Chapter 7).

Glucose metabolism is a dynamic state of balance between burning glucose for energy
(catabolism) and using glucose to build other compounds (anabolism). This process is a
continuous response to the supply of glucose from food and the demand for glucose for
energy needs.

Glucose for Energy

The primary function of carbohydrates is to provide energy for cells. Glucose is burned
more cfficiently and more completely than either protein or fat, and it does not leave an end
product that the body must excrete. Although muscles use a mixture of fat and glucose for
energy, the brain is totally dependent on glucose for energy. All digestible carbohydrates—
namely, simple sugars and complex carbohydrates—provide 4 cal /g. As a primary source of
energy, carbohydrates also spare protein and prevent ketosis.

Protein Sparing

Although protein provides 4 cal/g just like carbohydrates, it has other specialized func-
tions that only protein can perform, such as replenishing enzymes, hormones, antibodies,
and blood cells. Consuming adequate carbohydrate to meet energy needs has the effect of
“sparing protein” from being used for energy, leaving it available to do its special functions.
An adequate carbohydrate intake is especially important whenever protein needs are in-
creased such as for wound healing and during pregnancy and lactation.

Preventing Ketosis

Fat normally supplies about half of the body’s energy requirement. Yet glucose fragments
are needed to efficiently and completely burn fat for energy. Without adequate glucose, fat
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Ketone Bodies: inter-
mediate, acidic com-
pounds formed from the
incomplete breakdown
of fat when adequate
glucose is not available.
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oxidation prematurely stops at the intermediate step of ketone body formation. Although
muscles and other tissues can use ketone bodies for energy, they are normally produced only
in small quantities. An increased production of ketone bodies and their accumulation in
the bloodstream cause nausea, fatigue, loss of appetite, and ketoacidosis. Dehydration and
sodium depletion may follow as the body tries to excrete ketones in the urine.

Using Glucose to Make Other Compounds

After energy needs are met, excess glucose can be converted to glycogen, be used to make
nonessential amino acids and specific body compounds, or be converted to fat and stored.

Glycogen. The body’s backup supply of glucose is liver glycogen. Liver and muscle cells pick
up extra glucose molecules during times of plenty and join them together to form glycogen,
which can quickly release glucose in times of need. Typically one-third of the body’s glycogen
reserve is in the liver and can be released into circulation for all body cells to use, and two-
thirds is in muscle, which is available only for use by muscles. Unlike fat, glycogen storage is
limited and may provide only enough calories for about a half-day of moderate activity.

Nonessential Amino Acids. If an adequate supply of essential amino acids is available,
the body can use them and glucose to make nonessential amino acids.

Carbohydrate-Containing Compounds. The body can convert glucose to other
essential carbohydrates such as ribose, a component of ribonucleic acid (RNA) and deoxy-
ribonucleic acid (DNA), keratin sulfate (in fingernails), and hyaluronic acid (found in the
fluid that lubricates the joints and vitreous humor of the eyeball).

Fat. Any glucose remaining at this point—after energy needs are met, glycogen stores are
saturated, and other specific compounds are made—is converted by liver cells to triglycer-
ides and stored in the body’s fat tissue. The body does this by combining acetate molecules
to form fatty acids, which then are combined with glycerol to make triglycerides. Although
it sounds easy for excess carbohydrates to be converted to fat, it is not a primary pathway;
the body prefers to make body fat from dietary fat, not carbohydrates.

Total Carbohydrate

The Recommended Dietary Allowance (RDA) for total carbohydrate (starch, natural sugar,
added sugar) is set at 130 g for both adults and children, based on the average minimum
amount of glucose that is needed to fuel the brain and assuming total calorie intake is
adequate (National Research Council, 2005). Yet at this level, total calorie needs are not
met unless protein and fat intakes exceed levels considered healthy.

A more useful guideline for determining appropriate carbohydrate intake is the Accept-
able Macronutrient Distribution Range (AMDR); it suggests that carbohydrates provide
45% to 65% of total calories consumed (National Research Council, 2005). As illustrated
in Figure 2.5, the carbohydrate content using AMDR standards is significantly higher than
the minimum of 130 g/day. Table 2.4 estimates the carbohydrate content of a 2000-calorie
MyPlate meal pattern. A Tolerable Upper Intake Level (UL) has not been established for
total carbohydrates.

According to the National Health and Nutrition Examination Survey (NHANES) 2007-
2008 data, the mean carbohydrate intake for men 20 years and older was 296 g or 48% of total
calories consumed; for women in the same age category, the mean intake was 256 g or 50% of
total calories consumed (U.S. Department of Agriculture, Agricultural Research Service, 2010).
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45-65% of total calories
Acceptable Macronutrient
Distribution Range
for Carbohydrates

RDA for
carbohydrate
based on average
minimum amount
needed

Fiber

I
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Total calories/day

FIGURE 2.5 Amount
of total carbohydrates (CHO)
appropriate at various ca-
loric levels based on the
Acceptable Macronutrient
Distribution Range of 45%
to 65% of total calories. The
dotted line represents the
Recommended Dietary
Allowance (RDA) for carbo-
hydrate based on average
minimum amount needed.

An Adequate Intake (Al) for total fiber is set at 14 g,/1000 calories or 25 g/day for women
and 38 g/day for men (National Research Council, 2005). Fiber is not an essential nutrient
that must be consumed through food in order to prevent a deficiency disease; the recom-
mendation is based on intake levels that have been observed to protect against coronary
heart disease based on epidemiologic and clinical data. Mean fiber intake among American
men and women 20 years and older is 17.7 g and 14.3 g, respectively (U.S. Department

Table 2.4 Carbohydrate Content of the MyPlate 2000-Calorie Food

Intake Pattern

Recommended Estimated Total g

Group Amount Average g CHO/Serving' CHO/Group
Grains' 6 ounces 15 g per 1 oz equivalent 90
Vegetables? 2.5 cups 5 g per %2 cup 25
Fruits 2 cups 15 g per %2 cup 60

Dairy 3 cups 12 g/cup 36
Protein Foods 5.5 ounces Only legumes and nuts have CHO; 0

assuming neither were consumed
Total estimated grams carbohydrate/day? 211g

'Based on the American Diabetes Association, American Dietetic Association Choose Your Foods: Exchange

Lists for Diabetes, 2008.

2Total carbohydrate does not account for any additional carbohydrate that may come from choosing nuts or
legumes from the Protein Foods group or from added sugars in empty calories.

Source: U.S. Department of Agriculture, Center for Nutrition Policy and Promotion. (2011). Available at

www.choosemyplate.gov
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of Agriculture, Agricultural Research Service, 2010), about half as much fiber as recom-
mended. A UL has not been established for fiber.

CARBOHYDRATES IN HEALTH PROMOTION

Americans, on average, consume an appropriate percentage of their calories from carbohy-
drate but are urged to choose healthier sources to promote health and reduce the risk of
chronic disease (U.S. Department of Agriculture, U.S. Department of Health and Human
Services, 2010). The Dietary Guidelines for Americans, 2010 key recommendations regard-
ing carbohydrate intake appear in Box 2.2. Recommendations regarding whole grains and
added sugars are discussed below.

The Dietary Guidelines for Americans, 2010 recommend that adults and children consume
at least one-half of their grain servings, or a minimum of three servings per day, in the form
of whole grains. While whole grains may be best known for their fiber content, the health
benefits are likely due to the “whole package” of healthful components, including essen-
tial fatty acids, antioxidants, vitamins, minerals, and phytochemicals (International Food
Information Council, 2009). Studies show that diets rich in whole grains are associated
with a lower risk of cardiovascular disease, certain types of cancer, and type 2 diabetes, and
may aid weight management (U.S. Department of Agriculture, U.S. Department of Health
and Human Services, 2010; Ye, Chacko, Chou, Kugizaki, and Liu, 2012). Whole grains
may be best known for their role in maintaining gastrointestinal function.

