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utrition is a topic of growing interest for indi-

viduals, health science students and profes-

sionals, researchers, healthcare think tanks,
international health organizations, and government
agencies. It is the basis of well-being from before birth
to the end of life. Over the course of a life span, good
nutrition equips the body to grow and develop to its
tull potential. Good nutrition serves as the foundation
for effective learning at school and as preparation for a
productive adulthood. It is essential for a robust immune
system to ward off infections and diseases throughout the
life cycle. Good nutrition builds and maintains the body
on bedrock, while poor nutrition builds and attempts to
maintain the body on shifting sands.

Improving the nutrition status of individuals is
one of the most cost-effective investments for improv-
ing health outcomes and reducing healthcare costs,
yet research on measuring the contributions of nu-
trition in terms of the aforementioned outcomes and
costs is limited. Quantifying the populations needs
for nutrition will require high-quality, evidence-based
research and a data revolution in order to fill the gaps
and prioritize the most effective actions to improve
outcomes and reduce costs. It will require researchers
to focus on two broad concepts. First, they will need
to quantify what really counts as a measure of current
and improving nutrition status, recognizing that some
outcomes are readily visible and others are not clearly
apparent. Second, they will need to identify what we
are counting as metrics of improved nutrition status
that lack sufficient sensitivity to measure changes.

As health sciences students, you have the oppor-
tunity to participate in health- and nutrition-related

research to quantify the nutrition needs of populations
and to develop measurement tools to demonstrate the
valuable role that nutrition plays. As emerging leaders
in the health sciences, you have the additional respon-
sibility to communicate the role of nutrition as mea-
sured by high-quality research, with the findings of
this research used to identify priority areas, set target
goals, and establish actions for change.

Some nutrition programs will be more successful
than others in improving healthcare outcomes and/or
reducing healthcare costs. The less effective program
outcomes give the trained professional an opportunity
to use critical thinking skills to examine the root cause
of disappointing outcomes and to develop stronger,
more robust nutrition programs. It is through accu-
rate assessment and evidence-based research that we
can develop validated tools to differentiate definitive
versus tentative relationships between nutrition and
healthcare outcomes.

As a national or international nutrition advocate,
you can use your academic training to shape not only
your career but also the future health status of indi-
viduals living in the developed and developing world.
Using Nutrition Assessment: Clinical and Research
Applications as your guide, commit to developing and
supporting the research-based innovations that are
needed to meet the joint challenges of improving the
lives of current and future generations.

Mary Litchford, PhD, RDN, LDN
President, CASE Software & Books
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elcome to Nutrition Assessment: Clinical
and Research Applications!

Almost half of all Americans have one
or more preventable chronic diseases. Many chronic
illnesses such as cardiovascular disease, hypertension,
type 2 diabetes, some cancers, and poor bone health are
related to poor eating habits and low levels of physi-
cal activity. In the United States, more than two-thirds
of adults and approximately one-third of children
and youth are overweight or obese, which is itself an
underlying risk factor for chronic poor health. Nutrition
scientists conduct research to elucidate how preventing
and treating malnutrition, and considering both under-
and over-nutrition, can promote better health outcomes
for patients, clients, and communities.

This text is written for students in nutrition
and health sciences programs and those involved in
nutrition-related exploration. It is especially designed
to meet the needs of nutrition researchers and students
enrolled in masters and PhD courses in Nutrition and
Dietetics, Public Health, Interprofessional Studies, and
Population Health Science and Wellness programs. As
such, it covers topics applicable and relevant to nutri-
tion and health practitioners and those with advanced
degrees, with a broad background in public health and
advanced training in public health nutrition research.
Complex topics are broken down into major key com-
ponents to promote student understanding and build
their practical knowledge base.

» The Goal of this Text

Evaluating the nutrition status of different segments
of the population helps in measuring the prevalence
of nutritional disorders and also in planning coun-
teractive strategies. Our goal in writing this text was
to provide nutrition and public health researchers
and students with the knowledge and skills to iden-
tify nutrition problems and to develop research ques-
tions and study hypotheses. This text provides insights
into planning community, clinical, and individual
applications of nutrition prevention and treatments,

Xii

as well as provides fundamentals for critically evaluat-
ing published scientific research. We have written this
text with the presumption that an understanding of
government programs and a familiarity with the demo-
graphic profile of the U.S. population are necessary in
order to appreciate nutrition in public health today.

The focus of this text is to help students select and
use appropriate anthropometric, biochemical, clinical,
dietary, functional, and socioeconomic assessment
techniques to identify and prioritize the nutritional
problems and needs of populations and communi-
ties. The contributors outline intervention strategies
to guide students through the process of improving
nutritional problems in target populations while also
using critical thinking skills in evaluating the available
literature.

» The Organization of this Text

This text is divided into six sections. The first section
serves as an introduction, which provides historical
perspective, as well as an overview of scientific and
nutritional research. The next four sections address
the different components of nutritional assessment:
dietary, anthropometric, biochemical, and clinical.
The final section concludes with an exploration of
public health topics such as population wellness,
coaching, nutrition interventions, and international
research. Each chapter is enhanced with an array of
learning feature.

» Features and Benefits

Nutrition Assessment: Clinical and Research Applica-
tions incorporates robust pedagogical features. These
are deployed consistently across chapters, ensuring a
uniform learning experience for the student and the
reader.

Each chapter begins with a brief Chapter Outline
and a series of Learning Objectives; together, these de-
fine expectations for each chapter. In that same vein,




each section within each chapter begins with a Pre-
view statement, which is, in turn, mirrored by a sum-
marizing Recap statement at the end of the section.

Within the chapters, there are three recurring
boxed features:

B Viewpoint is written from the perspective of a
nutrition professional and highlights how the
chapter content impacts his or her work. This fea-
ture is designed to be conversational and is meant
to spur a discussion around the topic as it appears
in practice.

B Highlight presents interesting topics pulled from
current research in the nutritional sciences.

B A Case Study appears toward the end of each
chapter and illustrates how topics discussed in the
text can be applied in practice.

Each chapter concludes with a Learning Portfolio,
which contains the following:

®  Key Terms
B Study Questions
B Discussion Questions

Preface xiii

B Activities
B Online Resources

» The Complete
Learning Package

Nutrition Assessment: Clinical and Research Applica-
tions provides instructors with a full suite of resources,
including:

B Test Bank, containing more than 500 questions
®  Slides in PowerPoint format, featuring more than
300 slides
B Image Bank, collecting photographs and illustra-
tions that appear in the text
B Instructor’s Manual, including a number of edu-
cational tools:
Chapter Outlines
Answers to in-text Study Questions
Answers to in-text Case Studies

Nancy Munoz Melissa Bernstein
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Nutrition Assessment: Clinical and Research Applications incorporates an array of pedagogical features in order to

facilitate active engagement.

CHAPTER 1
Nutritional Assessment

Nancy Munoz, DCN, MHA, RDN, FAND
Mary Dean Coleman-Kelly, PhD, MS, RDN

——e The Chapter Outline at the beginning of each
chapter gives students a preview of topics that will
be covered.

CHAPTER OUTLINE e

Introduction

Nutrition and Health
Nutritional Screening and
Nutritional Assessment Tools

= Standard Methods of Evaluating = Emerging Opportunites for
Nutritional Status Nutritional Assessment and

= The Nutrition Care Process Evaluation

Chapter Summary

Learning Objectives focus students on the key

— o concepts of each chapter and the material that

After completing this chapter, the reader should be able to;

Describe the historic evolution of nutrient deficiency diseases, the role of nutrition with chronic disease, and the
screening and diagnosis of malnutrition in the clinical setting.

Differentiate between screening and for nutritional rsk.

Understand the different methods of collecting nutrition assessment data.

Recognize the different components of the nutrition care process.

Examine the role of nutrition assessment in the prevention and treatment of chronic disease.

Gaw

cardiovascular disease, diabetes mellitus (DM), stroke,

they will learn.

Nutritional Screening and Nutritional Assessment Tools 7

» Introduction

Nautritional imbalances are a severe public-health prob-
lem that has been associated with a significant increase in
the risk of mortality and morbidity. An individual’s nutri-
tional status is influenced by factors such as consuming
food in sufficient amounts, selecting the right foods to
promote adequate nutrient intake, and the i

and cancer. Adverse outcomes such as disability, poor
quality of life, and high rates of low-birthweight babies
occur as a result of poor eating patterns and malnu-
trition in both developed and underdeveloped coun-
tries. Identifying the impact of poor eating patterns on
chronic diseases and assessing the nutritional status of
individuals, families, and are important

cating pattern. A sedentary lifestyle and a poor-quality
eating pattern have been identified as risk factors for the

tasks in promoting population health.'>
In the United States, approximately 50% of the

development of chronic diseases such as hypertension, adult population suffers from one or more avoidable

3

Each section begins with a Preview statement, giving ———

the reader a sense of what content to expect.

Key Terms are in boldface type the first
time they are mentioned, with definitions
appearing in the end-of-text Glossary.

Recap Nutrition has played an integral role in
maintaining optimal health and quality of lfe for
individuals in the United States and elsewhere in the
world. A paradox exists in the United States where
healthcare professionals need to have the knowledge
and skills to address the health-related problems
associated with over nutrition (obesity and chronic
diseases) and undernutrition (frailty and wasting
diseases). Nutritional assessment is the first step
toimplementing a nutrition care plan that assists
individuals in successfully implementing dietary and
lifestyle changes to improve their quality of lfe, lower
their risks for disease, and help prevent or overcome
malnutrition.

» Nutritional Screening and
Nutritional Assessment Tools

Preview Nutritional screening tools are designed
to quickly evaluate nutritional isk i individuals.
Nutritional assessment tools identify malnutrition in
individuals.

Nutritional Screening Tools

The Academy of Nutrition and Dietetics (the Acad-
emy) recommends the use of nutrition screening to
identify individuals who are at nutritional risk. This
ensures that those patients who are at risk, are given
high priority for a thorough nutritional evaluation
by an RDN. Nutrition screening is defined as “the
process of identifying patients, clients, or groups
‘who may have a nutrition diagnosis and benefit from
nutritional assessment and intervention by a regis-
tered dietitian”'* Nutritional screening tools should
be quick, easy-to-use tools that can be completed
by any member of a healthcare team with minimal
nutrition expertise (e.g., diet technicians, nurses, and
physician assistants). Furthermore, screening tools
should be validated to ensure that they accurately
identify nutritional risks for the population and set-
ting for which they are intended. Screening forms
have use in both community and clinical settings. In
community settings, for example, forms can be used
to identify risk for chronic diseases such as diabe-
tes, heart disease, and high blood pressure in adults.
These are typically used at community events such
as health fairs and workplace wellness fairs. When
the results identify individuals at risk for a chronic
disease, they are often referred to their primary care
physicians for extensive evaluation to determine

TABLE 1

Height and weight

History of weight gain o loss (intentional o
unintentional
Changes in appetite

Lifestyle habits (tobacco use, physical activity, alcohol
consumption)

Digestive disorders (constipation, diarrhea, nausea,
vomiting)

Laboratory measures (blood, urine, or both)
Family history, previous medical history,or both

Hand B
nutioncare processpespective. Acad ut Dit.201515:824-825.

whether a chronic disease is present. They may also
be referred to an RDN who will offer recommen-
dations for making dietary and lifestyle changes to
the individual that, depending on the diagnosis, will
cither ward off the onset of the disease or will help
the individual manage the newly diagnosed disease.
Screening forms are also offered to the elderly living
in the community setting or assisted living to iden-
tify risks for malnutrition, osteoporosis, and other
chronic diseases. The criteria on the screening form
varies by facility; key criteria that are commonly
included are shown in TABLE 1.2,

In the clinical and long-term care setting, screening
forms are designed to identify risks of malnutrition
(undernutrition), determine the need for more-in-
depth nutritional assessment, and ultimately offer an
early detection of malnutrition so that nutrition support
is provided in a timely manner. In the United States,
an estimated 30% to 50% of adult hospital patients are
‘malnourished. Few patients, however receive the for-
mal diagnosis of malnutrition at discharge, and only
an estimated 3.2% of discharged patients are diagnosed
with ition.” It has been well d d that
patients who enter the hospital malnourished and are
not given nutrition support have increased morbidity
and mortality, decreased function and quality of life,
and increased length of hospital stays.'*'” This leads to
increased healthcare costs expenses that can cost hospi-
tals millions of dollars."

It is critical for clinical, long-term care, and
community facilities to use validated screening
tools to identify patients for malnutrition risk or use
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no meats, poultry, or seafood. An example of a daily
2,000-calorie diet includes:

2% cups of vegetables

2 cups of fruit

6% ounces of grains (3% of which is whole grains)
3 cups of dairy substitute

3% ounces of protein foods, including eggs

(3 ounces per week)

= Legumes (6 ounces per weck)

= Soy products (8 ounces per week)

= Nuts and sceds (7 ounces per week)

= 5 teaspoons of healthy oils per day

C viewpoinr

Health Literacy
Charlotte M. Beyer, MSI5, AHIP

What s Health Literacy?
Health literacy is defined as the degree to which
individuals have the capacity to obtain, process, and
understand basic health information and services
needed to make appropriate decisions for their care.
According to Healthy People 2020, everyone has the
fight to health information that helps them make
informed decisions. In addition, health services should
be delivered in ways that are understandable and
beneficial to health, longevity, and quality of Ife’

he modern healthcare system is complex and
expects patients to effectively communicate wnh

Recap Curren federal il for
an emphasis on healthy eating patters because
evidence suggests that what people routinely eat
and drink can confera positive cumulative effect

on health over time. Research shows that a healthy
eating patter includes a high intake of fiuits,
vegetables, whole grains, fat-free or lowfat dairy,
seafood, legumes, and nuts; as well as a low intake of
meat, processed meat, sugar-sweetened foods and
beverages, and refined grains.

an inabilty to identify medications or conditions, read
appointment slips, or navigate insurance plans

Low-Health-Literacy Nutrition Example

A patient with diabetes is referred to a dietitian. The
patient believes he does not eat a lot of sugar and
cannot possibly have high blood sugar He feels it was
the candy bar he ate the day before he had his blood
drawn that s causing the problem; if his blood were
drawn today, the blood-sugar level would be normal.
He feels he does not need information on a high-
blood-sugar diet.

Health Literacy by Age

healthcare providers. This can d by
barriers such as education, culture, and knuw\zdge of
health care. Examples of low health literacy include

>

r——

Highlight presents topics of interest from e———

Lscored in the National Assessment of Adult Literacy, 2003.
e e 2
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Note: data has been rounded.

current research literature.

biomarkers have shown good validity with the use of sev-
eral criteria. The strengths unique to each method make
itappropriate for use in particular applications.

“The gold standard for determining nutrient infor-
mation is the multiple-yweck diet record. With this tool,
individuals document all items they consume over a
period of several wecks. The method is different from
other data-collection processes because an individual
does not have to depend on his or her memory: The high
contributor burden as well as the cost of maintaining
diet records has reduced their use in large-scale epide-
miologic studies. The capacity of these records to convey
thorough dict data makes them valuable in validation

Chapter Summary 29

Recap  The incidence of obesity is associated with
increased risks for morbidity associated with the
presence of hypertension, dyslipidemia, diabetes,
coronary heart disease, stroke, gallbladder disease,
osteoarthriis, sleep apnes, fespiratory problems,

and some cancers. Obesity has also been linked to
increased risk of mortality. Nutritional epidemiology is
amoderately new field of medical research that looks
atthe association between nutrition and health.

» Chapter$ y

studies for other noth
drawback of diet records is that the procedure of log-
ging data can alter an individuals diet, thus rendering
the data nonrepresentative of actual and usual intake.
On the other hand, projected intakes from diet records
have shown high correlation with results from multiple
24-hour recalls* In recurrent 24-hour recalls, a partici-
pant details all foods eaten in the preceding 24 hours or
calendar day to a skilled interviewer in person or over
the phone. This technique has been commonly used in
dietary-intervention trials It is also used in national sur-
Veysto discover trends in nutritional intake.

Nutritional Epidemiology in lliness
Cause and Effect
One of the main reproaches stacked against nutritional

data. This research method is believed to be second-
ary to experimental data in defining causation. When
evidence from randomized controlled trials is not
available, nutritional epidemiologists characteristically
rely on prospective cohort studies, the strongest obser-
vational study design in terms of diminishing bias and
deducing causality™

‘ CASE STUDY

In the 215t century, the incidence of chronic disease
has displaced the previous prevalence of nutrient
deficiency as the primary area of public-health
concern as population conditions. Leading causes
of death have shifted from infectious diseases to
chronic conditions. Approximately one-half of all
American adults—117 million individuals—have
one or more preventable chronic diseases, many of
which are related to poor-quality eating patterns and
physical inactivity.

Consuming healthy foods and living an active lfestyle
are basic ways to promote health and well-being. Getting
adequate nutrition is particularly important during
periods of rapid growth and development. Following
an unhealthy cating pattern during pregnancy, infancy;
childhood, and adolescence can contribute to underde-
veloped physical and mental abilities that have lifelong
consequences. Prolonged nutrition deficiency, whether
from excessive or inadequate intake, will promote or
exacerbate a range of ailments and affect an individual’s
quality and length of life.
use of nutrition screening allows for the
identification of individuals who are at nutritional
so that a full nutrition assessment can be com-
pleted. The Academy defines a nutrition assessment as
“identifying and evaluating data needed to make deci-
ns about a nutrition-related problem/diagnosis**
Nutrition-assessment techniques can be classified as
one of four types: anthropometric, biochemical, clin-
ical, or dictary.

‘The increased understanding of the role of nutri-
tion in promoting health and well-being has made the
evalu: iduals, families, and communities
key to monitoring public health.

Dr. Jones s 2 researcher who was just awarded a
grant by the National Insttute of Health (NIH) to measure
the prevalence of diabetes in a selected sector of
Camden, New Jersey.

Questions:

As you go through the information in this chapter,
determine which nutition assessment methods you
would incorporate in your procedure.

What drives your assessment-method selection?

The Pedagogy

o Recap boxes summarize each section.
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o Each Viewpoint feature is written by a nutrition

professional and notes how the chapter content
impacts his or her work.
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Understanding Types of Research

Meta-analysis and systematic review

ndspsncent vestgalo and rssarrs T s el
et of al the research that looks at a specifc opic.

Randomized controlled

While at

troatmentintorvention thatis newly created.
——

Cohort study.
Groups of people that have a certain condition or receive a

cific treatment are followed.

over time. This group is

compared to a similar group of people that do not have.
' treatment of interest.

ition or recei

Case-control studies

Compares two groups, o

with a condition of inorestto

similar group that s free from the condition of nterest,

Cross-sectional studies
“This type of study looks at specific populati
pointintime to measure the oceurrer
factor, outcome, or unique result.

nce of a dlinical risk

Case reports / Case series
(Gase reports are published of cinical obsevation. This s &

than projected. A case series i a retrospeciive report of the outcomes.
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— o Atleast one Case Study appears toward the end of
each chapter and illustrates how topics discussed in
the text might appear in practice.
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The ten leading causes of death in the United States in 1900 and 1997

1900

23

26 Tuberculosis
Pheumonia

"3 Diarthoea
Heart disease
102
52
80 81

Bronchitis
Diphtheria

1997

11

111

13

27
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a1

a7
69

314

Learning Portfolio

[ Heartdisease

[ Cancer

[ stroke

Chronic lung disease
Unintentional injuries.
Preumonia / influenza
Diabetes

Suicide

Chronic kidney disease.
Chronic iver disease

o
o]
]

~* Each chapter concludes with a Learning Portfolio,
which is an array of student-centered resources and
activities.

The Learning Portfolio collects a comprehensive
list of Key Terms specific to the chapter.

Key Terms

Anthropometry

Body mass index (BMI)

Bureau of Labor Statistics Consumer expenditure
survey data

Epidemiology

Food and Agriculture Organization of the United
Nations (FAO)

Healthy People 2020 (HP 2020)

Interprofessional

Nutrition assessment

Nutrition Care Process (NCP)

Study Questions

1. The key difference between a nutrition-
screening form and a nutrition-assessment

form is:

a. Screening forms provide a diagnosis for
malnutrition

b. Screening forms determine risk for malnu-
trition

<. Screening forms diagnose chronic disease

d. Screening forms determine risk for weight

gain

Nutrition Care Process Terminology (NCPT)
Nutrition Care Process and Model (NCPM)

Nutrition diagnosis
Nutrition-focused physical exam (NFPE)

Nutrition intervention

Nutrition screening
PES statement

Scurvy

Subjective global assessment (SGA)

Tumors

2. The Academy of Nutrition and Dietetics rec-
ommends using the
form to assess risk for malnutrition in the adults

in the clinical setting.

MUST
SNAQ
Mini SNAQ
Mini MUST

screening

Discussion Questions provide prompts for

greater engagement with the content.

Suggested Activities provide additional
interactive avenues for grappling with the
chapter content.

Online Resources direct students to addi-

tional materials relevant to the content.

Study Questions provide multiple-choice and
true/false questions, testing the reader’s knowl-
edge of information covered in the chapter. These
can be used for self-assessment or as homework
assignments; answers are included in the Instruc-
tor’s Manual.

Learning Portfolio 33

30 The most reliable indicator of poor nutritional b. Low albumin concentrations
status is: c. Low dietary intake of nutrients
a. Weight loss d. Poor handgrip strength

Discussion

1. How does the obesity rate affect the incidence of 3. Nutrition screens allow individuals who are

chronic disease in the United States? at risk of suboptimal nutritional status to be

2. Describe the shift from infectious disease to identified. List and describe the most commonly

chronic disease that affects public health. used screening tools. What are the benefits and
drawbacks of each screening tool?

Activ

1. Develop a marketing campaign targeting a 3. Select a chronic condition that is prevalent in
specific segment of the community you live the American population. Work with three to
or study in that introduces population-based four classmates to develop “the top 10 must
intervention strategies to reduce obesity and know topics” by the average person in efforts to
impact overall health. prevent or manage the disease. Develop a wiki

2. Type 2 diabetes is widespread in all obese groups page to communicate the information. Use
and now even in preteen children. Develop an videos and graphics on the page to deliver the
education tool to teach young children the health message.
risks associated with diabetes.

Online R

Food and Agriculture Organization (FAO) of the
United Nations

The State of Obesity: Adults in the United States

This website provides interactive maps on adult obesity

The FAO develops methods and standards for food
and agriculture statistics, provides technical assistance
services, and di data for global

in the United States:
htp://stateofobesity.org/adult-obesity/.

It is the world’s largest database of food and agricul-
ture statistics:

http://www.fao.org/statistics/en/.

Bureau of Labor Statistics Consumer Expenditure
Survey Data

This database provides information on the buying
habits of American consumers, including data on
their expenditures, income, and consumer unit (fami-
lies and single consumers) characteristics:
http://www.bls.gov/cex/.

Anthropometric Measurement Videos

This website provides technical videos on how to con-
duct anthropometric measures:

htps://wwwn.cd hs/nt I h
pometricvideos.aspx.
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CHAPTER 1
Nutritional Assessment

Nancy Munoz, DCN, MHA, RDN, FAND
Mary Dean Coleman-Kelly, PhD, MS, RDN

CHAPTER OUTLINE

= |ntroduction

= Nutrition and Health

= Nutritional Screening and
Nutritional Assessment Tools

= Standard Methods of Evaluating
Nutritional Status
= The Nutrition Care Process

= Emerging Opportunities for
Nutritional Assessment and
Evaluation

= Chapter Summary

LEARNING OBJECTIVES

After completing this chapter, the reader should be able to:
1. Describe the historic evolution of nutrient deficiency diseases, the role of nutrition with chronic disease, and the
screening and diagnosis of malnutrition in the clinical setting.
Differentiate between screening and assessment for nutritional risk.
Understand the different methods of collecting nutrition assessment data.
Recognize the different components of the nutrition care process.
Examine the role of nutrition assessment in the prevention and treatment of chronic disease.

i gs D

» Introduction

Nutritional imbalances are a severe public-health prob-
lem that has been associated with a significant increase in
the risk of mortality and morbidity. An individual’s nutri-
tional status is influenced by factors such as consuming
food in sufficient amounts, selecting the right foods to
promote adequate nutrient intake, and the individuals
eating pattern. A sedentary lifestyle and a poor-quality
eating pattern have been identified as risk factors for the
development of chronic diseases such as hypertension,

cardiovascular disease, diabetes mellitus (DM), stroke,
and cancer. Adverse outcomes such as disability, poor
quality of life, and high rates of low-birthweight babies
occur as a result of poor eating patterns and malnu-
trition in both developed and underdeveloped coun-
tries. Identifying the impact of poor eating patterns on
chronic diseases and assessing the nutritional status of
individuals, families, and communities are important
tasks in promoting population health."?

In the United States, approximately 50% of the
adult population suffers from one or more avoidable

3



CHAPTER 1 Nutritional Assessment

Refers to the measurement of the
human individual. An early tool of
physical anthropology, it has been
used for identification, for the
purposes of understanding human

Refers to the use of laboratory or
biochemical data acquired through
blood and urine samples (amongst
others) to evaluate an individual's

nutritional status.

A physical examination,
medical examination, or clinical
examination is the process by which
a medical professional investigates
the body of a patient for signs of

physical variation, in
paleoanthropology, and in various
attempts to correlate physical with
racial and psychological traits.

disease. Visible aspects of general
body composition include an
evaluation of general muscle, fat
mass, and evaluation of fluid status.

Clinical
Examination

A dietary assessment is a
comprehensive evaluation of a
person's food intake. Nutrition
assessment methods include
24-hour recall, food frequency

questionnaire, dietary history, food
diary techniques, and observed food
consumption.

Dietary

Assessment

FIGURE 1.1 ABCDs of nutritional assessment

chronic disease. More than two-thirds of adults and
approximately one-thirds of children and youth are
overweight or obese. These extreme rates of overweight,
obesity, and chronic disease have been a public-health
concern for more than two decades and contribute not
only to increased health risks but also to associated high
medical costs.” In 2008, the medical costs connected with
obesity were assessed at $147 billion. In 2012, the total
estimated cost of diagnosed diabetes was $245 billion,
including $176 billion in direct medical costs and
$69 billion in decreased productivity.*

The evaluation of the nutrition status of different
segments of the population helps in measuring the
prevalence of nutritional disorders, and also to plan
counteractive strategies (see FIGURE 1.1).

» Nutrition and Health

Preview Nutritional assessment is the first step to
identify nutrition-related problems that arise from
nutrient deficiency and lead to chronic disease or
result in malnutrition.

Nutrient Deficiency Diseases: A Historical

Perspective

Good health and quality of life are desired by all indi-
vidualsliving in a society. Access to safe drinking water,
nutritious food, and quality medical care are essen-
tial to the well-being of any person. Undernutrition
and hunger are prevalent in underdeveloped as well
as developed countries. An estimated 870 million
adults and children worldwide have inadequate food
intakes.’ Chronic undernutrition leads to the onset of
deficiency diseases, and physical signs of such diseases
emerge when the intake of essential nutrients is inad-
equate and prolonged.

Keen observations by physicians in the early 1700s
identified that in some instances the cause of human
illness was related to the absence of certain foods; they
proposed that those foods contained specific com-
pounds whose absence led to the signs and symptoms
of disease. One of the earliest known discoveries of the
curative effects of foods with deficiency diseases was by
Scottish physician James Lind in the mid-1700s. British
sailors taking long voyages were developing scurvy and
becoming severely ill or dying on the voyage. Observa-
tional research has progressed over time to the current
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Observation 1974 2012: Etiology
_ _ o « Overconsumption  Malnutrition based approach
Mld-170(_)$. '1912: Vitamin of energy, fat, SGI'ISIUS i to malnutrition
James Lind isolated sugar, and problem * Malnutrition:
¢ Curative effects * Rickets, sodium linked ¢ Charles Butterworth: acute or chronic
of food: scurvy pellagra, celiac to chronic “The Skeleton in the diseases, and
and vitamin C disease, and diseases Hospital Closet” starvation-
deficiency scurvy cured related
identified with vitamins malnutrition
Early 1900s: Early 1920—- 1970: Dietary 1995: Nutrition Future: Clinical
Germs and 1940: guidelines screen trials
Disease Dietary * Limits on sugar, mandated in * Approaches to
« Malaria and guidelines fat, sodium; hOSP”aIS assess and
tuberculosis o Minimum promotion of *Joint diagnose
o amount to healthy choices Commission: malnutrition
* Deprivation eat from Nutrition screen
stu”dles linked select food within 24 hours
pellagra, of admission
beri-beri, and groups
rickets

FIGURE 1.2 Nutrition and health: A historical perspective

Data from Rosenfeld, L. (1997). “Vitamine—vitamin. The early years of discovery”. Clin Chem. 43 (4): 680-5. Semba R. The Discovery of Vitamins. Int J Vitamin Nutrition Research. 2012;5:310-315. Funk C. The etiology of the deficiency diseases. Beri-beri, polynueritis in birds,
epidemic dropsy, scurvy, experience scurvy in animals, infantile scurvy, ship beri-beri, pellagra. J State Med. 1912;20:341. Davis C, Saltos E. Dietary Recommendations and How They Have Changed Over Time. Ch. 2. America’s Eating Habits: Changes and Consequences. http://
purl.umn.edu/33604. Accessed January 24, 2017. Butterworth C. The Skeleton in the Hospital Closet. Nutrition Today 1974;March/ April:436. Dougherty D, et al. Nutrition care given new importance in JCAHO standards. Nutr Clin Pract. 1995;10(1):26-31. White JV, Guenter

P, Jensen G, et al. Consensus Statement: Academy of Nutrition and Dietetics and American Society for Parenteral and Enteral Nutrition: Characteristics Recommended for the Identification and Documentation of Adult Malnutrition (Undernutrition). Journal of Parenteral and

Enteral Nutrition. 2012;36(3):275-283.

dietary guidelines. FIGURE 1.2 shows a short historic
timeline of nutrition and health.®”

Leading Causes of Death
and Chronic Diseases

The interest in modifying diet to prevent chronic dis-
ease in Americans began when deficiency diseases
and infectious diseases were eradicated. In addition,
the implementation of government-mandated enrich-
ment and fortification of food staples and the use of
vaccinations to reduce deaths from infectious dis-
eases also contributed to increased awareness of the
American diet.®

TABLE 1.1 ranks the 10 leading causes of death in
the United States today. Four of the ten—heart dis-
ease, cancetr, stroke, and diabetes mellitus’—are linked
to diet and either can be prevented or have their onsets
delayed by implementing healthy eating practices and
making positive lifestyle choices.

Nutritionists today are challenged to find the
optimal food pattern and nutrient profile that will
optimize the quality of life and prevent chronic disease
for their clients. Conducting nutritional assessment in
the community setting is important when identifying
early risks for chronic disease. Novel approaches such
as evaluating the genetic profile of individuals to iden-
tify genetic determinates that lead to chronic disease

are being researched as a potential added “tool” that
registered dietitian nutritionists (RDNs) can use along
with traditional assessment measures. Understanding
genomics in relationship to nutritional management
of complex diseases is in its infancy, so routine genetic
testing to provide dietary advice is not ready for prac-
tical application. The prospect for using nutritional
genomics in the future, however, is exciting. It has the
potential to offer RDNs and healthcare professionals
the tools to create “genetically” personalized diet plans
that are specific to any individual’s genetic makeup.

History of Diagnosing Malnutrition
in the Clinical Setting

Identifying malnutrition and offering nutrition support
to malnourished patients is relatively new in the clin-
ical setting. In 1974, Dr. Charles Butterworth wrote a
landmark paper, “The Skeleton in the Hospital Closet,”
in which he exposed malnutrition in the hospital as
a serious problem.”” In 1995, the Joint Commission
(a US nonprofit healthcare accrediting organization),
working with input from the American Society of Clin-
ical Nutrition and the American Dietetic Association
(now the Academy of Nutrition and Dietetics), cre-
ated the standard requirement that hospitals provide
a nutrition screening of each patient within 24 hours
of admission."" Although this requirement offered a
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TABLE 1.1 Leading causes of death in the United States

Number of
Disease Contributing Risk Factors Deaths Annually
1 Heart disease Increasing age, family history, smoking, poor-quality diet, 614,348
obesity, hypertension, increased cholesterol, stress, physical
inactivity
2 Cancer Increased age, smoking, excessive consumption of alcohol, 591,699
excessive exposure to sun, obesity, family history, presence
of some chronic conditions such as ulcerative colitis
3 Chronic lower- Exposure to tobacco smoke, chemicals, dust and burning fuel; 147,101
respiratory diseases advanced age and genetics
4 Accidents Motor-vehicle accidents most common; contributing factors 136,053
(unintentional include inexperience, teenage drivers, distractions
injuries)
5 Stroke Hypertension, tobacco use, diabetes, increased cholesterol, 133,103
(cerebrovascular obesity, inactivity, coronary disease, excessive alcohol intake
diseases)
6 Alzheimer's disease Conditions that damage the heart and blood vessels such as 93,541
diabetes, high cholesterol, and hypertension
7 Diabetes Family history, dietary factors such as low vitamin D 76,488
consumption, increased weight, obesity, inactivity, race,
hypertension, increased cholesterol, polycystic ovarian
syndrome, gestational diabetes, increased age
8 Influenza and Chronic disease, smoking, being immunocompromised 55,227
pneumonia
9 Nephritis, nephrotic Medical conditions that cause kidney injury such as diabetes, 48,146
syndrome, and side effects of certain medications such as nonsteroidal
nephrosis anti-inflammatory drugs, infections such as HIV and malaria
10 Intentional self-harm Depression, previous self-harm 42,773

(suicide)

Modified from Health United States. Table 19 (data are for 2014). 2015. www.cdc.gov. Accessed January 24, 2017.

framework for early identification of malnutrition,
there has been considerable variance in the nutrition
screening tools used and the procedures needed to fol-
low and implement the rest of the nutrition care plan.'
Many screening tools have used albumin as the pri-
mary indicator to identify malnutrition in patients. It
is well documented, however, that albumin is a poor
diagnostic indicator for malnutrition given the fact
that it fluctuates in the presence of inflammation that
could be induced by external factors such as trauma,
surgery, or inflaimmatory diseases. The American

Society for Parenteral and Enteral Nutrition (ASPEN)
and the European Society for Clinical Nutrition and
Metabolism has created an etiology-based approach
to diagnose adult malnutrition in the clinical setting.
This approach identifies malnutrition in the context of
acute illness, chronic diseases, and starvation-related
malnutrition."” This approach has been widely adopted
by clinical dietitians across the United States. Clinical
trials are currently underway to validate this approach
to assessing and diagnosing malnutrition in the hospi-
tal setting.



Recap Nutrition has played an integral role in
maintaining optimal health and quality of life for
individuals in the United States and elsewhere in the
world. A paradox exists in the United States where
healthcare professionals need to have the knowledge
and skills to address the health-related problems
associated with over nutrition (obesity and chronic
diseases) and undernutrition (frailty and wasting
diseases). Nutritional assessment is the first step

to implementing a nutrition care plan that assists
individuals in successfully implementing dietary and
lifestyle changes to improve their quality of life, lower
their risks for disease, and help prevent or overcome
malnutrition.

» Nutritional Screening and
Nutritional Assessment Tools

Preview Nutritional screening tools are designed
to quickly evaluate nutritional risk in individuals.
Nutritional assessment tools identify malnutrition in
individuals.

Nutritional Screening Tools

The Academy of Nutrition and Dietetics (the Acad-
emy) recommends the use of nutrition screening to
identify individuals who are at nutritional risk. This
ensures that those patients who are at risk, are given
high priority for a thorough nutritional evaluation
by an RDN. Nutrition screening is defined as “the
process of identifying patients, clients, or groups
who may have a nutrition diagnosis and benefit from
nutritional assessment and intervention by a regis-
tered dietitian.”'* Nutritional screening tools should
be quick, easy-to-use tools that can be completed
by any member of a healthcare team with minimal
nutrition expertise (e.g., diet technicians, nurses, and
physician assistants). Furthermore, screening tools
should be validated to ensure that they accurately
identify nutritional risks for the population and set-
ting for which they are intended. Screening forms
have use in both community and clinical settings. In
community settings, for example, forms can be used
to identify risk for chronic diseases such as diabe-
tes, heart disease, and high blood pressure in adults.
These are typically used at community events such
as health fairs and workplace wellness fairs. When
the results identify individuals at risk for a chronic
disease, they are often referred to their primary care
physicians for extensive evaluation to determine
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TABLE 1.2 Nutrition screening key criteria

Height and weight

History of weight gain or loss (intentional or
unintentional)

Changes in appetite

Lifestyle habits (tobacco use, physical activity, alcohol
consumption)

Digestive disorders (constipation, diarrhea, nausea,
vomiting)

Laboratory measures (blood, urine, or both)
Family history, previous medical history, or both

Modified from Field LB, Hand RK. Differentiating malnutrition screening and assessment: a
nutrition care process perspective. J Acad Nutr Diet. 2015;15:824-828.

whether a chronic disease is present. They may also
be referred to an RDN who will offer recommen-
dations for making dietary and lifestyle changes to
the individual that, depending on the diagnosis, will
either ward off the onset of the disease or will help
the individual manage the newly diagnosed disease.
Screening forms are also offered to the elderly living
in the community setting or assisted living to iden-
tify risks for malnutrition, osteoporosis, and other
chronic diseases. The criteria on the screening form
varies by facility; key criteria that are commonly
included are shown in TABLE 1.2.

In the clinical and long-term care setting, screening
forms are designed to identify risks of malnutrition
(undernutrition), determine the need for more-in-
depth nutritional assessment, and ultimately offer an
early detection of malnutrition so that nutrition support
is provided in a timely manner. In the United States,
an estimated 30% to 50% of adult hospital patients are
malnourished. Few patients, however receive the for-
mal diagnosis of malnutrition at discharge, and only
an estimated 3.2% of discharged patients are diagnosed
with malnutrition.”” It has been well documented that
patients who enter the hospital malnourished and are
not given nutrition support have increased morbidity
and mortality, decreased function and quality of life,
and increased length of hospital stays.'*"” This leads to
increased healthcare costs expenses that can cost hospi-
tals millions of dollars.'

It is critical for clinical, long-term care, and
community facilities to wuse validated screening
tools to identify patients for malnutrition risk or use
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validated screening tools to diagnose patients with
malnutrition—and sometimes both. Using a validated
screening tool ensures that (1) the individual who is
identified at risk for malnutrition is indeed malnour-
ished (high sensitivity), and (2) the individual who is
not identified at risk for malnutrition is likely to be well
nourished (high specificity)."

The Academy has identified several validated
nutritional screening tools that have been researched
for their ability to help identify malnutrition risk in
individuals in community and clinical settings.”
These tools largely use the same screening parameters
to determine scores and risk levels. Commonly used
risk-assessment parameters include recent weight
loss, recent poor intake or appetite, and body mass
index (BMI).?° TABLE 1.3 summarizes the most com-
monly used validated screening tools available and a
description of their target populations when screening
for malnutrition risk.

Nutrition Assessment Tools

Nutritional assessment is defined by the Academy
as “identifying and evaluating data needed to make
decisionsaboutanutrition-related problem/diagnosis.”*
In essence, the difference between nutritional screen-
ing and nutritional assessment is that a screen identi-
ties the “risk” for a nutrition problem or malnutrition,
while the assessment “identifies the presence of or diag-
nosis” of a nutrition problem or malnutrition. Once
identified, the practitioner creates an intervention to
resolve the nutrition problem.* Validated nutritional
assessment tools have been designed to allow RDNs
and other healthcare professionals who are trained to
use the tool to quickly and cost-effectively diagnose
malnutrition in the acute care setting. The subjective
global assessment (SGA) form initially started as
a screening tool that has evolved as a validated diag-
nostic tool for malnutrition. When administrated

TABLE 1.3 Commonly used nutrition screening tools

Nutrition Screening Tool | Patient Population

Risk-Screening Parameters

Measures for Malnutrition
Risk

Rec
Rec

ent weight loss m  Score 0-1 for recent intake
ent poor intake m  Score 0—4 for recent
weight loss
m  Total score: >2 = at risk for
malnutrition

Malnutrition screening Acute-care hospitalized =
tool adults, oncology L]
patients

Mini Nutritional Subacute and L]

Assessment (MNA): ambulatory elderly m

Short Form patients L]

|

|

|

Malnutrition Universal Acute-care medical L]

Screening Tool adults, medical =

(MUST) surgical hospitalized =
adult patients

Nutrition Risk Screening Medical-surgical m

(NRS 2002) hospitalized, =

acute-care L]

hospitalized m

patients L]

Data from The Academy of Nutrition and Dietetics. The Nutrition Care Manual. https://www.nutritioncaremanual.org/. Accessed January 15, 2017.

Recent intake

Recent weight loss
Mobility

Recent acute disease or
psychological stress
Neuropsychological
problems

BMI

BMI
Weight loss (%)
Acute disease

Recent weight loss (%)
BMI

Severity of disease
Elderly (>70 years of age)
Food intake or eating
problems, skipping meals

Score 0-3 for each
parameter

Total score: <11 = at risk
for malnutrition

Score 0-3 for each
parameter

Total score: >2 = high risk
1 = medium risk

Score 0-3 for each
parameter

Total score: >3 = start
nutrition support



by a trained professional, it is recognized as a vali-
dated method to diagnose malnutrition and predict
postoperative complications, longer length of stay in
postoperative patients and patients in the intensive
care unit, readmission to the intensive care unit, and
mortality.”>*

Recap Nutritional screening tools are designed

to quickly evaluate nutritional risk in individuals.
Nutritional assessment tools are used to identify the
presence of malnutrition in individuals. It is important
that the RDN use validated screening and assessment
tools to ensure that the results are correct for the
population being evaluated.

» Standard Methods of
Evaluating Nutritional
Status

Preview The use of nutrition assessment methods
such as anthropometry, biochemical, and clinical
dietary methods are essential tools to determine the
health of individuals and groups.

Although the type of data collected to conduct nutri-
tional assessments varies by clinical setting, the
process and goal are the same. The evaluation of an
individual or population nutritional status involves
the interpretation of anthropometric, biochemical,
clinical, and dietary data to define whether an indi-
vidual or a group of individuals are well nourished or
suffer from malnutrition. Malnutrition includes both
overnutrition and undernutrition.

Anthropometric Measures Method

Anthropometry is defined as the study of the
measurement of the human body. It includes dimen-
sions of bone, muscle, and adipose tissue. The area
of anthropometry is a noninvasive process for deter-
mining body fat mass that incorporates several
human body dimensions. Weight, standing height,
horizontal length, skinfold thicknesses, limb lengths,
wrist breadths, and head, chest, and waist circumfer-
ences are just a few examples of the different human
body measurements that fall under anthropometric
measures.*

Many indexes and ratios can be calculated from
anthropometric measurements. One common indi-
cator calculated from anthropometric measurements
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TABLE 1.4 (alculating body mass index

BMI Formula Weight (kilograms) = height (meters?)