Cardiovascular Disease

Epidemiologic studies consistently demonstrate that the intake of whole grains is associated
with a reduced risk of cardiovascular disease (Seal and Brownlee, 2010). A meta-analysis of
seven prospective cohort studies estimated a 21% lower risk of cardiovascular disease events
with a whole-grain intake of 2.5 servings /day versus 0.2 servings/day (Mellen, Walsh, and
Herrington, 2008). Although the exact mechanism is unknown, various components of
whole grains, including fiber, antioxidants, and phytochemicals, may synergistically work to
influence cholesterol levels, blood pressure, blood clotting, and insulin sensitivity.

Cancer

Observational studies in the United States suggest a strong inverse relationship between whole-
grain intake and gastrointestinal cancers, certain hormone-related cancers, and pancreatic

Box 2.2 2010 DietarYy GuiDerLiNEs Key ReEcommENDATIONS REGARDING
. CARBOHYDRATE INTAKE

= Reduce the intake of calories from solid fats and added sugars.

= Limit the consumption of foods that contain refined grains, especially refined grain
foods that contain solid fats, added sugars, and sodium.

= [Increase vegetable and fruit intake.

= Consume at least half of all grains as whole grains. Increase whole-grain intake by
replacing refined grains with whole grains.
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cancer (Jonnalagadda et al., 2011). A prospective study by Schatzkin et al. (2007) showed a
24% lower risk of colorectal cancer in people in the highest quintile of whole-grain intake com-
pared to those in the lowest quintile. The American Cancer Society guidelines on nutrition and
physical activity for cancer prevention urge Americans to choose whole grains in preference to
refined grain products (Kushi et al., 2012).

Type 2 Diabetes

Epidemiologic studies show an inverse relationship between whole-grain intake and the risk
of type 2 diabetes (Jonnalagadda et al., 2011). A prospective cohort study found a signifi-
cant decrease in type 2 diabetes risk in people in the highest quintile of whole-grain intake
compared to those in the lowest, after adjusting for age and calorie intake (Liu, 2002). The
American Diabetes Association’s nutrition recommendations for the primary prevention
of diabetes suggest that half of grain consumption be in the form of whole grains (Bantle
et al., 2008).

Weight Management

Cross-sectional and prospective epidemiologic studies show that whole-grain intake is as-
sociated with lower risk of obesity and weight gain (Harland and Garton, 2008). Fourteen
cross-sectional studies show that a daily intake of approximately three servings of whole
grains is associated with lower body mass index in adults (Jonnalagadda et al., 2011).
Analyses of both the Physicians’ Health Study (Koh-Banerjee et al., 2004) and the Nurses’
Health Study (Liu et al., 1999) showed that those who consume more whole grains consis-
tently weigh less than their non—whole grain eating counterparts. Whole grains may help to
promote weight management because they are generally less calorically dense than refined
foods; are high in bulk, which means they may take longer to consume; and prolong gastric
emptying, delaying the return of hunger.

Gastrointestinal Function

The fiber in whole grains is credited with promoting regularity by increasing stool bulk and
shortening transit time. Other components of whole grains may lower oxidative stress and
inflammation. It is likely that the sum of the parts of whole grains, such as fiber, antioxidant
vitamins, phytochemicals, minerals, and prebiotics work synergistically to improve gastro-
intestinal function and help protect against disease.

Tips for Choosing Whole Grains

The most common whole grains consumed in the United States are wheat, corn, oats, barley,
and rice, with wheat as the most prominent grain consumed on a daily basis (Jonnalagadda
etal., 2011). However, 95% of Americans do not meet their daily whole-grain intake recom-
mendation; on average, Americans consume only one whole-grain serving per day (Cleveland,
Moshfegh, Albertson, and Goldman, 2000; Good, Holschuh, Albertson, and Eldridge, 2008).
Factors contributing to the low intake of whole grains include consumers’ inability to identify
whole grains, a lack of awareness of their health benefits, cost, taste, and unfamiliarity with
how to prepare whole grains. Consumers need to understand that the recommendation to eat
whole grains is qualified by the advice that whole grains replace refined grains, not that they
are simply added to usual grain intake. Tips for eating more whole grains appear in Box 2.3.
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Box 2.3 Tips FOR INCREASING WHOLE-GRAIN INTAKE

Substitute

= Whole wheat bread for white bread

= Brown rice for white rice

= Whole wheat pasta or pasta that is part whole wheat, part white flour for white pasta

= Whole wheat pita for white pita

= Whole wheat tortillas for flour tortillas

= Whole grain or bran cereals for refined cereals

= Half of the white flour in pancakes, waffles, muffins, quick breads, and cookies with
whole wheat flour or oats

= Whole wheat bread or cracker crumbs for white crumbs as a coating or breading for
meat, fish, and poultry

= Whole corn meal for refined corn meal in corn cakes, corn bread, and corn muffins

Add
= Barley, brown rice, or bulgur to soups, stews, bread stuffing, and casseroles
= A handful of oats or whole-grain cereal to yogurt

Snack on

= Ready-to-eat whole-grain cereal, such as shredded wheat or toasted oat cereal
= Whole-grain baked tortilla chips

= Popcorn

Limit All Added Sugars

In foods, sugar adds flavor and interest. Few would question the value brown sugar adds to
a bowl of hot oatmeal. Besides its sweet taste, sugar has important functions in baked goods.
In yeast breads, sugar promotes fermentation by serving as food for the yeast. Sugar in cakes
promotes tenderness and a smooth crumb texture. Cookies owe their crisp texture and light
brown color to sugar. In jams and jellies, sugar inhibits the growth of mold; in candy, it
influences texture. Sugar has many functional roles in foods including taste, physical proper-
ties, antimicrobial purposes, and chemical properties. To some extent, sugar is inaccurately
blamed for a variety of health problems. The idea that sugar causes hyperactivity in children
has been around for decades, even though there is no supporting evidence, even among
children who are reported to be sensitive to sugar. Clinical practice guidelines for the treat-
ment of attention deficit-hyperactivity disorder (ADHD) in children state there is a lack of
evidence that removing sugar from the diet of a child with ADHD results in fewer symptoms
(Ballard, Hall, and Kaufmann, 2010). Similarly, type 2 diabetes is commonly blamed on a
high-sugar diet, even though increasing intakes of sugar are not linked to increasing risk of
diabetes. Type 2 diabetes is related to excess body weight, not to eating too much sugar.
High-fructose corn syrup (HFCS) is a commercially made liquid sweetener made from
enzymatically treated corn syrup, which is typically 100% glucose. HFCS is composed of glu-
cose and either 42% or 55% fructose, making it similar in composition to sucrose (Fig. 2.6).
A review of short-term randomized controlled trials, cross-sectional studies, and review arti-
cles consistently found little evidence that HFCS differs uniquely from sucrose and other
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nutritive sweeteners in metabolic effects (e.g., levels of circulating glucose, insulin, postpran-
dial triglycerides), subjective effects (e.g., hunger, satiety, calorie intake at subsequent meals),
and adverse effects such as risk of weight gain (Academy of Nutrition and Dietetics, 2012).
Although sugar may not be the evil it is portrayed to be, limiting the intake of added
sugar is a prudent idea. Most health organizations urge Americans to reduce their intake of
added sugars because diets high in added sugar are more likely to be inadequate in essen-
tial nutrients (if empty calorie foods displace more nutritious ones), excessive in calories
(if empty calorie foods are added to the diet), or both. The Dietary Reference Intakes sugges-
tion for added sugar is that it be limited to 25% or less of total calories consumed (National
Research Council, 2005). In 2009, the American Heart Association recommended that most
American women limit added sugar intake to a maximum of 100 calories per day (25 g or
6 tsp) and that most American men limit their added sugar intake to 150 calories or less per
day (38 g or 10 tsp) (Johnson et al., 2009). Ways to limit added sugars appear in Box 2.4.
Using 2007-2008 NHANES data, Welsh, Sharma, Grellinger, and Vos (2011) deter-
mined that added sugars account for 14.6% of total calorie intake in a typical American diet.
Based on these data, the usual intake of added sugars for Americans aged 19 years and older
is 20 tsp/day, with sweetened soft drinks and energy/sports drinks the main contributors to
added sugar intake. Figure 2.7 illustrates the sources of added sugar in the typical American
dict. Although these recent data show a decrease in added sugar intake from 1999-2000 when
sugar provided 18.1% of total calories, added sugar intake is still higher than recommended.

Consider Sugar Alternatives

Polyols: sugar alcohols
produced from the
fermentation or
hydrogenation of
monosaccharides or
disaccharides; most
originate in sucrose or
glucose and maltose

in starches.

Nonnutritive
Sweeteners:
synthetically made
sweeteners that
provide minimal or

no carbohydrate and
calories; also known as
artificial sweeteners.

One way to reduce sugar intake and not forsake sweetened foods is to consume sugar
alternatives, such as polyols and nonnutritive sweeteners, in place of regular sugar.

Polyols. Polyols, or sugar alcohols, are used as sweeteners but are not true sugars; they
are derived from hydrogenated sugars and starches (Table 2.5). Although polyols occur
naturally in some fruits, vegetables, and fermented foods such as wine and soy sauce, the
majority of polyols in the food supply are commercially synthesized. With the exception of
xylitol, they are all less sweet than sucrose, so they are often combined with nonnutritive
sweeteners in sugarless foods. Sugar alcohols are approved for use in a variety of products,
including candies, chewing gum, jams and jellies, baked goods, and frozen confections.
Foods containing polyols and no added sugars can be labeled as sugar free (Academy of
Nutrition and Dietetics, 2012). Polyols offer some advantages to sugar:

= They are not fermented by mouth bacteria and thus do not cause dental caries. Because
they are noncariogenic, they are often used in items held in the mouth, such as chewing
gum and breath mints.

= They are considered low-calorie sweeteners because they are incompletely absorbed.
Their calorie value ranges from 1.6 to 3.0 cal/g.
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Box 2.4 WaAys 1o LimiT ADDED SUGARS

Cut Back or Eliminate Sugar-Sweetened Beverages

Because soft drinks are the biggest source of added sugars in many diets, eliminating
them can make a big impact on sugar intake. In fact, every 12-oz can of soft drink
provides 9 to 10 teaspoons of added sugar. Water, flavored water, and diet sodas are
sugar-free alternatives to sweetened soft drinks. Using low-fat milk or 100% fruit juice
in place of soft drinks may not impact total calorie intake, but vitamin and mineral
intake will increase. Limit fruit juices to no more than 1 serving/day.

Rely on Natural Sugars in Fruit to Satisfy a “Sweet Tooth”
Besides being less concentrated in sugars than candy, cookies, pastries, and cakes,
fruits boost nutrient, phytochemical, and fiber intake.

Limit Sweetened Grain-Based and Dairy-Based Desserts and Candy
Pies, cakes, cookies, bars, and chocolate candy provide empty calories from both
added sugars and added fats.

Cut Sugar in Home-Baked Products, if Possible

Although reducing the amount of sugar in some foods does not appreciably alter taste or

other qualities, in others, it can be disastrous. For instance, because sugar in jams and jel-
lies inhibits the growth of mold, less sugar results in a product that supports mold growth.

Read Labels
“Nutrition Facts” labels (see Chapter 9) list the amount of sugars per serving, but they
do not include sugar alcohols and do not distinguish between natural and added sugars.

= In foods that are sources of natural sugars (e.g., milk, plain yogurt, and fruit),
the sugars on the label are natural sugars and should not be avoided. They are
considered “healthy” sugars.

= For foods that contain little or no milk or fruit, the sugars listed are mostly or all added
sugars. Multiplying the grams of sugar per serving yields the number of empty calories
from sugar in that food; dividing by 4 reveals the teaspoons of added sugar.

= For foods that contain both natural and added sugars, look at the ingredient list to
identify sources of sugar. The more added sugars on the ingredient label and the
closer to the beginning of the list they appear, the higher the content of added sugar
in that product. Look for these sources of sugar:

Agave syrup High-fructose corn syrup
Anhydrous dextrose Honey

Beet juice Invert sugar

Brown rice syrup Lactose

Brown sugar Liquid fructose

Cane juice Malt syrup
Confectioner’s powdered sugar Maltose

Corn sweetener Maple syrup

Corn syrup Molasses

Corn syrup solids Nectars (e.g., peach nectar, pear nectar)
Crystal dextrose Pancake syrup

Dextrose Raw sugar

Evaporated cane juice Sucrose

Fructose Sugar cane juice

Fruit juice concentrate White granulated sugar

(continues on page 36)
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Box 2.4 WAYs 1O LiMIT ADDED SUGARS (continued)

Consider Using Sugar Alternatives Such as Sugar Alcohols or Nonnutritive Sweeteners
On the plus side, sugar alternatives are low in calories or calorie free; they do not
produce a rise in blood glucose levels and do not promote tooth decay because they
are not fermented by mouth bacteria. On the downside, the use of sugar alternatives
does not guarantee lower calorie intake. Sugar free is not synonymous with calorie
free (see section on sugar alternatives).

Because they are generally slowly and incompletely absorbed and /or metabolized difter-
ently than true sugars, they produce a smaller effect on blood glucose levels and insulin
response, making them attractive to people with diabetes.

Polyols that are not fully absorbed in the small intestine enter the large intestine where
they function as a prebiotic; they are fermented into short-chain fatty acids, which foster
the growth of colonic bacteria.

The disadvantage of polyols is that because they are incompletely absorbed, they can pro-
duce a laxative effect (abdominal gas, discomfort, osmotic diarrhea) when they are fer-
mented in the large intestine. Laxation thresholds are included in Table 2.5.

Nonnutritive Sweeteners. Nonnutritive sweeteners are virtually calorie free and are
hundreds to thousands of times sweeter than sugar. Sometimes, combinations of nonnutri-
tive sweeteners are used in a food to produce a synergistically sweeter taste, decrease the
amount of sweetener needed, and minimize aftertaste. They have different functional
properties, which influences how they are used in foods. Because they do not raise blood

All other
food categories
15.4%

Yeast breads
2.1%

Tea
3.5% Soda, energy drinks,
___ sports drinks

Sugars and honey 35.7%

3.5%

Ready-to-eat
cereals
3.8%

Candy
6.1%

Dairy desserts
6.5%

e Grain-based
Fruit drinks desserts
10.5% 12.9%

FIGURE 2.7 Sources of added sugar in American diets. (Source: National Cancer
Institute. Sources of added sugars in the diets of the U.S. population ages 2 years and
older, NHANES 2005-2006. From U.S. Department of Agriculture, U.S. Department of
Health and Human Services. [2010]. Dietary guidelines for Americans, 2010 [7th ed.].
Washington, DC: U.S. Government Printing Office; p. 29.)
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Table 2.5 Polyols

Polyol

Sorbitol

Mannitol

Xylitol

Maltitol

Lactitol

Isomalt

Hydrogenated
starch
hydrolysates

Erythritol

Relative
Sweetness
(Sucrose = 100)

50-70

50-70

100

90

30-40

45-65

25-50

60-80

Calories
per Gram

2.6

1.6

2.4

2.1

2.0

2.0

3.0 or less

0.2

Laxation Threshold
(per day)

50 g

209

50 g

40-100 g

20-50 g

40-50 g

40-100 g

Because it is rapidly
absorbed in the
small intestine, it is
not likely to produce
laxative side effects.
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Sources/Uses

Made from corn syrup or glucose

Used in sugar-free candies and
chewing gums and sugar-free foods
such as frozen desserts and baked
goods

Extracted from seaweed or made
from mannose

Used as dusting powder on chewing
gum, in chocolate-flavored coatings
for ice cream and candy

Produced from birch and other
hardwood trees
Used in chewing gum, hard candies

Made from maltose in corn syrup

Used in sugarless hard candies,
chewing gum, baked goods,
ice cream

Derived from lactose

Used in low-calorie, low-fat, and/or
low-sugar foods such as ice cream,
chocolate candy, baked goods,
chewing gum

Made from sucrose

Used in hard candies, toffee, chewing
gum, baked goods, nutritional
supplements

Produced from partial breakdown of
corn, wheat, or potato starch
Used in candy, baked goods

Derived from glucose in corn or
wheat starch

Used as a bulk sweetener in reduced-
calorie foods

Sources: Calorie Control Council. (n.d.). Polyols information source. Available at http://www.polyol.org/facts_about_polyols.html. Accessed
on 8/24/12; Academy of Nutrition and Dietetics. (2012). Position of the Academy of Nutrition and Dietetics: Use of nutritive and non-

nutritive sweeteners. Journal of the Academy of Nutrition and Dietetics, 112, 739-758; Canadian Diabetes Association, Nutrition Education
Resources Committee. (2009). Sugar alcohols. Available at www.diabetes.ca/files/for_professionas/sugar_alcohol.pdf. Accessed on 8/24/12.

glucose levels, nonnutritive sweeteners appeal to people with diabetes. The seven nonnutri-
tive sweeteners approved by the U.S. Food and Drug Administration (FDA) for use in the
United States are featured in Table 2.6.