Interpretation ~ BMI values <18.5 = Underweight

BMI values 18.5-24.9 = Normal or
desirable

BMI values 25.0-29.9 = Overweight

BMI values 30.0-34.9 = Obese (class I)

BMI values 35.0-39 = Obese (class II)

BMI values > 40.0 = Extreme obesity

Data from National Institutes of Health. Clinical guidelines on the identification, evaluation,
and treatment of overweight and obesity adults. 1988. Report no. 98-4083. https://www
.ncbi.nim.nih.gov/books/NBK2003/. Accessed December 3, 2016.

is the body mass index (BMI). BMI is a measure of
body fat utilizing height and weight for adult men
and women. The National Academies of Science
Engineering and Medicine (NASEM)—Health and
Medicine Division, the Centers for Disease Control
and Prevention (CDC), and many other organiza-
tions that conduct research on the health risks asso-
ciated with excess weight and obesity use BMI as a
measure.”” TABLE 1.4 shows the formula used to cal-
culate BMI as well as the parameters used to interpret
measures.

Anthropometry is a significant element in the
nutrition assessment of individual children and adults,
as well as segments of the population. Through the
use of the National Health and Nutrition Examination
Survey (NHANES), data collected through anthro-
pometric measurements have been used to monitor
growth and weight trends in the American population
for more than 50 years.”

The anthropometric data for infants and children
reveal general health status and dietary adequacy
and are used to track trends in growth and develop-
ment over time. The data collected have been used
to produce national reference standards or growth
charts.”” Researchers from different health disciplines,
for example, cardiovascular health, gerontology, nutri-
tion, and occupational health, use anthropometric
data to examine health status and healthcare utiliza-
tion trends in U.S. adults.*

Biochemical Measures Method

Variations in the quantity and composition of a per-
son’s diet are reflected in the concentration of chemical
substances in tissue and body fluids and the appear-
ance of different metabolites. The nutrition gamut
ranges from an extreme of malnutrition because
of deficiency, to optimal nutrition, to malnutrition
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because of overnutrition at the other end. Biochemi-
cal measures serve to identify nutritional status at any
stage along the nutrition spectrum.

Although used commonly for identifying malnu-
trition, current literature is inconsistent for showing
the validity of biochemical markers as determinants
of individuals’ nutritional status. The main consen-
sus in the literature is that laboratory markers are not
reliable as a stand-alone assessment.”® The analysis
of laboratory data can be difficult, and results are
not always connected to clinical or nutrition find-
ings. Biochemical results can be influenced by non-
nutritional factors such as medications, hydration
status, disease state, and stress.?®

Not all content of body nutrients can be assessed
by biochemical methods. Common deficiencies iden-
tified via biochemical or laboratory methods include’:

= Blood-forming nutrients such as iron, folacin, and
vitamins B_ and B,

m  Water-soluble vitamins such as thiamine,
riboflavin, niacin, and vitamin C
All of the fat-soluble vitamins (A, D, E, and K)

= Minerals such as iron, iodine, and trace
elements; and

= Levels of blood lipids, including cholesterol,
triglycerides, glucose, and enzymes linked to
heart disease

The results of anthropometric, clinical, and dietary
assessment methods can guide decisions concerning
the need for biochemical or laboratory data.

Clinical Method: History and Physical

A comprehensive look at an individual’s or a group’s
nutrition assessment takes into account their history.
A clinical history coupled with a physical examination
is essential to identify signs and symptoms of malnu-
trition. A clinical history usually includes information
such as medical diagnosis, recent hospital admissions,
medications, changes in intake of food and fluids, food
supply and preparation ability, and weight changes.

Once a history is obtained, a nutrition-focused
physical exam (NFPE) should be conducted. An NFPE
is a systematic way of evaluating an individual from head
to toe, paying attention to his or her physical appear-
ance and function to discover signs and symptoms related
to malnutrition, nutrient deficiency, and toxicity.”

The presence of weight loss is an indicator of an
individual’s nutritional status.* In 2012, the Academy
and the American Society for Parenteral and Enteral
Nutrition put out a consensus statement defining
malnutrition as the presence of two of the following
symptoms: inadequate energy intake, weight loss, loss
of muscle mass, loss of subcutaneous fat, localized or

generalized accumulation of fluid, or decreased func-
tional status as measured by handgrip strength.’> Many
of these characteristics are easily evaluated via an
NEFPE. See TABLE 1.5 to review some of the signs and
symptoms that can be identified as a result of conduct-
ing a systems-focused assessment.

Dietary Methods

Dietary assessment methods are used to collect an
individual’s and group information on food supply and
nutrients consumed. For groups of individuals (popula-
tion groups), statistical databases such as the Food and
Agriculture Organization of the United Nations
(FAO) and the Bureau of Labor Statistics Consumer
expenditure survey data provide information on
food supply and purchasing habits. Actual food-intake
data are obtained through the use of dietary surveys,
food diaries, 24-hour recall, food-frequency question-
naires, food-habit questionnaires, or a combination of
any of these methods. The NHANES is an example of
a national survey program in the United States that has
been designed to assess the health and nutritional status
of adults and children.”® This survey is unique in com-
bining interviews and physical examinations.

A food diary requires that a participant report all
food and fluids consumed for a specified period of time.
A 24-hour recall involves listing all food and fluids con-
sumed in the previous 24 hours. Foods and quantity
consumed are recalled from memory with the assistance
of a trained interviewer to facilitate the process. A food-
frequency questionnaire is a structured listing of individ-
ual foods or groups of foods. For each food item or group,
the participant must define the frequency in which the
food is consumed in a specified time frame. This can be
the number of times the food or group is consumed in a
day, a week, or even a month. Diet histories are used to
determine the usual intake of a specific individual. Food-
habit questionnaires are used to collect either general
information or specific details such as food perceptions
and beliefs. Food likes and dislikes, food-preparation
methods, and social surroundings related to meals are
collected using this method. Combined dietary assess-
ment methods can be pooled to improve accuracy and
enable interpretation of the dietary data.*

Like all self-reported data, the complete accu-
racy of information obtained from dietary assessment
methods such as surveys can be questioned. A study
designed to evaluate the validity of the data reported
by NHANES on caloric intake reported that in the
39 years of the history of the survey, data reported
by the majority of participants were not physiologi-
cally reasonable.”” These findings suggest that the
ability to estimate population trends in caloric intake
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TABLE 1.5 Signsand symptoms of nutritional deficiency

Body System Sign or Symptom Nutrient Deficiency

General appearance Wasting Energy
Skin Rash Many vitamins, zinc, essential
fatty acids
Rash in sun-exposed area Niacin (pellagra)
Easy bruising Vitamin C or K
Hair and nails Thinning or loss of hair Protein
Premature whitening of hair Selenium
Spooning (upcurling) of nails [ron
Eyes Impaired night vision Vitamin A
Corneal keratomalacia (corneal drying and clouding) Vitamin A
Mouth Cheilosis and glossitis Riboflavin, niacin, pyridoxine,
iron
Bleeding gums Vitamin C, riboflavin
Extremities Edema Protein
Neurologic Paresthesias or numbness in a stocking-glove distribution Thiamin (beri beri)
Tetany Ca, Mg
Cognitive and sensory deficits Thiamin, niacin, pyridoxine,
vitamin B
Musculoskeletal Wasting of muscle Protein

Bone deformities (e.g., bowlegs, knocked knees, curved Vitamin D, calcium

spine)
Bone tenderness Vitamin D
Joint pain or swelling Vitamin C

Gastrointestinal Diarrhea Protein, niacin, folate, vitamin B,
Diarrhea and dysgeusia Zinc
Dysphagia or odynophagia (because of Plummer-Vinson Iron
syndrome)
Endocrine Thyromegaly lodine

Reproduced from Merck Manual Professional Version (Known as the Merck Manual in the US and Canada and the MSD Manual in the rest of the world), edited by Robert Porter. Copyright 2017 by
Merck Sharp & Dohme Corp., a subsidiary of Merck & Co, Inc, Kenilworth, NJ. Available at https://www.merckmanuals.com/professional/nutritional-disorders/nutrition-general-considerations
/nutrition-in-clinical-medicine#v882248. Accessed December 3, 2016.

to support the development of public policy relevant
to diet and health relationships from the American
nutrition surveillance system can be limited.**

» The Nutrition Care Process

Recap The use of the different nutrition assessment
methods are valuable, simple, and practical tools used
to describe nutrition problems in individuals as well as
groups within the community.

Preview The Nutrition Care Process is a tool used
by nutrition and dietetics professionals to improve
the consistency and quality of individualized care for
patients, clients, or groups.
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The Nutrition Care Process

The Nutrition Care Process (NCP) is a standardized
model developed to assist the RDNs and dietetic tech-
nicians, registered (NDTR), in delivering high-quality
nutrition care.” This process provides the framework
for the RDN and NDTR to customize care, taking into
account the individual’s needs and values, while using
the best scientific evidence at the time care decisions
must be made. In 2003, the Academy endorsed the use
of the NCP to afford nutrition specialists a strategy for
critical thinking and decision making.

The NCP involves the use of unique yet interde-
pendent—that is, distinct but interrelated—steps. This
includes the completion of a nutrition assessment. Part
of completing a nutrition assessment involves four steps.
The first step is collecting and documenting informa-
tion such as nutrition-related history, anthropometric

measurements, laboratory data, clinical history, and
NFPE findings. The second step is defining a nutri-
tion diagnosis. This requires the RDN to evaluate the
collected assessment information and name a specific
problem that can be resolved through nutritional inter-
ventions. The third step requires the RDN to select
nutrition interventions that will address the root of the
nutrition diagnosis to resolve or control signs and symp-
toms. The last step of the NCP is monitoring and evalu-
ation to determine whether the individual has achieved
or is making progress toward the predetermined goal.*

Nutrition Care Process and Model

The Nutrition Care Process and Model (NCPM) is
a pictorial conception that shows the steps of the Nutri-
tion Care Process as well as internal and external factors
that influence application of the NCP (FIGURE 1.3).

THE NUTRITION CARE PROCESS MODEL

* |dentify risk factors

* Use appropriate tools and methods

* Involve interdisciplinary
collaboration

Nutrition assessment &
Re-Assessment

* Obtain / collect important
and relevant data

* Analyze / Interpret
collected data

£CcoNoMicg

indicators

o)
%,

OUTCOMES MANAGEMENT SYSTEM

* Research NCP

* Use aggregated data to conduct research
* Conduct continuous quality improvement
* Calculate and report quality indicators

Nutrition monitoring
& evaluation

¢ Select or Identity quality

* Monitor & Evaluate
resolution of diagnosis

practice settingg

Nutrition diagnosis

P — Identify problem
E — Determine etiology / cause
S — State signs & symptoms

oD
uog;e:)\_u"‘“’\»

Individual / Population
interacts with
nutrition professional

SWayss greo yweer

Social systems

FIGURE 1.3 The nutrition care process and model for nutrition and dietetics professionals

Reproduced from Academy of Nutrition and Dietetics. Nutrition Terminology Reference Manual (eNCPT): Dietetics Language for Nutrition Care. 2016. http://ncpt.webauthor.com. Accessed December 8, 2016.



The relationship between the RDN and the individual
or groups of individuals is at the center of the model,
which defines the four steps of the NCP—nutrition
assessment, diagnosis, intervention, and monitoring
and evaluation. The NCP helps to identify external
factors such as skill and ability of the RDN, applica-
tion of evidence-based practice, application of the code
of ethics, and knowledge of the RDN as some of the
external factors influencing the process. This set of fac-
tors defines how individuals and groups of individuals
receive nutrition information.

Other factors that impact the ability of indi-
viduals and groups to take advantage of the RDN
services includes the healthcare system, socio-
economics, and the practice setting. The practice
setting reveals rules and regulations that guide a
practice and include the age and conditions qualify-
ing for services and how the nutrition and dietetics
professional apportions his or her time. The health-
care system defines the amount of time available
for the nutrition and dietetics professional-patient
interaction, the kind of services offered, and who
provides the services. Social components reflect
the health-related knowledge, values, and the time
devoted to improving nutritional health of both indi-
viduals and groups. The economic aspect integrates
resources assigned to nutrition care, including the
value of a food and the nutrition professional’s time
expressed in the form of salary and reimbursement.*

The screening and referral process as well as out-
comes management complete the components of the
NCP. The NCPM offers a consistent structure and
framework for nutrition and food professionals to use
when providing nutrition care. The model is intended
for use with individuals and groups of individuals of
all ages with any healthcare condition and in all care
settings."

Nutrition Care Process: Standardized
Language

RDNs utilize Nutrition Care Process Terminology
(NCPT) to describe all activities performed in the four
steps of the NCP.*! The NCPT is a controlled vocabu-
lary used to depict the distinctive activities of nutrition
and dietetics in completing the nutrition assessment,
nutrition diagnosis, nutrition intervention, and nutri-
tion monitoring and evaluation. It is intended to enable
clear and reliable narratives of the services provided by
RDNs.* Aside from facilitating communication, the
NCPT enables researchers to define the types of nutri-
tion problems observed in patient populations (nutri-
tion diagnoses), the interventions to put in place, and
the outcomes obtained.
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The NCPT contains more than 1,000 terms and
was developed with contributions from practitioners
and researchers. Many of the terms have been matched
for incorporation into the Systematized Nomenclature
of Medicine—Clinical Terms and Logical Observation
Identifiers Names and Codes. These are clinical terms
in use worldwide for electronic health records. The
NCPT’s specific vocabulary allows for data gathering
for nutrition research and documentation of quality
measures.

The NCPT includes specific language for nutri-
tion diagnosis. These statements help describe nutri-
tion problems that the RDN can treat. The unique
language developed to identify nutrition interventions
helps outline actions intended to change a nutrition-
related behavior, environmental condition, or aspect of
health status for an individual or a group.*® The NCPT
also includes nomenclature to identify nutrition mon-
itoring and evaluation parameters that can be used to
determine changes in outcomes as they relate to nutri-
tion diagnosis and intervention.

Nutrition Care Process: Assessment

Nutrition assessment is a systematic method for
obtaining, verifying, and interpreting data needed to
identify nutrition-related problems, their causes, and
their significances.* It is a continuous, nonlinear, and
dynamic procedure that includes initial data gathering
as well as recurrent reassessment and analysis of the
individual’s status compared to identified standards.
Through the evaluation of the data collected for the
nutrition assessment, the RDNs is able to determine
whether a nutritionally diagnosable problem exists.*

The nutrition assessment terms are identified and
grouped into five domains: food/nutrition-related
history, anthropometric measurements, biochemical
data, medical tests, and procedures.

A nutrition assessment commences after an
individual is referred, as a consequence of an at-risk
nutrition screen, or when an individual can benefit
from nutrition care. Nutrition assessment allows the
nutrition practitioner to determine if a nutrition diag-
nosis or problem exists. When that is the case, the
RDN properly diagnoses the problem and generates a
problem, etiology, signs or symptoms (PES) statement.
This is step two of the NCP. In addition, RDNs create a
plan to put in place interventions to resolve the nutri-
tion diagnoses. In some instances, a plan of care iden-
tifies the need for further information or testing. If the
initial completed assessment or reassessment shows
that a nutrition problem is not present or that cur-
rent problems cannot be improved by supplementary
nutrition care, discharge from nutrition care services
is appropriate.”!
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Data to complete a nutrition assessment of indi-
viduals is obtained from the person through inter-
views, observation, measurements, medical records,
and information provided by the referring health-
care provider. For population groups, data from sur-
veys, administrative data sets, and epidemiological or
research studies are used to collect assessment infor-
mation. The use of standardized language enables
effective comparison of nutrition-assessment find-
ings. When conducting the assessment, the RDN
must determine which are the most appropriate data
to collect, assess the need for additional data, select
assessment tools and procedures that match the situa-
tion, and apply assessment tools in a reliable manner.
The assessor must determine which data are relevant,
important, and valid for inclusion in the nutrition
assessment.*!

NCP: Nutrition Diagnosis

Defining a nutrition diagnosis is an important step
between nutrition assessment and defining nutri-
tion interventions. The purpose of a standardized
nutrition diagnosis language is to designate nutrition
problems reliably so that they are clear for all profes-
sionals. A nutrition diagnosis is used to identify
and define a particular nutrition problem that can be
solved or whose symptoms can be managed through
nutrition interventions by a nutrition and food pro-
fessional. A nutrition diagnosis (such as inadequate
sodium intake) is different from a medical diagnosis
(such as congestive heart failure). Unlike a nutrition
diagnosis, a medical diagnosis defines a disease pro-
cess or pathology such as congestive heart failure. It
is not within the scope of nutrition and dietetics pro-
fessionals to determine or assign medical diagnoses.
The standardized language improves communication
and documentation of nutrition care, and it offers a
minimum data set and consistent data foundations
for future research. The nutrition diagnosis falls into
three domains: intake, clinical, and behavioral or
environment. TABLE 1.6 shows examples of nutrition
diagnostic terminology that fall under each domain.
A designation of “no nutrition diagnoses” can be used
for individuals whose documented nutrition assess-
ment indicate no nutritional problem requiring nutri-
tion intervention and treatment.*

The outcome of the nutrition-diagnosis step of
the NCP is the creation of a diagnosis statement, or
PES statement, which has three elements: the prob-
lem (P), its etiology (E), and its signs and symptoms (S).
The elements of the PES statement are joined by the
phrases “related to” and “as evidenced by The data
collected and analyzed during the nutrition assessment

TABLE 1.6 Nutrition diagnostic terminology

Coese e

Intake Inadequate energy intake
Malnutrition

Clinical Impaired nutrient utilization
Unintended weight loss

Behavioral/ Not ready for diet or lifestyle

Environmental change

Limited access to food or water

Data from Academy of Nutrition and Dietetics. Nutrition Terminology Reference Manual
(eNCPT): Dietetics Language for Nutrition Care. 2016. http://ncpt.webauthor.com/. Accessed
December 8, 2016.

are used to generate the PES statement.”’ FIGURE 1.4
shows how the standardized language is used to create
a nutrition diagnosis and PES statement.

NCP: Intervention

The third step of the NCP is determining the most
appropriate intervention to resolve the nutrition prob-
lem. A nutrition intervention is the action taken by
the nutrition and dietetics professional to correct or
manage a nutrition problem. Its purpose is to target
and resolve the diagnosis by eliminating signs and
symptoms related to nutrition-related behaviors,
environmental conditions, or conditions that affect
nutrition and health. Nutrition interventions need to
be individualized to meet the specific needs of each
person.*-

The NCP nutrition intervention has two dis-
tinct steps: planning and implementation. Planning
involves selecting and prioritizing the nutrition diag-
nosis, collaborating with other caregivers, involving
the patient and his or her representative, and review-
ing evidence-based practice guidelines. With the
patient at the center of the care, the FDN should work
toward the expected outcome for the nutrition diag-
nosis, outline nutrition interventions, identify the
frequency of the treatment, and identify the resources
needed. The implementation step involves commu-
nicating and carrying out the care plan developed for
the individual. Plan implementation involves moni-
toring the plan for acceptance (by the individual) and
effectiveness. If the expected outcome for the indi-
vidual is not being obtained, the interventions must
be changed.?"*

Most often the nutrition intervention is designed
tocorrecttheetiologycomponentofthe PESstatement.



Patient Information

Mrs. Smith is a 66-year-old female who was referred
to your office by her primary care provider. The reason
for the referral is outlined weight loss in the past

3 months.

Mrs. Smith's diagnosis includes diabetes,
hypertension, and arthritis. Her height is 54" Her
weight in the past three months: month 1 =135
lbs, month 2= 127 lbs, month 3 = 122 lbs. Her usual
body weight fluctuates between 137 and 134 Ibs. Her
current BMI = 20.9. This value is within the range for
normal BMI.

Mrs. Smith's medical history is significant for
diabetes and arthritis. During your interaction with
the Mrs. Smith, you determine that overall her blood
sugars are well controlled. She understands her
medication regime and the importance of following
her medication schedule. She reports that she has
been “a bit out of sorts”since her husband died four
months ago. Mr. Smith had been a world-renowned
chef who had retired and turned his energy to
shopping for and preparing every meal at home.
Since his death, Mrs. Smith has not had the desire to
shop for food or cook meals. This just does not seem
important to her.

As the nutrition assessment is completed, you
conclude that Mrs. Smith has poor intakes of calories
and protein. Her intake is related to changes in her living
situation following the death of her husband, who had
supported her by preparing all meals. The poor intake
has resulted in a 13-Ib weight loss in three months.

Focusing on the poor intake as the key problem,
the PES statement can be written as:

Inadequate protein-energy intake (NI-5.3)
related to poor meal intake and loss of
support for preparing meals as evidenced by
a 13-Ib weight loss in three months.

To address the weight loss, the PES statement can be
written as:

Unintended weight loss (NC-3.2) related
to poor meal intake and loss of support for
preparing meals as evidenced by a 13-Ib
weight loss in 3 months.

FIGURE 1.4 Using standardized language to create a PES
statement

Data from Academy of Nutrition and Dietetics. Nutrition Terminology Reference Manual (eNCPT): Dietetics Language for Nutrition
(are. 2016.http://ncpt.webauthor.com/. Accessed December 8, 2016.

Four domains are used when creating nutrition inter-
ventions: (1) food or nutrient delivery, (2) nutrition
education, (3) nutrition counseling, and (4) coordi-
nation of care. The food or nutrient delivery domain
encompasses provision of meals, snacks, and enteral
and parenteral nutrition. Education and counseling

The Nutrition Care Process 15

tactics can help operationalize food and nutrient
delivery efforts and guide individuals to make food
choices that promote healthy eating patterns and
optimize health. Nutrition education varies by care
setting, desired outcome, and whether the person has
a chronic or acute disease process. For instance, for
home-dwelling individuals, food safety might be the
focus of their nutrition education; therefore, coun-
seling goes beyond understanding healthy eating
patterns. It requires influencing and coaching indi-
viduals to foster lifestyle changes. Coordination of
care is an interprofessional collaboration to iden-
tify the individual’s needs and identify resources.”*

NCP: Monitoring and Evaluation

Nutrition monitoring and evacuation is the fourth
step of the NCP. The purpose of this step is to measure
the progress made by the individual in achieving the
predetermined outcome. The individual’s outcomes
that are relevant to the nutrition diagnosis and inter-
ventions are monitored and measured. Data sources
to aid in this step include self-monitoring information
and material collected through records such as forms,
spreadsheets, and computer programs. Information
from anthropometric measurements, biochemical
data, tests, and procedures also help to evaluate prog-
ress from current status to desired state. Data from
pretests, questionnaires, surveys, and mail or tele-
phone follow-up can also be used to measure the level
of success of the plan of care.**

Outcomes associated with food and nutrient
intake, nutrition-related physical signs and symptoms,
and nutrition-related patient- and individual-centered
outcomes are usually monitored by the nutrition and
dietetics professional.**

The NCP’s nutrition monitoring and evaluation
step incorporates three unique and interconnected
processes: monitoring process, measuring outcomes,
and evaluating outcomes. Monitoring process involves
ensuring that the client, patient, or individual under-
stands and complies with the plan. This includes
determining if the interventions were implemented
as prescribed, providing evidence of how the plan is
helping the patient to meet (or not meet) their goals,
detecting other positive or negative outcomes, col-
lecting information, identifying causes for absence of
progress, and aggregating data that support the lack of
progress as well as support conclusions with evidence.
Measuring outcomes involves identifying markers
that are relevant to the nutrition diagnosis or signs
and symptoms, nutrition goals, medical diagnosis and
outcomes, and quality-management goals. Evaluating
outcomes requires that the nutrition care provider
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evaluate the change between the outcomes obtained
to the individuals status at the beginning of the care
process.*

Recap The use of standardized indicators and
criteria helps nutrition and dietetics professionals
communicate using a common language understood
inside and outside the profession. Data collected

are used to promote continued development of the
outcome data’s validity and reliability.

» Emerging Opportunities
for Nutritional Assessment
and Evaluation

Preview Micronutrient deficiencies are no longer
the leading public-health priority in the United States.
It is important to monitor individual and groups of
individuals' diet and body weight as part of health-
promotion and disease-prevention programs.

For more than a century, the role of nutrition in
promoting health and preventing disease was over-
shadowed by great achievements in medicine. In the
same time frame, science and research increased
our knowledge and understanding of micronutrient

2020 Baseline (year): 33.9 (2005-08)

2020 Target: 30.5 2

requirements and their role in supporting health.
Changes in the food industry supporting the enrich-
ment and fortification of food products have con-
tributed to eradicating micronutrient deficiencies
in some segments of the population. As a result,
micronutrient deficiencies are no longer the highest
public-health priority. Currently, a better under-
standing of the complex relationship between nutri-
tion and health has placed the conduct of nutrition
assessments as a key indicator in the surveillance of
population health. Conducting population nutrition
assessments provides data that help to continue
advance healthcare practices.

Healthy People 2020 Nutrition Objectives

One of the goals of the Healthy People 2020 initiative is
to reduce the proportion of adults who are obese. The
goal is to decrease this rate from a 2020 baseline of 33.9%
to 30.5% by 2020. The 2011-2014 data reflecting rate
of obesity per race are shown in Figure 1.4. These data
show that the obesity rate for the white non-Hispanic
or Latino rate is 34.4%. The obesity rate for African
Americans is 47.9%. There is a 13.5 percentage-point
difference between the groups with the best and worst
obesity rates. This type of information is important for
healthcare providers regardless of the practice setting.
For the researcher interested in public health, this type
of information is essential to demonstrate the need for
additional research involving this segment of the pop-
ulation. FIGURE 1.5 shows obesity disparities by race
and ethnicity.

Desired direction: ¥ Decrease is desired
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Mexican American

Black or African American only,
not Hispanic or Latino

FIGURE 1.5 Disparities details by race and ethnicity for 2011-2014: Obesity among adults (age adjusted, percent, 20+ years)

Reproduced from Healthy People 2020. Disparities Details by Race and Ethnicity for 2011-14: Obesity among adults (age adjusted, percent, 20+ years) https://www.healthypeople.gov/2020/data/disparities/d

il/Chart/4968/3/2014 Accessed 7/1/2017.
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) VIEWPOINT

“r/

Health Initiatives

Robin S. Rood, MA, MEd, RD, LD

A health initiative is a strategy, action plan, or approach
offered by an agency of the federal government,
private business, or nonprofit organization to inform
and direct people toward better health. In March 2010,
the Affordable Care Act (ACA) was enacted into law,
expanding access to health care to millions of people
who had previously been unable to get health care
because of preexisting conditions or simply because they
could not afford it (FIGURE A)." One of the ACA's most
popular features is that it allows children to remain on
their parents'insurance until age 26 years.? In addition,
preventive care services such as free flu shots, birth
control, and annual physicals are more easily accessed.
In September 2010, First Lady Michelle Obama and
National Football League (NFL) Commissioner Roger

Goodell launched the “Let’s Move” Campaign. Although
the website is still available for public viewing, it is
no longer being updated. The “Play 60" campaign is
now called the “Fuel Up to Play 60”and is an in-school
nutrition and physical-activity program sponsored by
the National Dairy Council, the NFL, and partners with
the U.S. Department of Agriculture* These programs
encourage children, teens, and adults to engage in
physical activity every day. The goal is to create a public
and private partnership to combat childhood obesity.
The Presidential Active Lifestyle Award (PALA+) was
created by the National Foundation on Fitness, Sports,
and Nutrition to promote physical activity and good
nutrition, and encourage Americans to meet the Physical
Activity Guidelines and Dietary Guidelines for Americans.
To win this award you can register at www.supertracker
.usda.gov/PALAplus.aspx and log in to track foods and
exercise for five weeks to earn a PALA+, or sign up at the

Rx Discounts
for seniors

Free
preventive care

Pre-existing
conditions

3 @

Protect against
health care fraud

Benefits of the
AFFORDABLE
CARE ACT
for Americans

Consumer
assistance

rIIII

Small business
tax credits

Benefits for women  Your adult coverage
Providing insurance
options, covering
preventing service,
and lowering costs.

Coverage available
to children up to
age 26 years.

FIGUREA Benefits of the Affordable Care Act

Strengthening
Medicare

Yearly wellness visit and
many free preventing
services for some
seniors with Medicare.

Holding insurance
companies accountable

Insures must justify any
premium increase of 10%
or more before the rate
takes effect.

Reproduced from Issues: Affordable Care Act. United States Congressman Gene Green. https://green.house.gov/issues/affordable-care-act.
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Reproduced from Let's Move! https:/I | hitehouse.archives.gov.

National Fitness Foundation (www.fitness.foundation
/pala), the only nonprofit officially chartered by Congress.
Anyone who extends the challenge to weeks 6-8 will
achieve a Presidential Active Lifestyle Premium Award.>®
In December 2010, a health initiative called Healthy
People 2020 was launched to assess the current health of
Americans and offer health education programs targeted to
their needs so that every population can live healthy lives.”
Now in its third decade, Healthy People 2020 is a
science-based set of national objectives aimed at improving
the health of all Americans. Healthy People 2020 reflects the
need to address current issues in health care, including:

= Adolescent health

®  Blood disorders and blood safety

®m  Dementias, including Alzheimer’s disease

= Farly and middle childhood

m  Genomics

= Global health

m  Health-related quality of life and well-being
m  Healthcare-associated infections

m  |esbian, gay, bisexual, and transgender health
= Older adults

= Preparedness

m  Sleep health

u

Social determinants of health

The results of this ongoing collection of information
can be found at www.healthypeople.gov. At this time,
Healthy People 2030 is in development to project what
areas of health are of concern to future generations.

it

© Africa Studio/Shutterstock.

Healthy People

@ ¢ =
S ’ e heaTpospie gov

Reproduced from Healthy People 2020. U.S. Department of Health and Human Services. https:/www.healthypeople.gov/.

A nation with a healthy population means a stronger
and more productive society. Healthy minds and bodies
also benefit economically from diet and physical exercise.
Because health care costs have continued to increase,
initiatives such as Healthy People 2020 and Healthy
People 2030 will help keep costs down, create a healthier
workforce, and stimulate the economy.
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Healthy People 2020 (HP 2020) is a set of goals
and objectives with 10-year targets that are designed
to guide national health-promotion and disease-
prevention efforts to improve the health of all people in
the United States. Released by the U.S. Department of
Health and Human Services each decade, the Healthy
People initiatives reflect the idea that setting objectives
and providing science-based benchmarks to track and
monitor progress can motivate and focus action. HP
2020 represents the fourth generation of this initiative,
building on three decades of previous work.*®

HP 2020 is a tool used for strategic management
by the federal government, states, communities, and
many other public- and private-sector partners. Its
comprehensive set of objectives and targets is used
to measure progress for health issues in specific pop-
ulations as well as serve as a foundation for preven-
tion and wellness activities across various sectors
and within the federal government. It also serves as
a model for measurement at the state and local levels.
HP 2020 is committed to the vision of “a society in
which all people live long, healthy lives” The initiative
has four predominant goals:*

1. Help Americans have higher-quality and longer
lives that are free of preventable diseases,
disabilities, injuries, and premature death.

2. Help Americans achieve health equity, eliminate
disparities, and improve the health of all groups.

3. Create social and physical environments that
promote good health for all.

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

HP 2020 monitors approximately 1,200 objectives
organized into 42 topic areas, each of which represents
an important public-health area.’® See TABLE 1.7.

The goal of the nutrition and health-status
objective is to promote health and reduce chronic-
disease risk through the consumption of healthful
diets and achievement and maintenance of healthy
body weights.*

The nutrition and weight status objectives for
HP 2020 reflect strong science supporting the health
benefits of eating a healthful diet and maintaining a
healthy body weight. The objectives also emphasize
that efforts to change diet and weight should address
individual behaviors as well as the policies and envi-
ronments that support these behaviors in settings
such as schools, work sites, healthcare organizations,
and communities.”

The goal of promoting healthy diets and healthy
weight includes increasing household food security
and eliminating hunger. A healthy diet includes a vari-
ety of nutrient-dense foods within and across the food

groups, especially whole grains, fruits, vegetables,
low-fat or fat-free milk or milk products, and lean
meats and other protein sources. Individuals are also
encouraged to limit the intake of saturated and trans
fats, cholesterol, added sugars, sodium, and alcohol,
as well as limit overall intake to meet caloric needs.*

Monitoring population diet and body weight
is an important part of any health-promotion and
disease-prevention program. Good nutrition is
especially important to the growth and develop-
ment of children. A healthy diet also helps Ameri-
cans reduce their risks for many health conditions,
including overweight and obesity, malnutrition,
iron-deficiency anemia, heart disease, hypertension,
dyslipidemia, type 2 diabetes, osteoporosis, oral dis-
ease, constipation, diverticular disease, and some
forms of cancer.”**

Diet reflects the variety of foods and beverages
consumed over time in the home and in settings such
as work sites, schools, and restaurants. Interventions
that support the consumption of a healthier diet help
ensure that individuals will have the knowledge and
skills to make healthier choices.

Because weight is influenced by the balance
between number of calories consumed versus calo-
ries expended, interventions put in place to improve
weight should support changes in diet as well as phys-
ical activity. As new and innovative policies and envi-
ronmental interventions to support diet and physical
activity are implemented, it will be important to iden-
tify which are most effective. A better understand-
ing of how to prevent unhealthy weight gain is also
needed.”” HP 2020 includes 22 objectives®! as shown
in TABLE 1.8.

Diabetes Mellitus

Diabetes mellitus is perhaps one of the oldest disorders
known to medicine. Clinical descriptions describing
what we now call DM were portrayed 3,000 years ago
by the ancient Egyptians.*" See FIGURE 1.6 for a quick
history of DM.

Because DM is so widespread, it is now consid-
ered a 21st-century global emergency. An estimated
415 million adults worldwide live with DM. In addi-
tion, 318 million adults suffer from impaired glucose
tolerance, thus increasing their risk for developing
DM.?* In the United States, 29.1 million people—9.3%
of the American population—have diabetes, out of
which only 21 million individuals have been diag-
nosed. During 2008-2009, an estimated 18,436 people
younger than 20 years in the United States were newly
diagnosed with type 1 diabetes annually, and 5,089
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TABLE 1.7 Healthy People 2020 topic areas

Topic Areas

"These topics were not included in HP2010 and are new to HP2020.

CHAPTER 1

Adolescent health*
Arthritis, osteoporosis, and
chronic back conditions

Blood disorders and blood safety*

Cancer

Chronic kidney disease

Dementias, including Alzheimer’s
disease*

Diabetes

Disability and health

Early and middle childhood*

Educational and community-
based programs

Environmental health
Family planning

Food safety

Nutritional Assessment

Public-Health Area

Global health*
Healthcare-associated infections*
Health communication and health

information technology

Health-related quality of life and
well-being*

Hearing and other sensory or
communication disorders

Heart disease and stroke

HIV

Immunization and infectious
diseases

Injury and violence prevention

Lesbian, gay, bisexual, and
transgender health*

Maternal, infant, and child health
Medical product safety

Mental health and mental
disorders

Access to Health Services m Nutrition and Weight Status

Occupational safety and health

Older adults*

Oral health

Physical activity

Preparedness*

Public-health infrastructure

Respiratory diseases

Sexually transmitted diseases

Sleep health*

Social determinants of health*

Substance abuse
Tobacco use

Vision

Data from Centers for Disease Control and Prevention. HP 2020. https://www.cdc.gov/nchs/healthy_people/hp2020.htm. 2015. Accessed December 17, 2016.

FIGURE 1.6 History of diabetes mellitus

Data from Ahmed AM. History of diabetes mellitus. Saudi Med J. 2002. Apr;23(4):373-378.
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TABLE 1.8 HP 2020 nutrition and weight stat

R

Healthier Food  Increase the number of states with nutrition standards for foods and beverages provided to
Access preschool-aged children in childcare

Increase the proportion of schools that offer nutritious foods and beverages outside of school
meals
= Increase the proportion of schools that do not sell or offer calorically sweetened beverages to

students
®  [ncrease the proportion of school districts that require schools to make fruits or vegetables
available whenever other food is offered or sold

Increase the number of states that have state-level policies that incentivize food retail outlets to
provide foods that are encouraged by the Dietary Guidelines for Americans

Increase the proportion of Americans who have access to a food retail outlet that sells a variety of
foods that are encouraged by the Dietary Guidelines for Americans

Health Care Increase the proportion of primary care physicians who regularly measure their patients'body mass
and Work-Site index (BMI)
Settings ® Increase the proportion of primary care physicians who regularly assess BMI in their

adult patients
= [ncrease the proportion of primary care physicians who regularly assess BMI for age and gender
in their child or adolescent patients

Increase the proportion of physician office visits that include counseling or education related to
nutrition or weight

= |ncrease the proportion of physician office visits made by patients with a diagnosis
of cardiovascular disease, diabetes, or hyperlipidemia that include counseling or
education related to diet or nutrition

= |ncrease the proportion of physician office visits made by adult patients who are obese that
include counseling or education related to weight reduction, nutrition, or physical activity

= |ncrease the proportion of physician visits made by all child or adult patients that include
counseling about nutrition or diet

Increase the proportion of work sites that offer nutrition or weight-management classes
or counseling

Weight Status Increase the proportion of adults who are at a healthy weight
Reduce the proportion of adults who are obese

Reduce the proportion of children and adolescents who are considered obese

Reduce the proportion of children ages 2 to 5 years who are considered obese

Reduce the proportion of children ages 6 to 11 years who are considered obese

Reduce the proportion of adolescents ages 12 to 19 years who are considered obese

Reduce the proportion of children and adolescents ages 2 to 19 years who are considered obese

Prevent inappropriate weight gain in youth and adults

®  Prevent inappropriate weight gain in children ages 2 to 5 years

Prevent inappropriate weight gain in children ages 6 to 11 years

Prevent inappropriate weight gain in adolescents ages 12 to 19 years

Prevent inappropriate weight gain in children and adolescents ages 2 to 19 years
Prevent inappropriate weight gain in adults ages 20 years and older

Food Eliminate the worst food insecurity among children

IEEATST Reduce household food insecurity and thus reduce hunger

(continues)
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TABLE 1.8 (continued)

Food and Increase the contribution of fruits to the diets of the population age 2 years and older
Nutrient ® |ncrease the variety and contribution of vegetables to the diets of the population age 2 years
Consumption and older

®  [ncrease the contribution of total vegetables to the diets of the population age 2 years and older

Increase the contribution of dark green vegetables, red and orange vegetables, and beans and peas
to the diets of the population age 2 years and older

Increase the contribution of whole grains to the diets of the population age 2 years and older

Reduce consumption of calories from solid fats and added sugars in the population age 2 years and older

m  Reduce consumption of calories from solid fats
m  Reduce consumption of calories from added sugars
®m  Reduce consumption of calories from solid fats and added sugars

Reduce consumption of saturated fat in the population age 2 years and older
Reduce consumption of sodium in the population age 2 years and older
Increase consumption of calcium in the population age 2 years and older

Iron Deficiency  Reduce iron deficiency among young children and females of childbearing age

®  Reduce iron deficiency among children ages 1 to 2 years
®  Reduce iron deficiency among children ages 3 to 4 years
= Reduce iron deficiency among females ages 12 to 49 years

Reduce iron deficiency among pregnant females

Data from US Department of Health and Human Services. (2015), Heathy Peaple 2020. https://www.healthypeople.gov/. Accessed December 17, 2016.

people younger than 20 years were newly diagnosed 15
with type 2 diabetes annually (see FIGURE 1.7).*2

Diabetes was the seventh-leading cause of death
in the United States in 2010 based on the 69,071
death certificates that listed diabetes as the underly-
ing cause of death. Studies have found that only 35%
to 40% of deceased people with diabetes had death
certificates that listed diabetes; 10% to 15% had dia-
betes listed as the underlying cause of death. From
2003-2006, after adjusting for population age dif- 0
ferences, death rates from all causes were 1.5 times AI/AN Asian Black,  Hispanic ~ White,
higher among adults 18 years of age and older with non-Hispanic non-Hispanic
diagnosed diabetes than among adults without diag- Race/Ethnicity
nosed diabetes.*

. Men

Managing DM Women

Diabetes can be treated and managed when someone
adopts a healthy eating pattern, engages in regular AI/AN = American Indian/Alaska Native.
physical activity, and takes prescribed medications
to lower blood glucose levels. Another critical part
of diabetes management is reducing cardiovascular
disease risk factors such as high blood pressure, high
lipid levels, and the use of tobacco. Patient education _ o y

Reproduced from Center for Disease Control and Prevention, National Diabetes Statistics Report, 2014. http://www.thefdha.org
and self-care practices also are important aspects of pdifciabetes po.

15.3% |
13.2% —

11.7% —

Percentage

6.% H

7.3% —

Note: Error bars represent upper and lower bounds of the
95% confidence interval.

FIGURE 1.7 New cases of DM in individuals younger than
20 years of age-2013-2015
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disease management that help people with diabetes
stay healthy. Nutritional assessment has been vital
in identifying risks and diagnosing symptoms and
comorbidities associated with DM.* Medical nutri-
tion therapy is key to preventing DM, managing
individuals who have been diagnosed with DM, and
preventing—or at least reducing—the development of
DM comorbidities.*

Weight Management

From 2011-2014, 36.5% of adult Americans were
considered obese. Overall, the prevalence of obesity
among middle-aged adults ages 40 to 59 years (40.2%)
and older adults ages 60 years and older (37.0%) was
higher than among younger adults ages 20 to 39 years
(32.3%). The prevalence of obesity among women
(38.3%) was higher than among men (34.3%).* In
2015, the rate of obesity by state was higher in states
such as Texas, Oklahoma, Missouri, and South
Carolina. Obesity increases the risk for morbidity
because of higher risks for; or the presence of hyper-
tension, dyslipidemia, diabetes, coronary heart dis-
ease, stroke, gallbladder disease, osteoarthritis, sleep
apnea and respiratory problems, and some cancers.
Obesity is also related to increased risks of mortality.
The biomedical, psychosocial, and economic effects
of obesity have significant repercussions for the health
and well-being of the US population.** FIGURE 1.8
shows the rate of obesity and the rate of coronary
heart disease by state for 2015.

The worldwide rate of obesity has more than dou-
bled since 1980. In 2014, more than 1.9 billion adults
ages 18 and older (39% of the world’s population) were
classified as overweight. Of these, more 600 million
(13%) were deemed obese. Sadly, most of the world’s
population lives in countries where being overweight
or obese kills more people than being underweight. In
2014, 41 million children over the age of five years fell
into the category of overweight or obese. The silver
lining in this epidemic is that obesity is preventable.*

The World Health Organization (WHO) defines
overweight and obesity as “abnormal or excessive fat
accumulation that presents a risk to health” Dif-
ferent measuring indexes are used to capture weight
measurements, depending on the age group. For chil-
dren up to 5 years of age, the WHO?’s child growth
standards introduced in April 2006 are reccommended.
For individuals 5 to 19 years of age, the WHO has
developed growth reference data. The data are a
reconstruction of the 1977 National Center for Health
Statistics (NCHS) and WHO reference and uses the
original NCHS data set supplemented with data from
the WHO child growth standards sample for young

children up to age 5 years. Body mass index is the most
frequently used measure of overweight and obesity in
adults. BMI is calculated by dividing an individual’s
weight in kilograms by the square of his or her height
in meters (kg + m?)."” See TABLE 1.9 for a list of BMI
ranges and corresponding weight classifications.