Acceptable Daily
Intake (ADI): the
estimated amount of

a food additive that

a person can safely
consume every day over
a lifetime without risk.

Risks and Benefits of Nonnutritive Sweeteners. At first glance, nonnutritive sweet-
eners appear to answer Americans’ passion for calorie-free sweetness. But are they safe for
everyone, including pregnant women and children? Do they help people manage their
weight? Are they appropriate for people with diabetes?

Safety. The FDA is responsible for approving the safety of all food additives, including non-
nutritive sweeteners. When consumed at levels within the Acceptable Daily Intake (ADI),


http://www.polyol.org/facts_about_polyols.html
http://www.diabetes.ca/files/for_professionas/sugar_alcohol.pdf

3 UNIT 1

Principles of Nutrition

Table 2.6 Nonnutritive Sweeteners Approved for Use in the United States

Sweetener

Acesulfame K
(Sunette,
Sweet One)

Aspartame
(NutraSweet,
Equal,
Spoonful)

Luo han guo
(Swingle fruit
extract)

Neotame

Saccharin
(Sweet Twin,
Sweet’'N Low)

Stevia (Truvia,
Pure Via)

Sucralose
(Splenda)

Times Sweeter
than Sucrose

200

160-220

150-300

7000-13,000

300

250

600

Taste
Characteristics

Bitter aftertaste
like saccharin

Similar to
sucrose;
no aftertaste

Aftertaste at
high levels

Clean, sugar-
like taste;
enhances fla-
vors of other
ingredients

Persistent
aftertaste;
bitter at high
concentrations

Sweet clean
taste in usual
amounts; may
taste bitter in
higher
amounts

Maintain flavor
even at high
temperatures

Uses

Tabletop sweeteners,
dry beverage
mixes, and
chewing gum

Tabletop sweeteners,
dry beverage
mixes, chewing
gum, beverages,
confections, fruit
spreads, toppings,
and fillings

Intended as tabletop
sweetener, a food
ingredient, and a
component of
other sweetener
blends

Rarely used in foods

Soft drinks, assorted
foods, tabletop
sweetener

Intended for use in
cereal, energy
bars, beverages,
and as a tabletop
sweetener

Soft drinks, baked
goods, chewing
gums, and table-
top sweeteners

Comments/ADI

Often mixed with other
sweeteners to synergize the
sweetness and minimize
the aftertaste

Not digested; excreted
unchanged in the urine

ADI: 15 mg/kg BW

Made from the amino acids
aspartic acid and phenylala-
nine; people with PKU must
avoid aspartame

ADI: 50 mg/kg BW

Approved as GRAS (generally
recognized as safe), so it is
not officially considered a
food additive and is exempt
from legal requirement to
prove safety

ADI: not determined

Made from aspartic acid and
phenylalanine but is not
metabolized to phenylalanine
so a warning label is not
required

Has the potential to replace both
sugar and HFCS

ADI: 18 mg/kg BW

Potential (weak) carcinogen; the
FDA has officially withdrawn
its proposed ban so warning
labels no longer required

ADI: not determined

Refined stevia products are
GRAS; whole leaf or crude
extracts are not approved
because of concerns about
health effects.

ADI: 4 mg/kg BW

Poorly absorbed; excreted
unchanged in the feces
ADI: 5 mg/kg BW

ADI, Acceptable Daily Intake; BW, body weight; FDA, U.S. Food and Drug Administration; HFCS, high-fructose corn syrup; PKU, phenylketonuria.

Source: Brown, A. (2008). Understanding food. Principles and preparation (3rd ed.). Belmont, CA: Thomson Wadsworth; and Academy of
Nutrition and Dietetics. (2012). Position of the Academy of Nutrition and Dietetics: Use of nutritive and non-nutritive sweeteners. Journal
of the Academy of Nutrition and Dietetics, 112, 739-758.
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all FDA-approved nonnutritive sweeteners are safe for use by the general public, including
pregnant and lactating women. Although it is difficult to determine the intake of food ad-
ditives, including nonnutritive sweeteners, data indicate that average intakes by adults are
consistently well below their ADIs (Renwick, 2000).

Weight Management. Nonnutritive sweeteners are not a panacea for weight control. In
theory, use of nonnutritive sweeteners in place of sugar can save 16 cal /tsp, or 160 calories
in a 12-0z can of cola. Eliminating one regularly sweetened soft drink per day for 22 days
(160 calories X 22 days = 3520 calories) translates to a 1-pound loss (3500 calories equals
1 pound of body weight) without any other changes in eating or activity. This is because
all calories in the regular soft drink have been eliminated. But foods whose calories come
from a mixture of sugar, starch, protein, and fat still provide calories after sugar calories are
reduced or eliminated. For instance, sugar-free cookies can provide as many or more calo-
ries than cookies sweetened with sugar. Many people inaccurately believe that low sugar
means low calories and will overeat because they overestimate the calories saved by replac-
ing sugar. Evidence that nonnutritive sweeteners are effective in weight management is
limited (Academy of Nutrition and Dietetics, 2012).

Appropriateness for Patients with Diabetes Mellitus. Contrary to what was previously
believed, regular sugar does not raise blood glucose levels more than complex carbohydrates
doj; a food’s glycemic load is influenced by several factors, not just sugar content. The focus
in management of blood glucose levels has shifted from avoiding simple sugars to maintain-
ing a relatively consistent total carbohydrate intake with less emphasis on the source. For
that reason, sweets can be included within the context of a nutritious, calorie-appropriate,
carbohydrate-controlled diet. However, because most people with type 2 diabetes are over-
weight, substitution of calorie-free sweets for calorie-containing ones has the potential to
improve blood glucose levels by promoting weight management. The full benefit of this is
seen when “diet” soft drinks, jellies, syrups, and hard candies replace those containing sugar.
The American Diabetes Association 2008 nutrition recommendations state that “Sugar
alcohols and nonnutritive sweeteners are safe when consumed within the daily intake levels
established by the Food and Drug Administration” (Bantle et al., 2008, p. S64).

Feeding on sugars and starches, bacteria residing in the mouth produce an acid that erodes
tooth enamel. Although whole-grain crackers and orange juice are more nutritious than cara-
mels and soft drinks, their potential damage to teeth is the same. How often carbohydrates are
consumed, what they are eaten with, and how long after eating brushing occurs may be more
important than whether or not they are “sticky.” Anticavity strategies include the following;:

= Choose between-meal snacks that are healthy and teeth friendly, such as fresh vegetables,
apples, cheese, and popcorn.

= Limit between-meal carbohydrate snacking including drinking soft drinks.

= Avoid high-sugar items that stay in the mouth for a long time, such as hard candy,
suckers, and cough drops.

= Brush promptly after cating.

= Chew gum sweetened with sugar alcohols (e.g., sorbitol, mannitol, and xylitol) or with
nonnutritive sweeteners after eating. This may reduce the risk of cavities by stimulating
production of saliva, which helps to rinse the teeth and neutralize plaque acids. Unlike
sucrose and other nutritive sweeteners, sugar alcohols and nonnutritive sweeteners are
not fermented by bacteria in the mouth so they do not promote cavities.

= Use fluoridated toothpaste.
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Aren’t carbohydrates fattening? At 4 cal/g, carbohydrates are no more fattening

than protein and are less than half as fattening as fat at 9 cal/g. Whether or not a food is
“fattening” has more to do with frequency and total calories provided than whether the
calories are in the form of carbohydrates, protein, or fat.