The BMI provides the most useful population-level
measure of overweight and obesity, as it is the same for
both genders and for all ages of adults. It is important
to note that one of the limitations of BMI measure-
ment is that it may not correspond to the same body-
fat percentage in different individuals.*”

Globally, increased BMI is a risk factor for
noncommunicable diseases such as cardiovascu-
lar disease, DM, musculoskeletal disorders (such as
osteoarthritis), and cancer (particularly endometrial,
breast, ovarian, prostate, liver, kidney, and colon). The
risk for these noncommunicable illnesses rises for
individuals with higher BMIs. Childhood obesity is
linked with a higher chance of adult obesity, prema-
ture death, and adult disability. Aside from health risks
in their future, obese children suffer from breathing
problems and have higher risks for fractures, hyper-
tension, cardiovascular disease, insulin resistance, and
attendant psychological consequences.*

What Is Being Done About the Obesity
Epidemic?

In 2004, the World Health Organization implemented
the “WHO Global Strategy on Diet, Physical Activity
and Health” program, which outlines the steps needed
to promote healthy diets and active lifestyles. This ini-
tiative challenges all stakeholders to get involved at
global, regional, national, and local levels to improve
diet and physical-activity patterns for all members of
the population. The WHO has also put in place its
“Global Action Plan for the Prevention and Control of
Non-Communicable Diseases 2013-2020.” Endorsed
by heads of state and government in September 2011,
this program seeks a 25% reduction in premature
mortality from noncommunicable diseases by 2025.
In 2016, the World Health Assembly requested a plan
from the director general of the WHO’s Commission
on Ending Childhood Obesity to address the obe-
sogenic environment and critical periods in the life
course to tackle childhood obesity.* In the United
States, HP 2020 addresses nutrition and weight status
as one of its topic areas.

Heart Disease

Every 42 seconds, someone somewhere in the United
States has a heart attack. Every minute, an American
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(A 2015

Rate of coronary heart disease mortality among US adults (18+)

Rate per 100,000
[ ]784-1278
[ ] 1279-1433
[ 143.4- 1771
B 1772- 2167

[ ] Data unavailable

FIGURE 1.8 Coronary heart disease and obesity rate, 2015 (a) Rate of coronary heart disease (b) Prevalence of obesity

Data from CDC Data Trend Interactive Maps. https://www.cdc. dhdsp/maps/dtm/ind

dies from a condition related to heart disease.*® In
fact, heart disease is the leading cause of death for
both men and women. More than half of those who
died from heart disease in 2009 were men. In the
United States, one out of every four deaths results
from heart disease, and approximately 610,000 Amer-
icans die from heart disease every year.* Heart dis-
ease includes several types of heart conditions such
as coronary artery disease, heart attacks, and related
conditions such as angina. The most common type of
heart disease in the United States is coronary artery

chtml Accessed July 3, 2017. Map developed by Nancy Munoz using CDCinteractive data tools

disease, which affects the blood flow to the heart. In
2014, approximately 356,000 people died from coro-
nary artery disease.”

Heart disease is the leading cause of death for
people of most racial and ethnic groups in the United
States, including African Americans, Hispanics, and
whites. For Asian Americans or Pacific Islanders
and American Indians or Alaska Natives, heart dis-
ease is second only to cancer.®® The United States
spends some $207 billion per year in caring for indi-
viduals with heart disease when healthcare services,
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Prevalence of obesity among US adults (20+)

FIGURE 1.8 (continued)

Percent (%)
[ ]206-266
[ ]267-304
[ 305-32.2
I 32.3-368

[ ] Data unavailable

Data from CDC Data Trend Interactive Maps. https://www.cdc.gov/dhdsp/maps/dtm/index.html Accessed July 3, 2017. Map developed by Nancy Munoz using CDC interactive data tools.

medications, and loss of productive time are included
in this amount.”

Additionally, heart disease is also the lead-
ing cause of death around the world. In 2012,
15.5 million people reportedly died from heart disease,
accounting for 31% of all worldwide deaths. Of these
deaths, 7.4 million died from coronary heart disease
and 6.7 million died from strokes. More than three-
quarters of the deaths related to heart disease occur in
countries with low to middle incomes.*

Most cardiovascular diseases can be prevented
when an individual focuses on behavioral factors

such as the use of tobacco, being obese and over-
weight, engaging in unhealthy eating patterns, having
a physically inactive lifestyle, and consuming alcohol
in higher-than-recommended amounts. Individuals
with heart disease or who have a high risk for devel-
oping heart disease (by having one or more risk fac-
tors such as hypertension, diabetes, hyperlipidemia,
or a preexisting diagnosis of the disease) need early
detection and intervention as appropriate.”’ The
WHO has identified both population-wide and indi-
vidual low-resource interventions that, when used
jointly, can help decrease the burden associated with
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TABLE 1.9 BMI classification

Nutritional Assessment

Classification BMI Range

Underweight <185
Normal 18.5-24.9
Overweight > 250
Pre-obese 25-299
Obese >30.0
Obese | 30-349
Obese I 35-390
Obese Ill > 40

Data from World Health Organization. (2016). Global Strategy on Diet, Physical Activity,
and Health. http://www.who.int/dietphysicalactivity/childhood_what/en/. Accessed
August 18, 2017.

heart disease. Population-wide strategies that can be
implemented to decrease heart disease include the
implementation of comprehensive tobacco policies
and the use of taxation to decrease the intake of foods
that are considered high in sodium, fat, and sugar.
Adjusting the environment by constructing walking
and bicycling paths, helping people limit their con-
sumption of alcohol, and providing heathy school
meals to children are also examples of population
strategies.”

At the individual level, systems must be in place
to identify individuals with overall high total risk fac-
tors or single risk factors such as hypertension and
hypercholesterolemia. Secondary prevention of heart
disease in individuals with a diagnosis of the disease
includes the use of medications such as aspirin, beta
blockers, angiotensin-converting-enzyme inhibitors,
and statins.”!

Health benefits achieved by implementing these
interventions are mostly independent. When smoking
cessation is added to these strategies, 75% of recurrent
vascular events are preventable.*

In 2013, WHO members agreed on global strategies
to decrease the avoidable noncommunicable-disease
burden. This includes reducing the global prevalence of
hypertension by 25% and ensuring that at least 50% of
eligible individuals would receive drug therapy and
counseling to prevent heart attacks and strokes.”

In the United States, one HP 2020 goal is focused on
improving the cardiovascular health of all Americans
by 20% and reducing deaths from cardiovascular dis-
eases and stroke by 20% by the year 2020.>

Cancer

Cancer is the name given to a collection of related
diseases. Some types of cancer can start in any of the
trillion cells in the human body. Normally, these cells
grow and divide to form new cells as the body needs
them. Old or damaged cells die, and new cells take
their place. When cancer develops, however, this
orderly process breaks down. As abnormal cells sur-
vive when they should die, new cells form when they
are not needed. These extra cells can divide with-
out stopping and may form growths called tumors.
Many cancers form solid tumors, which are masses
of tissue.”

Cancerous tumors are malignant, which means
they can spread into or invade nearby tissues. In
addition, as these tumors grow, some of their cells
can break off and travel to distant places in the body
through the blood or lymph systems and form new
tumors far from the original tumor.”

Cancer cells differ from normal cells in many
ways that allow them to grow out of control and
become invasive. One important difference is that
cancer cells are less specialized than normal cells—
that is, where normal cells mature into highly dis-
tinct cell types with specific functions, cancer cells
do not. This is one reason why cancer cells con-
tinue to divide without stopping, unlike normal
cells. Cancer cells are able to ignore signals that tell
normal cells to stop dividing or that begin apopto-
sis (cell death), which the body uses to rid itself of
unneeded cells.*

Each year in the United States, more than
1.5 million people are diagnosed with cancer—and
more than 500,000 Americans die of cancer. By 2020,
the number of new cancer cases is expected to increase
to nearly 2 million a year.**

More than half of all cancer deaths could be pre-
vented by healthy choices, screening, and vaccina-
tions. Not smoking, drinking alcohol in moderation
or not at all, getting enough sleep, eating a diet rich
in fruits and vegetables and low in red meat, and
getting enough physical activity have been shown
to improve overall health and lower the risk of
developing some cancers.*

Smoking causes approximately 90% of lung can-
cer deaths in men and almost 80% in women. Smok-
ing also causes cancers of the larynx, mouth, throat,
esophagus, bladder, kidney, pancreas, cervix, colon,
and stomach, as well as a type of blood cancer called
acute myeloid leukemia.**

The CDC supports comprehensive efforts at
local, state, and national levels to prevent and control
cancer for all Americans. To optimize public-health
efficiency and effectiveness, the CDC recommends
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coordinating chronic-disease prevention efforts in
four key domains:**

1. Epidemiology and surveillance to monitor trends
and track progress

2. Environmental approaches to promote health and
support healthy behaviors

3. Healthcare system interventions to improve the
effective delivery and use of clinical and other
high-value preventive services

4. Community programs linked to clinical services
to improve and sustain the management of
chronic conditions

These four domains help organize and focus
the effective work done by the public-health com-
munity for many years. At the same time, they help
concentrate efforts to strengthen programs and build
expertise to address gaps in services. Finally, they
help government agencies, state and local grantees,
and diverse public and private partners find new ways
to work together and support each other’s efforts.>

Worldwide, cancer is among the leading cause of
morbidity and mortality. In 2012, 14 million new cases
and 8.2 million cancer-related deaths were reported.
New cases of cancer are expected to grow by 70% over
the next 20 years. The most-common cancer sites in men
were lung, prostate, colon and rectum, stomach, and
liver. In women, cancer is most commonly diagnosed in
the breast, colon and rectum, lungs, cervix, and stom-
ach. Approximately one-third of cancer-related deaths
are associated with lifestyle behaviors such as increased
BMI, minimal intake of fruit and vegetables, sedentary
lifestyles, and habitual use of tobacco and alcohol.”

In excess of 60% of all new annual cases of cancer
arise in Africa, Asia, and Central and South America.
These regions account for 70% of the world’s cancer
deaths.*

In 2013, the WHO rolled out its Global Action Plan
for the Prevention and Control of Non-Communicable
Diseases 2013-2020. One aim of the plan includes
reducing premature mortality from cancer by 25%.>

Nutritional Epidemiology

Epidemiology concerns itself with the causes of dis-
eases in populations and how diseases they develop and
spread. The patient is the community, and individuals
are viewed collectively. By definition, epidemiology is
the scientific, systematic, and data-driven study of the
distribution (frequency, pattern) and determinants
(causes, risk factors) of health-related states and events
(not just diseases) in specified populations (neigh-
borhood, school, city, state, country, global). It is also
the application of such study to controlling health
problems.”” Epidemiology is an essential element of

public health, offering the basis for guiding practical
and appropriate public-health interventions grounded
in this science and in causal reasoning.*®
Results obtained from epidemiologic studies are
used to assess a community’s health, make individ-
ual decisions, complete a clinical picture, and look for
causes.”” Public-health officials accountable for policy
development, implementation, and evaluation use epide-
miologic data as a factual framework for decision mak-
ing. Many individuals may not recognize that they use
epidemiologic evidence to make daily decisions affecting
their health. When someone decides to quit smoking for
example, or climbs the stairs rather than wait for an ele-
vator, or eats a salad rather than a cheeseburger with fries
for lunch, he or she may be influenced, consciously or
unconsciously, by epidemiologists’ assessment of risk.”’
As epidemiologists research illness occurrence, they
depend on healthcare providers to determine the correct
diagnosis of each individual. On the other hand, epide-
miologists offer providers an increased understanding
of the clinical presentation and history of the condition
being evaluated. A considerable number of epidemio-
logic studies are focused on finding causal elements that
affect any individual’s possibility of developing disease.””
Nutritional epidemiology is a moderately new
field of medical research that looks at the associa-
tion between nutrition and health. Diet and physical
activity are difficult to measure accurately, which may
partly explain why nutrition has received less attention
than other risk factors for disease in epidemiology.*
The rigor of the research associated with nutritional
epidemiology varies. Meta-analyses with questionable
design and execution have helped to disperse contradic-
tory messages about nutrition and health. One example
of this is Flegal et al.,” who concluded that being over-
weight lessens the risk of all-cause mortality. Similarly,
a contradicting meta-analysis reported that substituting
saturated fat with polyunsaturated fats has no significant
effect on cardiovascular risk.”® These types of conclusion
can be dangerous. Misleading or contradicting messages
can prevent the public from adopting healthy lifestyles.®
Nutritional epidemiology requires design and
analysis strategies that are unique to the field of food
and nutrition. Appreciating the particulars of nutri-
tional epidemiologic research demands a thorough
understanding of nutritional science and its method-
ological background.®

Measuring Nutrition Intake

Although the methods to collect information on nutri-
ent intake have many limitations, numerous procedures
have been created to determine nutrient intake from
individuals and populations at large. Tools such as food-
composition tables, food-frequency questionnaires, and
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O HIGHLIGHT

Understanding Types of Research

A

Meta-analysis and systematic review

Summarizes the clinical research that has been performed by
independent investigators and researchers. This is critical
assessment of all the research that looks at a specific topic.

y
Randomized controlled trials
Subjects that have a specific condition are randomly (by chance) assigned
to one of two groups, eighter a treatment or a control group. While at
baseline both groups one similar, the control group receives the
standard treatment/intervention and the treatment group receives the
treatment/intervention that is newly created.
A—

Cohort study
Groups of people that have a certain condition or receive a
specific treatment are followed over time. This group is
compared to a similar group of people that do not have
the condition or receive the treatment of interest.
A —

Case-control studies

Compares two groups, one with a condition of interest to a
similar group that is free from the condition of interest.

Cross-sectional studies
This type of study looks at specific populations at a given
point in time to measure the occurrence of a clinical risk
factor, outcome, or unique result.

Case reports / Case series

Case reports are published of clinical obsevation. This is a
retrospective description of a distinct case that presents differently
than projected. A case series is a retrospective report of the outcomes
of a group of petients with the condition of intrest that are treated in
a similar fashion.

References 3. Titler MG. The evidence for evidence-based practice
1. Aslam S, Georgiev H, Mehta K, Kumar A. Matching implementation. Chapﬁer 7in: Hughes RG, editor.
research design to clinical research questions. Indian Patient Safety and Quality: An Ewderjce—Based
JSex Transm Dis. 2012:33:49-53. Handbook for Nurses. (2008). Rockville, MD: Agency
I — /\/Ie’thodo/ogy 2008. New Delhi for Healthcare Research and Quality. Available from:

India: APH Publishing. http://www.ncbi.nlm.nih.gov/books/NBK2659/.



biomarkers have shown good validity with the use of sev-
eral criteria. The strengths unique to each method make
it appropriate for use in particular applications.

The gold standard for determining nutrient infor-
mation is the multiple-week diet record. With this tool,
individuals document all items they consume over a
period of several weeks. The method is different from
other data-collection processes because an individual
does not have to depend on his or her memory. The high
contributor burden as well as the cost of maintaining
diet records has reduced their use in large-scale epide-
miologic studies. The capacity of these records to convey
thorough diet data makes them valuable in validation
studies for other dietary assessment techniques. Another
drawback of diet records is that the procedure of log-
ging data can alter an individuals diet, thus rendering
the data nonrepresentative of actual and usual intake.
On the other hand, projected intakes from diet records
have shown high correlation with results from multiple
24-hour recalls.! In recurrent 24-hour recalls, a partici-
pant details all foods eaten in the preceding 24 hours or
calendar day to a skilled interviewer in person or over
the phone. This technique has been commonly used in
dietary-intervention trials. It is also used in national sur-
veys to discover trends in nutritional intake.®

Nutritional Epidemiology in Illiness
Cause and Effect

One of the main reproaches stacked against nutritional
epidemiologyis thatit depends heavily on observational
data. This research method is believed to be second-
ary to experimental data in defining causation. When
evidence from randomized controlled trials is not
available, nutritional epidemiologists characteristically
rely on prospective cohort studies, the strongest obser-
vational study design in terms of diminishing bias and
deducing causality.®

> CASESTUDY

In the 21st century, the incidence of chronic disease
has displaced the previous prevalence of nutrient
deficiency as the primary area of public-health
concern as population conditions. Leading causes

of death have shifted from infectious diseases to
chronic conditions. Approximately one-half of all
American adults—117 million individuals—have
one or more preventable chronic diseases, many of
which are related to poor-quality eating patterns and
physical inactivity.

Chapter Summary 29

Recap The incidence of obesity is associated with
increased risks for morbidity associated with the
presence of hypertension, dyslipidemia, diabetes,
coronary heart disease, stroke, gallbladder disease,
osteoarthritis, sleep apnea, respiratory problems,

and some cancers. Obesity has also been linked to
increased risk of mortality. Nutritional epidemiology is
a moderately new field of medical research that looks
at the association between nutrition and health.

» Chapter Summary

Consuming healthy foods and living an active lifestyle
are basic ways to promote health and well-being. Getting
adequate nutrition is particularly important during
periods of rapid growth and development. Following
an unhealthy eating pattern during pregnancy, infancy,
childhood, and adolescence can contribute to underde-
veloped physical and mental abilities that have lifelong
consequences. Prolonged nutrition deficiency, whether
from excessive or inadequate intake, will promote or
exacerbate a range of ailments and affect an individuals
quality and length of life.

The use of nutrition screening allows for the
identification of individuals who are at nutritional
risk so that a full nutrition assessment can be com-
pleted. The Academy defines a nutrition assessment as
“identifying and evaluating data needed to make deci-
sions about a nutrition-related problem/diagnosis.”*!
Nutrition-assessment techniques can be classified as
one of four types: anthropometric, biochemical, clin-
ical, or dietary.

The increased understanding of the role of nutri-
tion in promoting health and well-being has made the
evaluation of individuals, families, and communities
key to monitoring public health.

Dr. Jones is a researcher who was just awarded a
grant by the National Institute of Health (NIH) to measure
the prevalence of diabetes in a selected sector of
Camden, New Jersey.

Questions:

1. As you go through the information in this chapter,
determine which nutrition assessment methods you
would incorporate in your procedure.

2. What drives your assessment-method selection?
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The ten leading causes of death in the United States in 1900 and 1997

1900

Tuberculosis
Pneumonia
Diarrhoea
Heart disease
Liver disease
Injuries
Stroke
Cancer
Bronchitis
Diphtheria

1.3

10.2

8.1

EREEREEEOCOL

WN ==

1997

Heart disease

Cancer

Stroke

Chronic lung disease
Unintentional injuries
Pneumonia / influenza
Diabetes

Suicide

Chronic kidney disease
Chronic liver disease

NN e

4.1
4.7 31.4

619

23.3

EREEEEEOOCO

Data from Centers for Disease Control and Prevention. Leading Causes of Death, 1900—1998. Date unknown. https://www.cdc.gov/nchs/data/dvs/lead1900_98.pdf.

Learning Portfolio

Key Terms

Anthropometry

Body mass index (BMI)

Bureau of Labor Statistics Consumer expenditure
survey data

Epidemiology

Food and Agriculture Organization of the United
Nations (FAO)

Healthy People 2020 (HP 2020)

Interprofessional

Nutrition assessment

Nutrition Care Process (NCP)

Study Questions

1. The key difference between a nutrition-
screening form and a nutrition-assessment
form is:

a. Screening forms provide a diagnosis for
malnutrition

b. Screening forms determine risk for malnu-
trition

c. Screening forms diagnose chronic disease

d. Screening forms determine risk for weight
gain

Nutrition Care Process Terminology (NCPT)
Nutrition Care Process and Model (NCPM)
Nutrition diagnosis

Nutrition-focused physical exam (NFPE)
Nutrition intervention

Nutrition screening

PES statement

Scurvy

Subjective global assessment (SGA)

Tumors

2.  The Academy of Nutrition and Dietetics rec-
ommends using the screening
form to assess risk for malnutrition in the adults
in the clinical setting.

a. MUST
b. SNAQ
¢. Mini SNAQ
d. Mini MUST



When writing PES statements, the section that
includes the cause of the nutrition problem is
the

a. Problem

b. Etiology

c. Signs and symptoms

d. Intervention

Which of the following is not one of the four
steps of the Nutrition Care Process?

a. Screening and referral

b. Nutrition assessment

c. Nutrition intervention

d. Nutrition diagnosis

The part of the Nutrition Care Process that
involves data collection, reviewing the data for
key factors, and comparing that data against
nutrition care criteria is:

a. Nutrition diagnosis

b. Nutritional assessment

¢. Nutrition intervention

d. Nutrition monitoring and evaluation

The HP 2020 Nutrition objectives:

a. Are released by the Food and Drug Admin-
istration

b. Are objectives to measure progress for
health concerns in specific populations

c. Has 10 prominent goals

d. Provides strategic management for use only
at the national level

Which of the following is not one of the four

prominent nutrition goals for HP 2020?

a. Eliminate all tobacco use by adults, teenag-
ers, and children

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

c. Create social and physical environments
that promote good health for all

d. Achieve health equity, eliminate dispari-
ties, and improve the health of all groups

Which of the following is an objective that falls

in the “weight status” category of the HP 2020

objectives?

a. Reduce the proportion of adults who are at
a healthy weight

b. Reduce the number of women who are mor-
bidly obese

c. Increase the proportion of adults who are at
a healthy weight

d. Reduce the proportion of men who are
underweight

10.

11.

12.

13.

14.

15.

16.
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Which of the following is not one of the objec-

tives for the area of food and nutrient consump-

tion for individuals age 2 years and older?

a. Increase the consumption of fruits

b. Increase the consumption of dairy

c. Reduce the consumption of calories from
solid fats

d. Reduce the consumption of sodium

Diabetes is the

death in the United States.
a. First

b. Second

c. Seventh

d. 10th

The most useful population-level measure of
overweight and obesity in adults is:

a. Ideal body weight

b. Body mass index

c. Body fat and lean mass percentages

d. Growth charts

leading cause of

Which of the following is the leading cause of
death for Americans?

a. Diabetes mellitus

b. Heart disease

c. Stroke

d. Osteoporosis

Half of all cancer deaths could be prevented by:

Frequent primary care provider visits

b. Sedentary lifestyle

c. Polypharmacy

d. Healthy eating practices and lifestyle
choices

o

The strongest observational study design used
in nutritional epidemiology is the:

a. Meta-analysis

b. Randomized placebo-controlled trial

c. Prospective cohort

d. Case control

Information included in the clinical history
includes all of the following except:

a. Medication

b. Changes in food intake

¢. Medical diagnosis

d. Laboratory tests

When should the nutrition-focused physical
exam be conducted?

After the lab values are in the medical record
b. At the time of admission

c. After the history is obtained

d. Before any procedure is performed

g
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17.

18.

19.

20.

21.

22.

23.
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According to the consensus statement by

the Academy of Nutrition and Dietetics and

ASPEN, malnutrition is diagnosed when the

following two symptoms are present:

a. Loss of muscle mass and loss of fluid

b. Excessive energy intake and excessive sub-
cutaneous fat

c. Inadequate energy intake and weight loss

d. Improved handgrip strength and fluid loss

Which of the following are two distinct steps
in the intervention part of the Nutrition Care
Process?

a. Planning and implementation

b. Communication and nutrient delivery

c. Coordinating care and education

d. Collecting and assessing data

Which of the following is a reason why micro-

nutrient deficiency is not as prevalent in the

United States today?

a. Food staples were required by law to be
enriched or fortified with important nutrients

b. More people have access to antibiotics

c. Itisafarm-to-table philosophy

d. Megadoses of nutrients are frequently used

The phrase “inadequate intake” is found in the
part of the nutrition diag-

nostic statement:

a. Problem

b. Signs and symptoms
c. Etiology

d. Assessment

Measuring weight, height, and body composi-
tion are examples of the data collection for the
method.

Biochemical
Anthropometric
Clinical

Dietary

o o

Measuring blood nutrient concentrations,

urinary metabolites, and blood lipid concen-

trations are examples of data collected in the
assessment method.

Clinical
Anthropometric
Biochemical
Dietary

o o

The dietary data-collection method that uses a
structured listing of individual foods or groups of
foods that an individual consumes over a period
of time is called a

a. 24-hour recall

b. Food-frequency questionnaire

24,

25.

26.

27.

28.

29.

c. Diet history
d. Three-day food record

In the early 1700s, Dr. James Lind discovered an
association between the consumption of citrus
fruits and the prevention of which deficiency
disease?

a. Osteoporosis

b. Rickets

c. Pellegra

d. Scurvy

During the so-called germ theory era, physi-
cians believed that the cause of frequent ill-
nesses in the general population were from

Infectious organisms
Nutrient deficiencies
Nutrient toxicity
Nutrient excesses

o o

is the method used to find
the causes of health outcomes and diseases in
populations.
a. Assessment
b. Nutrition-focused physical exam
c. Epidemiology
d. Nutrition care process

Once micronutrient deficiency diseases were
eradicated in the United States, health officials
focused their attention on the dietary prac-
tices associated with chronic disease. These
dietary practices include all of the following
except:

a. Excessive sugar intake

b. Excessive fruit and vegetable intake

c. Excessive saturated fat intake

d. Excessive sodium intake

The part of the Nutrition Care Process that
determines the extent to which intervention
goals are met is:

a. Assessment

b. Intervention

c. Diagnosis

d. Monitoring and evaluation

The assessment tool that has been vali-

dated to accurately predict poor outcomes

and longer length of hospital stay after surgery

is the:

a. Mininutritional assessment form

b. Mini SNAQ

c. Malnutrition Universal Screening Tool
(MUST)

d. Subjective global assessment



30. The most reliable indicator of poor nutritional
status is:
a. Weight loss

Discussion Questions

1. How does the obesity rate affect the incidence of
chronic disease in the United States?

2. Describe the shift from infectious disease to
chronic disease that affects public health.

Activities

1. Develop a marketing campaign targeting a
specific segment of the community you live
or study in that introduces population-based
intervention strategies to reduce obesity and
impact overall health.

2. Type 2 diabetes is widespread in all obese groups
and now even in preteen children. Develop an
education tool to teach young children the health
risks associated with diabetes.

Online Resources

Food and Agriculture Organization (FAO) of the
United Nations

The FAO develops methods and standards for food
and agriculture statistics, provides technical assistance
services, and disseminates data for global monitoring.
It is the world’s largest database of food and agricul-
ture statistics:

http://www.fao.org/statistics/en/.

Bureau of Labor Statistics Consumer Expenditure
Survey Data

This database provides information on the buying
habits of American consumers, including data on
their expenditures, income, and consumer unit (fami-
lies and single consumers) characteristics:
http://www.bls.gov/cex/.

Anthropometric Measurement Videos

This website provides technical videos on how to con-
duct anthropometric measures:
https://wwwn.cdc.gov/nchs/nhanes/nhanes3/anthro
pometricvideos.aspx.
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b. Low albumin concentrations
c. Low dietary intake of nutrients
d. Poor handgrip strength

3. Nutrition screens allow individuals who are
at risk of suboptimal nutritional status to be
identified. List and describe the most commonly
used screening tools. What are the benefits and
drawbacks of each screening tool?

3. Select a chronic condition that is prevalent in
the American population. Work with three to
four classmates to develop “the top 10 must
know topics” by the average person in efforts to
prevent or manage the disease. Develop a wiki
page to communicate the information. Use
videos and graphics on the page to deliver the
message.

The State of Obesity: Adults in the United States

This website provides interactive maps on adult obesity
in the United States:
http://stateofobesity.org/adult-obesity/.

Malnutrition Universal Screening Tool (MUST)

This website provides the background for the MUST
tool, online calculator, and videos.
http://www.bapen.org.uk/screening-and-must/must.

Mini Nutritional Assessment Tool (MNA)

This website provides an overview of the MNA tool
and videos and provides access to the required forms:
http://www.mna-elderly.com/.

2. Price S. Understanding the importance to health of a balanced
diet. Nurs Times. 2005;2005;101:30.
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LEARNING OBJECTIVES

After reading this chapter, the learner will be able to:

1. Discuss the professional relevance for establishing competency in reading and evaluating scientific literature.
Explain the key features of a research question and a study hypothesis.
List the importance of a clearly written literature review.
Describe study approaches commonly used in nutrition research, including the strengths and limitations.
Describe the tools used to critically evaluate scientific literature.
Describe the historical evolution of ethics in clinical research.
Identify the primary guidelines and key ethical considerations when conducting research with human subjects.
List key issues that may arise when conducting industry-sponsored research.
Define the differences between quantitative and qualitative research.
Identify the benefits of publishing findings to contribute to evidence-based practice.
Understand the use of information for assessing and evaluating nutrition research for relevancy, accuracy,
reliability, relevance, and ethical practices.
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Identifying a problem or a question is the origin of a
Understanding the purpose and importance of study and leads an investigator to develop a research
research, as well as the process of conducting informa- question and hypothesis. Research provides a system-
tive and ethical research by health professionals, serve as atic process for uncovering answers to questions and
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expanding current knowledge that can be applied to
clinical practice, education, and public health. Study
methodology for sound research must be well defined
and in a format that can be investigated. Choosing
the right study design to answer the research question
and test a hypothesis can make or break a study. In
fact, study design determines the validity, reliability,
strength of results, and conclusions. Errors in study
design can lead to bias, confounding, weakened find-
ings, and even lead to inaccuracies in results. It is thus
essential to the research process that the study design
be suitable for achieving the research purpose. The
aim of this chapter is to introduce health professionals
to scientific inquiry and the study designs common in
nutrition research.

» The Research Process

Preview Reading and appraising scientific research
is an essential skill for healthcare professionals and
nutrition practitioners. Scientific research is the basis
for evidence-based nutrition practice across the
spectrum of professional responsibilities that run from
individual clinical patient care to broader public-health
policy and recommendations.

Understanding the scientific process and research are
fundamental for nutrition professionals to practice
evidence-based care, provide current and informed
medical nutrition therapy, and establish expertise as
a source of accurate, current, and reliable nutrition
information. Learning about the process, methods,
data analysis, results interpretation, and dissemina-
tion of scientific research will enable practitioners to
better understand the foundations of clinical practice
and reasoning, which are the basis for nutrition and

| » Define the problem

Literature review l

1L

Develop research question & objective
Develop hypothesis (in some cases)

|

Develop research design & methods

/

Implement study—Collect & analyze data

!

Interpret results & draw conclusions

|

Disseminate findings—Publications,
presentation, press releases, and interviews

FIGURE 2.1 The scientific method.

health recommendations and advancing the dietetics
profession. The organized process of research is illus-
trated in FIGURE 2.1. Learning how to interpret medical
research, healthcare literature, and research findings is
an essential baseline skill for nutrition and healthcare
professionals.

Research is an ongoing and dynamic process in
which the results and findings from one study can
stimulate new inquiry and perpetuate further inves-
tigation contributing to lifelong learning, professional
advancement, and overcoming healthcare challenges.
The opportunities to apply the knowledge gained
from research are varied. Research findings, for exam-
ple, can be used to improve patient care, establish or
streamline food-delivery programs, educate consum-
ers, and market dietary supplements. Going beyond
what is currently “known” to dig deeper and further
understand what is not known drives ongoing discov-
ery. Applied research compels investors to further
clinical reasoning, advance the knowledge base,
and translate findings into practical applications for
patient care and education.

The overall purpose of nutrition research is to
solve nutrition-related problems and build a body
of knowledge that supports and advances nutrition-
related practices, whether for improved patient care,
national nutrition guidance, or community-related
food programs. Evidence-based nutrition practice
is based on the body of knowledge built from scientific
research and serves as the foundation for nutrition
professionals regardless of the setting. Understanding



nutrition research and the ability to critically inter-
pret published scientific studies enables nutritionists
to make appropriate and informed decisions about
patient care and communicate as reliable food and
nutrition professionals.

The Research Question

The ambition to further knowledge, dig deeper, and
explain more drives research further and advances
nutrition practice. Research begins with a question.
At its most basic level, identifying a problem, asking
a question about how to solve the problem, and then
searching for the answer is the foundation of research.
Even if the research question is not fully constructed
to spark an actual scientific research process, critical
inquiry is what frequently drives a new research initia-
tive. The form that a research study will take depends
directly on the research question. Sometimes this
question is based on personal interests, societal prob-
lems, or previous research. Whatever the inspiration
for the topic or problem, the research question should
be systematically planned, thoughtfully organized,
and deliberately constructed.

A research question is designed to shed light on
a problem and starts by asking about a relationship
between two or more variables. The question may
originate from a current gap in knowledge or result
from conflicting findings in previous studies. A well-
stated research question should be focused to describe
the who, what, and how of the research project: Who
will be assessed? What is the variable of interest that
will be examined, or the intervention being imple-
mented? How will the outcome be evaluated?' The
research question should be clearly written, measur-
able, and straightforward. In scientific publications,
the research question often will be clearly stated in the
study introduction.

The PICOT Format and FINER Criteria

A carefully constructed research question will serve
as the foundation for the study hypothesis and there-
fore the study design. The research question should
be evaluated for its clinical relevance and must be
deemed answerable before proceeding with establish-
ing a research agenda. A research question should be
straightforward and include only one variable to be
assessed.” Two commonly used tools for the devel-
opment of a good research question are the PICOT
format (which stands for, population, intervention,
comparison group, outcome, and time) and the
FINER criteria (which stands for feasible, interest-
ing, novel, ethical, and relevant; see TABLES 2.1 and
2.2). The PICOT format is useful when developing a
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TABLE 2.1 The PICOT format

P = Population
(participants, patients)

What population will be
examined?

What is the intervention or
exposure of interest?

| = Intervention
(observations)

Who will be the
comparison group?

C = Comparison group

What is the outcome
being examined or
measured?

O = Outcome

What is the time frame for
assessment or follow-up?

TABLE 2.2 The FINER criteria

T=Time

F = Feasible Is the study feasible?

| = Interesting Is the study interesting?
N = Novel Is the study novel?

E = Ethical Is the study ethical?

R = Relevant Is the study relevant?

specific research question; it considers the population
to be examined, the intervention to be studied, the
comparison group, and the outcome of interest, and it
may also include the study’s time frame. Similarly, fol-
lowing the FINER criteria improves the creation of a
good research question. A worthwhile study question
is feasible, interesting, novel, ethical, and relevant to
turthering current knowledge.

Developing a Research Hypothesis

Moving forward with a research idea requires three

initial steps’:

1. Stating a research question.

2. Identifying subjects and variables.

3. Stating a specific and measurable hypothesis that
will define the study design and methods.

A study hypothesis can logically be developed
from a well-written research question. A hypothesis
is written following a review of available evidence and
identification of variables of interest. Hypotheses are
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Alternate hypothesis: In older adults, an 8-week
community-based nutrition education program will
significantly (p < 0.05) increase daily intake of fruits
and vegetables as measured by a food-frequency
questionnaire, compared with older adults who attend
a weekly community meeting that does not include
nutrition education.

Null hypothesis: In older adults, attending an 8-week
community-based nutrition education program there
will be no significant (p < 0.05) increase in daily intake
of fruits and vegetables as measured by a food-
frequency questionnaire, compared with older adults
who attend a weekly community meeting that does
not include nutrition education.

FIGURE 2.2 Alternate and null hypothesis examples.

prediction statements about what the investigators
expect to happen during the study. A hypothesis is
designed to test the relationship between the depen-
dent and independent variables—that is, whether
an independent variable affects a dependent
variable. The null hypothesis considers the possibil-
ity that the change could be the result of chance and
therefore tests for the possibility that no difference
results from the study (see FIGURE 2.2). Hypotheses
must clearly define and specify relationships between
two or more variables being investigated.> A hypoth-
esis, whether written in as an alternate hypothesis
or as a null hypothesis, should have the following
attributes:'

= It should be measurable—that is, a hypothesis
should be written in a form that can yield
measurable results that can be analyzed and
compared against the null hypothesis (stating
that there will be no difference in primary
outcome).

= It should specify the population being studied,
including characteristics of the participant sample
such as gender, age, and disease status.

= It should identify the time frame or the period
over which the study will take place.

= It should specify the type of relationship being
investigated or examined. When applicable, the
hypothesis specifies the intervention type.

= It should clearly define the study variables,
including comparison and outcome variables as
well as any dependent variable(s).

= It should state the level of significance. When
formally testing for statistical significance,
the hypothesis should be stated as a null
hypothesis.

= It should clearly identify the control group.
m It should clearly identify the study’s setting.

Hypothesis-driven research is the foundation for
studies in clinical nutrition.! A hypothesis will
determine the design, methods, and statistical anal-
ysis for any study. Statistical inference is based on
testing a null hypothesis—that there is no difference
or effect. The goal of most studies is therefore to
“reject” the null hypothesis being tested to “accept”
the alternate hypothesis. In other words, “there is” a
statistically significant difference resulting from the
effects of the independent variable on the dependent
variable.

Conducting a Literature Review

When faced with a research question, the first step
is to determine if someone else has already found an
answer to the question. A thorough and extensive
literature review and systematic search is the basis
to advance knowledge. A review of the literature may
turn up hundreds of thousands of studies that need
to be reviewed and summarized. Studies need to be
collected, assessed, analyzed, and synthesized using
prestated, standardized, rigorous, and transpar-
ent methods to lead to evidence-based conclusions.
Performing a critical review of previously published
work provides the foundation for which a research
question and study hypothesis can be based and a new
research project developed. Going back to the FINER
criteria, for example, a comprehensive review of the
existing scientific literature enables the investiga-
tors to begin to determine if their project is feasible,
interesting, novel, ethical, and relevant. Performing a
literature review provides a basis for what is already
known about the topic of interest.

When beginning a literature review, the first task
after establishing a topic is to complete a comprehen-
sive search for relevant articles to include. During this
process, a reference librarian can be a valuable source
of assistance in choosing search criteria, search terms,
and keywords; determining subject hearings; and pro-
viding tutorials on various search engines and other
database-navigation techniques. When choosing arti-
cles, remember that the literature review will need to
establish a clear line of argument to justify why the
study should be conducted.* Once the relevant studies
have been identified and critically read, those that will
be included in the literature review are selected. To help
organize research to aid in comparing and contrasting
multiple studies, a summary of studies table maybe
helpful (TABLE 2.3).

The introductions to most articles in scientific
journals serve as opportunities for authors to review



TABLE 2.3 Summary of studies table

Study
Purpose/ Study
objective or | Subjects/ Length or
hypothesis | Participants | Duration
Study1
Study 2
Study 3

the literature and provide readers with essential back-
ground, as well as state what is currently known about
the topic and establish the basis for the research ques-
tion and study hypothesis. The primary purpose of
the literature review is to clearly define and describe
what is already known about the topic of interest and
identify the gaps in current knowledge, in attempt
to justify why additional research is warranted. The
literature review also provides an opportunity to
critically analyze existing studies and then compare
the methods and results from multiple studies with
consideration of the individual study’s strengths and
limitations. The literature review should be written
as a summary of all the studies synthesized and not
simply as a list of individual study summaries one
after the next. This is a challenging part of scientific
writing and takes significant thought and analysis.
An informative literature review is a synthesis of
carefully selected and relevant studies that have been
critically analyzed and compared and contrasted
for their common themes and findings. A litera-
ture review should also offer insight into differences
between studies and conflicting findings to establish
a gap in knowledge that needs further investigation.
Guidelines for writing a literature review are listed in
FIGURE 2.3.

Understanding and Evaluating
Scientific Evidence

To stay current on new nutrition research is challeng-
ing. With approximately 2.5 million new scientific
publications each year,” and more than 35,460 entries
that include the key term nutrition on Medline in
2016,° this task can be quite overwhelming, especially
if you don’t have the skills, experience, or training in

Study
Design Key
and Key
Methods
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Study

Strengths | Strength
Significant | and of
Findings Limitations | Evidence

Outcome
Variables

how to read and review scientific literature. In July
2017, a Google search for the term nutrition brought
up 158,000,000 results in just 2 seconds—with
387,168 articles in PubMed alone. Unfortunately,
professionals know they cannot simply believe every-
thing they read, even if a source appears reputable.
To maintain the highest level of professionalism, be

1. Start with a clear introduction that explains how
the review is organized and the purpose of the
proposed research.

2. Use headings to organize the literature review in a
logical manner that will guide the reader.

3. Start each paragraph with a strong topic
sentence that clearly states the main idea of
the paragraph. Use active voice rather than
passive tense.

4. Use transitional words and phrases to connect
ideas between sentences and paragraphs so that
narrative flows logically and smoothly.

5. Acknowledge and be respectful of results and
opinions of other research—even those that do
not agree with your thesis. It is okay to indicate
when results are conflicting or inconclusive and
why you think so. Use a professional tone in
doing so.

6. Use quotations when necessary, but do so
sparingly. A literature review should be primarily
your own synthesis of the research.

7. Write in an academic style.

8. Consistently reference the literature in your
discussion.

9. Reference sources and be careful not to
plagiarize.

10. Write a summary and conclusion at the end.

FIGURE 2.3 Guidelines for writing a literature review.
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reliable sources of nutrition information, and provide
the most current and timely clinical nutrition patient
care, nutritionists must be comfortable and confident
in reading, reviewing, and interpreting published
scientific literature. A critical appraisal of research
should not be thought of as a “critique”—it is a sys-
tematic process used to identify the strengths and
limitations of a research article in attempt to assess
the validity and utility of the findings in professional
or clinical settings.”

Critically reviewing scientific literature can be
daunting. Ever since standardized evaluation tools
became widely used, the process has become stream-
lined and objective. Interpreting literature, however,
still requires that reviewers be knowledgeable about
their subject areas. This assumes familiarity with the
language, techniques, and methods used and allows for
an understanding of as many aspects of a study as pos-
sible. When approaching a critical review of a scientific
research article, there are important questions to ask
before making assumptions about the study (TABLE 2.4).

Numerous tools and resources are available to
guide investigators during critical review of scientific
literature. The evidence analysis library (EAL) of the
Academy of Nutrition and Dietetics (the Academy)
has analysts who use a quality criteria checklist to
objectively evaluate a study’s design and methods.
Additional tools are available to evaluate specific types
of studies. The Consolidated Standards of Reporting
Trials (CONSORT) 2010 Checklist (see Appendix A),
for example, describes information to include when
reporting a randomized trial. The CONSORT group
is an independent panel of experts who developed a
checklist with the goal of increasing the transparency
of randomized controlled trials and to identify when
there are deficiencies in a study design. Cochrane
(www.cochrane.org) is a global network of research-
ers. The aim is to provide quality information to help
those who want to make informed healthcare deci-
sions by publishing independent systematic reviews
and tools for assessing and evaluating studies.® A Swiss
organization (www.strobe-statement.org) describes
its online purpose as “Strengthening the Reporting of
Observational Studies in Epidemiology” (STROBE).
It offers a checklist of items that should be included
in observational studies (see Appendix B). To improve
the quality of reporting for systematic reviews, the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) (www.prisma-statement
.org) checklist is an evidence-based minimum set of
items for reporting in systematic reviews and meta-
analyses. It can also be used as a basis for reporting

TABLE 2.4 Questions to ask and answer when

reviewing scientific literature

1. What is the source (journal) of the article?
2. Was the publication peer reviewed?
3. Who are the authors and what are their affiliations?
4. What (or who) is the main subject of the study?
5. What problem(s) were investigated?
6. What is the purpose or rationale for the study?
7. Who or what constituted the sample or
population?
8. What was the design of the study?
9. What statistical analyses were used?
10. What are the results?
11. Are the results clear?
12. Did the results answer the identified questions?
13. Do the results seem valid?
14. Are the interpretations (conclusions) of the results
consistent with the study design and analysis?
15. Are the results consistent with findings from similar
studies?
16. What do the results mean to medicine and health
care, and you and your patients?
17. Can the results be applied to your research or
clinical practice?

systematic reviews for other types of research, such as
evaluations of interventions (see Appendix C).” Many
of these checklists also have “extension” checklists that
can be used for other study designs. STROBE version 4,
for example, has STROBE checklists for cohort, case-
control, and cross-sectional studies, and these are
available for download from the organization’s website.

Recap Research begins with a question, identifies
a problem, asks a question about how to solve the
problem, and then searches for the answer. From

a well-written research question, a hypothesis is
written following a review of available evidence and
the identification of variables of interest. Hypotheses
are prediction statements about what investigators
expect to happen during a study. An informative
literature review is a synthesis of the relevant
studies that have been carefully selected, critically
analyzed, and then compared and contrasted for
their common themes and findings. The review
should provide insight into differences between
studies and conflicting findings, to establish a gap
in knowledge that needs further investigation.
Numerous tools and resources are available to
guide investigators in the critical-review process

of scientific literature.



» Research Considerations

Preview This section discusses how research with
human subjects became regulated. It also describes
the most important ethical principles and challenges
of working with human subjects.

Research is the pursuit of knowledge, often with the
hope it will contribute to the betterment of society.
Investigators have the responsibility to conduct stud-
ies and interventions in a way that maximizes the
benefits and minimizes the harms for research partic-
ipants. The possible benefits and burdens of science
must be distributed evenly among all participants.
Health professionals, including registered dietitians,
must competently conduct research and be knowl-
edgeable about federal regulations, rules, and laws
that govern research practices as well as the guidelines
and ethical standards set forth by professional orga-
nizations. While conducting research with human
subjects, the protection of the rights and welfare of all
persons must always be a priority.

Ethical Considerations in Health Research

The cruel acts against and abuse of human subjects
performed by Nazis during World War II (see the
next section), as well as the Tuskegee study and the
Willowbrook study, have negatively affected the pub-
lic’s trust in behavioral and biomedical research. The
Tuskegee Study of Untreated Syphilis in the Negro Male
(FIGURE 2.4) was designed by the Public Health Service

FIGURE 2.4 Tuskegee syphilis study.

Reproduced from National Archives, Atlanta, GA (1932) Tuskegee Syphilis Study Pictures: Unidentified subject. https://upload.
wikimedia.org/wikipedia/commons/3/3a/Tuskegee-syphilis-study_doctor-injecting-subject.jpg.
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in 1932. The aim of this 40-year research study was to
investigate the history of syphilis so that prevention and
treatment programs could be developed for black men.
The study had the following major ethical violations':

1. The study initially involved 600 black men; 399 had
syphilis and 201 did not. The study was conducted
without telling these men whether or not they had
syphilis and thus they could not give informed
consent. None received proper treatment to cure
their illnesses, even when penicillin became the
drug of choice for treating syphilis in 1947.

2. Participants were never given proper treatment for
their disease. Even after penicillin was discovered as
an effective treatment for syphilis in 1947, research-
ers never offered treatment to the study’s subjects.

3. An ad hoc advisory panel appointed by the
assistant secretary for Health and Scientific Affairs
concluded that the Tuskegee Study was “ethically
unjustified.” This means that the knowledge
gained was sparse when compared with the risks
the study posed for its subjects.

On the other hand, the Willowbrook experiments

were performed with children who experienced intel-

lectual disabilities."! These children received care in
the Willowbrook State School in Staten Island, New

York. They were intentionally exposed to hepatitis—

mostly hepatitis A—with the goal of tracking the

virus’s development in the human body. The study
continued for 14 years. The following issues made this
study highly unethical:

1. The subjects in this experiment constituted a
vulnerable population, which can be defined as
a group of people who are relatively (or absolutely)
incapable of protecting their own interests and
who may be exposed to harm.

2. The interference with informed consent violated
the subjects’ rights.

3. The nontherapeutic nature of the experiment did
not justify the deliberate infections and exposure
to hepatitis.

These historic and high-profile research studies
have raised appropriate concerns and questions.'* For
this reason, ethical considerations must always be put
in place when planning a research study involving liv-
ing subjects.

Historical Context and the

Nuremberg Code

The Nuremberg Code of 1947 was the most import-
ant document in the history of medical ethics and
research, and it included principles that govern
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research with human subjects. The code includes
informed-consent procedures and gives subjects the
right to withdraw from a research study at any time
without penalties. The code was enacted after the
world learned of the atrocities and abuse committed
by German scientists against human subjects during
World War II. The experiments can be divided into
three categories':

1.

High-altitude experiments done by the German
Experimental Institution for Aviation using a low-
pressure chamber. The objective was to determine
the maximum altitude from which passengers of
an aircraft could parachute to safety. Scientists
also carried out freezing experiments to find an
effective treatment for hypothermia. They carried
out these experiments with prisoners who were
also used to test different methods for turning
seawater into drinking water.

Testing and development of medications and
therapies to treat illnesses of German military
personnel. Nazi scientists tested immunization
compounds and sera for the prevention and
treatment of contagious diseases such as malaria,
typhus, tuberculosis, typhoid fever, yellow fever,
and infectious hepatitis. Prisoners of concentration
camps were also exposed to phosgene and mustard
gas to test possible antidotes.

Experiments to trace the genetic origins of various
diseases. Dr. Josef Mengele performed a wide
variety of cruel and deadly experiments with
Jewish and Roma twins, most of whom were
minors.

Nuremberg Code Regulations

The Nuremberg Code’s regulations state the following:'*

1. The voluntary consent of the human subject

is essential. This means that the person
involved should have legal capacity to give
consent; should be so situated as to be able

to exercise free power of choice, without the
intervention of any element of force, fraud,
deceit, duress, overreaching, or other ulterior
form of constraint or coercion; and should
have sufficient knowledge and comprehension
of the elements of the subject matter involved
as to enable him to make an understanding
and enlightened decision. This latter element
requires that before the acceptance of an
affirmative decision by the experimental
subject there should be made known to him
the nature, duration, and purpose of the
experiment; the method and means by which

10.

it is to be conducted; all inconveniences and
hazards reasonable to be expected; and the
effects upon his health or person which may
possibly come from his participation in the
experiment. The duty and responsibility for
ascertaining the quality of the consent rests
upon everyone who initiates, directs or engages
in the experiment. It is a personal duty and
responsibility that may not be delegated to
another with impunity.

The experiment should be such as to yield fruitful
results for the good of society, unprocurable by
other methods or means of study, and not random
and unnecessary in nature.

. The experiment should be so designed and based

on the results of animal experimentation and a
knowledge of the natural history of the disease or
other problem under study that the anticipated
results will justify the performance of the
experiment.

The experiment should be so conducted as

to avoid all unnecessary physical and mental
suffering and injury.

No experiment should be so conducted where
there is an a priori reason to believe that death
or disabling injury will occur—except, perhaps,
in those experiments where the experimental
physicians also serve as subjects.

. The degree of risk to be taken should never

exceed that determined by the humanitarian
importance of the problem to be solved by the
experiment.

Proper preparations should be made and
adequate facilities provided to protect the
experimental subject against even remote
possibilities of injury, disability, or death.

The experiment should be conducted only by
scientifically qualified persons. The highest
degree of skill and care should be required
through all stages of the experiment of those who
conduct or engage in the experiment.

During the experiment the human subject should
be at liberty to bring the experiment to an end if
he has reached the physical or mental state where
continuation of the experiment seems to the
subject to be impossible.

During an experiment, the scientist in charge must
be prepared to terminate the experiment at any
stage, if there is probable cause to believe, in the
exercise of the good faith, superior skill and careful
judgment required of him that a continuation

of the experiment is likely to result in injury,
disability, or death to the experimental subject.



The Declaration of Helsinki

The Declaration of Helsinki of 1964 was devel-
oped by the World Medical Association (WMA)."
Its purpose was to elaborate the ethical principles
for medical research with human subjects that were
previously presented in the Nuremberg Code. The
most recent amendment of the declaration was done
during the WMA General Assembly in Fortaleza,
Brazil, in October 2013. In 2014, the WMA produced
a celebratory publication to mark the 50th anniver-
sary of the adoption of the Declaration of Helsinki.
This document contains the general ethical princi-
ples and the terms related to possible risks, burdens,
and benefits of research studies. It also mentions the
groups and individuals considered particularly vul-
nerable. The declaration details the tasks of research
ethic committees and explains the importance of
safeguarding the privacy and confidentiality of
research subjects’ personal health information. The
specific requirements of informed consent are also
noted.

The National Commission for the
Protection of Human Subjects of
Biomedical and Behavioral Research

The National Commission for the Protection of
Human Subjects of Biomedical and Behavioral
Research (1974-1978) was established through the
National Research Act of 1974." The commission
is generally recognized as the first national bioethics
commission. This commission developed the docu-
ment known as the Belmont Report.

Belmont Report: Principles (Beneficence,

Autonomy, Justice)

The Belmont Report of 1979 was published
April 18, 1979, by the National Commission for
Protection of Human Subjects of Biomedical and
Behavioral Research.'” The report is a statement of
basic ethical principles and guidelines that should
help resolve the ethical problems that surround the
conduct of research with human subjects. The doc-
ument is divided into three main sections. The first
section establishes the difference between the objec-
tives and methods used in research versus the ones
in practice. The second section highlights the fun-
damental ethical principles that must guide research
with human subjects, including respect for persons,
beneficence, and justice.
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FIGURE 2.5 Hippocrates.

Reproduced from 1881 Young Persons’ Cyclopedia of Persons and Places.

The principle of respect for persons includes two
moral requirements: the requirement to acknowledge
autonomy and the requirement to protect those with
diminished autonomy. Respect for persons requires
that subjects be accepted to participate in research
studies voluntarily and with adequate information
and discussion before they consent to participate.

On the other hand, the concept of beneficence
is widely used in the medical field and is based on
the Hippocratic oath’s ethical code (FIGURE 2.5),
which requires that physicians treat their patients
“according to their best judgment.” The principle
focuses on maximizing good results while minimiz-
ing harms.

With regard to justice, researchers must ensure
they will provide all subjects with equitable and fair
treatment and that each person can access the ben-
efits of science. The recruitment of research partic-
ipants needs to happen under critical observation
and examination. This will help determine whether
certain groups or social classes are being systemati-
cally chosen because of manipulability or accessi-
bility, among other reasons, instead of being chosen
for reasons that are closely related to the problem
under study. When financial support for the research
study comes from public funds, justice requires that
the findings do not provide advantages only to those
individuals who can afford to pay for new therapies
and devices. Therefore, research should not dispro-
portionately enroll participants from groups that
would have barriers in receiving benefits from the
applications of the research study.

The third section of the Belmont Report iden-
tifies and describes informed-consent procedures,
risk-benefit analysis, recruitment of subjects, and
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justice in terms of bearing the possible benefits and
burdens of a research intervention.

Informed Consent

Informed consent is one of the most basic concepts of
responsible biomedical and behavioral research. The
purpose of an informed-consent document is to demon-
strate the respect of subjects’ autonomous determination
to make informed, rational, and voluntary decisions to
participate in research studies.”® The informed-consent
process must be done by protecting members of vulner-
able populations from participation decisions that could
be harmful or result in exploitation. Informed consent
must meet the following requirements:

1. Information. First, the most relevant information
and details about the research study must be
disclosed to the participant in a way that can be
readily comprehended. This information should
summarize the purpose of the research and its
procedures, timeline, and methods to protect the
subject’s privacy and confidentiality.

2. Comprehension. The second requirement is that
consent must be voluntary and that the subject
was not pressured or coerced by the research staff
to participate in the study.

3. Voluntariness. The third requirement is that the
consent is rational, meaning that participants
understand the information that was discussed
with them. This includes the possible risks and
benefits of participation.

Assessment of Risks and Benefits

The assessment of risks and benefits requires a dis-
play of relevant information, including other ways of
obtaining the benefits sought from the research inter-
vention. This evaluation therefore presents an oppor-
tunity to gather systematic and comprehensive details
about the proposed study. The researcher must eval-
uate whether the study has been designed properly.
From the review committee point of view, it is a way
to determine if the risks to study participants are justi-
fied. This assessment will help the prospective partici-
pants decide whether to participate.

Institutional Review Board

Under federal regulations, an institutional review
board (IRB) is a group of experts who have been
formally assigned to review and monitor biomed-
ical research with human subjects. Any institution
that receives federal funds must have an IRB. All
research conducted by students, faculty, and staff
must be reviewed."

The IRB oversees the ethical and safety aspects of
the research study.” The IRB must be composed of at
least five members, one of whom must be a community
member who does not have a scientific background
and another who has no affiliation with the institu-
tion of the primary investigator. Members of the IRB
assess the risks and benefits of the proposed study. The
IRB is responsible for approving the study protocol,
the informed-consent form, and all advertisements
designed to recruit participants before their involve-
ment. The study protocol must be reviewed annually.

Types of Research and the IRB

Three main types of research are supposed to be
evaluated by an IRB committee.”’ Exempt research
refers to risk-free research. In this case, review is
not required.”? An example is when a study looks
at the routine food-service practices in a hospital.
If the research staff does not interact with the sub-
jects, then review is not required. The second type is
minimal-risk research. In this scenario, the risk of
harm is no greater than the risk encountered in daily
life or routine examinations. This type of research
requires routine review by the IRB. The third type of
research is a study that poses greater than minimal
risk. This type of research may involve physical or
psychological stress. In this case, a thorough review
needs to be conducted by the IRB.

Conflict of Interest

The term conflict of interest can be used in different
ways. It can be defined as “a set of circumstances that
creates a risk that professional judgment or actions
regarding a primary interest will be unduly influ-
enced by a secondary interest.” A clearer definition of
conflict of interest is “a conflict between the private
interests and the official responsibilities of a person in
a position of trust” A conflict of interest thus occurs
when an individual must choose one set of interests
against another.”

Health professionals and biomedical investigators
collaborate with the pharmaceutical industry, med-
ical device and biotechnology companies to conduct
research and develop new treatments. This interdisci-
plinary relationship has produced important discover-
ies that benefit individuals and improve quality of care.
However, this partnership has also created conflicts
regarding financial gain of the pharmaceutical indus-
try versus the values and goals of healthcare profes-
sionals. Therefore, physicians, healthcare institutions,
and research centers must always put patients’ safety
and interests first. They should also oversee studies so
that investigators carry out unbiased research.
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The issues of conflict of interest arise when a mem-
ber of a research team seeks financial gain or other
benefits rather than focusing on the pursuit of knowl-
edge, promotion of health, prevention of disease, or
cure of disease.’* Patients, participants in a research
study, scholars, and the public should all have confi-
dence that doctors and investigators will make ethi-
cal judgments. The primary interests of professionals
conducting research with human subjects should
include the promotion and protection of the integrity
of research, the welfare of individuals enrolled in the
study, and the quality of training and education of
future public-health professionals.

Secondary interests are not limited to financial
gain. Other examples of secondary interests include
the desire for professional advancement; personal
achievement; recognition within a field; and favors
to colleagues, friends, or family members. Financial
interests are more worrisome and common because
the industry and for-profit companies mainly influ-
ence health professionals and researchers through
their economic support. For a researcher, this finan-
cial gain should be subsidiary to sharing his or her
findings in an unbiased way in scientific conferences,
journals, and other peer-reviewed publications.

According to social science research findings,
individuals can be influenced without even being con-
scious of it. Under certain conditions, there is always
arisk of influencing an individual’s professional judg-
ment. This occurs more by secondary interest than by
the primary interests previously mentioned.

Conflict-of-Interest Policies

Policies must be in place to avoid conflict of inter-
est. These policies must serve two interrelated pur-
poses: (1) sustaining public trust in research, and

Research Considerations 47

(2) maintaining the integrity of professional judg-
ment.”® Conflict-of-interest policies attempt to
decrease the influence of secondary interests through
the following practices:

Publishing findings in a timely manner
Providing quality care
Developing and updating professional practice
guidelines

= Informing patients about advancements in
treatment

= Encouraging other researchers and health
professionals through teaching

As a rule of thumb, all policies should be clear,
reasonable, and fair. Although a one-size-fits-all
conflict-of-interest policy does not exist, at a mini-
mum a basic policy should ask the following:*

Who does the policy apply to?

How should the disclosure be made?

What are the enforcement procedures?

What are the consequences of noncompliance?

Industry-Sponsored Research

Although biases can come from diverse sources, recent
emphasis has been focused on industry-sponsored
research. Consider the historical context in which
industry has been involved in scientific research.
Before World War II, most food-related research was
funded and conducted by food-industry researchers.
In the years after World War II, the United States went
through a period of rapid technological evolution and
scientific development. This evolution also included
the transformation of agriculture in terms of produc-
tion and a steady increase in industry growth. The
companies that experienced this steady growth were
those involved in medical, pharmaceutical, chemical,
and food production.

Currently, industry-funded research studies
account for a large proportion of all nutrition and
research related to food science.” Economic support
from industry is inevitably a major component of the
scientific environment, although it is just one compo-
nent of an extremely complex system. Issues of conflict
of interest and possible bias need to be approached
with experience and skills to manage and correct these
problems effectively. Furthermore, guidelines and rec-
ommendations should be in place.

Guidelines for Industry-Sponsored
Research

The International Life Sciences North America
Working Group on Guiding Principles proposed
eight conflict-of-interest guidelines. The guidelines
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presented in FIGURE 2.6 appeal to industry funding
and aim to safeguard the integrity and credibility of
scientific findings, especially with respect to nutrition
professionals, human health, and food science.

In conjunction with a strong peer-review system,
open declarations of research sponsorship, and policies,
these guidelines provide a framework for conducting
industry-sponsored research that is beyond reproach.

Bias
Bias is defined as any tendency that prevents unprej-
udiced consideration of a question. Bias can happen

Conflict of Interest
Guidelines

In the conduct of public/private research
relationships, all relevant parties shall:

\_/ Conduct research that is factual and
transparent.

Support peer-review critical appraisal
and scrutiny

Promote responsibility of investigators
to identify and disclose relevant
all potential conflict of interest situations

Engender a professional culture of
intolerance to conflicts of interest

Implement and support a policy
framework to deal with conflict of interest

Establish clear rules on what is expected
of researchers in dealing with
conflict of interest situations.

Initiate non-biased partnership with the
business and non-profit sectors

FIGURE 2.6 Conflict-of-interest guidelines for public and
private research affiliations.

Modified from Rowe et al. Funding food science and nutrition research: financial conflicts and scientific integrity. Am J Clin Nutr
2009;89:1285-91. http://ajcn.nutrition.org/content/89/5/1285.full. pdf+html. Accessed May 7, 2017.

at any stage of the research process, starting from the
design continuing through data analysis, and ending
in publication. Examples of bias at each stage of a clin-
ical trial are presented in FIGURE 2.7.

Research and Protection for Vulnerable
Populations

A vulnerable population is “the state of an individual
or population being vulnerable to a particular dis-

ease or event.’”® The factors determining risks may
include environmental, psychological, psychosocial,

Major Sources of Bias

. in Clinical Reseaech

Examples:
« Flawed study design Pre-Trial
» Selection bias .
* Channeling bias :
Examples:
e Interviewer bias
. * Chronology bias
* Recall bias
During  * Transfer bias
Trial » Misclassification of
C exposure or outcome
: * Performance bias
Examples: H
« Citation bias E
 Confounding :
Post-Trial

Trial Planing

Trial Implemmentation

o0

Data Analysis and Publication

FIGURE 2.7 Major sources of bias in clinical research and
the stages of the trial affected.

Data from Pannucci C, Wilkins E. Identifying and avoiding bias in research. Plast Reconstr Surg. 2010 August; 126(2): 619-625.
doi:10.1097/PRS.0b013e3181de24bc. https://www.researchgate.net/publication/45461983_Identifying_and_Avoiding_Bias_
in_Research. Accessed August 6, 2017.
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Confused about Nutrition?
You Are Not Alone

We've all seen the flashy headlines, read the hyped-

up blogs or glanced at the must-read social media

posts about nutrition, diet, supplements, and health. They
appear daily—multiple times—as shown in FIGUREA.

Nutrition and health professionals have long known
that exaggerated science not only confuses the public
but makes the job of credentialed nutritionists (RDNs)
and committed scientists even harder.

Sensational news stories in newspapers, coupled
with the premature dissemination of research findings,
are "damaging”to the field of academic research on
nutrition and have eroded the public’s trust of nutrition
science.! According to the report,

"The detrimental impact of poor nutrition on the
health and wellbeing of individuals, healthcare
systems and the economy is substantial. Nutrition
research has the potential to make a profound
positive impact on human health in the UK

and globally. The failure to adequately address
nutrition research in an organized and structured
way seriously undermines the ability to achieve
best health at lowest cost”

FIGURE A Headline example.

© Zerbor/Shutterstock.

Additionally, there has been, and rightfully so,
much skepticism of industry sponsored research and
the appointment of nutrition scientists to industry-
backed committees and boards, leading to further
discredit of research findings and increased suspicion
of conflict of interest.? This further leads to discouraged
and confused consumers, perpetuating the “quick fix”
mentality.

Take the popularity of fad diets, for example.
Whether scientist of celebrity endorsed, fad diets are
a multi-billion dollar revolving door of short-lived,
disappointing diets that usually lack substantial
scientific support. FIGURE B shows a visual overview of
some of the more well-known fad diets over the past
200 years.

There is always a new fad to try

The Complete

Scarsdale Medical Enter the
FAT, Diet Zone Wheat Belly/
Treatise on the Enemy that is The Dr. Oz Show
Bread and Shortening Your Life, ook Younger, The Beverly rlay e
Bread-Making Banished! Live Longer Cleanse

1830 1860 1890 1900

1938

Letteron  H. Fletcher G. Harrop
Corpulence “The Great Liquid Diet
Masticator”

FIGURE B Well-known fad diets over the past 175 years

1950s

19

The Paleo
Diet/Ketogenic
Diet

1990s

2002

Today

Dr. Atkins’ Dr. Dean The New
Diet Ornish's Cabbage
Revolution/ Program for Soup Diet/
The Pritikin Reversing/ The South
Permanent Heart Beach Diet
Weight-Loss Disease
Manual
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Nutrition research is extremely complex. It
encompasses many different areas of study with
important links to health and disease research, public
health, environmental sustainability, and social
and behavioral influences. The far-reaching and
interconnected nature of nutrition makes it hard to filter
out a single, simple, take-home, one line answer that
many people are seeking.

Nutrition research is also exciting and always
changing. Nutrition scientist are constantly discovering
more and more about how the body works and how the
food/ fuel we eat affects health. This means that in this area
of study there is always more to learn, always something
new to figure out. As nutritionists, scientists, and educators
our job is a big one. We have to possess the tools to
compare any headline to scientifically sound, evidence-
based recommendations to determine the accuracy of
the findings and communicate clearly to the public. The
goal being, to empower informed consumers (FIGURE C).
The hallmark of a healthy diet, however, is unfortunately
not usually “sensational”or “headline worthy”The Academy
of Nutrition and Dietetics (as well as lots of other credible
nutrition and health experts) recommend getting all
the nutrients your body needs by first attempting to
eat a varied diet of “real, whole foods, meaning less-
processed foods and a more plant-based diet, as the best
strategy for living a healthful life and avoiding many chronic
degenerative diseases. Plus regular exercise, of course.
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or physiological. From an ethical standpoint, a vul-
nerable population is a group of people who are rela-
tively (or absolutely) incapable of protecting their own
interests and may be exposed to harm. Harm could
be social, economic, legal, psychological, or physical.
Certain groups and individuals may be consid-
ered vulnerable because: they do not have the deci-
sion-making capacity to provide informed consent,
have a higher risk of exploitation, or have a situational
circumstance. FIGURE 2.8 presents the groups consid-
ered vulnerable per the Subparts B-D of the 45 Code
of Federal Regulations (CFR) Part 46.

Other special groups that are also referred to
as vulnerable but are not outlined in the 45 CFR 46
are individuals with physical or mental disabilities,
the economically disadvantaged, the education-
ally disadvantaged, racial minorities, terminally ill
patients, older adults, institutionalized individuals,

Be a Safe and Informed
Consumer

O Let your health care professional advise you on sorting
reliable information from questionable information.

o Contact the manufacturer for information about the product
you intend to use.

O Be aware that some supplement ingredients, including
nutrients and plant components, can be toxic. Also, some
ingredients and products can be harmful when consumed
in high amounts, when taken for a long time, or when used
in combination with certain other drugs, substances, or foods.

o Do not self-diagnose any health condition. Work with health
care professionals to determine how best to achieve
optimal health.

o Do not substitute a dietary supplement for a prescription
medicine or therapy, or for the variety of foods important to
a healthful diet.

o Do not assume that the term "natural” in relation to a product
ensures that the product is wholesome or safe.

o Be wary of hype and headlines. Sound health advice is
generally based upon research over time, not a single study.

o Learn to spot false claims. If something sounds too good to
be true, it probably is.
FIGURE C Be a safe and informed consumer

Reproduced from US Food and Drug Administration http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm050803
-htm. Accessed August 1, 2017.

news-and-events/documents/Review%200f%20
Nutrition%20and%20Human%20Health_final. pdf
accessed 8.1.17.

2. Nestle, M. Food Politics www.foodpolitics.com.
accessed 8.1.17

international research subjects, and victims of domes-
tic violence or sexual assault.”

Women and Minorities in Clinical
Research

The National Institutes of Health Revitalization
Act of 1993 was signed into law on June 10, 1993. This
act directed the NIH to establish guidelines for inclu-
sion of women and minorities in clinical research.”
Since then, the policy of the NIH is that women and
members of minority groups and their subpopulations
must be included in all NIH-funded clinical research,
unless a clear and compelling rationale and justification
establishes to the satisfaction of the relevant institute
or center director that inclusion is inappropriate with
respect to the health of the subjects or the purpose of
the research.
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FIGURE 2.8 Vulnerable populations.
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Theory Development

Principal investigators should assess the theoretical or
scientific linkages between gender, race and ethnicity,
and their topics of study.’ Following this evaluation,
the principal investigator and the applicant or research
institution will address the policy in each application
and study proposal, providing the required informa-
tion on inclusion of women and minorities and their
subpopulations in clinical research. They must also
state any required justifications for exceptions to the
established policy.

Challenges and Barriers: Recruitment
and Informed Consent

Challenges to recruiting efforts and obtaining
informed consent are developing as demographics
change and clinical trials become more inclusive. One
major recruitment challenge and a significant barrier
to communicate with potential research subjects is
the prevalence of low health literacy, or how much
individuals are able to obtain, process, and understand
basic health information and services needed to make
appropriate health decisions.*
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3  Prisoners

Prevalence of Low Health Literacy
The National Assessment for Adult Literacy has
reported that low health literacy tends to be higher in
immigrant individuals who spoke a language other than
English before starting their formal school education.®
Members of minority groups or adults living below the
poverty level also have lower average health literacy.
Low health literacy affects both research and the econ-
omy because the patient needs to read and understand
important healthcare information. As previously men-
tioned, cultural and language barriers negatively affect
effective communication with patients. According to
the Agency for Healthcare Research and Quality, differ-
ences in health literacy level were consistently associated
with increased hospitalizations, greater emergency-care
use, lower use of mammography, lower receipt of influ-
enza vaccine, less ability to demonstrate taking medi-
cations appropriately, less ability to interpret labels and
health messages, and, among seniors, poorer overall
health status and higher mortality. Health literacy level
potentially mediates disparities.

In 2004, the National Academy of Medicine esti-
mated that 90 million people in the United States had
limited health literacy.® Both healthcare professionals

Morbid Obesity

Morbidly obese patients are usually excluded from
clinical trials since a weight over 300 pounds is a

common exclusion criterion. Oseltamivir (Tamiflu®)
pharmacokinetics in Morbid Obesity (OPTIMO trial)

was one of the first clinical trials that emphasized the
importance of studying drug dosing for morbidly

obese patients. The alarming rates of life-threatening
complications and deaths from Influenza HIN1 affecting
obese patients triggered investigators to examine the
possible causes of the disparity.

Data from L. M. Thorne-Humphrey, K. B. Goralski, K. L. Slayter, T. F. Hatchette, B. L. Johnston, S. A. McNeil, (The 2009 OPTIMO Study Group); Oseltamivir pharmacokinetics in morbid obesity (OPTIMO trial).
J Antimicrob Chemother 2011; 66 (9): 2083—2091. doi: 10.1093/jac/dkr257 Link to Full Text https://academic.oup.com/jac/article/66/9/2083/768948/0seltamivir-pharmacokinetics-in-morbid-obesity
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Interprofessional Healthcare Teams

Diane R. Bridges, PhD, MSN, RN, CCM

400,000. What do you think this number represents?
The answer is...MEDICAL ERRORS!

In 1999, the National Academy of Medicine (formerly
called the Institutes of Medicine) report, “To Err is
Human: Building a Safer Health System,"charged that
mistakes and unsafe practices in American hospitals
kill at least 44,000 patients and perhaps as many as
98,000 Americans die in hospitals each year as a result of
medical errors!"

In 2013, it was reported this figure may be as high
as 400,000 deaths a year? In this same year, hospital
medical errors were listed as the third-leading cause of
death in the U.S.3 Additionally, medical errors cost the
nation $1 trillion each year

To put this number in perspective: It is equivalent to
two fully occupied 747 planes crashing every day!

We as a society would not tolerate this happening,
so why do we tolerate medical errors?

Medical errors were noted to be one of the ten most
common sentinel events. A sentinel event is a “patient
safety event (not primarily related to the natural course
of the patient’s iliness or underlying condition) that
reaches a patient and results in either severe temporary
harm, permanent harm or death.”

The 10 most-cited reasons sentinel events occur are
due to a person or a lack of the following®:

1. Human factors

2. Communication (provider to provider and provider
to patient)

Leadership

Assessment

Information management

Physical environment

Care planning
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8. Continuum of care
9. Medication use
10. Operative care

So what can we do to reduce medical errors?

The American Medical Association stated “With an
aging population and surge for newly insured patients
entering the system, we encourage other states to
consider adopting this innovative approach to helping
facilitate the work of highly functioning teams of
medical professionals who can meet the growing
demand for healthcare”’# The answer to how we can
reduce medical errors is to develop highly skilled and
functional interprofessional healthcare teams that
communicate, collaborate, and cooperate with each
other and the patient families to provide the highest
quality care.

An interprofessional team includes healthcare
providers from different professional backgrounds
who work together and alongside patients, carers,
patient families, and communities to deliver the
best quality care they can provide.®'° Based on their
knowledge and skills, each team member assumes
profession-specific roles®'" Then as a team they
combine resources, identify and analyze problems,
and assume joint responsibility for the patient care
plans they devleop.®' It is through these deliberate
acts of collaboration and communication with other
healthcare professionals that highly functioning
interprofessional teams are formed.'? Outcomes of a
collaborative interprofessional team approach have
been shown to reduce adverse events, improve patient

Nurse Care
Manager

Lab,
Radiology,
Pharmacy

Specialty
Physician

Counselor



outcomes, as well as, improve patient and employee
satisfaction.”

The team involves all healthcare providers including
registered dietitian nutritionists (RDN's) as they are a vital
member of the healthcare team. It is a known fact that
the diets people eat, impact their health, development,
morbidity and mortality."* Communication between
RDNs and patients and RDNs and other healthcare
providers are essential to providing the best care
possible to patients. It is up to each individual
healthcare provider to forge these relationships,
become an active member of the healthcare team
and work together on conducting research that will
help demonstrate positive patient outcomes when
interprofessional teamwork is practiced.
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research sites where individuals have been discrimi-
nated against.

Strategies When Working with Diverse Populations
Diverse Populations

A variety of strategies can be used when working with
research subjects from diverse populations. The most
important one is to learn about their history and cul-
tural factors. As a researcher, it is important to focus
on past events that may have caused misunderstand-
ings or dissatisfaction with, or abuse from, biomed-
ical research or healthcare providers.** Furthermore,
an investigator who puts cultural competence into
practice should review the literature and contact local
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HEALTH LITERACY SKILLS

Access heathcare

services
2 Analyze relative
risks and benefits
3 Calculate dosages
4 Communicate with
health care providers
5 Evaluate information for
credibility and quality
6 Interpret test results
7 Locate health information

FIGURE 2.9 Health literacy skills.

Reproduced from National Network of Libraries of Medicine. Health Literacy. Available at https://nnlm.gov/outreach/consumer
/hithlit.html. Accessed October 28, 2016 https://www.hhs.gov/ohrp jons-and-policy. ions/45-cfr-46/index.html

organizations or researchers in the setting where the
research will be done. This will help the investigator
have a better grasp of the community.

Another essential strategy is to achieve commu-
nity engagement, especially in cases in which there
is a difference in power between the investigator and
the members of the community. This holds true par-
ticularly when the research project is sponsored by
high-income countries and is implemented in low- to
middle-income countries. It was for these reasons that
community advisory boards (CABs) were created.**
CABs help formalize partnerships between members
of academia and individuals living in a community.
These partnerships guide community-based partici-
patory research (CBPR). The purpose of CBPR is to
study chronic diseases, and it aims to reduce dispari-
ties in health outcomes.

According to the Office of Disease Prevention and
Health Promotion, the term disparities is often inter-
preted to mean racial or ethnic disparities; however,

TABLE 2.5 How culture may

Features Affecting Consent Forms and Consent
Processes in High-Resource Culture Settings

there are many other dimensions of disparity across

ct the informed-consent process

Features Affecting Consent in Low-Resource or Tribal Settings or in
Subpopulations Suffering from Discrimination

®  Written consent is stressed. L
Contracts and contract law are firmly
established.

m Ifitis not written, it didn't happen.” m

® |ndividual autonomy in decision making is L]
emphasized.

m  Allows specimens or tissues to be stored L]
and used for future research, often without
consent or knowledge. L]

= Population believes in science; explains
concepts scientifically.

= More-compartmentalized thinking:“You L]

are separate from your community; your
specimens are separate from you!

The population may be an “oral tradition” society.

The population may have had rights or property taken away by
signing documents.

Members may wonder, “Why isn't my word good enough?”

Members may emphasize community and consultation with
others: ‘community consent.

Example: Women may not be allowed to consent on their own;
researchers may need agreement of a village or tribal chief to
conduct the research with the population.

Members may believe that body parts or specimens contain the
essence of the person’s being or power.

Members may suspect that the “other culture”is benefiting from
research on their samples, and not the culture that donated the
samples.

Members may hold different beliefs about of what causes disease.
Members may not be scientifically or medically literate.
Religious or cultural beliefs may be more important.

More-integrated thinking: “You are not separate from your
community; your body parts represent a part of you!”

Data from Collaborative Institutional Training Initiative. Consent and Cultural Competence. Authors: Renee Holt and Gary L. Chadwick. Available at: https://www.citiprogram.org/members/index.cfm?

pagelD=125 Accessed on December 10, 2016.



the United States. If a health outcome is seen to a
greater or lesser extent between different populations,
then a health disparity exists. Demographic factors
such as race, ethnicity, gender, sexual identity, age, dis-
ability, socioeconomic status, and geographic location
can all contribute to an individual’s ability to achieve
his or her well-being. It is important to recognize the
impact that social determinants of health have on
the lives of certain populations. Examples of social
determinants of health include:

= The availability of resources to meet daily needs
such as educational and job opportunities, living
wages, or healthful foods

®  Social norms and attitudes, such as discrimination
Exposure to crime, violence, and social disorder
such as the presence of trash

m Social support and social interactions

= Exposure to mass media and emerging
technologies such as the Internet and cell phones

m  Socioeconomic conditions such as concentrated

poverty

Quality schools

Transportation options

Public safety

Residential segregation

The National Institutes of Health has established the
National Institute on Minority Health and Health
Disparities (NIMHD). NIMHD leads scientific
research to improve minority health and eliminate
health disparities. TABLE 2.6 presents the framework
developed by the NIMHD to encourage and support
researchers working with minority populations and
attempting to effectively address health disparities in
their communities.

Recap A thorough assessment of risks and benefits
must be done before initiating any research project.
The Nuremberg Code was the first effort to document
important principles governing research with human
subjects, and it was further elaborated through the
Declaration of Helsinki. Subsequently, the Belmont
Report established the basic ethical principles of
beneficence, autonomy, and justice. When research is
conducted with human subjects, the protection of all
persons'rights and welfare must remain a priority. This
is extremely important when recruiting and obtaining
informed consent from individuals considered part of a
vulnerable population. Certain groups and individuals
may be considered vulnerable because they do not
have the decision-making capacity to provide informed
consent or they have a higher risk of exploitation.
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» Study Approaches

Preview Understanding different study approaches
is essential when designing a research project.

This section discusses the differences between the
various study approaches and study designs and

how they are used to conduct health and nutrition
research.

The main purposes of research are to build knowledge
and confirm previous scientific findings. A research
study must be able to use the systematic scientific
methodology to formulate a research question, design
a study, collect data, and analyze the data to draw con-
clusions.*® Research should employ thinking and action
processes that are logical, understandable, confirm-
able, and useful to the clinical, professional, and con-
sumer communities. Different types of approaches can
be taken, depending on the specific aims of a research
study. Note that naturalistic inquiry, experimental-type
research, and mixed methods are equally important
in building the knowledge base of human health and
guidelines for professional practice.

The six general steps to integrate scientific prin-
ciples are:

Define the problem
Determine the possible causes
Determine probable solutions
Select the best solution

Test the chosen solution
Evaluate

S o

Basic Research

Basic research, also known as “fundamental or
pure” science, follows the scientific method and is
focused on exploring unknown information.”” In this
type of research, all confounding variables must be
controlled carefully. Therefore, most basic research
studies are conducted in laboratory settings. The
results of the experiments and contributions to the
body of knowledge are not expected to be applied in
practice immediately. Furthermore, basic research
builds the foundation for the applied research stud-
ies that follow. Basic research questions are narrowly
defined and are investigated with only one level of
analysis: prove or disprove theory or confirm or
not confirm previous research findings reported in
literature.

Some examples of basic research studies in the
field of nutrition and dietetics include food-science
experiments comparing the effectiveness of innovative
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TABLE 2.6 National Institute on Minority Health and Health Disparities research framework

Health Disparity Populations: Race/Ethnicity, Low SES, Rural, Sexual/Gender Minority
Other Fundamental Characteristics: Sex/Gender, Disability, Geographic Region

Levels of Influence

Domains of Influence

Biological Caregiver—child Community Sanitation
A (rf vulnerability and interaction illness Immunization
Biological . oo
mechanisms Family microbiome exposure Pathogen
Herd immunity exposure

Health behaviors Family functioning Community Policies and laws
Behavioral Coping strategies School, work functioning
functioning
Personal Household Community Societal structure
Physical, Built o environment Environment environment
Environment £ School, work Community
S Environment resources
<
-
Sociodemographics Social networks Community Societal norms
q Limited English Family, peer norms norms Societal structural
Sociocultural , , o
: Cultural identity Interpersonal Local structural discrimination
Environment R S R
esponse to discrimination discrimination
discrimination

Insurance coverage Patient—clinician Availability Quiality of
Health literacy relationship of health healthcare
Healthcare . - .
Syst Treatment Medical decision- services
ystem preferences making Safety net
services

Health Outcomes

Individual Health

Family/
Organizational
Health

Community
Health

Population
Health

Reproduced from NIMHD Research Framework. www.nimhd.nih.gov, https://www.nimhd.nih.gov/about/overview/research-framework.html. Accessed March 15, 2017.

food-preservation methods, in vitro chemoprevention
experiments using bioactive food compounds, and in
vivo metabolism and dietary intervention experiments
on diabetes mellitus type 2 using animal models.

Applied Research

Applied research has been defined as “inquiry using
the application of scientific methodology with the
purpose of generating empirical observations to solve
critical problems in society”” Furthermore, applied
research aims to modify existing concepts, informa-
tion, and products. This type of research is used to

inform public policy, contribute to applied behav-
ioral analysis, and support operational decision mak-
ing. The ultimate goal of applied research is to help
improve the human condition by identifying gaps in
knowledge and the best approaches for addressing
contemporary issues. Applied research questions are
generally open-ended because the study will be con-
ducted in a setting that will be influenced by societal
factors and several stakeholders. Members of a mul-
tidisciplinary team will have different perspectives
about the problem under study.

Investigators have identified four main differ-
ences between applied research and basic research.



The two types of research differ in terms of pur-
pose, context, validity, and methods. Implementing
a research study in the home, community, academia,
or a healthcare facility can be more challenging than
conducting the research in a laboratory or a setting
that the researcher can control.

Examples of applied research studies in the nutri-
tion and dietetics field include the evaluation of inter-
ventions to maintain and improve the health and
well-being of vulnerable populations, including nutri-
tion education and food-assistance programs; con-
ducting focus groups to identify barriers to achieving
lifestyle changes; and examining the effects of nutri-
tion policies in an enforced setting.

Nutrition Research

The Academy of Nutrition and Dietetics states that
nutrition research encompasses a wide range of
activities within the field. These activities go from
tracking patient outcomes, quality-improvement
projects, and testing new interventions to surveying
customer acceptance of menu items and conducting
community-needs assessments.”® The specific aims of
these research activities are to improve patient care
and the effectiveness of nutritional interventions. The
findings from both basic and applied sciences can
help improve nutrition practices in all work scenarios:
food-service management, community nutrition, and
clinical practice.

Descriptive Studies

In a descriptive study, information is collected with-
out changing the environment (i.e., no manipulation
occurs).” In human research, a descriptive study can
provide information about the naturally occurring
health status, behavior, attitudes, or other characteris-
tics of a group. Descriptive studies are also conducted
to demonstrate associations or relationships between
factors in society. Descriptive studies differ by time
frame. A researcher might want to study a population
at one point in time instead of following subjects for a
extended period.

Qualitative Research

Qualitative research focuses on behavior in natural
settings. It studies small groups in a setting. Data gath-
ered in qualitative research are non-numerical and
presented in language and/or pictures. The conclusion
of a qualitative research study is based on the interpre-
tations drawn by a group of researchers. Some of the
most common techniques used in qualitative research
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Grounding

The researchers must
present the data on which

Transparency

The researchers are
to disclose their own

their conclusions are expectations.
based.
Coherence Credibility

The researchers use other
resources to check their
conclusions.

The interpretations of the
findings must fit together
within a conceivable
framework.

FIGURE 2.10 Guidelines to evaluate the trustworthiness of
qualitative research findings.

Data from Pistrang N, Barker C. Varieties of Qualitative Research: A Pragmatic Approach to Selecting Methods. In: APA Handbook
of Research Methods in Psychology: Vol 2. Washington, DC. 2012; 4-16.

include observations, face-to-face or telephonic inter-
views, and surveys or questionnaires.

Qualitative research is evaluated based on trust-
worthiness. This type of research has no exact concept
of validity and reliability. Therefore, members of aca-
demia have set forth guidelines to evaluate the trust-
worthiness of qualitative research findings. Those
guidelines are presented in FIGURE 2.10.