Is whole “white” wheat bread as nutritious as whole wheat? Whole “white”
wheat flour is made from albino wheat that is white in color, not the characteristic
bran color of whole wheat. Because it is a whole grain, it is nutritionally comparable
to whole wheat. Many people not only prefer its lighter color but also its milder
flavor.

“Light” or “diet” breads are high in fiber. Can I use them in place of whole-grain
breads? So-called “light breads” usually have processed fiber from peas or other foods
substituted for some starch; the result is a lower calorie, higher fiber bread that may help
to prevent constipation but lacks the unique “package” of vitamins, minerals, and
phytochemicals found in whole grains.

Case Stupy

Amanda is convinced that white flour and white sugar cause her to overeat, resulting in
an extra 30 pounds of weight she is carrying around. To control her impulse to overeat,
she has decided to eliminate all foods made with white or whole wheat flour and white
sugar from her diet. Her total calorie needs are estimated to be 2000 per day. Yesterday,
she ate the following;:

» What foods did she eat yesterday that
contained carbohydrates? Estimate
how many grams of carbohydrate she
ate. How does her intake compare

Snack: 2 ounces of cashews and a diet with the amount of total carbohydrate

soft drink recommended for someone needing

2000 cal/day? How could she in-

crease her carbohydrate intake within

the restrictions she has set for herself?

What sources of fiber did she con-

Breakfast: 2 scrambled eggs and 2 sausage links
1 cup orange juice
lots of black coffee

Lunch:  tossed salad with 1 hard cooked egg,
3 ounces of sliced turkey, 2 ounces
of sliced cheese, 3 tbsp of Italian

dressing :
1 can diet soft drink sume? Estimate how many grams of
1 cup of diet gelatin fiber she ate. How does her fiber in-

take compare with the Al amount
recommended for women? What
would you tell her about her fiber

Snack: 2 ounces of cheese curds and a
diet soft drink

Dinner: 6 ounces of fried chicken intake?
1 cup of French fries = What would you tell her about her
Y cup corn idea to forsake white and wheat
Y2 cup diet pudding with whipped cream flour and white sugar to manage her
1 can diet soft drink weight? What are the benefits and

potential problems with her diet?

: hick i ith leu ch .
Snack 5 chicken wings with % cup bleu cheese What suggestions would you make

dressing

about her intake?
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STUDY QUESTIONS

which of the following?
a. “Choosing foods that have a low glycemic index is an effective way to eat
healthier.”

b. “Low glycemic index foods promote weight loss because they do not stimulate

the release of insulin.”

c. "Glycemic index may help me choose the best foods to eat before, during, and

after training.”
d. “Glycemic index is a term to describe the amount of refined sugar in a food.”

. Which of the following recommendations would be most effective for someone

wanting to eat more fiber?

a. Eat legumes more often.

b. Eat raw vegetables in place of cooked vegetables.
c. Use potatoes in place of white rice.

d. Eat fruit for dessert in place of ice cream.

. A client asks why sugar should be limited in the diet. Which of the following is the

nurse’s best response?

a. “A high sugar intake increases the risk of heart disease and diabetes.”

b. “Foods high in sugar generally provide few nutrients other than calories and
may make it hard to consume a diet that has enough of all the essential
nutrients.”

c. “There is a direct correlation between sugar intake and the risk of obesity.”

d. “Sugar provides more calories per gram than starch, protein, or fat.”

. Compared to refined grains, whole grains have more

a. Folic acid
b. Vitamin A
c. Vitamin C
d. Phytochemicals

. The nurse knows her instructions about choosing dairy products that are lactose free

have been effective when the client verbalizes she should consume more
a. Whole milk

b. Fat-free milk

c. Cheddar cheese

d. Pudding

. A client who has eaten too many dietetic candies sweetened with sorbitol may

experience which of the following?
a. Diarrhea

b. Heartburn

c. Vomiting

d. Low blood glucose

. The client wants to eat fewer calories and lose weight by substituting regularly

sweetened foods with those that are sweetened with sugar alternatives. Which
of the following would be the most effective substitution?

a. Sugar-free cookies for regular cookies

b. Sugar-free chocolate candy for regular chocolate candy

c. Sugar-free soft drinks for regular soft drinks

d. Sugar-free ice cream for regular ice cream

M

1. The nurse knows her explanation of glycemic index was effective when the client says



42

UNIT

1

Principles of Nutrition

8. A client is on a low-calorie diet that recommmends she test her urine for ketones to

tell how well she is adhering to the guidelines of the diet. What does the presence
of ketones signify about her intake?

a. It is too high in protein.

b. It is too high in fat.

c. It is too high in carbohydrates.

d. It is too low in carbohydrates.

KEY CONCEPTS

Carbohydrates, which are found almost exclusively in plants, provide the major source
of energy in almost all human diets.

The two major groups are simple sugars (monosaccharides and disaccharides) and
complex carbohydrates (polysaccharides).

Monosaccharides and disaccharides are composed of one or two sugar molecules,
respectively. They vary in sweetness.

Polysaccharides—namely, starch, glycogen, and fiber—are made up of many glucose
molecules. They do not taste sweet because their molecules are too large to sit on taste
buds in the mouth that perceive sweetness.

Fiber, the undigestible part of plant cell walls or intracellular structure, is commonly
classified as either water soluble or water insoluble. All foods that contain fiber have a
mix of different fibers.

The most popular American foods are not rich sources of fiber. Whole grains, bran
cereals, legumes, and unpeeled fruits and vegetables are the best sources of fiber.
Carbohydrates are found in every MyPlate group except Oils. Starches are most
abundant in grains, vegetables, and the plant foods found in the Protein Foods group;
natural sugars occur in fruits and in the Dairy group. Added sugars can be found in any
food group.

The majority of carbohydrate digestion occurs in the small intestine, where
disaccharides and starches are digested to monosaccharides. Monosaccharides are
absorbed through intestinal mucosal cells and transported to the liver through the
portal vein. In the liver, fructose and galactose are converted to glucose. The liver
releases glucose into the bloodstream.

The glycemic response is based on the glycemic index of a food and the carbohydrate
content of that food. Because there are so many variables that influence the rise in
blood glucose after eating, glycemic response is hard to predict in practice.

The major function of carbohydrates is to provide energy, which includes sparing
protein and preventing ketosis. Glucose can be converted to glycogen, used to make
nonessential amino acids, used for specific body compounds, or converted to fat and
stored in adipose tissue.

The RDA for total carbohydrates is set as the minimum amount needed to fuel the
brain but not as an amount adequate to satisfy typical energy needs. Most experts
recommend that 45% to 65% of total calories come from carbohydrates and that added
sugars be limited. Twenty-five and 38 g of fiber is recommended daily for adult women
and men, respectively.

The Dietary Guidelines for Americans, 2010 urges Americans to consume at least half
of all grains as whole grains, limit refined grains, eat fewer calories from added sugars,
and consume more fruits and vegetables.
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Whole grains offer health benefits beyond the benefits of fiber. Whole grains may
decrease the risk of heart disease, certain cancers, and type 2 diabetes. Whole grains
also promote gastrointestinal health and weight management.

Added sugar is sugar added to food during processing or preparation. It is
considered a source of empty calories. The higher the intake of empty calories,

the greater is the risk of an inadequate nutrient intake, an excessive calorie intake,
or both.

Polyols are considered to be low-calorie sweeteners because they are incompletely
absorbed and, therefore, provide fewer calories per gram than regular sugar does.
Because they do not promote dental decay, they are well suited for use in gum and
breath mints that stay in the mouth a long time. Most have a laxation effect depending
on the dose consumed.

Nonnutritive sweeteners provide negligible or no calories. Their use as food additives
is regulated by the FDA, which sets safety limits known as ADI. The ADI, a level per
kilogram of body weight, reflects an amount 100 times less than the maximum level

at which no observed adverse effects have occurred in animal studies. Nonnutritive
sweeteners have intense sweetening power, ranging from 180 to 8000 times sweeter
than that of sucrose.

Acids produced from fermentation of sugars and starches in the mouth by bacteria lead
to dental decay.

Check Your Knowledge Answer Key

1

10

. TRUE Starch, the storage form of carbohydrates in plants, is made from hundreds to

thousands of glucose molecules.

. FALSE All digestible carbohydrates—whether sugars or starch—provide 4 cal/g.

Insoluble fiber does not provide calories because it is not digested; the mix of fiber
in food may provide 1.5 to 2.5 cal/g.

. FALSE The body cannot distinguish between the sugar in fruit and the sugar in candy.

However, the package of nutrients in fruit (vitamins, minerals, fiber, phytochemicals)
is better than the package of nutrients in candy (few to no other nutrients with the
possible exception of fat).

. FALSE The most commonly consumed American foods provide 1 to 3 g fiber per serv-

ing, which is why most Americans typically eat only about one-half the recommended
intake of fiber.

. FALSE Although enrichment returns certain B vitamins and iron lost through

processing, other vitamins, minerals, phytochemicals, and fiber are not replaced,
so whole wheat bread is nutritionally superior to white or “wheat” bread. Enriched
white bread offers the advantage of being fortified with folic acid.

. TRUE Soft drinks contribute more added sugar to the average American diet than any

other food or beverage.

. TRUE All fermentable carbohydrates, whether sweet or not, promote dental decay by

feeding bacteria in the mouth that damage tooth enamel.

. FALSE Although “Nutrition Facts” labels do not distinguish between natural and

added sugars, they do list the total sugar content per serving.

. FALSE Nonnutritive sweeteners approved for use in the United States are safe in

amounts within the ADI. The exception is the use of aspartame by people who have
phenylketonuria.

FALSE Sugar has not been proven to cause hyperactivity in children.
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TRUE FALSE

Most Americans eat more protein than they need.

Protein is the nutrient most likely to be deficient in a purely vegetarian diet.

The body stores extra amino acids in muscle tissue.

The quality of soy protein is comparable to or greater than that of animal proteins.

A high protein intake over time leads to kidney damage.
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A protein classified as “high quality” has the majority of calories provided by protein with
few fat or carbohydrate calories.

Protein is found in all MyPlate groups.
Healthy adults are in a state of positive nitrogen balance.

Vegetarian diets are not adequate during pregnancy.

ooy gooogg
oot gooogn

o © W N

An Upper Limit (UL) for protein has not been established.

LEARNING OBJUECTIVES

Upon completion of this chapter, you will be able to

1 Discuss the functions of protein.

2 Compare complete and incomplete proteins.

3 Explain protein “sparing.”

4 Calculate an individual’s protein requirement.

5 Estimate the amount of protein in a sample meal plan.

6 Give examples of conditions that increase a person’s protein requirement.

7 Sclect appropriate sources of nutrients that are most likely to be deficient in a vegetarian diet.
8 Describe nitrogen balance and how it is determined.
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ln Greek, protein means “to take first place,” and truly life could not exist without pro-
tein. Protein is a component of every living cell: plant, animal, and microorganism. In
the adult, protein accounts for 20% of total weight. Dietary protein seems immune to the
controversy over optimal intake that surrounds both carbohydrates and fat.

PROTEIN OVERVIEW

0]

R—CH—C —OH
I
NH,
FIGURE 3.1
Generic amino acid
structure.

This chapter discusses the composition of protein, its functions, and how it is handled in
the body. Sources, Dietary Reference Intakes, and the role of protein in health promotion
are presented.

Amino acids are the basic building blocks of all proteins and the end products of protein
digestion. All amino acids have a carbon atom core with four bonding sites: one site holds
a hydrogen atom, one an amino group (NH,), and one an acid group (COOH) (Fig. 3.1).
Attached to the fourth bonding site is a side group (R group), which contains the atoms
that give each amino acid its own distinct identity. Some side groups contain sulfur, some
are acidic, and some are basic. The differences in these side groups account for the differ-
ences in size, shape, and electrical charge among amino acids.

There are 20 common amino acids, 9 of which are classified as essential or indispensable
because the body cannot make them so they must be supplied through the diet (Box 3.1).
The remaining 11 amino acids are classified as nonessential or dispensable because cells can
make them as needed through the process of transamination. Some dispensable amino acids
may become indispensable when metabolic need is great and endogenous synthesis is not
adequate. Note that the terms essential and nonessential refer to whether or not they must
be supplied by the diet, not to their relative importance: all 20 amino acids must be avail-
able for the body to make proteins.

Box 3.1 AmMiINO AciDs

Conditionally*

Essential Nonessential Essential
(Indispensable) (Dispensable) (Indispensable)
Histidine Alanine Arginine
Isoleucine Asparagine Cysteine
Leucine Aspartic acid Glutamine
Lysine Glutamic acid Glycine
Methionine Serine Proline
Phenylalanine Tyrosine
Threonine

Tryptophan

Valine

*Under most normal conditions, the body can synthesize adequate amounts of these amino acids. A dietary
source is necessary only when metabolic demands exceed endogenous synthesis.
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Intravascular: within
blood vessels.

Intracellular: within
cells.

Interstitial: between
cells.

Edema: the swelling of
body tissues secondary
to the accumulation of
excessive fluid.

Denatured: an
irreversible process in
which the structure of
a protein is disrupted,
leading to partial or
complete loss of
function.

Globular: spherical.
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The types and amounts of amino acids and the unique sequence in which they are joined
determine a protein’s primary structure. Most proteins contain several dozen to several
hundred amino acids: just as the 26 letters of the alphabet can be used to form an infinite
number of words, so can amino acids be joined in different amounts, proportions, and se-
quences to form a great variety of proteins.

Proteins also vary in shape and may be straight, folded, coiled along one dimension,
or a three-dimensional shape such as a sphere or globe. Larger proteins are created when
two or more three-dimensional polypeptides combine. A protein’s shape determines its
function.

Protein is the major structural and functional component of every living cell. Except for bile
and urine, every tissue and fluid in the body contains some protein. In fact, the body may
contain as many as 10,000 to 50,000 different proteins that vary in size, shape, and func-
tion. Amino acids or proteins are components of or involved in the following:

Body structure and framework. More than 40% of protein in the body is found in skeletal
muscle, and approximately 15% is found in each the skin and the blood. Proteins also
form tendons, membranes, organs, and bones.

Enzymes. Enzymes are proteins that facilitate specific chemical reactions in the body without
undergoing change themselves. Some enzymes (e.g., digestive enzymes) break down
larger molecules into smaller ones; others (e.g., enzymes involved in protein synthesis in
which amino acids are combined) combine molecules to form larger compounds.

Other body secretions and fluids. Neurotransmitters (e.g., serotonin, acetylcholine), antibod-
ies, and some hormones (e.g., insulin, thyroxine, epinephrine) are made from amino
acids, as are breast milk, mucus, sperm, and histamine.

Fluid balance. Proteins help to regulate fluid balance because they attract water, which
creates osmotic pressure. Circulating proteins, such as albumin, maintain the proper bal-
ance of fluid among the intravascular, intracellular, and interstitial compartments of
the body. A symptom of a low albumin level is edema.

Acid-base balance. Because amino acids contain both an acid (COOH) and a base (NH,),
they can act as cither acids or bases depending on the pH of the surrounding fluid. The
ability to buffer or neutralize excess acids and bases enables proteins to maintain normal
blood pH, which protects body proteins from being denatured.

Transport molecules. Globular proteins transport other substances through the blood. For
instance, lipoproteins transport fats, cholesterol, and fat-soluble vitamins; hemoglobin
transports oxygen; and albumin transports free fatty acids and many drugs.

Other compounds. Amino acids are components of numerous body compounds such as
opsin, the light-sensitive visual pigment in the eye, and thrombin, a protein necessary for
normal blood clotting.

Some amino acids have specific functions within the body. For instance, tryptophan is a precur-
sor of the vitamin niacin and is also a component of serotonin. Tyrosine is the precur-
sor of melanin, the pigment that colors hair and skin and is incorporated into thyroid
hormone.

Fueling the body. Like carbohydrates, protein provides 4 cal /g. Although it is not the body’s
preferred fuel, protein is a source of energy when it is consumed in excess or when calorie
intake from carbohydrates and fat is inadequate.



CHAPTER 3

Digestion

Protein Digestibility:
how well a protein is
digested to make amino
acids available for
protein synthesis.