Quantitative Research

Quantitative research focuses on gathering numer-
ical data and generalizing it across groups of people
or to explain a phenomenon. Quantitative methods
emphasize objective measurements and the statistical,
mathematical, or numerical analysis of data collected
through polls, questionnaires, and surveys; as well as
manipulating preexisting statistical data using compu-
tational techniques.

Quantitative approaches focus on specific behav-
iors that can be easily quantified. For the data to be
representative, large samples of the population are
used.* Quantitative approaches must assign numeri-
cal values to responses, and conclusions are based on
the results of statistical analysis. Four types of designs
in quantitative research are described in TABLE 2.7.

Quantitative research designs are either descrip-
tive or experimental. A descriptive study establishes
associations between variables; an experimental study
establishes causality.’ Proving causality in nutrition
research is extremely challenging. Criteria for causal
inference and rationale are described in TABLE 2.8 and
provide a framework for determining causality in sci-
entific research.

Good examples of quantitative approaches are
nutrition surveys for dietary assessment. Data col-
lected from quantitative surveys can help food and
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TABLE 2.7 Quantitative research designs

Descriptive Observational = (Cross-sectional
Variables are not controlled = |ongitudinal
= Observational
m  Secondary data analysis
Correlational m  Relationships among No m  Descriptive
variables = Correlation
= Variables are not controlled m  Predictive
= Model testing
Quasi-Experimental m Causality Yes ®  Pre- and post-test designs
Suboptimal variable control ®  post-test only
= |ndependent variable not ®  Interrupted time-series designs
manipulated
Experimental m  Tests causality with optimal Yes = (Classic experimental designs
variable control = Randomized designs
®  [ndependent variable = Crossover
manipulated = Nested

Modified from Center of Innovation in Research and Teaching. Understanding Research Design. https://cirt.gcu.edu/research/developmentresources/research_ready/researchreadyintroduction
[research_design. Accessed May 7, 2017.

TABLE 2.8 Hill’s criteria for causal inference

D

Strength of Association  Strong associations have a higher likelihood of being causal than do weak associations

Consistency A causal association should be stable when tested with various study designs

Specificity An exposure can only cause a single outcome

Temporality The cause or exposure must come before the effect or outcome

Biologic Gradient The ability to demonstrate a dose-response relationship. This quality may not always be
present

Plausibility Is there scientific justification for the relationship between cause and effect?

Coherence Do the cause and effect make sense with what is known about the facts of the exposure and

the disease?
Experimental Evidence Do randomized controlled trials exist and support the cause and effect?

Analogy Analogies provide insight into the causal pathways and add to the weight of the evidence

Modified from Hill AB. The environment and disease: Association or causation? Proc R Soc Med. 1965;58:295-300. Adapted from Figure 3. Hill's criteria for causal inference. Bruemmer B, Harris J,
Gleason P, et al. Publishing nutrition research: A review of epidemiologic method. J Am Diet Assoc. October 2009;109(10).



nutrition professionals inform policy.** The results of
this quantitative approaches can suggest the following:

= The average consumption of foods and nutrients
by socioeconomic and demographic groups

= The frequency of consumption of specific food
groups or products

= The adequacy of diet for different populations

The strengths of using quantitative approaches include
greater precision of measurement, the ability to make
comparisons, and the ability to test causal hypotheses
using experimental designs.

Commonly Used Study Designs in Health
and Nutrition Research

Primary research—also called original research—is
a single study designed and conducted by research-
ers themselves as compared to secondary or tertiary
research in which information is collected from pri-
mary (and secondary) sources. Review articles in
which the authors review, organize, interpret, sum-
marize, and draw conclusions from many primary
research studies is considered a secondary study
design. Systematic reviews are a rigorous form of ter-
tiary research because data and information come
from primary and secondary sources.

Survey Research

The purpose of survey research is to describe and
quantify characteristics of a chosen population
based on a stated research objective. Survey research
used to measure people at one point in time is consid-
ered a basic cross-sectional study design. Surveys that
ask about one point of time in the past are considered
retrospective. Longitudinal surveys are adminis-
tered more than once over a longer study period.
For example, the Nurses’ Health Study, conducted
by researchers at Harvard’s School of Public Health
and Brigham and Women’s Hospital in Boston, is a
cohort study that surveys more than 280,000 nurses
ages 19 to 51 years annually about their health and
wellness.* Surveys that are deliberate in their design
are useful to establish baseline data about the prev-
alence of a disease or food intake, establish associa-
tions among variables, and provide insight into areas
of future research, although causal relationships can-
not be concluded from survey findings. If the sample
represents the target population, then the results of a
survey can usually be generalized to the population
of interest, making survey research one of the most
widely used methods in public-health nutrition for
planning dietary services. Common concerns with
survey research are the population (sample) selection
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and selection bias, which will limit the generalizabil-
ity of the findings. Nutrition monitoring in the United
States is frequently conducted by a combination of
multiple surveys of various target populations.* The
National Nutrition Monitoring and Related Research
Program (NNMRRP) is a survey that is used to gain
information about the diet and nutritional status of
Americans, factors that affect diet and nutritional sta-
tus, and how diet affects health. The National Health
and Nutrition Examination Survey (NHANES) part of
NNMRRP obtains 24-hour dietary recall information
from a nationally representative sample of people of
all ages living in the United States. A dietary behavior
questionnaire that asks about food-related behaviors
is also included.*

Epidemiologic Study Designs

Epidemiologic study designs are observational, mean-
ing the investigators only observe the natural rela-
tionships between risk factors and outcomes and ask
participants questions.* Epidemiologic studies are
common and valuable in nutrition and public-health
research because they frequently look at risk factors
such as exposure and the chance that an outcome
such as a disease will occur. Epidemiologic research
involves three key elements: (1) common terms,
(2) a conceptual framework, and (3) concepts of
causal association.*

Study designs can be grouped as observational,
(which includes cross-sectional, case-control, or
cohort) and experimental such as clinical trials that
are distinguished by the intervention that accompa-
nies the experimental design.’ In observational
studies, the investigator allows for natural occur-
rences, observes relationships between variables and
outcomes, and does not intervene with study partici-
pants. Observational study design can include studies
that are cross-sectional, case study, prospective, and
retrospective cohort, depending on the time data are
collected.” Observational studies can also be used to
investigate exposure-outcome relationships.

Cross-Sectional Studies

Cross-sectional studies are retrospective epide-
miologic research ventures that collect information
from a population of interest at one point in time, as
opposed to cohort and case-control studies that col-
lect data over a determined time period. The goal of
cross-sectional studies is to investigate the associa-
tions between exposures and outcomes at one point
in time and provide a “snapshot” of the population
being studied. The cross-sectional study design
includes surveys and laboratory experiments, and it
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may also sometimes be described as a “prevalence”
study because it measures the prevalence of disease or
exposure and thus is descriptive and useful for iden-
tifying associations. A cross-sectional study examines
associations at only one point in time and does not
examine a sequence of events; therefore, temporal-
ity cannot be established because both the exposure
and the outcome are being assessed simultaneously,
which prevents consequent determination of cause
and effect. Other limitations of this study design are
the possibility of selection and measurement bias.
Random sampling of the population being investi-
gated helps reduce potential biases. Cross-sectional
studies are, however, less expensive than other study
designs because they collect information at one point
in time only. The NHANES is an example of a large-
scale cross-sectional study design.

Longitudinal Studies

When study participants are observed and data are
assessed over a long period of time, the study is con-
sidered longitudinal, as compared to a cross-sectional
study for which data are collected at just one point in
time. A longitudinal study, for example, would follow
the same group over 10 years. Prospective longitudi-
nal studies look forward in time, and retrospective
studies look backward in time. A prospective study
will follow a group (cohort) of participants who do
not have the disease or condition of interest forward
through time, collecting data at defined intervals in
time and focusing on potential causal factors (expo-
sure) to determine whether the disease or other health
outcome develops. Prospective studies have better con-
trol of variables and standardization in data collection
because the study methods are planned variable occur-
rences. In comparison, retrospective studies examine
data that have already occurred (such as past medical
records) or ask study participants to remember expo-
sures or outcomes. Retrospective studies are therefore
usually less expensive than prospective studies but
prone to recall bias. Prospective and retrospective study
designs can be used to avoid ethical concerns in popu-
lations in which the risk of exposure is thought to be
harmful—for example, alcohol and drug use and health
outcomes—because the researchers observe free-living
individuals. FIGURE 2.11 contains details about each
type of descriptive study. TABLE 2.9 lists the strengths
and limitations of observational study designs.

Case-Control Studies

Case-control studies start with a group of partici-
pants (cases) with an outcome (such as a disease) and

Cross-sectional study

* There is a one-time interaction
with the subjects.

Longitudinal study

¢ Subjects are followed over time.
 Data collection occurs at multiple
time points.

Observational study

* The researcher does not interact
with the subject.

¢ Observations are made within the
subject's environment.

-
]
>

Existing records

¢ Data can be obtained from
existing records without
interacting with the subjects.

* Example: electronic health
records.

FIGURE 2.11 Types of descriptive studies.

Modified from The Office of Research Integrity. https://ori.hhs.gov/content/module-2-research-design. Accessed August 6, 2017.

investigate looking back (retrospectively) at possible
exposures. Once a group of cases (people with a dis-
ease) are identified, matched controls (people without
a disease) are located. Controls must be carefully cho-
sen to make sure they had the same chance of expo-
sure and are similar to the cases in all ways, except that
they do not have the disease. Therefore, the two groups
being compared are defined based on the presence or
absence of the outcome, and the previous exposure of
the cases (with the outcome or disease) are compared
to the controls (those without the outcome or disease)
in an attempt to identify what factors could have influ-
enced the development of the outcome.

The researchers investigate common exposures
with questionnaires and surveys. The aim is to deter-
mine the similarities and differences between the
cases and controls in effort to identify past expo-
sures or risk factors that could explain the odds of
having the exposure among those with the outcome
divided by the odds of having the exposure among
those without the outcome.** An odds ratio can be
used to estimate risk in cross-sectional and case con-
trol studies when the study is designed to investigate
outcome rather than exposure.* In other words,
researchers will take a group of people with a disease
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TABLE 2.9 Strengths and limitations of observational study designs

Cross-sectional:
exposure
and outcome
measured at the

Inexpensive
Timely
Individualized data

same time. Can assess multiple outcomes
Case control: start Inexpensive

with the outcome  Timely

and look for Individualized data

exposures. Ability to monitor for multiple confounders
Also known as a Can assess multiple outcomes

retrospective study.  Good for rare diseases

Cases and controls can usually be easily
identified based on outcome status

Cohort Temporality demonstrated

(retrospective Individualized data
or prospective):
prospective
cohort study
starts with
exposure and
looks for an

outcome.

assessed over time

Ability to monitor for multiple confounders

Ability to control for multiple confounders
Multiple exposures and outcomes can be

No insight in to temporal sequence leading
to evidence on causal factors

Not good for rare diseases or for diseases of
short duration

Cannot provide answers to cause and effect

Cannot calculate prevalence

Can only assess one outcome

Poor selection of controls can introduce bias

May be difficult to identify enough cases

Possibility for recall bias

Cannot demonstrate temporality

Maybe challenging to target the past time
period that represents plausible biologic
period of exposure

Expensive

Time intensive

Not good for rare diseases because of the
inefficiency of gathering information on
participants who may not contract the
disease

Maintain contact and follow up with many
participants

Modified from Thiese MS. Observational and interventional study design types; An overview. Biochemia Medica 2014;24(2):199-210. http://dx.doi.org/10.11613/BM.2014.022 and Bruemmer B, Jeffrey H,
Gleason P, et al. Publishing nutrition research: A review of epidemiologic methods. J Am Diet Assoc. 2009;109(10).

and a group without the disease and then compare
the exposure of interest in the cases to the controls.
The benefits of case-control studies are that they are
simple to perform, are usually less expensive, and are
less time-consuming than many other study designs.
Case-control studies are feasible for examining rates
diseases and conditions. The limitations of this study
design are the potential for recall bias: the cases and
controls will remember things such as diet differently
because of the presence of the disease and the find-
ings are not generalizable to other groups. In addi-
tion, case-control studies can investigate only one
disease at a time.

Cohort Studies

Cohort studies begin with a group of individuals
with common characteristics who are observed over
time for exposure to risk factors such as diet. Then
exposed and nonexposed individuals are compared
based on an outcome of interest. This is in contrast

with case-control studies, which begin with the dis-
ease. Cohort studies are designed to track individu-
als and their health information over time to observe
the natural course of disease occurrence. In this
design, risks and exposures are assessed as they occur
during the study period. Retrospective cohort stud-
ies look back in time to examine exposures before
the outcome occurs, whereas prospective stud-
ies move forward in time with an identified cohort
(FIGURE 2.12). Prospective (prospective cohort and
intervention) studies that follow study participants
forward through time are best suited for suggesting
causation.”’

Cohort studies provide information about the
relative risk (RR) of developing a disease based on
the presence of an exposure. RR is an estimate used
in prospective studies that compares the probabil-
ity of an outcome in two groups, and expresses how
much more or less likely it is for an exposed person to
develop an outcome relative to a nonexposed person.
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FIGURE 2.12 Prospective and retrospective cohort studies.

Cohort studies are feasible for examining common
diseases in which the exposure to risk factors leads to
measurable outcomes in a relatively short time period
after exposure. Other strengths of this study design
are that they can provide information on the time-
based sequence of events; for example, they allow for
the measurement of exposures such as diet before dis-
ease occurs. Cohort studies are easier to conduct and
less expensive than experimental studies but require
extensive resources and monitoring, as well as follow-
ing large numbers of people over long periods of time.

Systematic Reviews

Review articles are an informative way to evaluate,
summarize, and communicate a current body of
knowledge. Reviews are a common form of second-
ary research useful in identifying inconsistencies in
evidence and gaps in research; they they provide a
basis for ongoing investigation. Systematic reviews
are a high-level, clearly defined, and rigorous criti-
cal review process often initiated to answer a specific
research question in a balanced and unbiased man-
ner from multiple research papers. The Academy of
Nutrition and Dietetics defines a systematic review
as “a summary of scientific literature on a specific
topic or question that uses explicit methods to con-
duct a comprehensive literature research and iden-
tify relevant studies, critically appraise the quality of
each study, and summarize the body of literature or
evidence to answer the question”® In a systematic
review, the studies are collected, assessed, and criti-
cally evaluated following identified and established
criteria. Each step is systematic and documented for
transparency and reproducibility.

Systematic reviews take a long time to perform.
The possibility exists that by the time a systemic

review is published, more-recent research has
emerged that supersedes the conclusion or rec-
ommendation from the systematic review. Despite
limitations, systematic reviews play an important
role in evidence-based practice by providing prac-
titioners with a concise and authoritative under-
standing of a specific health issue. Nutritionists
and other healthcare providers can use results from
systematic reviews to drive their clinical practice
without conducing the critical review of each arti-
cle personally, leaving more time for thoughtful
patient care.

Meta-analysis is a method of secondary research.
This statistical technique is used frequently in system-
atic reviews to combine studies and add strength to
the findings through greater statistical power. In a
meta-analysis, results from many studies that are sim-
ilar in study design are united into a single, larger pool
of results and simultaneously analyzed in an attempt to
determine an independent conclusion. Meta-analyses
are useful as a foundation for public policy and when
developing evidence-based practice recommenda-
tions.> Strengths of meta-analysis are its rigor and its
objectivity as compared to research reviews because
of its statistical analysis of data. The findings are more
powerful than the included individual studies because
the methods are precise, the inclusion criteria of mul-
tiple similar studies limit bias, and study methods are
replicable. However, because data come from multiple
different studies, measurements of variables and out-
comes may differ.

The Academy of Nutrition and Dietetics evidence
analysis review process is the source for evidence-based
practice guidelines for nutrition patient care and diet
therapy decision making. Evidence analysis is a com-
plex process, so the EAL manual divides the analysis
process into five defined steps for evaluating food
and nutrition questions conducted by a team of sub-
ject-matter experts and trained research analysts.”’ See
FIGURE 2.13.

The Nutrition Care Process (NCP) is a stan-
dardized model intended to guide RDNs in pro-
viding high-quality nutrition care.® The NCP
(FIGURE 2.14) has four distinct and interrelated
phases that give nutrition and dietetics practitioners
a systematic structure to scientifically manage nutri-
tion care and help patients meet health and nutrition
goals. Using the NCP does not mean that all patients
receive the same nutritional care; instead, it provides
a framework for the RDN to take into account each
patient’s needs and values and use the best evidence
available to make decisions to individualize care.”!
The Academy of Nutrition and Dietetics Health



Step 1. Formulate the evidence analysis question:
Specify a focused question in a defined
area of practice. Three key items are used
to generate good-quality questions: an
analytical framework to identify links between
factors and outcomes, the PICOT format
to write questions, and the Nutrition Care
Process to serve as a framework.

Step 2. Gather and classify the evidence: This step
involves developing a search plan to conduct
a detailed literature search. The plan clearly
defines the inclusion and exclusion criteria and
identifies the key search terms and outcomes
necessary to conduct a comprehensive search.
The search plan and all literature searches
results are documented and assessed for
inclusion eligibility. Excluded articles are listed
along with reason for exclusion.

Step 3. Critically appraise each article (risk of bias): This
step involves critically assessing each included
article for methodological quality. Each study
is evaluated based on appropriateness of
study design and how well the study was
conducted by using the Academy’s risk-of-
bias tool, called the quality criteria checklist.

Step 4. Summarize the evidence: This step involves
achieving two major tasks. First, key data
from the included articles are extracted
by using the Academy’s web-based data-
extraction template. Second, evidence
extracted from each study is distilled into a
brief, coherent, and easy-to-read summary.
The result of this phase is called the evidence
summary.

Step 5. Write and grade the conclusion statement: This
step includes developing a concise conclusion
statement for the research question
and assigning a grade to the conclusion
statement. The grade reflects the overall
strength and weakness of evidence in forming
the conclusion statement. The grading scale
used by the Academy: grade | = good or
strong, Il = fair, Il = limited or weak, IV = expert
opinion only, and V = not assignable.

FIGURE 2.13 Steps in the evidence analysis systematic
review process.

Reproduced from Academy of Nutrition and Dietetics EAL Systematic Review Process. https://www.andeal.org/eal-sr. Accessed
July 8,2017.

Informatics Infrastructure (ANDHII) enables RDNss
to track nutrition care outcomes and advance their
evidence-based nutrition practice research by offer-
ing secure online data collection.”® The objective of
ANDHII is that knowledge gained through the col-
lection and analysis of nutrition information will
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add to the evidence basis for nutrition practice and
translate into higher-quality patient care.

Experimental Design Studies

During an experiment; a procedure, treatment, or
intervention is tested and an outcome is observed.
An experiment is therefore defined as “a test under
controlled conditions that is made to demonstrate a
known truth, to examine the validity of a hypothesis,
or to determine the efficacy of something that has not
been tried before”** Any true experiment should have
three elements: (1) manipulation of an independent
variable, (2) a control group, and (3) random assign-
ment. These are defined in TABLE 2.10.

Control/Experimental Groups

In an experimental research design, to help
determine the cause and effect with the experimen-
tal group all factors are held constant except those
that are manipulated by the researcher.’* This will
allow for the results of the control group and the
experimental group to be compared. A control is
used to prevent additional variables from influenc-
ing the outcome of the experiment. Therefore, the
control condition represents the effect that exists
in the absence of the experimental treatment. For the
control condition to function appropriately, it must
be as similar as possible to the treatment group—for
example, placebo diet versus experimental diet. This
means that the researcher must identify the variables
that need to be controlled. Experimental designs also
have a series of essential components that will be dis-
cussed further.

Randomization

The first essential component of an experimental
design is known as randomization. The word random
in this context means that every individual in a partic-
ular population has an equal chance of being selected
to participate. Moreover, randomized assignment
refers to how the subjects are randomly placed into
the control group or the experimental group. In a
randomized clinical trial, treatments are randomly
assigned to the subjects. The random assignment
limits bias in how treatments are assigned to human
subjects and helps establish the base for statistical tests
and further analysis.

Multilevel Randomized Design

An extension of the basic randomized design is known
as a multilevel randomized design. This design has
more than two levels of the independent variable; here
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m  Nutrition assessment: The RDN collects and m Intervention: The RDN then selects the nutrition
documents information such as food or nutrition- intervention that will be directed to the root cause
related history; biochemical data, medical tests, (or etiology) of the nutrition problem and aimed
and procedures; anthropometric measurements; at alleviating the signs and symptoms of the
nutrition-focused physical findings; and client diagnosis.
history. = Monitoring and evaluation: In the final step of the

= Diagnosis: Data collected during the nutrition process, the RDN determines whether the patient
assessment guide the RDN in selection of the or client has achieved or is progressing toward the
appropriate nutrition diagnosis (i.e,, naming the planned goals.

specific problem).

FIGURE 2.14 Nutrition care process.

Reproduced from Academy of Nutrition and Dietetics. Nutrition Terminology Reference Ma nual (eNCPT): Dietetics Language for Nutrition Care. 2016. http://ncpt.webauthor.com. Accessed December 8, 2016.

level refers to the number of variations of the inde- treatment condition but also whether the different
pendent variable. In clinical trials testing the effi- doses of the experimental drug produced different
cacy of an experimental drug, for example, it would results. In this case, participants would be randomly
be advantageous to determine not only whether the assigned to different groups, depending on the quan-

drug produced an outcome different than the placebo tity of experimental drug and control conditions.



TABLE 2.10 Essential criteria for good experiments
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TABLE 2.11 Mechanisms of the placebo effect

Mechanisms of the Placebo Effect

Manipulation

Induce a change in the
hypothesized cause to determine
whether the hypothesized
consequence occurs.

Control Prevent other possible causal
factors from intruding on and
contaminating the experiment.

Procedure used in experiments to
create multiple study groups that
include participants with similar
characteristics so that the groups
are equivalent at the beginning
of the study.

Random
Assignment

Reproduced from U.S. Department of Health and Human Services. The Office of Research
Integrity. Module 2 Research Design Section 2. https://ori.hhs.gov/content/module-2
-research-design-section-2.

Placebo
Placebo groups are used to ensure that external valid-
ity is maintained. Placebo groups can help control the
experiment. A placebo is a simulation of therapy that
has no physiological effect.® Moreover, a placebo
effect is “a way of describing, quantifying, and under-
standing everything that surrounds the placebo treat-
ment”” This includes the interaction between the
patient and his or her provider, the support given to
this patient, and every factor in the healthcare environ-
ment that could have a potential influence on the out-
comes of a subject participating in the research study.
It is evident that several placebo-effect mech-
anisms can affect both healthy individuals and
patients with different medical conditions. Possible
psychological and neurobiological mechanisms of
the placebo effect are presented in TABLE 2.11.

Double-Blind Studies

Randomized double-blind placebo studies are known
as the “gold standard” in intervention-based research.
A double-blind study is an experiment designed to
test the effect of a treatment or substance by using
groups of experimental and control subjects in which
neither the subjects nor the investigators know which
treatment is being administered to which group.*

In a double-blind test of a new drug, the substance
may be identified to the investigators by a random
number or code and never a name. The purpose of

Psychological Expectations
Conditioning
Learning

Memory
Motivation
Somatic focus
Reward

Anxiety reduction
Meaning

Neurobiological Immune responses
Hormonal responses

m  Depression

Reproduced from Finniss DG, Kaptchuk TJ, Miller F, Benedetti F. Placebo Effects: Biological,
(linical and Ethical Advances. Lancet. 2010;375(9715):686-695. doi:10.1016/50140-6736
(09)61706-2. Accessed on 05/7/17.

a double-blind study is to eliminate the risk of bias
by the participants, which could affect outcomes. A
double-blind study may be augmented by a crossover
experiment in which experimental subjects unknow-
ingly become control subjects—and vice versa—at
some point in the study.

Factorial Designs

A factorial design is a design that investigates the
independent and interactive effect that two or more
independent variables have on the dependent vari-
able.”” A factor is simply a categorical variable with
two or more values, which are commonly referred to
as levels. The types of information that can be obtained
from a factorial design are main effects and interac-
tion effects.

The advantages of factorial designs include the
following.

= The effect of more than one factor can be tested.
This means that more than one hypothesis can be
tested.

= Control of a potentially confounding variable can
be created by incorporating it into the design of
the experiment.

= The researcher can test for interactive effects
among the various factors.

For example, in a dietary-intervention study, sub-
jects may differ in terms of the amount of a specific
micronutrient they receive (one factor), whether
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the supplementation is taken orally or administered
intramuscularly (second factor), and by their gender
(third factor). If there are three doses of a supplement
(A, B, and C), two different methods of administra-
tion (I and II), and two genders (male and female),
there will be a total of 12 (3 x 2 x 2) groups of subjects
for comparison of the outcome.

Crossover Design

A crossover design describes a clinical trial in
which groups of human subjects receive two or more
interventions in a particular order.”® For example, a
two-by-two crossover design involves two groups of
participants. One group receives drug A during the
initial phase of the trial followed, by drug B during a
later phase. The other group receives drug B during
the initial phase, followed by drug A. During the trial,
participants “crossed over” to the other drug. All par-
ticipants receive drug A and drug B at some point
during the trial, but in a different order, depending
on the group to which they are assigned. The main
purpose served by this design is to provide a basis for
distinguishing treatment effects from period effects.
A crossover design has the potential of confounding
the influence of order, or what is known as carryover
effects.”” The existence of carryover effects must be
ruled out for the crossover method to have validity.

Carryover effects refers to when the effect of
the previous treatment carries over to influence the
response of the next treatment. To decrease carry-
over effects or ensure that none are present, the car-
ryover design often includes a rest period or washout
between the administration of a different treatment.
When evidence exists that a rest or washout period is
able to eradicate any carryover effects, the design is
efficient. This might happen in some biomedical and
pharmaceutical studies.

Counterbalancing

Counterbalancing is when a series of sequences is
administered in such a way that it balances out order
effects.®” The most common issue when studying the
between-subjects factor of counterbalancing is that
more participants will be needed to have statistical
power. This disadvantage of needing more participants
however, is often offset by being able to discover more
effects. There are two types of counterbalancing: com-
plete counterbalancing and Latin square.®' In complete
counterbalancing, all possible orders of presentation
are included in the experiment. This is easier with
small numbers of experimental conditions. On the
other hand, a Latin square is constructed for using the

counterbalancing technique to control for order effects
without having all possible orders. This ensures that all
possible orders are received by different subjects.

Familiarization

In research, repeated exposure of subjects to cer-
tain tests or procedures can lead to familiarization,
which is defined as becoming well acquainted with
something.®> A good example is the assessment of
memory. Imagine a sample of older adults partici-
pating in a research study investigating the potential
benefits of bioactive compounds found in blueber-
ries in the prevention of memory loss. The repeated
completion of the tests may at some point influence
the subjects’ performance and improve the results as
the subjects become more experienced. The improve-
ments in memory could be to the result of practice
effects and not the dietary intervention itself. This
happens mostly when collecting longitudinal data.
Therefore, researchers must be aware of familiar-
ization and retest effects, particularly regarding the
problem under study.

Translational Research

Translational science has been described as a spec-
trum that integrates each phase of research and can
be thought of as “bench to bedside” The process
goes from the fundamentals of biology regarding
health and disease to the potential interventions that
could improve human health. Therefore, translation
is the process of turning observations in the labora-
tory, clinic, and community into interventions that
improve the health of individuals and the public—
from diagnostics and therapeutics to medical proce-
dures and behavioral changes. Translational science
is the field of investigation focused on understanding
the scientific and operational principles underlying
each step of the translational process. FIGURE 2.15
presents the relationship between the stages of trans-
lational research, with the patient at its core.

Recap An understanding of research terminology
and essential criteria for reviewing and evaluating
scientific studies is a highly effective way to expand
your knowledge and skills and improve patient

and client care. Common study designs in nutrition
research include both qualitative and quantitative
research methods such as large-scale population-
wide surveys, systematic reviews, and meta-analysis as
well as cohort studies, intervention and experimental
designs, and translations research.
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FIGURE 2.15 The translational science spectrum (A) (B).

Reproduced from US Department of Health and Human Services, NIH. National Center for Advancing Translational Sciences Translational Science Spectrum. National Center for Advancing Translational Sciences
Web Site. https://ncats.nih.gov/translation/spectrum. Accessed on Aug 6, 2017.
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» Analyzing, Interpreting, and
Communicating Research

Preview Evaluating scientific research requires
synthesizing many steps. The process begins with a
topic of interest and the development of a research
question. The next steps involve acquiring knowledge
through the use of available technology, establishing
evaluation criteria for selecting and assessing research,
and then evaluating and integrating all of the needed
information in a systematic, clear, and understandable
way to answer the research question. The selection

of appropriate statistical analysis of research data
results in greater confidence in a study’s results and
conclusions.

Informational Health Literacy

It goes without saying that there is a level of profi-
ciency and skill to become an information-literate
healthcare provider. In research, identifying a topic
of interest and developing a research questionare
necessary first steps. This is followed by acquiring the
knowledge needed through the efficient use of cur-
rent technologies such as search engines and online
and electronic resources. Next, establishing evalu-
ation criteria for selecting and assessing research,
and then evaluating and integrating all of the needed
information in a systematic, clear, and understand-
able way to answer the research question is no small
task. All this must be done while also considering the
highest level of ethical practice with study subjects
and clearly understanding and interpreting study
methods and statistical analysis. Informational health
literacy enables providers to translate information
about risk factors, diseases, and medical and nutri-
tional treatments to effectively communicate with
patients, clients, and consumers.

Research Statistics

For healthcare practitioners, understanding research
methodology and data analysis is a key part of infor-
mational literacy for interpreting and communicat-
ing nutrition research. At a minimum, analyzing and
interpreting research data requires a basic understat-
ing of common statistical techniques used in health-
care research. Researchers will frequently enlist the
help of an expert scientific statistician during the
planning, execution, and analysis of a study. Enlisting
the guidance of research statistician is helpful to
determine the appropriate statistical tests to test a

hypothesis. Determining correlation versus causation,
for example and assisting in data analysis, interpreting
results, and extrapolating findings. Selection of appro-
priate statistical tests and accurate data analysis results
in greater confidence in the study’s results and con-
clusions. To conclude that the results from a study are
statistically significant, the appropriate statistical test
needs to be chosen.® A statistically significant finding
is an observed effect that is large enough so that it is
unlikely to have occurred by chance.

Many statistical procedures are available, and
selecting one depends on the study design and type
of data being collected. Choosing the right statistical
tests when designing a research project is an import-
ant task because it adds power to the findings and
provides strong support for the study outcomes and
conclusions. Using the appropriate methods for the
study objectives to test the results of data collection,
and then interpreting findings accurately, can be a sig-
nificant challenge. Statistical tests that are commonly
used in nutrition research are described in TABLE 2.12.
TABLE 2.13 contains a list of research purposes along
with some common statistical procedures.?

Communicating Findings

Once data have been analyzed and findings summa-
rized, areas for future investigation are developed that
perpetuate the scientific process for ongoing critical
inquiry and research and ultimately drive the nutri-
tion profession forward. Advances in patient care,
food-service delivery, appropriate diet therapy, and
nutrition recommendations are evolving, improving,
and advancing with ongoing inquiry and research.
Accurate, timely, and effective communication
of research findings bridges research to practice.
There are many vehicles to communicate research
findings. Effective dissemination of nutrition knowl-
edge relies on varied methods, with the key aim of
transmitting knowledge and practices to target
audiences. Drummond and Murphy-Reyes discuss
the three P’s of disseminating nutrition research—
posters, presentations, and publications—that will
reach other like-minded scientists and researchers.*
Social media has also become a common method
for researchers to promote their findings and reach
a wider consumer base. The use of blogs, organiza-
tional websites, podcasts, electronic journals, and
newsletters as well as other personal social media
apps are becoming more widely approved as accept-
able means to reach and communicate with a larger
population. This latter form of communicating nutri-
tion findings aligns with emerging areas of innova-
tive nutrition research. to generate approaches that
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TABLE 2.12 Descriptions of statistical tests commonly used in nutrition research

Descriptive Statistics®®

t-tests®

Chi-square

Analysis of variance
(ANOVA)?

Analysis of covariance

(ANCOVA)*

Multiple analysis of
variance (MANOVA)?

Cochran's Q test®
Duncan Range test®

Kendall's rank
correlation®

Kruskal-Wallis test®

Mann-Whitney test®

Multiple regression
analysis®

Newman-Keuls test
Pearson’s 2'n test®

Person’s product
movement test®

Regression analysis®

Spearman’s rho®

Tukey test®

Wilcoxon Rank sum
test?

Key

The four trends of the sample are mean, mode, median, and range. They are used to describe
the sample and sometimes to demonstrate how the sample may represent a population—
if that population’s measures of central tendencies (descriptive statistics) are known.

Tests the difference between two groups' means; can be one-tailed or two-tailed; can be
used with paired or unpaired samples. Sometimes called called a student’s t-test.

Method used to analyze variables to find differences between groups. It is a nonparametric
test calculated when analyzing nominal or ordinal data.

Tests the difference among the means of three or more groups for one or more variables.

A variant of ANOVA that allows adjusting for extraneous, additional, or undesired variables.

A variant of ANOVA that allows for the study of multiple dependent variables. If MANOVA
results are significant, ANOVA must be done for each variable.

Compares proportions among three or more matched groups.
A test used after ANOVA to identify means that differ significantly from one another.

A test of the linear relationship between two ordinal or continuous variables.

A nonparametric test for significance when using two independent samples. It is comparable
to ANOVA, but for rank-ordered data.

Sometimes called the Mann-Whitney U-test, it is the nonparametric equivalent of a t-test.
Used with ordinal data for two groups.

Any statistical method that evaluates the results of more than one independent variable on a
single dependent variable.

Tests for significance in multiple post hoc comparisons.
A test of categorical data for goodness of fit or comparisons of observations.

A test of the strength of the linear relationship between two interval or ratio (continuous)
variables.

A method of predicting dependent variable variability by one or more independent variables.
Most commonly used are simple linear regression and multiple linear regression.

A test that demonstrates the degree of relationship between two ordinal variables that may
not have normal distribution.

A test to identify significantly different groups after ANOVA.

A test of significance for two paired, ordinal data samples.

“Tests that can be used with continuous data

"Tests that can be used with ordinal data

Covariance = the measure of effect by two or more variables

Nonparametric = inferential statistics involving nominal-level or ordinal-level data to make inferences about the population

Parametric = inferential statistics involving interval or ratio data to make inferences about the population

Ordinal variable = the assignment of numbers to identify ordered relations among a variable with unspecified, unequal, or nonuniform intervals
Continuous variable = variables that can take on an infinite range of values on a continuum with equal variables
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TABLE 2.13 Uses for common statistical procedures

To summarize data:

To examine the frequency relationship of one variable to a

theoretical distribution:

To examine the frequency relationship of two variables

to each other:

To examine the measured relationship between two
variables:

®m  For ordinal data:
®m  For continuous data:

To examine the measured relationship of multiple variables:

To examine the significance of difference between groups:

= For one group:
= For two independent groups:
— Ordinal data:
- Continuous data:
= For two related groups
— Ordinal data:
- Continuous data:
= For multiple independent groups:
— One independent variable:
— Multiple independent variables:
= For multiple related groups:

are based on the desire to produce actionable knowl-
edge. This mode of transdisciplinary research uses
approaches that tend to be more engaged, participa-
tory, and holistic.® Regardless of the method used,
when communicating scientific results, the message
has to be audience appropriate and uphold the high-
est level of ethical standards while providing a clear,
honest, and accurate report of the findings, along
with a full disclosure of any and all potential con-
flicts of interest.

Recap Analyzing and interpreting nutrition research
can be a complicated task because of the complexity
of diet. The far-reaching and interconnected nature

of lifestyle behaviors, including nutrition, make it

hard to predict outcomes and control for all possible
variables. Enlisting the help of a trained statistician and
developing a study with appropriate statistical tests
are essential for accurately interpreting nutritional
research findings.

Descriptive statistics

Chi-squared test for goodness of fit

Chi-squared test for association

Spearman’s rho test
Pearson’s correlation coefficient

Multiple regression test

t-test

Mann-Whitney test
Wilcoxon matched pairs test

Independent samples t-test
Paired samples t-test

One-way ANOVA

MANOVA
Repeated measures ANOVA

» Why Publish?

Preview This section encourages the graduate
student or doctoral candidate to participate in
research to advance the profession, and it summarizes
the potential benefits for all—the individual, the
academic institution, and the public.

Research Potential, Productivity,
and Merit

Have you ever heard the phrase “publish or perish”?
In the academic and scientific environment, it is critical
to be an active researcher and to publish the findings
of your work. The private sector, government insti-
tutions, and academia are continuously searching for
candidates who have demonstrated research potential,
productivity, and competence in their fields of study.
Having a strong record of publications as an entry-level



food and nutrition professional can be challenging, but
it will make you a highly competitive candidate. In
the research context, merit mainly means the quality
and quantity of publications in important journals in
a particular discipline. However, getting involved in
interdisciplinary research teams forms a professional
collaboration among scholars and peers from other
fields of science. This can ultimately lead to a greater
pool of employment and professional development
opportunities. This could also influence the potential
trajectory of your career path.

Research to Influence Policy

In 2014, the Academy of Nutrition and Dietetics
established the Council on Research. This council is
responsible for coordinating the Academy’s research
efforts.” Subsequently, the Academy published the
International and Scientific Affairs Strategic Plan
to establish a new structure for research initiatives
the Academy.®® Research also forms the basis for the
Academy’s decisions, policies, and communications
and guides the Academy in advocacy work with
government, research, and philanthropic agencies.®®
This facilitates the establishment of partnerships and
collaborations to advance the science of nutrition.
Advocacy research attempts to influence the formal
and informal policies established by policymakers
and other stakeholders. Thus, it is important to col-
lect good data and present findings in a compelling
manner.*

Disseminate Your Findings

Presenting findings at national and international
conferences can help the student engage in conver-
sations and obtain feedback from experts in the field.
Preparing a poster, abstract, or presentation may be
especially beneficial in helping the authors identify
strengths and weaknesses in their own projects and
analyze how limitations can be approached. This is part
of a critical-thinking process that can contribute to the
generation of new ideas and organizing arguments
to defend the methodology of the study. Traveling to
international conferences can be highly attractive and
rewarding for students competing for scholarships,
awards, and possible fellowships in other countries.

Applied Practice

The ultimate goal of research in the nutrition and
dietetics arena is to continue improving patient care by
assessing and analyzing findings from various nutri-
tion interventions.”” With this goal in mind, the AND
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has developed its evidence analysis library (EAL)
and the Dietetics Practice Based Research Network
(DPBRN).” The EAL is an online tool that provides
professionals with a summary of the best available
research on different nutrition-related themes.”” The
DPBRN conducts, supports, promotes, and advo-
cates for practice-based research that answers ques-
tions that are important to dietetics practice.”” As you
become more experienced you will start to develop a
focus based on your personal research interests. Once
you have chosen a particular area, you can to network
with other professionals with similar interests and
hopefully initiative collaborations between research
centers, professional organizations, the industry, and
the community. Other factors that can influence your
focus area include state of the literature, importance of
the topic to your discipline, the availability of potential
mentors, and funding.

Research will not be possible without adequate
financial support. Having scientific publications will
increase your access to economic resources and fund-
ing opportunities. The Academy of Nutrition and
Dietetics Foundation has a series of grants that sup-
port research projects conducted by members.” A list
of websites to find grant opportunities can be found at
the end of this chapter.

Manuscript Submission

When you are in the process of getting your manu-
script finished, it is important to start a log of potential
journals as possible submission targets. FIGURE 2.16

When deciding which
journal to submit your
work to, consider the

following factors

w ® &

Quality Costs and fees  Citation half-life

A" O

Impact factor Publication lag
and turnaround
time

FIGURE2.16 How to decide to which journal to submit
your work.

Data from Bartkowski JP, Deem CS., Ellison CG. Publishing in academic journal strategic advice for doctoral students and
academic mentors. Am Soc. 2015; 46, 99-115.
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presents the factors you should consider when mak-
ing a final decision.

Your mentors can guide you in this process. Once
the research team has identified which journal to
submit the manuscript make sure to read the submis-
sion requirements carefully and format the document
according to the author’s guidelines.

Benefits of Research Publications

As a graduate student or doctoral candidate, you may
see the benefits of getting your work accepted and
published. The immediate benefits as a master or doc-
toral student include the following:”

= A sense of achievement during your candidature

= Increased motivation

= Feedback and critiques from peers, mentors,
professors, and experts

= Benchmarking the quality of your work and
joining the academic community in your
discipline or areas of interest

Long-term benefits include:

» Increasing future research opportunities

= Improving your competitiveness and eligibility for
scholarships and fellowships

= Improving grant success

= Securing employment

Q" CASESTUDY

Recap Research findings and scientific publications
provide evidence that guides practice and contributes
to efforts for improving patient care. The Academy

of Nutrition and Dietetics has established groups

and provides valuable resources to help students

and professionals become more active in research.
Becoming involved in research early in your career
path will help you define your areas of interest and
establish potential research collaborators.

» Chapter Summary

Research is the pursuit of knowledge with the hope
that it will contribute to the betterment of society.
Research findings and scientific publications provide
evidence that guides practice and contributes to efforts
for improving patient care and public-health outcomes.
Nutrition research plays a central role in the health ini-
tiatives for creating guidelines and recommendations
for meeting nutrient needs to promote health and
well-being. The main purposes of research are to build
knowledge and confirm previous scientific findings.
Understanding different study approaches is essential
when conducting a research project. Getting involved
in interdisciplinary research teams creates collabo-
ration among scholars and peers from other fields of
science. Reading, understanding, interpreting, and
appraising scientific research is an essential skill for
healthcare professionals and nutrition practitioners.

© AlpamayoPhoto/Getty Images.

Social Aspects of the Responsible
Conduct of Research

Part|

You are completing a post-doctoral fellowship and
working under a well-known researcher. The investigation
is studying potential risk factors for dementia. You

are in charge of developing a report on the possible
relationship between the flu vaccine and the
development of dementia.

While revising the manuscript you realize that the
information summarized on the data tables does not
match the basic data gathered from the medical charts
you have reviewed. The time elapsed since the last



exposure to the flu vaccine and the date of initial
dementia diagnosis for a few subjects is shorter than
what your records state. A shorter period of time
suggests a stronger association between the flu
vaccine and dementia than would be noted otherwise.

You decide to meet with your research partner
and principal investigator (PI) to discuss this issue.
They explain that some statistical changes were made
so they could “smooth”the data. Furthermore, they
emphasize that the methods applied are standard and
completely valid. They dismiss you and recommend
not to be concerned about these data inconsistencies
anymore.

Questions:

1. What are your responsibilities as first author?
a. Should you investigate and question these data

inconsistencies further?

b. If so, what process would you follow?

2. Are there potential risks to you as a research fellow?

3. Should you be concerned that the data was purposely
altered to produce more interesting findings?

Data from: Harvard Health Publications/ Harvard University; National Institutes of Health Office of Intramural Research
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Eventually, the study is published in a reputable scientific
journal. A group of dementia research experts instantly
disprove the study findings and conclusions. They proceed
to request access to the raw data. This leads to the initiation
of a formal National Institute of Health (NIH) misconduct
investigation. The final report states that there is enough
evidence that data was falsified and the paper must be
withdrawn. Although the scientific community discredited
the findings, the media had already interpreted the findings
and spread the message that an increase in dementia

in older adults is linked to receiving the flu vaccine. This
impacted the general public and resulted in a decrease in
flu vaccine compliance across all age groups.

Questions:

1. How does the media communicate scientific findings
differently from what is published through scientific
literature?

2. Are the authors of the study accountable for the
future public dissemination of messages based on the
original studies and journal publications?

Research Cases for Use by the NIH Community https://oir.nih.gov/sourcebook/ethical-conduct/responsible-conduct-research-training
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Key Terms

Advocacy research
Alternate hypothesis
Applied research

Basic research

Belmont Report of 1979
Beneficence

Bias

Carryover effects
Case-control studies
Cobhort studies

Complete counterbalancing
Conflict of interest

Control condition

Controls

Counterbalancing
Crossover design
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Declaration of Helsinki of 1964
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Evidence-based nutrition practice
Exempt research

Experiment

Experimental research design
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Health literacy
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Institutional review board (IRB)
Justice

Latin square

Literature review
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Minimal-risk research

Multilevel randomized design

National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research

National Institutes of Health Revitalization Act of 1993

National Research Act of 1974

Null hypothesis

Nuremberg Code

Nutrition Care Process (NCP)

Observational studies

Placebo

Study Questions

1.

Which of the following was a major violation to
ethics committed by investigators conducting
the Tuskegee study?

a. Subjects did not receive economic compen-
sation for their time and participation in the
study.

b. Participants were never given proper treat-
ment for their disease.

c. The study was done with vulnerable subjects.
d. Education about syphilis was not provided
before subjects were enrolled in the study.
Which of the following is true of the Nuremberg

Code?

a. It includes three ethical principles: respect
for persons, beneficence, and justice.

b. It was developed by the World Medical
Association.

c. Itincludes informed-consent procedures.

d. None of the above.

Which of the following is not a requirement of

informed consent?

a. Information

b. Compensation

c. Comprehension

d. Voluntariness

Which of the following is true of an institutional

review board (IRB)?

a. Oversees the ethical and safety aspect of the
research study.

b. Must review and approve the study protocol.

c. Must be composed of faculty members and
experts.

d. Is appointed by the federal government.

Which of the following is considered the main
secondary interest that could lead to a conflict
of interest?

a. Professional growth

b. Financial gain

c. Publication

d. Gifts from a sponsor

Placebo effect
Prospective study
Qualitative research
Quantitative research
Randomized assignment
Relative risk (RR)
Research

Research question
Respect for persons
Translational science
Vulnerable population

10.

In conjunction with following conflict-of-
interest guidelines, the researcher must:

a. openly declare research sponsorship.

b. use a peer-review system.

c. payrequired fees to professional organizations.
d. aandb.

Regarding bias in clinical research, which of the
following is an example of bias in the pretrial
stage?

a. Selection bias

b. Interviewer bias

¢. Confounding bias

d. Performance bias

The National Institutes of Health Revitalization

Act of 1993:

a. established guidelines for inclusion of older
adults in clinical research.

b. established guidelines for inclusion of
women and minorities in clinical research.

c. established guidelines for inclusion of par-
ticipants without health insurance in clinical
research.

d. established guidelines for inclusion of men
and minorities in clinical research.

Which of the following is a major recruitment
challenge in clinical research?

a. Demographic changes

b. High health literacy

c. Language barrier

d. Low health literacy

What is a health disparity?

a. A health outcome difficult to understand in
different populations

b. A health outcome seen to a greater or lesser
extent between different populations

c. A health outcome seen to a greater extent
between different populations

d. A health outcome seen to a lesser extent
between different populations



11.

12.

13.

14.

15.

16.

17.

18.

Which type of research is used to inform public
policy, contribute to applied behavioral analysis,
and support operational decision making?

a. Nutrition research

b. Applied research

c. Basic research

d. Translational research

Why is randomized assignment so important in

an experimental design?

a. Random assignment is a requirement for
research funding.

b. Random assignment increases control of the
study.

c. Random assignment limits bias.

d. Random assignment makes the process of
evaluation of results easier.

The placebo effect refers to:

a. asugar pill or cellulose pill given to a subject.

b. simulation of an experimental drug.

c. therapeutic procedure that has no physio-
logical effect.

d. a way of describing everything that sur-
rounds the placebo treatment.

The “gold standard” in intervention-based
research is a:

a. double-blind study.

b. crossover design study.

c. descriptive study.

d. translational study.

Which type of research is referred to as “bench
to bedside”?

a. Qualitative research

b. Quantitative research

¢. Clinical research

d. Translational research

True or false? The main responsibility of the
Academy of Nutrition and Dietetics’ Council on
Research is to coordinate the academy’s research
efforts.

a. True

b. False

Which of the following provides food and nutri-
tion professionals with a summary of the best
available research on different nutrition topics?
a. DPBRN

b. Council on Research

c. Eat Right Foundation

d. Evidence Analysis Library

Which of the following factors must be consid-
ered when deciding to which journal to submit
your work?

19.

20.

21.

22.

23.
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Quality of the journal
. Page and word limit
Impact factor

aandc

Ao o

How can presenting a poster or abstract improve

a research project?

a. It helps the authors identify strengths and
weaknesses of their own project.

b. It helps the authors network with other
experts in the field.

c. It helps the authors identify more funding
opportunities to expand the project.

d. It helps the authors secure scholarship
opportunities.

A research hypothesis:

a. isa prediction statement about what the inves-
tigators expect to happen during the study.

b. the final take-away message from a research
study.

c. should be written as the last line of the study
introduction.

d. isrequired to be present in the study abstract
when publishing in a scientific journal.

e. is the question investigators are trying to
answer while conducting their research study.

A research hypothesis should be which of the

following?

a. Measurable

b. Specific about the population being studied

c. Specific about the time frame when the study
will take place

d. Clear about the study variables and the con-
trol group

e. All of the above

Performing a literature review:

a. means searching the Internet on the topic.

b. provides a basis for what is already known
on the topic of interest.

c. should be completed after the study is con-
ducted but before the journal article is writ-
ten for publication.

d. is not necessary if funding for the research
has already been secured.

Guidelines for writing a literature review

includes all of the following except:

a. starting with a clear introduction explaining
how the review is organized and the purpose
of the proposed research.

b. an acknowledgement and respectful consid-
eration of results and opinions that do not
agree with the current thesis.
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24,

25.

26.

27.
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c. intermittent references with direct quotes to
present the ideas of others.

d. astrong topic sentence that clearly states the
main idea of each paragraph and transitional
words and phrases to connect ideas between
sentences and paragraphs.

Critically evaluating scientific evidence means:

a. criticizing and finding fault in each research
article.

b. conductinga systematic process to identify the
strengths and limitations of a research article.

c. summarizing your opinion of the research
article.

d. hosting an organized meeting or journal
club meeting to discuss the article and its
relevance to other published journal articles
on the topic.

Which study design is useful in establishing base-
line data about prevalence of a disease or food
intake, establishing associations among variables,
and providing insight into areas of future research?
a. Survey research

b. Case study design

c. Randomized controlled trials

d. Intervention trials

A limitation of cross-sectional study design is that:

a. it cannot measure the prevalence of disease
or exposure.

b. it is not useful for identifying associations.

c. it does not allow examination of a sequence
of events.

d. it is an expensive study design.

When the study participants are observed and
data are assessed over a long period of time, the
study is considered:

a. arepeated-measures cross-sectional design.
b. along-term intervention trial.

c. aclinical trial.

d. alongitudinal study.

Discussion Questions

1.

Mention and discuss examples of conflicts of
interest that may arise within the dietetics field.
Review the AND’s code of ethics. What princi-
ples apply to RDNs who work for or with the
food industry?

Mention and discuss examples of conflicts of
interest that may arise within the dietetics field.
When would it be necessary or appropriate to
conduct research with these populations? Think
about examples in which nutrition and pub-
lic-health research and interventions are needed.

28.

29.

30.

31.

A cohort study design is:

a. retrospective or prospective.

b. quick and inexpensive to conduct.

c. good for rare diseases.

d. hard to assess in terms of its disease time
frame or an outcome of interest.

When an investigator is looking for an exposure
to a known outcome, which study design should
be used?

Randomized trial

Cross-sectional

Survey

Case control

Descriptive

o a0 oe

The evidence analysis process for reviewing sci-
entific research includes which one of the fol-
lowing steps?

a. Looking up an evidence analysis question
for a wide area of practice.

b. Interviewing others who have conducted
research in this area of practice.

c. Critically appraising each article and eval-
uating it based on appropriateness of study
design and the quality of how the study was
conducted.

d. Copying the summaries from each article into
a checklist table to compare the key findings.

Informational health literacy:

a. enables providers to translate information
about risk factors, diseases, and nutritional
treatments to effectively communicate with
patients, clients, and consumers.

b. does not require healthcare practitioners to
understand research methodology.

c. involves understanding studies with com-
plex statistical techniques that only a trained
statistician can interpret.

d. necessitates determining areas for future inves-
tigation that are novel and fundable to drive
the profession of nutrition to the next level.

Consider the issue of living organ donors.

a. Does a healthy donor have the right to con-
sent to a potentially life-threatening proce-
dure to benefit another person?

b. Are the perceived psychological benefits of
saving another personss life or improving his
or her quality of life acceptable?

c. How could you manage peer pressure or
coercion from friends and family members?



Activities

1. Select food- and nutrition-related scientific
publications from each type of descriptive study.
Identify which type of study it is and the advan-
tages and limitations of each type.

2. Identify at least three possible sources of fund-
ing to support a thesis or dissertation research

Online Resources

CDC Growth Charts. http://www.cdc.gov/growth-
charts/who_charts.htm

Video: “10 Highly Unethical Medical Experiments”
This video presents a series of 10 research studies
around the world that followed unethical practices
that were capable of harming human subjects. https://
www.youtube.com/watch?v=ccB7rPnqzIE

National Institutes of Health: Research Ethics Time-
line (1932-Present). This website presents a timeline
involving the key events that affected research ethics
starting in 1932 and up to 2016. https://www.niehs.
nih.gov/research/resources/bioethics/timeline/

Declaration of Helsinki. This World Medical Asso-
ciation website includes a link to download the new
version of the Helsinki Declaration published on the
website of the Journal of American Medical Associ-
ation.  https://www.wma.net/what-we-do/medical-
ethics/declaration-of-helsinki/

Dietitians’ Food Industry Relationships: What Is Ethi-
cal and What Is Not? http://www.todaysdietitian.com/
newarchives/031115p44.shtml

Academy of Nutrition and Dietetics Evidence Analy-
sis Library. Nutrition Care Process introduction and
tutorial. https://www.andeal.org/ncp
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CHAPTER 3

Standards for Desirable
Nutrient Intake

Jessica Pearl, MS, RD, CSSD, CSCS, CLT, CDN, FAND

= |ntroduction = Energy Requirements = Dietary Guidelines for Americans 2015

m  Historical Perspective for = Macronutrient = Food Labeling and Nutrition
Dietary Standards and Recommendations = Food Guides (MyPlate Food
Recommendations = Nutrient Density and Exchange)

= Dietary Reference Intake (DRI) Nutritional Rating = Chapter Summary

m  Tolerable Upper Intake Level (UL) = Diet Quality Indicators

LEARNING OBJECTIVES

After reading this chapter, the learner will be able to:

A

N

Describe the process that led to the formation of the Dietary Guidelines and the Dietary Reference Intakes (DRIs).
Identify the main USDA food guides.

Explain why the DRIs were developed and what purpose each value is intended to serve.

Identify the components of total energy expenditure and the methods used to measure energy expenditure.
Summarize the intake recommendations for protein, fat, and carbohydrates as established by the Recommended
Dietary Allowance (RDA), Estimated Average Requirement (EAR), tolerable upper intake level (UL), and Acceptable
Macronutrient Distribution Range (AMDR).

Explain the profiling tools most commonly used to guide consumer food choices.

Summarize the purpose of the Healthy Eating Index and food pattern modeling analysis.

Summarize the process for developing the Dietary Guidelines for Americans and MyPlate, including the key
recommendations of the Dietary Guidelines for Americans 2015.

Explain the reasoning for the major changes to the Nutrition Facts Label.
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Dretary Guadselines

for Americans 20)]0)

Reproduced from Academy of Nutrition and Dietetics (2015). Updating the Dietary Guidelines for Americans: Status and Looking
Ahead, Figure 1 Dietary Guidelines for Americans, 1980-2010. Journal of the Academy of Nutrition and Dietetics. Rahavi, E., Stoody,
E.E., Rihane, C, Casavale, K. 0., Olson, R. 115/2/181. http://www.andjrml.org/article/S2212-2672(14)01770-5/pdf.

» Introduction

Throughout the past century, as our understanding
of the relationship between food intake and health
evolved, so did the eating habits of individuals. As a
result, the standards of desirable nutrient intake and
eating patterns also transitioned. These standards,
established by government agencies including the
United States Department of Agriculture (USDA) and
the Department of Health and Human Services (HHS),
are meant to encourage optimal eating behaviors
throughout the population. The first USDA food guide
was developed in 1916 with “Food for Young Children”
and “How to Select Food” using food groups and
household measures to encourage proper intake. Today
the food guide has taken the form of MyPlate, a graphic
image created to support conformance to the Dietary
Guidelines for Americans (Dietary Guidelines). Since
it was first issued in 1980, the Dietary Guidelines has
served as the basis for the USDA food guides. The
guidelines are updated every five years to reflect current
scientific data, and food guides are revised as necessary
to best reflect the message of the Dietary Guidelines and
most effectively resonate with the public.

» Historical Perspective for
Dietary Standards and
Recommendations

Preview The Dietary Guidelines for Americans,
Dietary Reference Intakes, and USDA food guides have
collectively evolved over the past century to guide
the intake of the American population.

History of the Dietary Guidelines

In 1977, the US Senate Select Committee on Nutrition
and Human Needs recommended that dietary goals be
established for the American people. The goals con-
sisted of complementary nutrient based and food-based
recommendations. Since 1980, the Dietary Guidelines
for Americans has been the authoritative source of
nutrition advice for people 2 years of age and older and
serve as the basis for federal food and nutrition educa-
tion programs.! The Dietary Guidelines are revised and
published every five years by the HHS Office of Disease
Prevention and Health Promotion and the USDAS
Center for Nutrition Science and Policy, along with the
Agriculture Research Service (TABLE 3.1). Since the first
dietary goals were established, the Dietary Guidelines
has changed in important ways to reflect available sci-
entific evidence, but the guidelines have also been con-
sistent in their recommendations of the components
needed to follow a healthy diet (TABLE 3.2).

Development of the Dietary Guidelines

Table 3.2 summarizes the key recommendations of
the Dietary Guidelines for each year they have been
issued.

Many landmark changes have been added to each
edition of the Dietary Guidelines":

= First edition (1980): Dietary Guidelines
recommendations are developed and released by the
federal government.

m  Second edition (1985): For the first time, the
Dietary Guidelines advisory committee presented
a report of recommendations to the federal
government based on nutrition science evidence.
This report was then used to inform the Dietary
Guidelines 1985.

= Third edition (1990): The definition of “healthy”
weight considers body mass index, waist-to-
hip ratio, and weight-related health problems.
Numerical goals are suggested for total fat and
saturated fat in the diets of adults.

= Fourth edition (1995): Estimated Average
Requirement (EAR), Recommended Dietary
Allowance (RDA), and Estimated Energy
Requirement (EER) are defined by specific criteria
of nutrient adequacy. Tolerable upper intake level
(UL) is set according to a specific endpoint.

= Fifth edition (2000): Ten key messages are
established and split into three groups instead of
seven key messages. The emphasis of this issue
was “nutrition and your health”

m  Sixth edition (2005): This was the first time a
policy document intended primarily for policy



Historical Perspective for Dietary Standards and Recommendations 83

TABLE 3.1 Historical Timeline: The Dietary Guidelines for Americans

1977

1979

1980

1983

1985

1987

1989

1990

1993

1994

1995

1997

1998

2000

Dietary Goals for the United States is issued.

Shift in focus from ensuring adequate nutrient intake to avoiding excessive intake of nutrients potentially
linked to chronic disease.

Goals were met with controversy from nutrition professionals and others who had concerns.

Healthy People: The Surgeon General’s Report on Health Promotion and Disease Prevention is released.
Reports findings from a panel assembled by the American Society for Clinical Nutrition to study the
relationship between dietary practice and health outcomes.

Nutrition and Your Health: Dietary Guidelines for Americans released by the USDA and HHS. Contained seven
principles for a healthy diet.

US Senate Committee on Appropriations report calls for establishment of a committee to review scientific
evidence and recommend revisions to the 1980 nutrition guidelines.

The Dietary Guidelines reviewed by federal advisory committee.
A federal advisory committee composed of nine nutrition scientists is formed to review the guidelines
and report recommendations to the HHS and USDA.

The Dietary Guidelines for Americans (2nd ed.) released by the HHS and USDA.
Main amendments made were for clarification and modification of scientific knowledge to reflect new
findings of relationship between diet and chronic disease.

Conference Report of the House Committee on Appropriations specifies that the Dietary Guidelines are to be
reviewed periodically.

Federal advisory group reviews 1985 Dietary Guidelines to assess need for modifications or updates.

The Dietary Guidelines for Americans (3rd ed.) released by the HHS and the USDA.

Focus on total diet and specifics on food selection. First edition containing numerical recommendations
for dietary fat and saturated fat intake.

National Nutrition Monitoring and Related Research Act requires that the Dietary Guidelines for Americans
be published every five years.

The 1995 Dietary Guidelines committee is established by the HHS and the USDA.

The secretaries of the HHS and USDA appoint an 11-member Dietary Guidelines advisory committee to
review the third edition of the Dietary Guidelines for Americans and assess the need for changes and
make recommendations as necessary.

The report of the Dietary Guidelines advisory committee was published, serving as the basis for the fourth
edition of Nutrition and Your Health: Dietary Guidelines for Americans.

The Dietary Guidelines for Americans (4th ed.) released by the HHS and the USDA.

Changes to this edition were inclusion of the Food Guide Pyramid, Nutrition Facts Label boxes highlighting
good food sources of key nutrients, and a chart representing three weight ranges in relation to height.

The 2000 Dietary Guidelines advisory committee is established by the USDA charter.

The secretaries of the HHS and the USDA appoint an 11-member Dietary Guidelines advisory committee to
again review the latest edition of the Dietary Guidelines for Americans and recommend any needed changes.

The Dietary Guidelines for Americans (5th ed.) is issued by the president, the HHS, and the USDA.

Changes to this document include 10 statements instead of seven; this was accomplished by separating
physical activity from weight guidelines, separating grains from fruits and vegetables, and adding a new
guideline on safe food handling.

(continues)
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TABLE 3.1 (continued)

2003

2003-2004

2004

2005

2008

2009

2010

The 2005 Dietary Guidelines advisory committee is established by the HHS charter.

The secretaries of the HHS and the USDA appoint a 13-member Dietary Guidelines advisory committee to
once again review the latest edition of the Dietary Guidelines for Americans and make recommendations
for revisions.

Committee members systematically reviewed the scientific literature to address issues include
the relationship between diet and physical activity and health promotion and chronic disease
prevention.

Resources consulted include reports from the Institute of Medicine (Dietary Reference Intake), the Agency
for Healthcare Research and Quiality, and the World Health Organization.

The USDA completed food intake pattern modeling analyses and the Committee analyzed national data
sets as well as the input of experts.

The committee submits its report to the secretaries of the HHS and the USDA,; the report serves as the
basis for the Nutrition and Your Health: Dietary Guidelines for Americans (6th ed.).

The Dietary Guidelines for Americans (6th ed.) released by the HHS and the USDA.

Intended for use primarily by policy makers, healthcare providers, nutritionists, and nutrition
educators.

Composed of nine main messages that specified 41 key recommendations; 23 for the general public and
18 for special populations. Examples of eating patterns used to exemplify the Dietary Guidelines include
the USDA food guide and DASH eating plan.

A supplementary brochure, Finding Your Way to a Healthier You, was provided to advise consumers in their
food choices. The USDA released the MyPyramid food-guidance system, an update of the Food Guide
Pyramid containing additional advice for consumers.

The 2010 Dietary Guidelines advisory committee is established by the USDA charter.
The secretaries of HHS and USDA appoint a 13-member Dietary Guidelines advisory committee to review
the sixth edition of the Dietary Guidelines for Americans and make recommendations for revisions.

The Nutrition Evidence Library is established by the USDA to review scientific literature.

The committee submits its report to the secretaries of the HHS and the USDA, and it serves as the basis
for the seventh edition of the Dietary Guidelines for Americans.

Data from Dietary Guidelines Advisory Committee. (2010). Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans, 2010, to the Secretary of Agriculture and the
Secretary of Health and Human Services. Appendix E-4: History of the Dietary Guidelines for Americans. Pages 434-437. https://www.cnpp.usda.gov/sites/default/files/dietary_guidelines_for
_americans/2010DGACReport-camera-ready-Jan11-11.pdf.

makers, healthcare professionals, nutritionists,
and nutrition educators was prepared. The Dietary
Guidelines included 41 key recommendations, 23
of which were for the general population and 18
for specific populations. The USDA food guide
and the Dietary Approaches to Stop Hypertension
(DASH) were used as examples of eating patterns
consistent with the Dietary Guidelines. The USDA
MyPyramid Food Guidance System replaced the
Food Guide Pyramid.

= Seventh edition (2011): This version encompassed
the overarching concepts of consuming nutrient-
dense foods and beverages and maintaining

calorie balance to achieve and sustain a healthy
weight. For this edition, the eating patterns were
updated to assist individuals in building healthful
diets based on the Dietary Guidelines. MyPlate
was released to serve as a visual icon to help
consumers follow the Dietary Guidelines.

Eighth edition (2015): The most recent version
of the guidelines is designed to help Americans
eat a healthier diet. This issue of the Dietary
Guidelines emphasizes the importance of following
an overall healthy eating pattern to reduce the
risk of diseases and maintain health by making
favorable shifts in food choices.
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History of the Dietary Reference Intakes

The Dietary Reference Intakes (DRIs) are the
reference values used to guide nutrient assessment
and planning in the United States and Canada. The
DRIs replace the Recommended Dietary Allowances
that were issued periodically from 1941 to 1989
by the National Academy of Sciences and the
Recommended Nutrient Intakes (RNIs) published
by the Canadian government. The Dietary Reference
Intakes are a set of reference values for specific
nutrients established in 1994; each DRI category
has a special use. Since the RDAs were originally
established, there has been significant growth in the
research basis relevant to the defining and under-
standing of nutrient requirements and food con-
stituents and the relationship to various aspects of
health. There was a need for developing DRIs for
diet planning, nutrition assessment, food labeling,
and nutrition policy development.? The historical
timeline of the establishment of DRIs is shown in

TABLE 3.3 Historical timeline: Dietary reference intakes

TABLE 3.3. From 1997 to 2004, the first DRI reports
were based on the work of nutrient expert commit-
tees to define and set the DRI values, set chronic
disease endpoints, review available data on require-
ments for children, and assess the health benefits of
nonessential substances in foods.’ Many applications
such as the Dietary Guidelines for Americans and
other food-guidance programs are based on the DRI
nutrient values necessitating current and accurate
evidence for their ongoing utility and application.

Historical Timeline of USDA

Food Guides

As early as 1916 and into the 1930s, Food for Young
Children and How to Select Food established guidance
for Americans based on food groups and household
measures and focused on “protective foods.”

In the 1940s, A Guide to Good Eating (Basic
Seven) highlighted the foundation diet for nutri-
entadequacy. Itincluded the daily number of servings

1941 Recommended Dietary Allowances (RDAs) are published by the National Academy of Medicine.
They serve as the primary components for nutrition policy in the United States, with the
Dietary Standards/Recommended Nutrient Intakes (RNIs) serving that role in Canada.
As nutrition science continues to advance in the coming years, the RDIs and RDAs continually
change to reflect the progressive increase in knowledge and transition in consumer

eating behaviors.

1990s

Scientific knowledge of the link between diet, health, and chronic disease increases. Additional

advancements made in technology allow for measurement of small changes in individual

adaptations to several nutrients.

Eating behaviors shift to include increased consumption of nutrients in their pure form as well
as fortified and enriched products. The risk for excess nutrient intake warrants investigation of

possible effects.

1994 The Food and Nutrition Board of the National Academies’ Institute of Medicine is supported
by the American and Canadian governments in their quest to develop a new, broader set of
dietary reference values. This become the Dietary Reference Intakes (DRIs).

1997-2005

The Dietary Reference Intakes report is published.

RDAs and RNIs have been replaced with four values of categories aimed at helping individuals
optimize health, prevent disease, and avoid overconsumption of any nutrients.

2005-Present

The Food and Nutrition Board and Health Canada jointly release Dietary Reference Intakes: The

Essential Guide to Nutrient Requirements.

Rooted in the key concepts and primary recommendations introduced by the DRI series, this
resource provides a practical, hands-on reference to facilitate in the education of individuals,
groups, and students by health care professionals.

Data from Institute of Medicine of the National Academies (2006). Dietary Reference Intakes: The Essential Guide to Nutrient Requirements. Otten, J. J., Hellwig, J. P, Meyers, L. D. Pages 1, 5.
https://www.nap.edu/catalog/11537/dietary-reference-intakes-the-essential-guide-to-nutrient-requirements. Accessed July 27, 2016.
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needed from each of seven food groups, but it lacked
serving sizes and was considered too complex. Food
for Fitness, A Daily Food Guide (Basic Four) from
1956 to the 1970s continued with the foundation
diet approach and gave goals for nutrient adequacy,
with specified amounts from four food groups. It
did not provide guidance on appropriate amounts of
fat, sugar, and calories. The Hassle-Free Daily Food
Guide was developed in 1979 after the 1977 dietary
goals for the United States were released. They were
again based on the basic four but included an addi-
tional fifth group to impress the need for Americans
to moderate their intake of fat, sweets, and alcohol.
In 1984, the Food Wheel: A Pattern for Daily Food
Choices was created to give a total diet approach,
including goals for both nutrient adequacy and
moderation. Five food groups formed the basis for

Fats, Oils & Sweets
USE SPARINGLY

Milk, Yogurt &
Cheese group

2-3 SERVINGS

Vagetable group
3-5 SERVINGS

FIGURE 3.1 Food Guide Pyramid 1992

the Food Guide Pyramid, with daily amounts of food
specified at three calorie levels. It was originally illus-
trated as a food wheel for an American Red Cross
nutrition course. The Food Guide Pyramid, which
was developed in 1992, again provided a graphic
illustration of the total diet approach, with goals
for both nutrient adequacy and moderation. It was
developed using consumer research for the purpose
of bringing awareness about the new food patterns.
The visual focused on variety, moderation, and pro-
portion by depicting images of added fats and sug-
ars and a range for daily amounts of food for three
calorie levels. The Food Guide Pyramid is shown in
FIGURE 3.1.

In 2005, the MyPyramid food guidance sys-
tem was introduced again with an update to the
Food Guide Pyramid food patterns for the 2005

KEY
B Fat (naturally occurring and added)
B4 Sugars (added)

These symbols show fats and added sugar in food

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

2-3 SERVINGS

Fruit group
2-4 SERVINGS

Bread, Cereal,
Rice & Pasta group

6-11 SERVINGS

Reproduced from U.S. Department of Agriculture, U.S. Department of Health and Human Services (1992). Food Guide Pyramid. https://www.cnpp.usda.gov/sites/default/files/archived_projects/FGPLargeGIF.gif.
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Dietary Guidelines for Americans, and included daily
amounts of food at 12 calorie levels. The informa-
tion remained in a pyramid shape but with simplified
illustrations and a band added for oils and physi-
cal activity. Further details are made available on
MyPyramid.gov. Concepts represented include vari-
ety, moderation, and proportion. The MyPyramid
visual is represented in FIGURE 3.2.

MyPlate was introduced in 2011 along with an
update of the USDA food patterns for the 2010 Dietary
Guidelines. The shape was changed, with icons serving
as reminders for healthy eating but without any spe-
cific messages provided. The plate visual is meant to be
a familiar mealtime symbol for consumers and links

MyPyramid.gov
STEP TO A HEALTHIER YOU
FIGURE 3.2 MyPyramid food-guidance system

Reproduced from U.S. Department of Agriculture, U.S. Department of Health and Human Services (1995). MyPyramid. https://
www.cnpp.usda.gov/sites/default/files/archived_projects/MyPyramid.psd.

to food.* A historical review of USDA food guides is
summarized in TABLE 3.4. The MyPlate graphic can be
seen in FIGURE 3.3.

TABLE 3.4 Historical timeline: Summary of USDA food guides

1916-1930s

Food for Young Children and How to Select Food establish guidance based on food groups and household

measures. They are focused on “protective foods!

1940s

A Guide to Good Eating (Basic Seven) highlights the foundation diet for nutrient adequacy. It included the

daily number of servings needed from each of seven food groups, but it lacked serving sizes and was

considered too complex.

1956-1970s

Food for Fitness, A Daily Food Guide (Basic Four) continues with the foundation diet approach and

gives goals for nutrient adequacy with specified amounts from four food groups. It did not provide
guidance on appropriate amounts of fat, sugar, and calories.

1979 Hassle-Free Daily Food Guide was developed after the 1977 Dietary Goals for the United States were
released. They were again based on the basic four but included an additional fifth group to impress
the need to moderate intake of fats, sweets, and alcohol.

1984 Food Wheel: A Pattern for Daily Food Choices gives a total diet approach, including goals for both nutrient
adequacy and moderation. Five food groups and amounts formed the basis for the Food Guide
Pyramid, with daily amounts of food specified at three calorie levels. It was originally illustrated as a
food wheel for an American Red Cross nutrition course.

1992 Food Guide Pyramid again gives a total diet approach with goals included for both nutrient adequacy
and moderation. It was developed using consumer research for the purpose of bringing awareness
to the new USDA Food Patterns. The visual focused on variety, moderation, and proportion, depicting
images of added fats and sugars and a range for daily amounts of food for three calorie levels.

2005 MyPyramid food-guidance system is introduced again with an update of the Food Guide Pyramid
Food Patterns for the 2005 Dietary Guidelines for Americans, which includes daily amounts of food at
12 calorie levels. Information is again presented in a “pyramid”shape but with simplified illustration
and a band added for oils and physical activity. Further details are made available on MyPyramid.gov.
Concepts represented include variety, moderation, and proportion.

2011 MyPlate is introduced along with an update of the USDA Food Patterns for the 20710 Dietary Guidelines for
Americans. The shape is changed, with icons serving as reminders for healthy eating, not providing specific
messages. The plate visual is meant to be a familiar mealtime symbol for consumers and links to food.

Modified from U.S. Department of Agriculture. A Brief History of USDA Food Guides. USDA Choose MyPlate. https://www.choosemyplate.gov/content/brief-history-usda-food-guides.

Updated January 25, 2017. Accessed September 28, 2016.
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FIGURE 3.3 Choose MyPlate

Reproduced from United States Department of Agriculture. Choose MyPlate. ck
dge.net/sites/default/files/pri ials/myplate_green.jpg

late.gov. https://ch late-prod

Recap The progression of dietary standards since
the first food guides were established in 1916 have led
to a current nutritional guidance landscape consisting
of Dietary Guidelines that are updated and issued
every five years. Current nutrient guidance includes
four nutrient standard values known as the Dietary
Reference Intakes and the MyPlate food guide, which
was established to show healthy eating choices.

» Dietary Reference Intake

Preview The Dietary Reference Intakes are a

widely applicable and complete set of nutrient intake
standards that have been set to guide the population’s
intake according to the most accurate scientific
information available.

The DRIs are a nutrient-based reference values that have
replaced the former Recommended Dietary Allowances
in the United States and the RNIs in Canada. The DRIs
encompass a more complete set of values that were devel-
oped in response to the increasingly widespread use of
quantitative reference values as well as the development
of more advanced approaches to dietary planning and
assessment. Four nutrient-based values are included in
the DRI: (1) the Estimated Average Requirement, the
Recommended Dietary Allowance, Adequate Intake,
and Tolerable Upper Intake Level (UL).

The DRIs represented a shift from the focus of the
RDAs and RNIs to reduce the incidence of diseases
of deficiency to help people optimize their health and
prevent disease as well as avoid overconsuming any
nutrient. There are other key ways in which the DRIs
differ from the previous intake standards. Data on a
nutrient’s safety and role in health are considered in

the formulation of a recommendation—specifically,
the potential reduction in risk of chronic disease.
Probability and risk are assessed in the process of
determining the DRIs. Emphasis is on the distribution
of nutrient requirements within a population rather
than on just a single value. ULs of nutrient intake are
established to addresses the risk of adverse effects.
And components of food that are not natural but may
introduce health risks or benefits are reviewed, and
standards are established for those with available data.

The primary purposes served by these standards
are to assess the intakes of individuals and population
groups, as well as plan diets for individuals and groups.
In addition, the DRIs are used in dietary-planning
activities such as dietary guidance, institutional food
planning, military food and nutrition planning, plan-
ning for food assistance programs, food labeling, food
fortification, developing new or modified food prod-
ucts, and food safety assurance.’

DRI Review and Update Process

The American and Canadian governments have both
established federal DRI committees that collaborate
to identify DRI needs and procure government spon-
sorship of DRI reviews and related activities. The
DRIs have been developed under the sponsorship of
the Institute of Medicine with financial support from
the American and Canadian governments. The DRIs
represent nutrient reference values that are funda-
mental to national nutrition policies and important
to professionals working in nutrition and health.

Nutrients nominated for review must be submit-
ted with a cover letter and literature search. The cover
letter contains the rationale and description of why a
review is warranted as well as how it would address
a current public health concern. The literature search
gives a description of the search strategy and lists new,
relevant literature published since the last DRI review.
The two government DRI committees prioritize
nutrients for government-funded reviews and com-
mission expert reviews to establish reference values.
New reviews are established based on current public
health concerns along with significant, new, and rel-
evant data since the previous DRI review. The DRI
committees also determine whether any methodolog-
ical issues identified as possible impedances to a new
review have been resolved. Procuring funds also plays
a factor in the initiation of new reviews.

Significant, new, and relevant data are defined by
the following criteria:

m  Significant: The overall scientific quality of
the evidence, the number of new studies, the
consistency of the results, and whether the new
study results expand the DRI-related information



available to the original DRI expert panel.
Randomized controlled trials of high scientific
quality are of particular interest.

®  New: Research that was unlikely to have been
available to the previous DRI expert panel.

®  Relevant: Study results are generalizable to the North
American population and to DRI development.

The DRI committees consider input from both
individuals and organizations within and outside the
government when making future prioritization deci-
sions. The committees established a nomination process
to assist in planning for new DRI reviews of nutrition
and related substances to be renewed from previous
DRI reports. Nominations have been made for various
nutrients including: arachidonic acid, choline, chro-
mium, docosahexaenoic acid (DHA), eicosapentae-
noic acid (EPA), fiber, magnesium, niacin, potassium,
protein, saturated fat, sodium, stearic acid, vitamin B,
vitamin E, and zinc. The DRI committee for each coun-
try is prompted to select its top three priority nutrients
based on public health or public policy. Omega-3 fatty
acids, sodium, magnesium, and vitamin E were selected
for further consideration based on these submissions.
Nutrient-assessment working groups were established
with staff from the United States and Canada. Each
group was to determine if any new science had been
published since the last DRI review. Government agen-
cies jointly prioritized the nutrients and came to the
conclusion that a workshop on the potential use of
chronic disease endpoints in setting DRI values was
necessary before a proper nutrient DRI review would
be conducted. A workshop commissioned by the federal
government took place in March 2015 to address if and
how chronic disease outcomes can be incorporated into
setting DRI values. This is expected to be the foundation
for an expert report on this facet of public health.®

The Panel on Micronutrients, Panel on the
Definition of Dietary Fiber, Subcommittee on Upper
Reference Levels of Nutrients (UL Subcommittee),
Subcommittee on Interpretation and Uses of Dietary
Reference Intakes (Uses Subcommittee), and the
Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes (DRI committee) analyzed
evidence on the risks and benefits of nutrients and
other components to determine the appropriate ref-
erence levels. DRI values were determined primarily
from scientific data from observational and experi-
mental studies in peer-reviewed journals.®

Estimated Average Requirement

The Estimated Average Requirement (EAR) is the
average daily nutrient-intake level estimated to meet
the requirements of half of the healthy individuals in
a particular life stage or gender group. It represents an

Dietary Reference Intake 91

estimated median requirement. This means the EAR
exceeds the needs of half of the group and is unable to
meet the needs of the other half.> The main purposes of
the EAR are to assess the adequacy of population intakes
and to be used as the basis for calculating Recommended
Dietary Allowances. It was not itself designed to be used
as a goal for daily intake by individuals.® TABLE 3.5 shows
the EAR for all nutrients. EARs have not been estab-
lished for vitamin D, vitamin K, pantothenic acid, biotin,
choline, calcium, chromium, fluoride, manganese, and
other nutrients not yet evaluated by the DRI committee.”
For further detail on the EAR for macronutrients, see
the section titled “Macronutrient Recommendations.”

Recommended Dietary Allowance

and Adequate Intake

The Recommended Dietary Allowance (RDA) is
the average daily dietary nutrient-intake level suffi-
cient to meet the nutrient requirements of nearly all
(approximately 98%) of healthy individuals in a par-
ticular life stage and gender group. The RDA therefore
exceeds the requirements of almost all members of the
group. The RDA serves as a guide for daily intake by
individuals and it is not intended to be used to assess
the intake of groups. Because it exceeds the require-
ments for almost all individuals, intake at RDA levels
is unlikely to be inadequate.®

If an EAR cannot be set because of data limita-
tions, no RDA will be established. For those nutrients
with a statistically normal requirement distribution,
the RDA is set by adding two standard deviations
(SDs) to the EAR:

RDA =EAR+2xSD

In the event an RDA cannot be determined, the
adequate intake (Al) value is used to set the refer-
ence level. Al is a recommended average daily intake
level based on observed or experimentally determined
approximations or estimates of nutrient intake by a
group of individuals who appear to be healthy and
are assumed to be in adequate nutritional state. It is
expected to at least meet the needs of most individuals
in a specific life stage and gender group. For healthy
breastfed infants, the AI is the mean intake. As for
other life stages and gender groups, although Als are
assumed to cover the needs of all healthy individuals,
the limited data available prevent definitive determi-
nation of what percentage it actually covers. The Al is
ultimately not particularly useful in assessments.’

The RDAs for macronutrients can be found in
TABLE 3.6; see “Macronutrient Recommendations” for
more information on these RDAs. RDAs for micronu-
trients are presented in TABLE 3.7.
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Recap The DRIs were established to replace the RNIs
and RDAs, and they consist of four nutrient categories
developed to promote health, prevent disease, and
discourage nutrient overconsumption. The process

for developing the DRIs involves committees from the
United States and Canada reviewing scientific data for
nominated nutrients to determine if evidence exists

to warrant a DRI. Of particular concern is the nutrient’s
relationship to chronic diseases.

» Tolerable Upper Intake Level

The tolerable upper intake level (UL) is the highest
average daily nutrient-intake level likely to pose no risk
of adverse health effects for almost all individuals in a
particular group. It represents the highest intake level
that can be tolerated without the possibility of undesir-
able health effects and was established in response to
the growing number of foods with nutrient fortifica-
tion and increased amount of dietary supplementation
usage. In groups, it is used to estimate the percentage of
the population at risk for adverse effects from excessive
nutrient intake. As intake increases above the UL, the
risk increases for potential adverse events.

The tolerable upper level is derived using a risk-
assessment model consisting of a systematic series of
scientific considerations and judgments. The UL value
represents the total daily intake of a nutrient from all
available sources (food, water, supplements) if poten-
tial harmful effects have been identified.” TABLE 3.8
shows the UL for micronutrients. Macronutrient stan-
dards were unable to be established because of insuf-
ficient data.

Recap The EARis used as the basis for establishing
the RDA. It assesses the adequacy of population
intakes and is not used to evaluate individual dietary
consumption. The RDA is an average intake level
adequate to meet the needs of nearly every member
of a population. Intake at this level is unlikely to be
inadequate. When the RDA is indeterminable, adequate
intake (Al)—an average based on observed or
estimated nutrient intake of individuals in a group—is
used in its place. The UL represents the highest average
daily nutrient intake that can be safely consumed
without the risk of detrimental health consequences.
The impetus for establishment of the UL was the rising
concern of nutrient overconsumption introduced by
the increased availability of fortified foods and dietary
supplements on the market.
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» Energy Requirements

Preview Energy requirements determined for an
individual are based on several factors, including
energy expended at rest, after eating, during physical
activity; and age and gender; weight and weight
goals; and medical conditions, among others.

The Estimated Energy Requirement (EER) is the
average dietary energy intake predicted to maintain
energy balance in a healthy adult of a defined age,
gender, weight, height, and level of physical activ-
ity consistent with good health. For children and
pregnant or lactating women, the EER includes
energy needs required for the deposition of tissue
or secretion of milk at rates consistent with good
health.” Because the variability of measured energy
intake between individuals is greater than that of
energy expenditure, there is an impedance to mea-
suring energy intake without accounting for intake
behaviors. Therefore, energy requirement is more
precisely estimated from energy expenditure than
from energy intake.

Components of Total Energy

Expenditure

Energy is expended in the body in the form of Basal
Energy Expenditure (Resting Energy Expenditure),
Thermic Effect of Food, and Activity Thermogenesis
(physical activity and activities of daily living). These
three factors make up an individual’s total daily energy
expenditure. The percent contribution of each to total
energy expenditure is depicted in FIGURE 3.4.

Basal Energy Expenditure (BEE) is the mini-
mum amount of energy expended that is compatible
with life. It typically represents 60% to 70% total energy

00d (~10%
S resngonergy  Pemisele
Fuel for : expend|t°ure " physiological
i Physical (60-75%) functions
physical — activity
activity (15-30%)

FIGURE 3.4 Components of total energy expenditure
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expenditure. Resting Energy Expenditure (REE) is
the amount of energy expended by a resting individual
in a thermoneutral environment without the effects of
meal consumption, physical activity, or other physio-
logical or mental stress. The value can be as much as
10% to 20% higher than the true basal metabolic rate,
which is measured in the morning after 12-18 hours
of rest. Interindividual variations exist between indi-
viduals with regard to REE, depending on age, gender,
height, and weight within the range of 7.5% to 17.9%.
Energy expended at rest is generated from many
sources including maintaining the biochemical and
structural integrity of the body and the cost of cellu-
lar work, ion pumps, synthesis and degradation of cell
constituents, and biochemical cycles.