Absorption
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Chemical digestion of protein begins in the stomach, where hydrochloric acid denatures
protein to make the peptide bonds more available to the actions of enzymes (Fig. 3.2).
Hydrochloric acid also converts pepsinogen to the active enzyme pepsin, which begins the
process of breaking down proteins into smaller polypeptides and some amino acids.

The majority of protein digestion occurs in the small intestine, where pancreatic pro-
teases reduce polypeptides to shorter chains, tripeptides, dipeptides, and amino acids. The
enzymes trypsin and chymotrypsin act to break peptide bonds between specific amino acids.
Carboxypeptidase breaks off amino acids from the acid (carboxyl) end of polypeptides and
dipeptides. Enzymes located on the surface of the cells that line the small intestine complete
the digestion: aminopeptidase splits amino acids from the amino ends of short peptides,
and dipeptidase reduces dipeptides to amino acids. Protein digestibility is 90% to 99% for
animal proteins, over 90% for soy and legumes, and 70% to 90% for other plant proteins.

Amino acids, and sometimes a few dipeptides or larger peptides, are absorbed through the
mucosa of the small intestine by active transport with the aid of vitamin Bg. Intestinal cells
release amino acids into the bloodstream for transport to the liver via the portal vein.

Dietary protein

Stomach:______ . ____ Pepsin
Small intestine: Polypeptides
Pancreatic

proteases:___Trypsin, chymotrypsin, carboxypeptidase

Stomach Tripeptides, dipeptides, amino acids
Intestinal wall
secretions: —-_____________ Aminopeptidase
Pancreas Dipeptides, amino acids

Dipeptidase
End products
for absorption:______________ Amino acids

Small intestine

FIGURE 3.2 Protein digestion. Chemical digestion of protein begins in the stom-
ach. Hydrochloric acid converts pepsinogen to the active enzyme pepsin, which begins
the process of breaking down proteins into small polypeptides and some amino acids.
The majority of protein digestion occurs in the small intestine, where pancreatic prote-
ases reduce polypeptides into shorter chains, tripeptides, dipeptides, and amino acids.
Enzymes located on the surface of the cells that line the small intestine complete the
digestion: aminopeptidase splits amino acids from the amino ends of short peptides,
and dipeptidase reduces dipeptides to amino acids.
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The liver acts as a clearinghouse for the amino acids it receives: it uses the amino acids it

needs, releases those needed elsewhere, and handles the extra. For instance, the liver

= Retains amino acids to make liver cells, nonessential amino acids, and plasma proteins
such as heparin, prothrombin, and albumin

= Regulates the release of amino acids into the bloodstream and removes excess amino
acids from the circulation

= Synthesizes specific enzymes to degrade excess amino acids

= Removes the nitrogen from amino acids so that they can be burned for energy

= Converts certain amino acids to glucose, if necessary

= Forms urea from the nitrogenous wastes when protein and calories are consumed in ex-
cess of need

= Converts protein to fatty acids that form triglycerides for storage in adipose tissue

Protein Synthesis. Protein synthesis (anabolism) is a complicated but efficient process
that quickly assembles amino acids into proteins the body needs, such as proteins lost
through normal wear and tear or those needed to support growth and development. Part
of what makes every individual unique is the minute differences in body proteins, which
are caused by variations in the sequencing of amino acids determined by genetics. Genetic
codes created at conception hold the instructions for making all of the body’s proteins. Cell
function and life itself depend on the precise replication of these codes. Some important
concepts related to protein synthesis are protein turnover, metabolic pool, and nitrogen
balance.

Protein Turnover. Protein turnover is a continuous process that occurs within each cell
as proteins are broken down from normal wear and tear and replenished. Body proteins
vary in their rate of turnover. For example, red blood cells are replaced every 60 to 90 days,
gastrointestinal cells are replaced every 2 to 3 days, and enzymes used in the digestion of
food are continuously replenished.

Metabolic Pool. Although protein is not truly stored in the body as are glucose and fat, a
supply of each amino acid exists in a metabolic pool of free amino acids within cells and
circulating in blood. This pool consists of recycled amino acids from body proteins that
have broken down and also amino acids from food. Because the pool accepts and donates
amino acids as they become available or are needed, it is in a constant state of flux.

Nitrogen Balance. Nitrogen balance reflects the state of balance between protein break-
down (catabolism) and protein synthesis (anabolism). It is determined by comparing nitro-
gen intake with nitrogen excretion over a specific period of time, usually 24 hours. To
calculate nitrogen intake, protein intake is measured (in grams) over a 24-hour period and
divided by 6.25 because protein is 16% nitrogen. The result represents total nitrogen intake
for that 24-hour period. Nitrogen excretion is computed by analyzing a 24-hour urine
sample for the amount (grams) of urinary urea nitrogen it contains and adding a coefficient
of 4 to this number to account for the estimated daily nitrogen loss in feces, hair, nails, and
skin. Comparing grams of nitrogen excretion to grams of nitrogen intake will reveal the
state of nitrogen balance, as illustrated in Box 3.2.

A neutral nitrogen balance, or state of equilibrium, exists when nitrogen intake equals
nitrogen excretion, indicating protein synthesis is occurring at the same rate as protein
breakdown. Healthy adults are in neutral nitrogen balance. When protein synthesis exceeds
protein breakdown, as is the case during growth, pregnancy, or recovery from injury, nitro-
gen balance is positive. A negative nitrogen balance indicates that protein catabolism is
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Box 3.2 CaLcuLATING NITROGEN BALANCE

Mary is a 25-year-old woman who was admitted to the hospital with multiple fractures
and traumatic injuries from a car accident. A nutritional intake study indicated a 24-hour
protein intake of 64 g. A 24-hour urinary urea nitrogen (UUN) collection result was 19.8 g.

1. Determine nitrogen intake by dividing protein intake by 6.25:
64 g +~ 6.25 = 10.24 g of nitrogen
2. Determine total nitrogen output by adding a coefficient of 4 to the UUN:
19.8 + 4 g = 23.8 g of nitrogen
3. Calculate nitrogen balance by subtracting nitrogen output from nitrogen intake:
10.24 g — 23.8 g = —13.56 g in 24 hours
4. Interpret the results.

A negative number indicates that protein breakdown is exceeding protein synthesis.
Mary is in a catabolic state.

occurring at a faster rate than protein synthesis, which occurs during starvation or the
catabolic phase after injury.

Protein Catabolism for Energy. Using protein for energy is a physiologic and eco-
nomic waste because amino acids used for energy are not available to be used for protein
synthesis, a function unique to amino acids. Normally, the body uses very little protein for
energy as long as intake and storage of carbohydrate and fat are adequate. If insufficient
carbohydrate and fat are available for energy use (e.g., when calorie intake is inadequate),
dietary and body proteins are sacrificed to provide amino acids that can be burned for
energy. Over time, loss of lean body tissue occurs and, if severe, can lead to decreased
muscle strength, altered immune function, altered organ function, and ultimately death.
To “spare” protein—both dietary and body—from being burned for calories, an adequate
supply of energy from carbohydrate and fat is needed.

For most people, protein is synonymous with meat, but protein is also found in dairy,
grains, and vegetables (Fig. 3.3). As illustrated in Table 3.1, more than 40% of the protein
in a MyPlate 2000-calorie food pattern comes from the Protein Foods group. Although a
recommended serving size of meat may be 2'5 to 3 oz, restaurant portions may be much
larger, such as a 16-oz “king size” steak. Table 3.2 shows the MyPlate recommendations
for the Protein Foods group at various calorie levels.

Dietary proteins differ in quality, based on their content of essential amino acids. For most
Americans, protein quality is not important because the amounts of protein and calories
consumed are more than adequate. But when protein needs are increased or protein intake
is marginal, quality becomes a crucial concern.