To measure energy adequately, several conditions
must be met. Subjects should be awake but at rest, lying
in a supine position in a physically comfortable test
site (thermoneutral) that is quiet and not brightly lit.
The subjects should be fasting and not consume food,
energy-containing beverages, or drugs that artificially
increase energy expenditure (such as ethanol or nico-
tine) for at least four hours before the energy assess-
ment. The assessment should be performed at least
two hours after meal consumption, with the exemp-
tion of those patients who are receiving continuous
nutritional support. Subjects should be given adequate
time to recover from activities of daily living such as
getting dressed and traveling to the testing location; at
least 20 minutes is recommended. Individuals should
not engage in physical activity in the previous four to
six hours before testing. Medically strenuous activities
such as a wound dressing change, chest physiotherapy,
or physical therapy should be avoided for 60 minutes
prior to measuring energy expenditure. The proce-
dure should not be performed within 24 hours of a
hemodialysis session. During the test, subjects should
lay motionless and refrain from talking or engaging in
any other stimulating distractions. The measurement
period should last until a steady state is achieved—
which is characterized by five consecutive minute
measurements of VO, within 10% of each other and
corresponding respiratory quotients within 5% of
each other). The measurement period should be no
longer than 20 to 30 minutes.

The thermic effect of food (TEF) is the increase
in energy expenditure immediately following meal
digestion. It is also referred to as diet-induced ther-
mogenesis and specific dynamic action. The primary
determinants of TEF are the nutrient composition
and energy content of the food consumed. Protein has
been found to elicit the greatest increase in metabolic
rate, followed by a mixed-nutrient meal, glucose, and
then fat. The magnitude of the TEF is found to closely

reflect the energy load contained in the test meal. The
components of TEF include obligatory and faculta-
tive thermogenesis. Obligatory thermogenesis is the
energy expended absorbing, processing, and storing
nutrients. Facultative thermogenesis involves sympa-
thetic nervous system activation and is otherwise not
as well understood.

The thermic effect of activity (TEA) is the
energy expended above the resting level both during
and after physical activity. Activity thermogenesis is
divided into exercise and nonexercise activity thermo-
genesis. Exercise activity thermogenesis contributes
approximately 15% to 30% of total daily energy expen-
diture for those who exercise regularly. The intensity
and duration of activity determine the contribution
of exercise to total energy expenditure. The rate of
energy expenditure for the duration of activity may be
from 1.5 x resting metabolic rate (RMR) (such as with
clerical work) to 15 x RMR (such as with running).
Research has found that exercise has no effect on RMR
unless it is prolonged or severe. The contribution of
exercise to energy balance is demonstrated in several
ways. First, thermogenesis is retained by maintaining
fat-free mass. Second, energy expenditure is increased
by exercise. Finally, excess postexercise oxygen con-
sumption may increase energy expenditure in relation
to the duration and intensity of activity.

Nonexercise activity thermogenesis (NEAT) is the
energy expenditure of spontaneous physical activity,
including the combined energy costs of the physical
activities of daily living, fidgeting, spontaneous mus-
cle contraction, and maintaining posture when not
recumbent. NEAT accounts for the remainder of the
total daily energy expenditure and explains the varia-
tion in activity thermogenesis in adults of similar size.
Its major determinants include occupation and leisure
time, which varies from 15% to more than 50% of
total daily energy expenditures. Occupational NEAT
can vary from 700 to 2,300 kcal/day, depending on
strenuous level of work activities. Variation in leisure
activities may reach 1,000 kcal/day. Altering energy
balance in individuals is possible by changing the fac-
tor of NEAT to become more active. NEAT may also
be influenced by biological, genetic, and environmen-
tal changes attributed to the human population over
the last century and a half, primarily as a decrease.”

Methods of Measuring Energy
Expenditure

The methods of measuring energy expenditure are
summarized in FIGURE 3.5 and include calorimet-
ric and noncalorimetric techniques. Calorimetric
techniques include direct and indirect calorimetry.
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Approach and type of Indirect Direct Non-calorimetric
calorimeter calorimeter calorimeter | methods

Room open- | Hood/canopy | Open-circuit | Doubly Total collection

air circuit open-circuit expiratory labelled | Douglas bag

collection water

Basal metabolic
rate and resting Y Y Y* N Y Y N
metabolic rate
Thermic effect . .
of food Y Y Y N Y Y N
Activity related
energy expenditure Y Y Y N Y Y N
Total daily energy %
expenditure Y# N Y Y N Y# E

Y= “yes” a technique can be used to perform the measurement
N=‘No” it cannot be used to perform the measurement

E= estimated

* indicates that precision maybe unreliable

# indicates a confined subject

FIGURE 3.5 Techniques used to measure energy expenditure in humans

Data from Academy of Nutrition and Dietetics. Measurement of Energy Expenditure. Nutrition Care Manual. https://www.nutritioncaremanual.org/topic.cfm?ncm_category_id=118&Iv1=1448828&Iv2=144900&ncm_toc_id=144900&ncm_heading=8&. Accessed July 27, 2016.

Noncalorimetric techniques include the isotope-
dilution method (doubly labeled water) DLW, kine-
matics recordings (mechanical activity meters),
human observations and records (time and motion
studies), and physiologic measurements (heart rate,
energy intake, and electromyography).®

Direct Calorimetry

Direct measurement of metabolic rate is performed by
assessing heat loss. The sum of convective, conductive,
and evaporative heat transfer and radiant heat exchange
are measured, with the total heat loss equaling the rate
of energy use when body temperature is constant. This
method is based purely on conservation of energy and
does not involve any assumptions made about the phys-
iology of energy metabolism. The subject is placed in
a thermically isolated chamber, and the heat dissipated
by the individual is collected and measured.

Several limitations exist that prevent direct cal-
orimetry from being widely used. These include the
confining nature of the testing environment, the inabil-
ity to use calorimetry in measuring short-term effects
of thermogenic stimuli (i.e., food) on heat exchange
because of the body’s large heat-storage capacity, and
the costly nature of the instruments required.’

Indirect Calorimetry

Indirect calorimetry involves estimating the meta-
bolic rate from measurements of oxygen consumption
and carbon dioxide production using a set of assump-
tions and equations. It is assumed that all oxygen

consumed (VO,) is used to oxidize degradable fuels
and that all carbon dioxide expended (VCO,) is recov-
ered. Eventually, all energy is converted into heat, so
direct and indirect calorimetry provide identical rates
of energy expenditure within steady-state conditions.
The percentage of error for indirect calorimetry
(respiratory gas exchange) is 2% compared to direct
calorimetry.’

Energy expenditure from VO, and VCO, is calcu-
lated using the Weir equation:

Energy expenditure = (3.94 x VO,) + (1.11 x VCO,)

Use of indirect calorimetry is indicated under the
following conditions:

= Clinical disorders that significantly alter REE
Failure of an individual to respond to adequate
nutrition support

= Individualizing nutrition support in an intensive
care unit

® Individualizing nutrition program for healthy
or ambulatory individuals receiving nutrition
therapy for a disease such as diabetes

Estimating an individuals energy needs involves
three steps. First, determine whether REE should be
estimated or measured. Second, use critical thinking
skills to evaluate REE. Third, determine when REE
should be reevaluated.

Doubly Labeled Water

The DLW method of measuring energy expendi-
ture assumes that the oxygen in respiratory CO, is in
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isotopic-exchange equilibrium with the oxygen con-
tained in body water. Two isotopes of water are given,
and their disappearance rates from the body (through
urine and other bodily fluids) are monitored for one to
three half-lives for isotope disappearance.’

Estimating Calorie Needs

The total number of calories a person needs daily
varies by age, gender, weight, and level of physical
activity. A need or desire to lose, maintain, or gain
weight, among other factors, affects the total number
of calories that should be consumed.'*!" The estimated
amounts of calories needed to maintain caloric bal-
ances for different age and gender groups across three
levels of physical activity are provided in TABLE 3.9.

The estimates in Table 3.9 are based on the EER
equations, using reference average heights and healthy
weights for the different age and gender groups.
Reference height and weight vary for children and
adolescents. The adult reference height and weights
are 5'10” and 154 pounds for men and 5’4" and
126 pounds for women. Estimates range from 1,600
2,400 calories per day for adult women and 2,000-
3,000 calories per day for adult men. The lower end is
of each range is designated for those individuals who
are more sedentary, and the higher end is for those
who are more active. Calorie needs decrease for adults
with age, as basal metabolic rate steadily declines,
therefore necessitating a lower energy intake.

Estimates range from 1,000-2,000 calories per day
for young children and 1,400-3,200 calories per day for
older children and adolescents. In general, boys have
higher calorie needs than girls. Approximations of calo-
rie needs can be determined on a more individual basis
at www.supertracker.usda.gov.'®!!

Predictive Equations

Energy requirements are traditionally estimated based
on multiples of REE, which are known as physical activ-
ity levels (PALs). More recently, the regression approach,
which is based on data of total energy expenditure
from DLW studies, has formed the basis for the Dietary
Reference Intakes for energy.>'? The Dietary Reference
Intake EERs can be found in Table 3.10. Several predic-
tive equations have been developed for estimating rest-
ing energy expenditure with applications for multiple
settings. RDNs working with the healthcare team com-
plete a full nutrition assessment that includes an estimate
of energy expenditure using the appropriate predictive
formula based on clinical and individual considerations.
The equation most commonly used in the clinical setting
is Mifflin St.-Jeor because it is the most accurate.

Recap Energy requirements vary based on age,
gender, and level of physical activity, among other
factors. Individual requirements are typically calculated
using energy expenditure based on a series of
estimates and reference equations.

» Macronutrient
Recommendations

Preview The recommendations for carbohydrate,
protein, and fat are each determined by different
means and are dependent on availability and their
metabolic functions within the body.

Estimated Average Requirement

for Macronutrients

The EAR for carbohydrates is established based on
the average amount of glucose used by the brain.
No EAR is set for fat because the percent of energy
derived from fat varies, yet it still can meet daily
energy needs. Furthermore, no EAR exists for sat-
urated fatty acids, monounsaturated fatty acids, or
cholesterol because they are produced by the body
and pose no benefit in the prevention of chronic
disease."” For energy, an EER is provided.® (See the
previous section titled “Energy Requirements.”) The
EAR and other DRIs for macronutrients are summa-
rized in TABLE 3.11.

Recommended Dietary Allowance (RDA)

for Macronutrients

The RDA for carbohydrates is 130 grams per day for
adults and children. No RDA exists for fats, including
saturated fatty acids, monounsaturated fatty acids, or
cholesterol, because they are produced by the body
and pose no benefit in preventing chronic disease.
The RDA for protein is 0.8 grams per kilogram body
weight per day for both men and women. It is estab-
lished based on meta-analysis of nitrogen balance
studies.® The RDAs for macronutrients can be found
in Table 3.6.

Research has shown that consuming an imbal-
ance of macronutrients may increase the risk of
chronic disease. In response to this, the acceptable
macronutrient distribution range (AMDR) for
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TABLE 3.9 Estimated calorie needs per day by age, sex, and physical activity level

Moderately Moderately
Sedentary Active Sedentary Active

2 1000 1000 1000 1000 1000 1000
3 1000 1400 1400 1000 1200 1400
4 1200 1400 1600 1200 1400 1400
5 1200 1400 1600 1200 1400 1600
6 1400 1600 1800 1200 1400 1600
7 1400 1600 1800 1200 1600 1800
8 1400 1600 2000 1400 1600 1800
9 1600 1800 2000 1400 1600 1800
10 1600 1800 2200 1400 1800 2000
11 1800 2000 2200 1600 1800 2000
12 1800 2200 2400 1600 2000 2200
13 2000 2200 2600 1600 2000 2200
14 2000 2400 2800 1800 2000 2400
15 2200 2600 3000 1800 2000 2400
16-18 2400 2800 3200 1800 2000 2400
19-20 2600 2800 3000 2000 2200 2400
21-25 2400 2800 3000 2000 2200 2400
26-30 2400 2600 3000 1800 2000 2400
31-35 2400 2600 3000 1800 2000 2200
36-40 2400 2600 2800 1800 2000 2200
41-45 2200 2600 2800 1800 2000 2200
46-50 2200 2400 2800 1800 2000 2200
51-55 2200 2400 2800 1600 1800 2200
56-60 2200 2400 2600 1600 1800 2200
61-65 2000 2400 2600 1600 1800 2000
66-70 2000 2200 2600 1600 1800 2000
71-75 2000 2200 2600 1600 1800 2000
76+ 2000 2200 2400 1600 1800 2000

Sedentary: a lifestyle that includes only the physical activity of independent living.

Moderately active: a lifestyle that includes physical activity equivalent to walking 1.5-3 miles per day at 3—4 miles per hour in addition to activities of independent living.

Active: a lifestyle that includes physical activity equivalent to walking more than 3 miles per day at 3—4 miles per hour in addition to the activities of independent living.

Estimates for females do not include women who are pregnant or breastfeeding.

Reproduced from U.S. Department of Health and Human Services and U.S. Department of Agriculture (2015). 2015-2020 Dietary Guidelines For Americans 8th Edition. Appendix 2. Estimated Calorie
Needs per Day, by Age, Sex and Physical Activity Level. Pages 77-78/ https://health.gov/dietaryguidelines/2015/quidelines/appendix-2/. Accessed July 27, 2016.
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TABLE 3.10A Equations used to predict EER: Dietary Reference Intake Estimated Energy Requirements

Infants and Months EER =Total Energy Expenditure + Energy Deposition
Children
0-3 EER = (89 x weight — 100) + 175
4-6 EER = (89 x weight — 100) + 56
7-12 EER = (89 x weight — 100) + 22
13-35 EER = (89 x weight — 100) + 20
Children and Years EER =Total Energy Expenditure + Energy Deposition
Adolescents
Boys 3-8 EER=88.5-(61.9 x age) + PA x [(26.7 x weight) + (903 x height)] + 20
Boys 9-18 EER =88.5-(61.9 x age) + PA x [(26.7 x weight) + (903 x height)] + 25
Girls 3-8 EER = 1353 - (30.8 x age) + PA x [(10.0 x weight) + (934 x height)] + 20
Girls 9-18 EER=1353 - (30.8 x age) + PA x [(10.0 x weight) + (934 x height)] + 25
Adults 19+ Gender EER =Total Energy Expenditure
Men EER =662 — (9.53 x age) + PA x [(15.91 x weight) + (539.6 x height)]
Women EER =354 - (6.91 x age) + PA x [(9.36 x weight) + (726 x height)]
Pregnancy Trimester EER = Nonpregnant EER + Pregnancy Energy Deposition
First EER = Nonpregnant EER + 0
Second EER = Nonpregnant EER + 340
Third EER = Nonpregnant EER + 452
Lactation Months Postpartum EER = Nonpregnant EER + Milk Energy Output — Weight Loss
0-6 EER = Nonpregnant EER + 500 — 170
7-12 EER = Nonpregnant EER + 400 - 0

Sedentary 1.00 1.00 1.00 1.00 Typical ADL (activities of daily
(PAL 1.0-1.39) living)

Low Active 1.13 1.11 1.16 112 Typical ADL + 30-60 minutes
(PAL 1.4-1.59) daily moderate activity (e.g.,

walking at 5-7 km/h)

Active 1.26 1.25 1.31 1.27 Typical ADL + > 60 minutes
(PAL 1.6-1.89) daily moderate activity

Very Active 142 148 1.56 1.45 Typical ADL + > 60 minutes
(PAL 1.9-25) daily moderate activity + 60

minutes vigorous activity or
120 minutes moderate activity
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TABLE 3.10C Equations used to predict EER: Predictive Equations for Estimating REE

Men
Harris-Benedict

Women

Men
Mifflin-St Jeor

Women

Men
Owen

Women

Breathing
Ireton-Jones Energy Equation

Ventilator

World Health Organization Age: 18-30 years old

Men

Women

Age: 31-60 years old

Men

Women

Age: 60+ years old

Men

Women

RMR = 6647 + (13.75 x weight) + (5 x height) — (6.76 x age)
RMR = 655.1 + (9.56 x weight) + (1.7 x height) — (4.7 x age)
RMR = (9.99 x weight ) + (6.25 x height) — (4.92 x age) + 5
RMR = (9.99 x weight) + (6.25 x height) — (4.92 x age) — 161
RMR =879 + (10.2 x weight)

RMR =795 + (7.18 x weight)

(s) =629 - (11 x age) + (25 x weight) — (609 x O)

(v) = 1925 - 10(A) + 5(W) + 281(S) + 292(T) + 851(B)

RMR = 15.3 x weight + 679
RMR =154 x weight — 27 X height + 717
RMR = 14.7 x weight + 496

RMR = 13.3 X weight + 334 X height + 35

RMR = 11.6 X weight + 879
RMR = 11.3 X weight + 16 X height + 901
RMR = 8.7 X weight + 829

RMR = 8.7 X weight - 25 x height + 865

RMR = 13.5 X weight + 487
RMR = 8.8 X weight 4+ 1128 X height + 1071
RMR =10.5 x weight + 596

RMR = 9.2 X weight 4+ 637 X height — 302

Adapted from Institute of Medicine of the National Academies (2006). Dietary Reference Intakes: The Essential Guide to Nutrient Requirements. Otten, J. )., Hellwig, J. P, Meyers, L. D. Page 82. https://
www.nap.edu/catalog/11537/dietary-reference-intakes-the-essential-guide-to-nutrient-requirements. Accessed July 27, 2016.

Note: Weight in kilograms, height in centimeters, age in years for equations below unless otherwise indicated.
Adapted from Institute of Medicine of the National Academies (2006). Dietary Reference Intakes: The Essential Guide to Nutrient Requirements. Otten, J. J., Hellwig, J. P, Meyers, L. D. Page 84. https://
www.nap.edu/catalog/11537/dietary-reference-intakes-the-essential-guide-to-nutrient-requirements. Accessed July 27, 2016.

Adapted from Academy of Nutrition and Dietetics. Equations. Nutrition Care Manual. https://www.nutritioncaremanual.org/topic.cfm?ncm_category_id=11&Iv1=255519&ncm_toc

_id=255519&ncm_heading=&. Accessed July 27, 2016.
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TABLE 3.11 Standards of nutrient intake for macronutrients

Recommended Dietary
Allowance (RDA)

Estimated Average
Requirement (EAR)

Upper Tolerable Intake
Level (UL)

Carbohydrate 130 g/kg for adults

Fat No RDA for saturated,
monounsaturated fatty
acids, or cholesterol; these
nutrients are produced by
the body and do not play
any role in the prevention of
chronic disease

Protein 0.8 g/kg body weight for men
and women

Established based on average
amount of glucose used by
the brain

Not set; % energy derived from
fat varies yet can still meet
daily energy needs

Insufficient data to set for
added sugars

Recommended maximum
level <25% total energy

Insufficient data for fat,
monounsaturated fatty acids,
n-6 and n-3 polyunsaturated
fatty acids

Insufficient data for protein
and amino acids

Data from Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (Macronutrients), www.nap.edu.

macronutrients has been established (TABLE 3.12).
AMDR is the range of intake of an energy source
that correlates to a reduced risk of chronic disease
and is able to provide adequate amounts of essen-
tial nutrients. It is presented as a percentage of total

TABLE 3.12 Acceptable macronutrient distribution ranges

Fat 30-40

n-6 polyunsaturated fatty acids* 5-10
(linoleic acid)

n-3 polyunsaturated fatty acids* 06-12
(a-linoleic acid)

Carbohydrate 45-65

Protein 5-20

*Approximately 10% of the total can come from longer-chain n-3 or n-6 fatty acids.

energy intake, giving a range; numbers below or
above that percentage represent an elevated risk of
chronic disease.’
TABLE 3.13
recommendations.

lists additional macronutrient

Adults (%)

25-35 20-35
5-10 5-10
0.6-1.2 0.6-1.2
45-65 45-65
10-30 10-35

Adapted from Institute of Medicine of the National Academies (2002/2005). Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids
(Macronutrients). Panel on Micronutrients, Panel on the Definition of Dietary Fiber, Subcommittee on Upper Reference Levels of Nutrients, Subcommittee on Interpretation and Uses of Dietary
Reference Intakes, and the Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. Page 1325. https://www.nap.edu/catalog/10490/dietary-reference-intakes-for-energy
-carbohydrate-fiber-fat-fatty-acids-cholesterol-protein-and-amino-acids-macronutrients. Accessed July 27, 2016.



TABLE 3.13 Additional macronutrient
recommendations

Dietary cholesterol

As low as possible while
consuming a nutritionally
adequate diet

As low as possible while
consuming a nutritionally
adequate diet

Trans fatty acids

Saturated fatty acids As low as possible while
consuming a nutritionally

adequate diet

Limit to no more than 25%
of total energy

Added sugars*

*Not a recommended intake. A daily intake of added sugars that individuals should aim for
to achieve a healthful diet was not set.

Adapted from Institute of Medicine of the National Academies (2002/2005). Dietary
Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein,

and Amino Acids (Macronutrients). Panel on Micronutrients, Panel on the Definition of
Dietary Fiber, Subcommittee on Upper Reference Levels of Nutrients, Subcommittee on
Interpretation and Uses of Dietary Reference Intakes, and the Standing Committee on the
Scientific Evaluation of Dietary Reference Intakes. Page 1325. https://www.nap.edu
/catalog/10490/dietary-reference-intakes-for-energy-carbohydrate-fiber-fat-fatty-acids
-cholesterol-protein-and-amino-acids-macronutrients. Accessed July 27, 2016.

Tolerable Upper Intake Level

for Macronutrients

The data for UL typically proves insufficient to set the
levels for macronutrients. For carbohydrates, a maximal
level of <25% total energy is suggested. This amount is
deemed adequate to avoid displacement of foods that
serve as major sources of essential micronutrients. As
for fat, the data were not sufficient enough for total fat,
monounsaturated fatty acids, and omega polyunsatu-
rated fatty acids to use the model of risk assessment to
set values for these nutrients. As for saturated fatty acids,
trans fatty acids and cholesterol, the level at which risk
increases is relatively low and unlikely to be achieved
by usual diets that still have adequate intakes of other
required nutrients. The consumption of these nutrients
is recommended to be as low as possible when consum-
ing a nutritionally adequate diet. Data was insufficient
for protein to establish any UL.®

Recap The amount of dietary intake recommended
per day for each macronutrient is primarily based

on its chronic disease prevention qualities and the
optimal level known to reduce risk.
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» Nutrient Density and
Nutritional Rating

Preview Nutrient-dense foods have a high nutrient
value per amount of food, whereas energy-dense
foods have a high calorie content per amount of food.
An eating pattern that contains more nutrient-dense
foods is more nutritious, promotes health, is better at
reducing the risk of chronic degenerative conditions,
and supports a healthy body weight.

Nutrient density is a characteristic of foods and
beverages that provide vitamins, minerals, and
other substances that contribute to adequate nutri-
ent intake or otherwise have positive health effects.
Nutrient-dense food items contain little or no solid
fats, added sugars, refined starches, or sodium. They
are ideally in forms that retain naturally occurring
components such as dietary fiber." The underlying
concept of nutrient density is the concentration of
nutrients per amount of food or caloric contribution
of that food." All vegetables, fruits, whole grains,
seafood, eggs, beans and peas, unsalted nuts and
seeds, fat-free and low-fat dairy products, and lean
meats and poultry are nutrient dense—granted they
are prepared with little or no added solid fats, sugars,
refined starches, or sodium."

Nutrient-dense items contribute to meeting food
group recommendations within calorie and sodium
limits. Nutrients and other beneficial substances
in a nutrient-dense food have not been “diluted”
by extra calories from added solid fats, sugars, or
refined starches or by solid fats naturally present
in the food. Foods in nutrient-dense forms contain
essential vitamins and minerals as well as dietary
fiber and other naturally occurring substances
with positive health effects.’® A diet consisting of
nutrient-dense items includes whole grains, low-fat
dairy products, fruits and vegetables. Regular intake
of all these foods promotes the prevention of chronic
disease."

Adopting Nutrient-Dense Eating Patterns

The Dietary Guidelines emphasize substituting less
healthy options with nutrient-dense foods and bev-
erages. To increase dietary intake of these foods, the
Dietary Guidelines suggests shifting common food
and beverage choices from those containing solid fats,
added sugars, refined starches, or sodium to foods
that are more nutrient dense." FIGURE 3.6 includes
examples of nutrient-dense foods and beverages.
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TYPICAL NUTRIENT-DENSE

Low sodium
pinto beans

High sodium
pinto beans

Chicken baked

Fried chicken with herbs

Frosted
shredded wheat

Plain shredded
wheat with fruit

Creamed spinach Steamed spinach

Fresh or frozen
peaches without
added sugars

Peaches in syrup

Achieving a healthy eating pattern means shifting typical
food choices to more nutrient-dense options—that is, foods
with important nutrients that aren't packed with extra calories
or sodium. Nutrient-dense foods and beverages are

naturally lean or low in solid fats and have little or no

added solid fats, sugars, refined starches, or sodium.

FIGURE3.6 Typical versus nutrient-dense foods and
beverages

Reproduced from U.S. Department of Health and Human Services and U.S. Department of Agriculture (2015). 2015-2020 Dietary
Guidelines For Americans 8th Edition. Figure 2-8 Typical Versus Nutrient—Dense Foods & Beverages. Page 53. https://health.gov
/dietaryguidelines/2015/guidelines. Accessed July 27, 2016.

Rating Nutrient Density of Foods

Systematic ranking and classification structures have
been developed to rate the nutrient density of food.
Established algorithms are used to assign each food
a score based on the presence or absence of specific
nutrients, using specific criteria. The resulting score
is converted into a practical tool for consumers to
use in choosing foods with a balance of essential
nutrients versus those foods considered less healthy
and linked to poor health outcomes—for example,
those containing added sugars, saturated fat, trans
fat, and sodium. More than a dozen nutrient-density

rating tools have been developed for and tested with
the public to help consumers differentiate between
similar, less-healthful products and make smart,
nutrient-dense choices.” The tools created in both
the United States and internationally are summa-
rized in TABLES 3.14 and 3.15.

Although the tools are useful they have lim-
itations. Nutrient-density profiling tools tend to
consider both beneficial nutrients as well as those
identified as having negative effects on health when
consumed in excessive amounts. Certain tools are
more specific to essential nutrients. In addition, sev-
eral nutrient-density ranking tools highlight nutri-
ents based on their known influences on primary
health outcomes. For instance, scores in the NuVal
system reflect what is known about relationships
between saturated fatty acids, n-3 fatty acids, and
cardiovascular disease, and therefore, they promote
n-3 fatty acids as beneficial for preventing cardio-
vascular disease. Each nutrition-profiling system
uses different methods to present similarly directed
information. The Guiding Stars program, for exam-
ple, assigns foods one to three stars to denote how
nutrient dense they are, whereas the NuVal scale
ranges from 1 to 100.

Front-of-package (FOP) labeling presents a sym-
bol or logo on food packaging to indicate the nutri-
tional quality of the food and communicate any
health claims. It restates facts already included on the
Nutrition Facts Panel such as calories, nutrients, and
their percentage Daily Value (DV) per serving. Foods
are ranked as high or low in certain nutrients based
on predetermined criteria, and this ranking is com-
municated to consumers through logos, symbols, or
colors. This tool is effective because consumers have
been shown to respond to visuals on packaging. The
US Facts Up Front campaign is one example of FOP
labeling. The Grocery Manufacturers Association and
Food Marketing Institute joined together to direct
consumers attention to calories per serving; satu-
rated fat, sodium, and sugar (which have specified
limits); and fiber, potassium, calcium, iron, protein,
vitamin C, vitamin A, and vitamin D (which people
are encouraged to consume). The aforementioned
nutrients would only appear on packaging when the
product contained 210% of the daily value per serv-
ing. Facts Up Front packaging is not mandatory and
carries a fee for manufacturers who choose to use this
particular labeling. The Healthy Eating System is the
most widely used FOP labeling tool and was found to
resonate best with consumers. This nutrient-density
profiling tool provides guidance to consumers on how
frequently they should consume specific foods to meet
dietary guidelines.
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TABLE 3.14 Nutrient-density profiling tools, United States

NuVal Nutrition
Scoring System
(previously
Overall
Nutritional
Quality Index)

Nutrient Rich
Foods Index

Affordable
Nutrition Index

Helps consumers understand the nutrient
density of the food they purchase.

Generates a summative score based on
presence of absence of > 30 nutrients.

Uses Institute of Medicine Dietary Reference
Index and Dietary Guidelines for Americans.

Scores range from 1 to 100.

Validated index is a sum of percent daily
values for nine nutrients to encourage minus
the sum of percent daily values for three
nutrients to limit.

All daily values calculated per serving size.

Scoring system based on Nutrient Rich Foods
Index.

Produces a nutritional value per dollar score to
help consumers identify low-cost, nutritious

Scores correlate with health outcomes.

Incorporates measures for quality of proteins,
fats, and carbohydrates.

Measures calories and n-3 fatty acid content
and then distinguishes between nutrient
consumption to be encouraged (vitamins,
minerals) and nutrient consumption to be
limited (added sugar, sodium, cholesterol).

Distinguishes between nutrients to encourage
and limit.

Versatile across individual foods, total diet, and
menus.

Allows calculation of nutritional value of food
per unit cost.

Provides nutrition value per dollar tool to help
clients of federal food-assistance programs
distinguish between nutrients to encourage
and limit.

foods.

Reproduced from Academy of Nutrition and Dietetics (2016). Practice Paper of the Academy of Nutrition and Dietetics: Selecting Nutrient-Dense Foods for Good Health, Figure 1 Nutrient density
profiling tools, United States. Journal of the Academy of Nutrition and Dietetics. Hingle, M. D., Kandiah, J., Maggi, A. 116/9/1474. http://www.andjml.org/article/S2212-2672(16)30784-5/pdf.

Research in the United States and Canada has
found that more than 50% of consumers prefer
government-regulated FOP labeling. It has been estab-
lished as an effective way to help consumers select
healthier foods. For food manufacturers to sell their
products in the European Union, they must meet three
criteria when it comes to FOP labeling: (1) it must
help consumers meet dietary guidelines, (2) it must be
used to guide or inform public policy, and (3) it must
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help prevent the development of chronic diseases for
diverse populations throughout the life span. The
nutrient-profile model has been proposed by the Pan
American Health Organization to assess the nutri-
ent density of foods and guide consumers to identify
which products contain added sugars, sodium, total
fat, saturated fat, and trans fat. The purpose is to pro-
mote less consumption of these undesirable nutrients
and is geared toward promoting polices and regula-
tions, including FOP labeling and nutrition guide-
lines, that will help the school food environment.

The underlying considerations of these nutrition
tools is that they be grounded in science, be validated
against objective measures of diet quality, and be able
to effectively translate recommendations into action-
able strategies. In short, they should be user-friendly
and allow for easy identification of nutrient-dense
foods. In terms of terminology, nutrient rich and rich
in nutrients were found to resonate more with con-
sumers than does nutrient dense."

Energy Density

Energy density is the amount of energy per weight
of food or beverage. Foods low in energy density have
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TABLE 3.15 Nutrient-density profiling tools, international

Guiding Stars

Uses information from the Nutrition Facts Panel
and ingredient list to rate nutritional quality.
Foods are rated on a scale of zero to three stars
based on credits (those nutrients encouraged)
and debits (those food components
discouraged).

High nutrient density — more stars (1 = good,
2 = better, 3 = best).

First storewide nutrition-related guidance
system developed by retail stores for foods
and beverages.

Tiered star icon system distinguishes between
nutritious and nonnutritious foods.

Each product must provide 5 kcal/serving or
more to be rated.

Limitation: 100 kcal standard serving may
result in over- or underestimation of nutrient
density.

Healthy FOP system derived from Traffic Light and Color coding based on recommendations from
eating Guideline Daily Amounts. Food Standards of Australia New Zealand.
systems Jointly developed by Sanitarium Health & Provides guidance on how frequently to eat

International

Wellbeing Company and Australia’s Public Health
Association.

Uses FOP labeling model that incorporates >20

foods to meet dietary guidelines: often,
occasionally, or sparingly.

Publicly available data underline the algorithm.

Choices countries'dietary guidance. Reassessment of the system is conducted
Programme  Focuses on basic and essential nutrients (vitamins, every three years by a panel of international
minerals, water) and those detrimental to health scientific committee members.
(added sugar, sodium, trans and saturated fat).

Nutrient Based on Nordic Nutrition Recommendations for Limitation: Does not consider bioavailability of
Density 21 essential nutrients. foods or quality of carbohydrates, proteins,
Climate Uses greenhouse gas emissions presented in or fats.

Index grams of CO, to assess whether nutrient density
of beverages can change or offset emissions cost.
Beverages with highest emissions have highest
Nutrient Density Climate Index score.
Nutrient density of beverages was calculated
based on presence of proteins, carbohydrates,
fats, and 18 vitamins and minerals.

Powerhouse Used by the UN's Food and Agriculture Limitations: Excludes other food groups that
Fruits and Organization and the Institute of Medicine. could also be nutrient dense.

Vegetables Related to consumption of “powerhouse” fruits and Phytochemicals not considered in calculation

vegetables that provide an average of > 10% daily

value per 100 kcal of 17 nutrients.

of nutrient density score.

Reproduced from Academy of Nutrition and Dietetics (2016). Practice Paper of the Academy of Nutrition and Dietetics: Selecting Nutrient-Dense Foods for Good Health, Figure 2 International nutrient
density profiling tools. Journal of the Academy of Nutrition and Dietetics. Hingle, M. D., Kandiah, J., Maggi, A. 116/9/1476-7. http://www.andjrnl.org/article/S2212-2672(16)30784-5/pdf

a high proportion of fiber and water, which contrib-
ute weight and volume without adding excess calo-
ries. These food items are often also low in saturated
fat and added sugar, making them high in nutri-
ent density. This supports the supposition that low
energy-dense foods promote weight loss and weight
maintenance in adults. The Dietary Guidelines advise
staying within individual energy requirements and
also suggest meeting nutrition needs from a selection

of nutrient-dense foods to maintain caloric balance.
Foods with added sugars, refined grains, and solid fats
should be limited because of their high energy den-
sity and low nutrient density. One concern in recom-
mending nutrient-dense foods is that some are also
energy-dense foods—olive oil, avocado, nuts, and
seeds, for example. Consumers are now being urged to
make shifts within each food group to nutrient-dense
choices and strike a balance of intake and calories."*



Recap The Dietary Guidelines aim to influence
consumers to choose nutrient-dense items because
they contain high quantities of nutrients per amount
of calories. Nutrient-density profiling tools have been
created to help the public identify optimal food

options.

» Diet Quality Indicators
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Healthy Eating Index

The Healthy Eating Index (HEI) is a measure of diet
quality that assesses adherence to the Dietary Guidelines
for Americans.”® Its primary use is in monitoring the
diet quality of the American population and low-
income subpopulations using data, specifically 24-hour
dietary recalls, from the National Health and Nutrition
Examination Survey (NHANES). The tool is also used
to assess relationships between diet and health-related

Preview Measuring diet quality provides

information about the nutritional adequacy of a
population or a population group’s dietary intake
and identifies nutrients and groups to target for

improvement.

outcomes as well as the quality of food-assistance pack-
ages, menus, and the food supply.”” The key features of
the HEI are outlined in FIGURE 3.7.

HEI standards are based on the USDA food pat-
terns, which translate key recommendations from
the Dietary Guidelines into specific food types and
amounts people should be eating per calorie level.

Feature

Rationale

Assesses diet quality with regard to
recommendations of the Dietary Guidelines for
Americans (DGA)

e The DGA are the nutrition policy of the US government and are
evidence based

Assesses diet—foods and beverages and
nutrients from them—and not supplement
intake

e Is consistent with fundamental premise of DGA to meet nutrient needs
primarily from foods and beverages

Captures balance among food groups, including
foods to encourage and foods to reduce

* Reflects DGA
e Considers gaps between intakes and recommendations

Uncouples dietary quality from quantity,
employing a density-based approach

e Indicates appropriate mix of, or balance among, food groups

* Overcomes limitations of diet and physical activity data, which do not
adequately capture energy intake and expenditure, respectively

* Enables application to various levels, including groups of people,
environments, food supply

Employs a least-restrictive approach to setting
standards for maximum scores by using the
recommendations that are easiest to achieve
among those that vary by age and sex

* Results in highest possible scores

* Potential error is in the same direction for everyone; however, because very
high scores for most components are rare among the US population, the
score is optimized for sensitivity to improvement

Requires no single food or commodity to be
indispensible to a perfect score

* Accommodates a variety of eating patterns, reflecting cultural, ethnic,
traditional and personal preferences and tolerances and food costs and
availability

Guiding principles for the 2010 update to the HEI

Principle

Rationale

Focus on key recommendations of the DGA,
making only changes to the index that have a
strong rationale

*  Stability of the HEI should reflect consistency of recommendations over time
* Unsubstantiated changes in the HEI may imply emergence of new evidence
that does not exist

Limit the number of components

e Each component should assess a critical aspect of diet quality

Avoid an unduly complex algorithm

* The index should be transparent and straightforward to explain and apply

FIGURE3.7 Key features of the Healthy Eating Index (HEI)

Reproduced from Guether, P. M., Casavale, K. 0., Reedy, ., Kirkpatrick, S. 1., Hiza, H. A. B., Kuczynski, K. J., Kahle, L. L., Krebs-Smith, S.M. (2013). Update of the Healthy Eating Index: HEI-2010. Journal of the Academy of Nutrition and Dietetics. 113/4/570.
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The HEI helps nutrition practitioners understand and
keep tabs on public eating habits and discern which
areas need improvement. Diet quality is scored on a
100-point scale. A score of 100 indicates complete ful-
fillment of the Dietary Guidelines recommendations.
An HEI score of >80 suggests a good diet, a score of
51-80 implies the quality of diet needs improvement,
and a score <51 indicates the diet is poor.

Data from NHANES (2009-2010) determined
that the HEI score the of the American population
was 57, thus putting the nation’s overall diet into the
“needs improvement” range. Although better than
the previous score of 52 from 2001-2002, diet qual-
ity did not improve significantly in the interim years.
The conclusion was that Americans are “eating too
little fruits, too few vegetables, not enough whole
grains and not enough low-fat dairy and fish and
seafood.” Also noted was an “overconsumption of
empty calories . . . such as refined grains.” Dietitians
and other healthcare professionals are tasked with
supporting a score close to 80 and to help reverse the
trend of diet-related diseases. The 2009-2010 HEI
total and component scores for 2010 are shown in
FIGURE 3.8.

The HEI was established by the USDA’s Center
for Nutrition Policy and Promotion (CNPP) in
1995 and is continually updated as revisions are

made to the Dietary Guidelines.'* The HEI has sev-
eral important uses in public health and nutrition
policy. Examining relationships between diet and
outcomes of public health concern, evaluating the
food environment, and determining the relationship
between diet cost and diet quality are primary uses of
HEI data. HEI findings can be used to assessing the
quality of food-assistance packages, menus, and the
American food supply, and evaluating intervention
trials, and assessing dietary patterns.'® The USDA’s
consumer website contains interactive tools to help
individuals use the Dietary Guidelines to improve the
quality of their diets.'

Food Pattern Modeling Analysis

The purpose of food pattern modeling analysis
is to determine whether the USDA food patterns
continue to meet nutritional goals for adequacy
and moderation while staying within the estab-
lished calorie targets. This type of analysis uses
the food patterns presented in the 2010 Dietary
Guidelines, with updated food group nutrient pro-
files based on the most recent food consumption and
nutrient-composition data. As part of the assess-
ment, all foods reported in the What We Eat in
America/National Health and National Health and

Children Adults Older Adults
HEI-2010 Dietary Component 2-17 years 18-64 years = 65 years
(maximum score) (n =2,990) (n=4,673) (n =1,379)

Mean score (standard error)

Total fruit (5) 3.82 (0.19) 2.93 (0.08) 4.40 (0.13)
Whole fruit (5) 4.77 (0.22) 3.92 (0.12) 5.00 (0.00)
Total vegetables (5) 2.10 (0.05) 3.49 (0.07) 4.21 (0.11)
Greens and beans (5) 0.56 (0.07) 2.92 (0.12) 3.37 (0.31)
Whole grains (10) 2.22 (0.08) 2.47 (0.13) 3.52 (0.16)
Dairy (10) 9.23 (0.19) 6.23 (0.12) 6.19 (0.20)
Total protein foods (5) 4.59 (0.14) 5.00 (0.00) 5.00 (0.00)
Seafood and plant proteins (5) 2.90 (0.23) 4.03 (0.23) 4.98 (0.06)
Fatty acids (10) 3.08 (0.10) 4.39 (0.14) 4.69 (0.15)
Refined grains (10) 454 (0.21) 6.35 (0.16) 7.29 (0.20)
Sodium (10) 4.50 (0.17) 3.57 (0.13) 3.30 (0.26)
Empty calories (20) 11.17 (0.23) 12.04 (0.26) 13.94 (0.33)
Total HEI score (100) 53.47 (0.77) 57.34 (0.86) 65.90 (0.56)

'Calculated using the population ratio method.

FIGURE 3.8 HEI-2010 total and component scores for children, adults, and older adults during 2009-2010

Reproduced from United States Department of Agriculture. Healthy Eating Index. USDA Center for Nutrition Policy and Promotion. https://www.cnpp.usda.

Jex. Accessed September 28, 2016.
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O HIGHLIGHT

Applications of the Healthy Eating

Index (HEI)

The Healthy Eating Index has been used for more than
simply assessing diet quality. Applications of the HEI

in literature encompass epidemiology, population
monitoring, nutrition intervention, the relationship
between diet quality and biomarkers, and diet

quality of a specific set of foods in the food
environment.

Diet and Chronic Disease

The HEl is effective in assessing diet quality and health
outcomes in populations with existing diagnoses: for
example, diet quality and risk for cardiovascular disease
deaths and diet quality among cancer survivors. The
impact of dietary intervention is also assessed for diet
quality and glycemic index improvement in individuals
with type 2 diabetes.

Population Estimates of Diet Quality

In addition to monitoring the diet quality of the
entire American population, the HEl is also effective
for analyzing subgroups, including children and
adolescents, older adults, and specific races and
ethnicities.

The National Healthy and Nutrition Examination
Survey (NHANES) incorporates a section titled “What
We Eat,"a data set useful for assessing diet quality in
the American population. NHANES data are frequently
referenced to provide insight about diet quality—
specifically its association with health outcomes, health
behaviors, and biomarkers of disease risk.

Children

Research studies incorporating the HEl assess the diet
quality of children and adolescents in regard to its
association with television viewing time, dental caries,

Modified from Healthy Eating Index — beyond the score. J Acad Nutr Diet. 2017; 117(4):519-521.

Nutrition Examination Survey (WWEIA NHANES)
2009-2010 were assigned to appropriate item clus-
ters. Then the nutrient profiles were calculated for
each food group or subgroup using the nutrient data
for representative foods and the proportional con-
sumption of each item cluster from the group com-
posite. The existing recommended intake amounts
for each food group and energy levels for the pat-
terns were compared to the usual intake distribu-
tions. The calories and nutrients provided by each
pattern were calculated from the nutrient profile
and recommended intake amounts. Then nutrients

and food away from home. The diet quality of children
enrolled in federal nutrition programs is also explored.