Terms that refer to protein quality are complete and incomplete. Complete proteins
provide all nine essential amino acids in adequate amounts and proportions needed by the
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PROTEIN FOODS

GRAINS VEGETABLES FRUITS
Make half your grains whole Vary your veggies Focus on fruits ey c mnch fnods

3g protein per 1 0z 8g protein per 1 cup milk or ~ 7g protein per 1 0z lean

Ge with protein

2g protein per /> cup Negligible protein

equivalent, such as; yogurt meat, fish, or poultry; 1 egg;
* 1 slice bread 1 thsp peanut butter; '/s cup
* 1 cup ready to eat cereal cooked dry beans; '/4 cup
/> cup cooked rice, tempeh, '/2 cup tofu
cereal, pasta

@ FIGURE 3.3 Protein content of MyPlate. (Source: U.S. Department of Agriculture,
Center for Nutrition Policy and Promotion [2011]. Available at www.choosemyplate.gov)

body for protein synthesis. These high-quality proteins include all animal sources of protein

plus soy, the only plant source of complete protein (Box 3.3).

Incomplete proteins also provide all the essential amino acids, but one or more are pres-
ent in insufficient quantities to support protein synthesis. These amino acids are considered
“limiting” in that they limit the process of protein synthesis. All plant proteins, with the

exception of soy, are incomplete proteins, as is gelatin.

Different sources of incomplete proteins differ in their limiting amino acids. For
instance, grains are typically low in lysine and isoleucine, and legumes are low in methi-
onine and cysteine. Two incomplete proteins that have different limiting amino acids
are known as complementary proteins because together they form the equivalent of a

Table 3.1 Protein Content of the MyPlate 2000-Calorie Food Intake Pattern

Amount Recommended Protein Content Total Protein Content
Group in 2000-Calorie Diet per Unit of Measure per Group
Grains 6 oz equivalents 3 g/equivalent 18
Vegetables 2% cups 2 g/% cup 10
Fruits 2 cups Negligible 0
Dairy 3 cups 8 g/cup 24
Protein Foods 5.5 oz equivalents 7 g/equivalent 38.5
Total protein* 90.5

*Total protein does not account for any additional protein in the discretionary calorie category.
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Table 3.2 The Amount of Protein Foods Group Equivalents Recommended
at Various MyPlate Calorie Levels

I Total Daily Calories Number of oz Equivalents Recommended

1000
1200
1400
1600-1800
2000
2200
2400
2800-3200
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complete protein. The following are examples of foods that contain complementary
proteins:

= Black beans and rice

= Bean tacos

= Pea soup with toast

= Lentils and rice curry

= Falafel sandwich (ground chickpea patties on pita bread)
= Peanut butter sandwich

= Pasta e fagioli (pasta and white bean stew)

Likewise, small amounts of a complete protein combined with any incomplete protein are
complementary, such as

» Bread pudding

= Rice pudding

= Corn pudding

= Cereal and milk

= Macaroni and cheese
= French toast

= Cheese sandwich

= Vegetable quiche

= Cheese enchilada

Eating complementary proteins at the same meal is not necessary as long as a variety of
incomplete proteins are consumed over the course of a day and calorie intake is adequate.

Box 3.3 SouRrces oF CoMPLETE AND INCOMPLETE PROTEINS
Complete/High-Quality Proteins Incomplete/Lower Quality Proteins
Meat Grains, items made from grains
Poultry Vegetables
Seafood Legumes
Milk, yogurt, cheese Nuts and seeds
Eggs Gelatin

Soybeans, soybean products
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The Recommended Dietary Allowance (RDA) for protein for healthy adults is 0.8 g/kg, derived
from the absolute minimum requirement needed to maintain nitrogen balance plus an additional
factor to account for individual variations and the mixed quality of proteins typically consumed
(National Research Council, 2005). This figure also assumes calorie intake is adequate. For the
reference adult male who weighs 154 pounds, this translates to 56 g protein/day; the reference
female weighing 127 pounds needs 46 g/day. According to the National Health and Nutrition
Examination Survey (NHANES) 2007-2008 data, the mean intake for adult men and women
aged 20 years and older is 97.7 g/kg and 66.7 g/kg, respectively, an amount well above the
RDA (U.S. Department of Agriculture, Agricultural Research Service, 2010).

The Acceptable Macronutrient Distribution Range (AMDR) for protein for adults is
10% to 35% of total calories (National Research Council, 2005). As illustrated in Figure 3.4,
the AMDR is a wide range, with the upper end far greater than the both the RDA and median
protein intake by American adults cited earlier. From a practical standpoint, grams of protein
per day is a more valid standard of adequacy than tracking the percentage of total calo-

ries from protein. That is because the
% QUICK BITE RDA for protein is based on enough to
To calculate a healthy adult's RDA for protein

fulfill specific protein functions, where-
as the AMDR is a range that allows for
protein to be used for energy. For both

1. Divide weight in pounds by 2.2 to determine men and women, actual protein intake
weight in kilograms. provides 16% of total calories consumed
2. Multiply by 0.8 g/kg. (U.S. Department of Agriculture, Agri-

3. Result is total grams of protein per day. cultural Research Service, 2010).
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FIGURE 3.4 Amount of total protein appropriate at various calorie levels based on
the Acceptable Macronutrient Distribution Range of 10% to 35% of total calories.



CHAPTER 3

Kwashiorkor: a type
of protein—energy
malnutrition resulting
from a deficiency of
protein or infections.

Marasmus: a type

of protein—energy
malnutrition resulting
from severe deficiency
or impaired absorption
of calories, protein,

vitamins, and minerals.
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The RDA is intended for healthy people only and assumes total calorie intake is adequate.
Conditions that require tissue growth or repair increase a person’s protein requirement
(Box 3.4), as does an inadequate calorie intake. Protein restriction is used for people with
severe liver discase (because the liver metabolizes amino acids) and for those who are unable
to adequately excrete nitrogenous wastes from protein metabolism due to impaired renal
function.

Protein—energy malnutrition (PEM) occurs when protein, calories, or both are deficient in
the diet. Kwashiorkor and marasmus are generally viewed as two distinctly different forms
of PEM (Table 3.3), yet there is controversy as to whether kwashiorkor and marasmus
simply represent the same disease at different stages. Some studies suggest that marasmus
occurs when the body has adapted to starvation and kwashiorkor arises when adaptation to
starvation fails due to illness (Shashidhar and Grigsby, 2011).

Although PEM can affect people of any country or age, it is most prevalent in develop-
ing countries and in children under the age of 5 years. Approximately 50% of the 10 million
annual deaths in developing countries are directly or indirectly blamed on malnutrition in
children aged 5 years or younger (Shashidhar and Grigsby, 2011). In the United States,
PEM occurs secondary to chronic diseases, such as cancer, AIDS, and chronic pulmonary
discase. It may also be seen among homeless people, fad dicters, adults who are addicted
to drugs or alcohol, and people with eating disorders. Some studies show that PEM affects
30% to 40% of elderly in long-term care and 50% of hospitalized elderly people (Scheinfeld,
Mokashi, and Lin, 2012).

In both children and adults, nutrition therapy begins with correcting fluid and elec-
trolyte imbalances and treating infection (Scheinfeld et al., 2012). Within 48 hours, mac-
ronutrients are provided at a level the patient tolerates; the diet is gradually advanced as
tolerated. Actual protein and calorie needs may be double that of normal.

Box 3.4 ConbpiTioNs THAT INCREASE THE NEED FOR PROTEIN

When excessive protein losses need
replacement

When calorie intake is inadequate so that
protein is being used for energy

= Very-low-calorie weight loss diets
= Starvation
= Protein—energy malnutrition

= Peritoneal dialysis

= Protein-losing renal diseases

= Malabsorption syndromes such as

When the body needs to heal itself protein-losing enteropathy and short
bowel syndrome

= Fypermatabalic conditionsisuchias When periods of normal tissue growth

burns, sepsis, major infection, and
major trauma

= Postsurgically

= Acute inflammation such as inflamma-
tory bowel disease

= Skin breakdown

= Multiple fractures

= Hepatitis

occur

= Pregnancy
= Lactation
= Infancy through adolescence
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Table 3.3 Comparison Between Kwashiorkor and Marasmus

Kwashiorkor

Marasmus

Intake Fair to normal calorie intake; Inadequate calorie and protein
inadequate protein intake intake

Cause Acute critical illness or infec- Severe prolonged starvation
tions that cause loss of may occur in children from
appetite while increasing chronic or recurring infec-
nutrient requirements and tions with marginal food
losses. Stressors in children intake; in adults from devel-
in developing countries may oped 