Federal Nutrition Programs

The HEl serves as a measuring tool to ascertain the

diet quality of the foods made available by federal
nutrition programs (guided by the Dietary Guidelines for
Americans) and the diet quality of the groups assisted

by the program. The Supplemental Nutrition Assistance
Program, the National School Lunch Program, and the
Supplemental Nutrition Program for Women, Infants, and
Children were investigated. These programs generally are
targeted toward food-insecure and vulnerable population
groups, providing valuable data regarding disparities in
diet quality among income groups, education levels, and
additional sociodemographic indicators.

Food Environment

The HEI scores of restaurant menus, grocery store flyers,
and the entire American supply are compared against
the Dietary Guidelines for Americans to determine how
well the food supply aligns with the recommendations.
The analysis is effective in identifying which aspects of
food availability require improvement.

Global Applications
The HEI lends support to other countries because its
framework serves as a model on which they can base
their own diet quality indexes; adjustments are made
for their own specific populations. This is possible because
the 12 components of the HEl represent basic food groups
that are culturally neutral.

Further information on the HEl is available on
the websites of the Center for Nutrition Policy and
Promotion (cnpp.usda.gov) and the National Cancer
Institute (www.epi.grants.cancer.gov/hei/). The sites
include updated scores for population levels, research
tools, and fact sheets.

in each pattern were compared with nutrient recom-
mendations, and then nutritional goals that were or
were not met for age and gender groups were identi-
fied at each calorie level.'”

Alternative Healthy Eating Index

The Alternative Healthy Eating Index (AHEI) incor-
porates some aspects of the original HEI as well as
some components corresponding to the existing
Dietary Guidelines. The AHET’s six components are
(1) vegetables, (2) fruit, (3) nuts and soy, (4) cereal



112 CHAPTER 3 Standards for Desirable Nutrient Intake

tiber, (5) polyunsaturated fatty acids and saturated
fatty acids, and (6) white and red meat. Alcohol and
trans fats are also assessed.'® Other diet quality indi-
cators that have been used include the Diet Quality
Index, Programme National Nutrition Santé Guideline
Score, DASH food group score, Mediterranean Diet
Score, relative Med Diet Score, and Mediterranean-
Style Pattern Score.

Recap The Healthy Eating Index and other
indicators of diet quality serve to inform policy makers
of the healthfulness of our population’s diet and
identify which aspects need improvement.

» Dietary Guidelines
for Americans 2015

Preview The Dietary Guidelines for Americans are
reissued by the HHS and USDA every five years to
reflect the most current nutrition science research and
update the recommendations established to guide
the population toward optimal health.

Purpose

The Dietary Guidelines are the evidence-based foun-
dation for nutrition guidance created for the public by
the federal government. The purpose is to direct pro-
fessionals in their work with all individuals age 2 years
and older and their families to support the consump-
tion of healthy, nutritionally adequate diets. The

1 Q Review The Science

First, an external Advisory
Committee creates the Advisory
Report and submits it to the
Secretaries of HHS and USDA.

This report is informed by:
®  Original systematic reviews

®  Review of existing systematic
reviews, meta-analyses, and
reports by Federal agencies or
leading scientific organizations
Data analyses

Food pattern modeling
EREWEES

2 @g Develop The Dietary Guidelines

Using the previous edition of the Dietary Guidelines, the
Advisory Report, and consideration of public and
Federal agency comments, HHS and USDA develop a
new edition of the Dietary Guidelines. The 2015-2020
Dietary Guidelines for Americans includes:

5 Guidelines

Key Recommendations that support the guidelines

Science-based nutrition guidance for both
professionals and organizations working to
improve our nation's health.

Dietary Guidelines are published every five years as
mandated by the National Nutrition Monitoring and
Related Research Act (1990). Under the legislature, the
Department of Health and Human Services and the
Department of Agriculture must jointly publish a
report consisting of nutrition and dietary guidelines
and information for the general public. They strive to
make recommendations regarding components of a
healthy and nutritionally adequate diet that will both
promote health and prevent chronic disease for cur-
rent and future generations.'

The recommendations provided in the Dietary
Guidelines aim to promote health, prevent chronic
disease, and help people reach and maintain a healthy
body weight. The Dietary Guidelines significantly
affect nutrition in the United States because they form
the basis of federal nutrition and policy programs;
help local, state, and national health promotion and
disease prevention initiatives; and inform numerous
organizations and industries (i.e., products developed
and marketed by the food and beverage industry).
Public health agencies, healthcare providers, and edu-
cational institutions all base their fundamentals on the
strategies, recommendations, and messages dictated
in the Dietary Guidelines.”

Process

The main objective of the Dietary Guidelines is to help
individuals maintain their overall health and reduce
the prevalence of disease. The process for developing
the Dietary Guidelines is summarized in FIGURE 3.9
and includes a review of the science, development and
implementation of the Dietary Guidelines.” The HHS
and USDA assemble a Dietary Guidelines advisory

3 S Implement The
" Dietary Guidelines

Federal programs apply
the Dietary Guidelines
to meet the needs of
Americans through food,
nutrition, and health
policies and programs—

and in nutrition education
materials for the public.

FIGURE 3.9 Process for reviewing, developing, and implementing the Dietary Guidelines

Reproduced from U.S. Department of Health and Human Services and U.S. Department of Agriculture (2015). 2015-2020 Dietary Guidelines For Americans 8th Edition. Figure I-3 Science, Policy, Implementation: Developing the 2015-

2020 Dietary Guidelines for Americans. Page 6. https://health.gov/dietaryguidelines/2015/quidelines. Accessed July 27, 2016.
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Product Development Process

Lauren Grosskopf, MS

Ever wondered how much work goes into putting a
new food product on the grocery shelf? To give you an
overview, let's discuss the four-step process of product
development used by a major food manufacturer.
1. Come up with an idea for a product.
= During this phase, a few characteristics will be
identified and defined: What is the product?
What does the product look like? Does another
manufacturer currently produce something like
it? This is the blue-sky phase when the product
has no limits.
2. Next comes scoping, which is background
investigation.
= After the idea is defined, it is time to shop grocery
stores, natural food stores, convenience stores,
and so on. Exploring a variety of stores allows
developers to understand the competitive
landscape. Using information from competitors will
also allow developers to get an idea of the flavors,
textures, and other thought starters to help execute
the idea. Team tastings are typically used during
this phase to get feedback from cross-functional
teams and understand general preferences. Many
questions will be asked during this phase to gain
the appropriate knowledge to move the idea
forward. At the end of this phase, a gold standard
should be identified— the ideal product , flavor, or
texture that the developer should be targeting.
3. The most involved part of the process is the product
development.
= This part of the process typically starts with
benchtop development and then moves to small-
scale development in a pilot plant setting before
final large-scale development in a full plant trial.
All raw materials, packaging, and manufacturing
plants must be quality audited and approved. In
between each phase of a trial, different levels of
consumer research may be completed, ranging
from concept testing to heat maps, central location
tests, in-home use testing, and so on. Each phase
gets the developer closer to the ideal product by
learning more about what aspects of the product
or packaging pleases consumers. After the product,
package, and process have been finalized, several

committee of nationally recognized nutrition and
medical researchers, academics, and practitioners to
review the current nutrition science. The committee
holds a series of public meetings, one of them with
the purpose of receiving oral comments from the

pieces need to fall in place. A shelf-life study should
be implemented to understand the expected life
span of the product under actual product storage
conditions. In addition, regulatory, microbiological,
quality, and legal groups will review the product as
a whole. They will ensure that the product meets all
quality and food safety standards and that Nutrition
Fact Panels, ingredient line statements, and claims
are all appropriately generated and substantiated
with credible documentation.

4. Now it's time to get the product into the hands of

consumers. This stage is called execution.
= The product-development process is different

for everyone. It can take anywhere from six
months to several years to get a product on the
shelf. Product approval requires alignment from
many different business team partners, including
research and development, marketing, operations,
sales, and quality control. Once the business
team is aligned with the product, then the team
can move forward with first production. In this
final step, products are manufactured to defined
manufacturing and packaging specifications
and established quality standards. The finished
product is then shipped to distribution centers,
where customers can begin to place orders to
stock their store shelves. Ongoing quality reviews,
confirmatory shelf-life studies, and consumer
comment trackers are established and monitored
for an extended period of time after initial
production to ensure that the product continues
to meet consumer expectations.

©TalaNoVa/Shutterstock.

public. Members of the public are also permitted to
submit written comments to the advisory committee
during the review process. The committee generates
an advisory report comprising current scientific and
medical evidence in nutrition. Within the report,
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science-based recommendations to the federal
government are outlined for development of the new
edition of the Dietary Guidelines.

First, an external advisory committee creates an
advisory report that is submitted to the secretaries of
the HHS and the USDA. Data and food pattern mod-
eling are analyzed. The new edition is created by the
HHS and the USDA with consideration of the previ-
ous Dietary Guidelines edition as well as input from
the public and federal agencies. The guidelines are
implemented by federal programs to meet the needs
of Americans through food, health policies and pro-
grams, and nutrition education materials. A peer-
review process is also completed, with nonfederal
experts conducting a confidential review of the draft
policy document. After the advisory report is com-
pleted, the public is again given the opportunity to
respond orally or with written comments via the web-
site. The information from the advisory report along
with comments from the public and federal agents are
used by the HHS and the USDA for the formation of
the new edition of the Dietary Guidelines.”®

Evolution

The Dietary Guidelines was first released in 1980. In 1990,
Congress passed the National Nutrition Monitoring and
Related Research Act, which required that the HHS and
the USDA review, update, and jointly publish the Dietary
Guidelines every five years. The guidelines have evolved
to address shifting public health concerns and nutritional
needs of specific populations. This is demonstrated in the
fact that the Dietary Guidelines have typically focused on
Americans ages 2 years and older, although newer sci-
ence shows that dietary intake from birth—and even the
mother’s diet during gestation—may have lasting effects
on a child’s health and, therefore, should be included in
the recommendations. In response, the federal govern-
ment has pioneered a project to begin evaluating the sci-
entific evidence available, with the potential to support
dietary guidance in the future for infants and toddlers,
from birth to 24 months of age, as well as women who
are pregnant. The Dietary Guidelines are projected to
include these special populations by 2020. Information
on the Pregnancy and Birth to 24 Months Project is
available at www.cnpp.usda.gov/birthto24months.*

The Dietary Guidelines
for Americans 2015

In contrast to previous editions, which centered around
individual dietary components including food groups
and nutrients, the Dietary Guidelines 2015 focuses on
eating patterns and their food and nutrient characteris-
tics. The DAG encourage a shift in eating behavior to

The Guidelines

1. Follow a healthy eating pattern across the lifespan.
All food and beverage choices matter. Choose a healthy
eating pattern at an appropriate calorie level to help
achieve and maintain a healthy body weight, support
nutrient adequacy, and reduce the risk of chronic disease.

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

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

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

5. Support healthy eating patterns for all. Everyone
has a role in helping to create and support healthy
eating patterns in multiple settings nationwide, from home
to school to work to communities.

FIGURE3.10 The five guidelines of the 2015-2020 Dietary
Guidelines for Americans

Reproduced from the 2015-2020 Dietary Guidelines for Americans. Dietary Guidelines available at: https://health.gov

/dietaryguidelines/2015/quideli i Y

patterns that promote the intake of foods that provide
adequate nutrients to meet requirements and promote
improved health overall. In summary, the key recom-
mendations are to “consume a healthy eating pattern
that accounts for all foods and beverages within the
appropriate calorie level”® The Dietary Guidelines for
Americans 2015-2020 are summarized in FIGURE 3.10.
The Dietary Guidelines 2015 emphasizes choosing
nutrient-dense foods and beverages in favor of less
healthy options. The main objective of the Dietary
Guidelines is to help individuals maintain overall health
and reduce the prevalence of disease. Described in the
Dietary Guidelines are the healthy eating patterns that
have been found to support overall health (including
body weight and chronic disease risk) throughout the
life span, in accordance with Key Recommendations,
including:
= An eating pattern that represents the totality of all
foods and beverages consumed
®  Meeting nutritional needs primarily from foods
= Having adaptable healthy eating patterns

The healthy eating patterns are the result of a combina-
tion of three evaluative measures: systematic reviews
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Consume a healthy eating pattern that accounts for all foods and beverages within an

appropriate calorie level.

A healthy eating pattern includes:!"!

* A variety of vegetables from all of the subgroups—dark green, red and orange, legumes (beans and peas),
starchy, and other

 Fruits, especially whole fruits

¢ Grains, at least half of which are whole grains

¢ Fat-free or low-fat dairy, including milk, yogurt, cheese, and/or fortified soy beverages

* A variety of protein foods, including seafood, lean meats and poultry, eggs, legumes (beans and peas), and
nuts, seeds, and soy products
¢ Qils

A healthy eating pattern limits:
¢ Saturated fats and trans fats, added sugars, and sodium

Key Recommendations that are quantitative are provided for several components of the diet that should be
limited. These components are of particular public health concern in the United States, and the specified limits
can help individuals achieve healthy eating patterns within calorie limits:

¢ Consume less than 10 percent of calories per day from added sugars(2]
e Consume less than 10 percent of calories per day from saturated fats[3l
¢ Consume less than 2,300 milligrams (mg) per day of sodium[4]

e If alcohol is consumed, it should be consumed in moderation—up to one drink per day for women and up to
two drinks per day for men—and only by adults of legal drinking age.[®!

In tandem with the recommendations above, Americans of all ages—children, adolescents, adults, and older
adults—should meet the Physical Activity Guidelines for Americans to help promote health and reduce the risk of
chronic disease. Americans should aim to achieve and maintain a healthy body weight. The relationship between
diet and physical activity contributes to calorie balance and managing body weight. As such, the Dietary
Guidelines includes a Key Recommendation to:

* Meet the Physical Activity Guidelines for Americans.[6]

[1] Definitions for each food group and subgroup are provided throughout the chapter and are compiled in Appendix 3.
USDA Food Patterns: Healthy U.S.-Style Eating Pattern.

[2] The recommendation to limit intake of calories from added sugars to less than 10 percent per day is a target based
on food pattern modeling and national data on intakes of calories from added sugars that demonstrate the public
health need to limit calories from added sugars to meet food group and nutrient needs within calorie limits. The limit
on calories from added sugars is not a Tolerable Upper Intake Level (UL) set by the Institute of Medicine (IOM). For
most calorie levels, there are not enough calories available after meeting food group needs to consume 10 percent of
calories from added sugars and 10 percent of calories from saturated fats and still stay within calorie limits.

[3] The recommendation to limit intake of calories from saturated fats to less than 10 percent per day is a target based
on evidence that replacing saturated fats with unsaturated fats is associated with reduced risk of cardiovascular
disease. The limit on calories from saturated fats is not a UL set by the IOM. For most calorie levels, there are not
enough calories available after meeting food group needs to consume 10 percent of calories from added sugars and
10 percent of calories from saturated fats and still stay within calorie limits.

[4] The recommendation to limit intake of sodium to less than 2,300 mg per day is the UL for individuals ages 14 years
and older set by the IOM. The recommendations for children younger than 14 years of age are the IOM age- and
sex-appropriate ULs (see Appendix 7. Nutritional Goals for Age-Sex Groups Based on Dietary Reference Intakes
and Dietary Guidelines Recommendations).

[5] It is not recommended that individuals begin drinking or drink more for any reason. The amount of alcohol and
calories in beverages varies and should be accounted for within the limits of healthy eating patterns. Alcohol should
be consumed only by adults of legal drinking age. There are many circumstances in which individuals should not
drink, such as during pregnancy. See Appendix 9. Alcohol for additional information.

[6] U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans. Washington
(DC): U.S. Department of Health and Human Services; 2008. ODPHP Publication No. U0036. Available
at: http://www.health.gov/paguidelines. Accessed August 6, 2015.

FIGURE3.11 Key Recommendations provide further guidance on how individuals can follow the five
Guidelines. The Dietary Guidelines' Key Recommendations for healthy eating patterns should be applied in
their entirety, given the interconnected relationship that each dietary component can have with others.

Reproduced from U.S. Department of Health and Human Services and U.S. Department of Agriculture (2015). 2015-2020 Dietary Guidelines For Americans 8th Edition. Figure 2-8 Typical Versus Nutrient—Dense Foods &
Beverages. Page 53. https://health.gov/dietaryguidelines/2015/quidelines. Accessed July 27, 2017.
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Food Service Perspectives

Linda S. Eck Mills, MBA, RDN, LDN, FADA

At the center of the seal for the Academy of Nutrition
and Dietetics (Figure 3.13) are three symbols that
represent the profession’s principal characteristics: a
balance scale to represent science as the foundation and
equality, a caduceus to represent the close relationship
between dietetics and medicine, and a cooking vessel to
represent cookery and food preparation.!

Ossirtravelalot/Shutterstock.

2. Tube Feedings.n 1975, the Simplified Diet Manual with
Meal Patterns, 4th ed., by the Nutrition Section of the
lowa State Department of Health in cooperation
with the lowa Dietetic Association, provided a
nutritionally adequate formula for tube feeding.?
Today, commercial products are able to meet the
needs of a variety of medical complications requiring
oral or tube feeding.

© Ariel Skelley/Getty Images.

During my career as a registered dietitian
nutritionist, | have seen firsthand many changes to the
“‘cooking vessel”and those who work in the food-service
portion of the healthcare profession. My top-five list of
changes in healthcare food service are the following:

1. Dress of Dietitians. We have gone from wearing white
uniforms, white shoes, beige stockings, and a white
nurses-style cap in 1932 to wearing profession
business attire and even position-appropriate
clothing if working as a certified personal trainer.

In 1932, dietitians wore dresses. Today, many
dietitians wear pants.

© Lisa F. Young/Shutterstock.

© Hill Street Studios/Blend Images/Thinkstock/Getty Images. © Monkey Business Images/Shutterstock.
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3. Methods of Cooking and Production Equipment. Naturally, —
cooking methods have changed over time. Cook-chill
systems have been used in large facilities where foods
are prepared as many as five days in advance and then
rapidly chilled and held in refrigeration until they can
be plated and rethermalized before serving.#> Some
facilities are now using short-order cooking with their
room-service systems.

For decades, the standard kitchen equipment
was a stove top, an oven, and a steamer. Now when
you walk into a kitchen, you might see convection
and conduction ovens and multifunction pieces of
equipment. The trade show of the North American © ESB Professional/ Shutterstock
Food Equipment Manufacturers (NAFEM) show held
in odd-numbered years is one of the best places to
see the latest in food-service equipment.®”

5. Food-Service Management and Budgets. Today's food-
service management is increasingly being done by
certified dietary managers instead of dietitians as we
give up yet another piece of our scope of practice.'®

Change is inevitable in all aspects of our
professional lives, and healthcare food service is no
exception. Consumer demands and trends in this
industry will continue to evolve, and as food and
nutrition professionals we will need to keep up with
these changes."
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© Kondor83/Shutterstock.

© Dusit/Shutterstock.

© Dalibor Sevaljevic/Shutterstock.

4. Menus and Types of Meal Service. As the length of stay
and customer demands have changed over the years,
menus have evolved from the nonselective menu, to
a main meal with an alternate entrée, to restaurant-
style items ordered from a menu.? Cultural change has
transformed the institutional model for patient care in
many ways, including meal service.? Restaurant-style
menus are now common in health care. © Peter Kotoff/Shutterstock.
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The New Food Label

The US Food and Drug Administration released the
new Nutrition Facts Label in 2016, making it easier
for consumers to make informed food choices. The
changes were made to represent the most current sci-
entific data, specifically the links between diet and
chronic diseases such as obesity and heart disease.
Manufacturers will need to use the new food label by
July 26, 2018; small businesses will have an additional
year to comply.

The new food label has a refreshed design
(FIGURE 3.12).> The size of print showing calories,
servings per container, and serving size has been
increased. Bold type is used for calories and serving
sizes. Manufacturers must provide the actual amounts
and percentage daily values of vitamin D, calcium,
iron, and potassium. They are given the option to
declare the gram amount of other vitamins and min-
erals on a voluntary basis, and the footnote has been
changed to clarify what percent daily value means. A
footnote now states: “The % daily value tells you how
much a nutrient in a serving of food contributes to
a daily diet. 2,000 calories a day is used for general
nutrition advice”” The changes to the Nutrition Facts
Label are highlighted in FIGURE 3.13.

In addition, the new food label reflects updated
information about nutrition science. Added sugars
are included on the label in grams and percent daily



NEW LABEL:

WHAT’S DIFFERENT

Servings: ) . .
Larger, 8 servings per container Serving
bolder —| Serving Size 2/3 cup (559) [— sizes
type I | UPdated
Amount per serving Calories:
Calories 230 — larger
type
% Daily Value*
Total Fat 8g 10%
Saturated Fat 1g 5%
Trans Fat Og
O,
Cholesterol Omg 0% Updated
Sodium 160mg 7% |— Daily
Total Carbohydrate 37g 13% Values
Dietary Fiber 4g 14%
Total Sugars 1g
Includes 10g Added Sugars 20%
Protein 3g
New: ]
added —| /.. . o
sugars Vitamin D 2meg 10% Actual
Calcium 260mg 20% |—amounts
Iron 8mg 45% declared
Potassium 235mg 5%
Change 1
in —| * The % Daily Value (DV) tells you
nutrients how much a nutrient in a serving New
required of food contribute to a daily diat. ~ footnote
2,000 calories a day is used for
general nutrition advice.

FIGURE3.12 Changes to the Nutrition Facts Label

Reproduced from U. S. Food & Drug Administration. Changes to the Nutrition Facts Label. fda.gov. https://www.fda.gov/Food
/GuidanceRegulation/GuidanceDoc yInformation/Labeli m385663.htm. Last updated
2/10/2017. Accessed September 6, 2016.

value. It is in accordance with the Dietary Guidelines
for Americans 2015-2020, which notes the difficulty of
meeting nutrient needs and staying within calorie lim-
its if >10% of total daily calories are from added sugar.
Additionally, the list of nutrients required to appear
on the label has changed. Calcium and iron remain
required, and vitamin D and potassium now mandated
as well. Vitamins A and C are longer be required, and
are now optional. Calories from fat will be removed
because research has shown that the type of fat is more
important than the amount. Therefore, total fat, satu-
rated fat, and trans fat will remain on the label. Daily
values for sodium, dietary fiber, and vitamin D are
being updated based on newer scientific evidence
from the National Academy of Medicine, the Dietary
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Guidelines advisory committee report, and other
sources. Daily values are reference amounts of nutri-
ents to consume or avoid overconsuming and are used
to calculate the percent daily value—listed as “%DV”—
that manufacturers put on labels. This reference value
aids in consumer understanding of the nutrition infor-
mation provided in the context of total daily diet.

Updated serving sizes and labeling requirements
for certain package sizes are also required on the new
label. Serving sizes are specified by law to be based
on amounts of foods and beverages that people actu-
ally eat, not what they are recommended to be eating.
The amounts people consume has changed, with a
marked increase, since the previous serving size stan-
dards were established in 1993. Serving size references
have changed from ¥ cup to 1 cup of ice cream and 8
ounces to 12 ounces of soda, for example. For packages
between one and two servings (e.g., a 20-ounce can of
soda, a 15-ounce can of soup), the calories and other
nutrients on the label will be indicated as one serving,
because people typically consume the entire item in
one sitting. It has been noted that package size affects
how much people eat. Products that are more than
one serving but could be consumed in one or multi-
ple sittings will have a dual column label to address the
amount of calories and nutrients per serving and per
package or unit.

Compliance and Dates

As previously noted, manufacturers are required to
transition to the new label by July 26, 2018. Those
companies with less than $10 million in annual
food sales are given an additional year to com-
ply. Manufacturers also must ensure that by June
18, 2018, their products will contain no partially
hydrogenated oils for uses other than those autho-
rized by the Food and Drug Administration (FDA).
Vending machine operators with glass-front vend-
ing machines must comply with all requirements
of the vending machine labeling rule by July 26,
2018. The calorie declaration requirement has been
delayed for certain food products sold in glass-front
vending machines partly to maintain consistency
with the compliance date for the new Nutrition
Facts Label requirements. This allows manufactur-
ers to make changes to FOP labeling for products
they supply to vending operators at the same time
they make changes to the Nutrition Facts Label.
Food establishments covered by the menu-labeling
rule must comply with menu labeling requirements
by May 7, 2018. Targets for sodium reduction being
developed by the FDA are voluntary and therefore
do not have a compliance date. However, companies
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Bolder displayed calorie counts and
serving sizes to emphasize parts of the
label that are important in addressing
current public health concerns such as
obesity, diabetes, and cardiovascular
a

Serving
Size: Check
twice to see

Nutrition Facts

Serving Size 2/3 cup (559)

Nutrition Facts

if this is the
amount you

Servings Per Container About 8
Amount Per Serving

8 servings per container
Serving Size 2/3 cup (559)

|

Title

Calories Per Serving: An updated

5 usually eat. Amount per 2/3 cup ——— design which highlights both calories
] The numbers : : " and servings.
S | imiyouwiine | Calories 230 Calories from Fat 40 | | Calories 230
S | lookingatare [— . SeDV* .
€ | based on this % Daily Value* %o —] % Daily Values: These percentages
‘o | quantity. Total Fat 8g 12% 12% | Total Fat 8g are based on the values given for a
5 S 5% Saturated Fat 1 | 2,000-calorie diet. Thus, if your
2 Saturated Fat 1g 5% 2 Trans Fat 0 9 caloric intake is different, you will
@ . Trans Fat Og S 9 need to adjust these values
S Listof | Cholesterol Omg 0% 0% ghgleSte‘rg(l) Omg appropriately.
° i H 5 7% odium m
&.9 Nutrients Sodium 160mg 7°/° 12°/° Total Carboh gdrate 37 Added Sugars: Evidence that
Total Carbohydrate 379 12% b L Jonhy 9 supports the 2015— 2020 Dietary
Dietary Fiber 4g 16% 14% Dietary Fiber 49 Guidelines for Americans suggests
Sugars 1g Sugars 1g ——— limiting sugar to no more than 10%
Protein 3 Added Sugars 0g of total daily calories. This figure will
— g Protein 3g help consumers identify this amount
| N
Vitamin A 10% | | — —, moreeasly
. T Iltamin mc
-§ gg?glnmC 23:;0 20"/: Calcium 260 mg
g u ° 45% Iron 8m I— Change in nutrients required.
5 Iron 45% 0 ng
E_ * Percent Daily Values are based on a 2,000 5% Potassium 235 mg 1
€ calorie diet. Your daily values may be higher . X -
2 or lower depending on your calorie needs: * Footnote on Daily Values (DV) and calories __ Updated Footnote explaining percent
2 Calories: 2,000 2,500 reference to be inserted here. daily value
5 Total Fat Less Than 659 80g
o Sat Fat Less Than 20g 259
Cholesterol ~ Less Than 300mg 300mg
Sodium Less Than 2,400mg 2,400mg
Total Carbohydrate 3009 3759
Dietary Fiber 259 30g

FIGURE 3.13 The New and Improved Nutrition Facts Label: Key Changes

Reproduced from U.S. Food and Drug Administration. The New and Improved Nutrition Facts Label- Key Changes https://www.fda.gov/downloads/food/ingredi kaginglabeling/labeli iti m511646.pdf

that choose to implement the targets do have recom-
mended time frames by which to implement them.
The FDA has published voluntary targets for reduc-
ing sodium in commercially produced and prepared
foods for both the short and long terms (2 years and
10 years, respectively).”

Recap The updated Nutrition Facts Label is
designed to highlight the key nutrition information
consumers should pay attention to when considering
food choices. With larger font, bold type, and revised
requirements, the focus shifts to those parameters that
have the largest effects on health.

$ O HIGHLIGHT

Best if Used By...

In addition to targeting the Nutrition Facts Label, the
USDA, along with the Food Safety and Inspection
Service (FSIS), have issued updated guidance regarding
date labeling.

The Nutrition Facts Label is not the only packaging
component to undergo review. The USDA and the FSIS
have issued new guidance aimed at reducing food
waste. As the new Nutrition Facts Label is designed
to best resonate with the consumer, so too is the
revised product dating. Product dating is not a federal

requirement on any item other than infant formula.

It turns out that the “Sell By”and “Use By” dates are
confusing to consumers and result in perfectly usable
and safe food products being thrown out. The USDA
and FSIS thus recommend that manufacturers use
“Best If Used By”to communicate quality to consumers.
Adoption of this practice may help the USDA and

EPA meet their 2015 goal of reducing national food
waste 50% by 2030. The agencies have also taken
steps to facilitate the donation of food, bringing about
the allocation of 2.6 million pounds of products to
establishments such as food banks in 2016.

Modified from USDA Food Safety and Inspection Service. USDA Revises Guidance on Date Labeling to Reduce Food Waste. fsis.usda.gov. https://www.fsis.usda.gov/wps/portal/fsis/newsroom/news-releases-statements-and-transcripts/news-release-archives-by-year
Jarchive/2016/nr-121416-01. Accessed December 24, 2016.
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Gluten-Free and Food

Allergy Labeling

With continued updates in food-labeling requirements

comes revised legislation regarding gluten-free

claims. As of September 4, 2013, foods labeled as

gluten free—including the variations no gluten, free of

gluten, and without gluten—must either inherently

not contain gluten or comply with all of the following

requirements:

®  They cannot contain any gluten-containing grain in
any product ingredient.

m  They cannot contain an ingredient derived from a
gluten-containing grain that has not been processed
to remove gluten.

m  They cannot contain an ingredient that is derived
from a gluten-containing grain that has been
processed to remove gluten if that ingredient causes

the final food product to contain 20 parts per million
or more of gluten.

“May Contain” Statements

“May Contain” statements, referred to as allergy advisory
statements, differ from “contains” statements. Of primary
distinction is that “contains” statements are regulated
under the Food Allergen Labeling and Consumer
Protection Act, and ‘may contain’ statements do not fall
under any federal regulations.

“Manufactured in a facility that also contains wheat,’
another allergy advisory statement, provides information
for consumers regarding food-processing procedures.
However, these regulations are neither regulated nor
mandatory, so they are not used by all manufacturers.
Products were required to be in compliance with the
gluten-free label ruling by August 5, 2014.

Modified from the gluten-free labeling rule: What registered dietitian nutritionists need to know to help clients with gluten-related disorders. J Acad Nutr Diet. 2015; 115(1):13-16.

» Food Guides (MyPlate Food
Exchange)

Preview In conjunction with the Dietary Guidelines,
food guides serve as a tool to help Americans decide
what types and amounts of foods to consume. The
USDA has developed several food guides throughout
the years to identify which patterns of eating would
meet known nutrient needs at the time, as well as
balance intake from various food groups. A timeline
of these food guides was discussed previously in this
chapter. Two of the contemporary remaining guides
are MyPlate and the USDA Food Patterns.

MyPlate

MyPlate serves as a vehicle that reminds the public
to create healthy eating patterns by making healthy
choices in line with the Dietary Guidelines. MyPlate is
used by federal and nonfederal programs to encourage
Americans to make shifts in their daily food and bev-
erage choices as dictated by the Dietary Guidelines."
MyPlate focuses on building the right mix of food to
promote optimal health for the present and future.
Specifically, the main ideas focus on variety, amount,
and nutrition. Individuals are encouraged to consume
food from all five food groups—fruits, vegetables,

grains, proteins, and dairy products—to receive ade-
quate nutrients to meet their needs. Calories should
be adequate based on their age, gender, height, weight,
and level of physical activity. Adopting this healthy eat-
ing pattern should promote health, specifically with
reduced risk of causing or exacerbating conditions such
as heart disease, diabetes, cancer and obesity.

Americans are encouraged to choose foods and
beverages with less saturated fat, sodium, and added
sugars. Eating fewer calories from foods high in satu-
rated fat and added sugars helps manage overall calo-
rie intake and prevent overweight and obesity. Eating
foods with less sodium reduces the risk of hypertension.
To put these recommendations into practice, the
guidelines emphasize starting with small changes to
build healthier eating styles. These include covering
half the plate with fruits and vegetables and half with
whole grains and choosing fat-free dairy products
in favor of low-fat, a variety of protein sources, and
eating and drinking the appropriate amount per indi-
vidual. Supporting healthy eating for everyone entails
creating settings in which healthy choices are available
and affordable for the community.**

Food Groups

Fruit for consumption is defined as fresh, canned, fro-
zen, dried, whole, cut up, puréed, or 100% fruit juice.
The specific amount needed per individual depends on
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age, gender, and level of physical activity. For recom-
mended daily amounts of fruit as well as from other food
groups, see TABLE 3.16. At least half the recommended
amount of fruit should come from whole fruit because
juice is lower in fiber and may contribute excess calo-
ries. If consumed, juices should be 100% whole juice.
Canned fruit should contain no added sugars.”

Any vegetable—raw, cooked, fresh, frozen, canned,
dried, whole, cut up, mashed, or as 100% vegetable
juice—counts as a vegetable source. Vegetables are orga-
nized into five subgroups—dark green, starchy, red and
orange, beans and peas, and other vegetables—based on
nutrient content. As with fruit, the amount needed per
individual depends on age, gender, and level of phys-
ical activity.®® See Table 3.16 for recommended daily
amounts of vegetables and the five other food groups.
Recommended weekly amounts from each vegetable
subgroup are found in TABLE 3.17.

The category of grains is characterized as food
made from wheat, rice, oats, cornmeal, barley, or other
cereal grains. The amount of grains needed depends on
age, gender, and physical activity level. See Table 3.16 for
specific recommendations per age group.” In addition
to the daily recommendation, daily minimum amounts
have also been established for whole grains.

Grains are divided into two subgroups: whole and
refined. Whole grains contain the entire grain kernel—
bran, germ, and endosperm. Examples include whole-
wheat flour, bulgur, oatmeal, whole cornmeal, and
brown rice. In contrast, refined grains have been
milled, a process that removes the bran and germ and
gives the resulting products finer texture and extended
shelf life. Refining grains, however, removes dietary
fiber, iron, and the B vitamins. Most refined grains
are therefore enriched with some of the B vitamins
(thiamin, riboflavin, niacin, folic acid) as well as iron,
which is added after processing. Examples of refined
grains include white flour, degermed cornmeal, white
bread, and white rice. See TABLE 3.18.

The protein group constitutes foods made from
meat, poultry, seafood, legumes, eggs, processed soy
products, nuts, and seeds. Note that legumes, for exam-
ple beans and peas, are classified in the vegetable group
as well. A variety of protein foods intake is recom-
mended for improved nutrient intake and overall health,
including at least 8 ounces of cooked seafood per week.
Young children need less, depending on age and calo-
rie needs.?® See Table 3.16 for protein recommendations
based on age. With similar nutrient profiles to both pro-
teins and vegetables, legumes can be counted toward the
intake of either the protein or vegetable group.

All fluid milk products and several foods
made from milk are part of the dairy group. It is

recommended that the majority of choices from
the dairy group be fat-free or low-fat. Foods made
from milk that retain their calcium are considered
part of this group; foods made from milk that con-
tains little to no calcium—cream cheese, cream,
and butter—are not. Calcium-fortified soymilk
and nut-milks are included in the dairy group.
The amount of dairy needed depends on age.” See
Table 3.16.

Fats that are liquid at room temperature count
as oils. For example, vegetable oils used in cooking
such as canola, olive, safflower, sunflower, and corn
are considered oils. Although not considered a food
group, oils provide essential nutrients and therefore
are an integral part of the USDA Food Patterns. Nuts,
olives, avocado, and certain fish are examples of foods
naturally high in oils.”

USDA Food Patterns

The USDA Food Patterns are designed to meet food
group and nutrient recommendations while remain-
ing within calorie needs. Patterns are based on con-
suming foods in nutrient-dense forms. The Healthy
US-Style Eating Pattern, the basis for the USDA Food
Pattern, was created around the types and proportions
of foods typically consumed by Americans, although
in nutrient-dense forms and in appropriate amounts.
The design focuses on consumers achieving nutrient
needs without exceeding calorie requirements and
staying within the limits for excessively consumed
dietary components.

The Healthy US-Style Eating Pattern demon-
strates the specific amounts and limits for food groups
and other dietary components that form healthy
eating patterns. It was formulated to comply with
the RDA, AI, and AMDR established by the Food
and Nutrition Board of the National Academy of
Medicine. The guidance for healthy eating provided by
the tool ensures success in meeting nutritional goals
for almost all nutrients. Cup and ounce equivalents for
foods with similar nutritional content are provided for
each of the five food groups and allows consumers to
easily identify which amount of food will be adequate
to meet their goals. Amounts of each food group and
subgroup are modified as needed to ensure they meet
recommendations for nutrient intake and the Dietary
Guidelines while staying within both the typical con-
sumption range and the limits for calories and over-
consumed dietary components. See TABLE 3.19 for cup
and ounce equivalents.

The standards for nutrient adequacy are set to
reach the RDA, which is able to account for the needs
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TABLE 3.18 Daily minimum amount of whole grains (in oz. equivalents)

Children (Years) Boys (Years)

EE O E ) E R ) B o = e
1.5 2.5 3 3 3 4 3 3 3 4 3.5 3

Women (Years)

Modified from USDA Choose MyPlate. Grains. ChooseMyPlate.gov. https://www.choosemyplate.gov/grains. Last updated October 18, 2016. Accessed September 28, 2016.

of the majority of the population (approximately 98%),
and adequate intake, the level used in the event aver-
age nutrient requirement is unable to be determined.
Although the pattern does successfully cover the
requirements for most nutrients, a few—vitamin D,
vitamin E, potassium, and choline—have fallen mar-
ginally below the RDA or Al recommendations.
However, inadequate intake for these nutrients has not

TABLE 3.19 Cup and ounce equivalents: USDAs Healthy US-Style Eating Pattern

0.5 cup green 0.5 cup

beans strawberries
0.5 cup
equivalent 1 cup raw 0.25 cup raisins
spinach
0.75 cup — 0.75 cup 100%
equivalent 0J

1 0z. equivalent

1 cup equivalent

2 oz. equivalents

4 0z. equivalents

been determined to be a public health concern. In addi-
tion to the Healthy US-Style Eating Pattern, the USDA
has developed the Healthy Mediterranean-Style and
Healthy Vegetarian Eating Patterns. The USDA Food
Patterns are notably versatile, because they demon-
strate healthy eating patterns that can be applied across
the board to many cultures, many personal prefer-
ences, and varying dietary requirements. They are a

— 6 oz. fat-free

yogurt
1 slice bread — 1 large egg
0.5 cup cooked — —
brown rice
— 1.5 0z. cheddar —
cheese
— — 2 Tbsp peanut
butter
— — 0.5 cup black
beans
— — 4 oz. pork

Modified from U.S. Department of Health and Human Services and U.S. Department of Agriculture (2015). 2015-2020 Dietary Guidelines For Americans 8th Edition. Figure 1-1 Cup-& Ounce-Equivalents.

Page 19. https://health.gov/dietaryguidelines/2015/guidelines. Accessed July 27, 2016.



useful tool for planning and serving meals for home,
school, work, and other everyday environments.'

Recap The MyPlate food guide was created as

an interpretation of the Dietary Guidelines to help
Americans apply the central ideas to their individual
diets. The USDA Food Patterns summarize ways

to meet these nutrient needs without consuming
excessive calories.

» Chapter Summary

The US Department of Agriculture, the Department
of Health and Human Services, and other federal gov-
ernment agencies constantly assess the composition of
foodsand the quality of dietary intake among Americans
in an effort to support consumption that meets recom-
mended needs and reduces the risk of chronic disease.
The Dietary Guidelines for Americans represent the

Chapter Summary 125

ideal eating behaviors for optimal nutritional status.
The Dietary Guidelines is the standard against which
researchers compare population intake patterns and
data collected through the use of dietary quality-
assessment tools such as the Healthy Eating Index.

The USDA supplements the Dietary Guidelines
with consumer education materials and infographics,
the most current of which is MyPlate, the result of a
25-year evolution of the Food Guide Pyramid to accu-
rately reflect the messages communicated by the latest
Dietary Guidelines; its format is most likely to resonate
with the American population. The concern of ade-
quately communicating messages to consumers is also
demonstrated in the newly revised Nutrition Facts
Label. Changes were made to highlight key nutrients
contributing to health status, with aesthetics designed
to attract customer focus to the important components.
Given the progressive change in our country’s health sta-
tus and eating behaviors, nutrition research, legislature,
education, and recommendations will continue to adapt
to keep up with current trends, knowledge, and needs.

% CASESTUDY

© (rispyPork/Shutterstock.

Providing dietary recommendations to an individual is a
complex and involved process, as was discussed in this
chapter. Although these recommendations can be made
for the broader population, it is often necessary to tailor
them to a specific person’s needs. Consider Joanne, for
example.

Joanne is a 23-year-old woman who is 5'7”and
weighs 135 Ibs. She currently works as a teaching
assistant at a university, and spends 30 to 60 minutes a
day walking around campus. She also jogs 60 minutes
a day, six days a week. She has read on the Internet that

in order to stay thin, she should limit her carbohydrate
intake, and she is, therefore, currently consuming about
150 g of carbohydrate per day. Her daily energy intake
is between 1,900 and 2,000 calories. She has been
losing weight quite rapidly and is extremely fatigued,
not only during her runs but also throughout the rest
of the day.

Questions:

1. Calculate Joanne's estimated energy requirement
(EER) using an equation from Table 3.9 and physical-
activity coefficient from Table 3.10.

2. Is Joanne currently meeting her caloric
requirements for the day?

3. Using the total energy expenditure (TEE) value that
you calculate for Joanne, determine how many
grams of carbohydrate, protein, and fat she should
be consuming each day.

4. Assess Joanne's current carbohydrate intake
compared to intake recommended for her. If she
is not consuming enough carbohydrate, provide
examples of healthy carbohydrate-containing foods
that she can incorporate into her diet.

5. Using your calculations and Joanne's current diet
and exercise regimen, provide possible reasons why
Joanne is feeling fatigued and losing weight.
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Learning Portfolio

Key Terms

Adequate intake (AI)

Acceptable macronutrient distribution range (AMDR)
Basal Energy Expenditure (BEE)

Dietary Reference Intakes (DRIs)

Energy density

Estimated Average Requirement (EAR)

Estimated Energy Requirement (EER)

Study Questions

1.

What year were the first Dietary Guidelines
released?
a. 1985
b. 1977
c. 1980
d. 1990

Who is responsible for issuing the Dietary
Guidelines?

a. USDA and HHS

b. DHS and HHS

c. USDA and FDA

d. HHS and FDA

What year were the first USDA food guides issued?
a. 1916
b. 1956
d. 1992
d. 2011

Which food guide includes a visual representa-
tion for physical activity?

a. MyPlate

b. Food Guide Pyramid

¢. MyPyramid

d. Food for Fitness

Which of the following is not one of the Dietary
Reference Intakes?

a. Recommended Dietary Allowance

b. Adequate intake

c. Acceptable macronutrient distribution range
d. Estimated Average Requirement

The primary uses of the DRIs include all except:
a. Assessing the intakes of individuals.
b. Rating the intakes of individuals.

Healthy Eating Index (HEI)

Nutrient density

Recommended Dietary Allowance (RDA)
Resting Energy Expenditure (REE)
Thermic effect of activity (TEA)

Thermic effect of food (TEF)

Tolerable upper intake level (UL)

c. Planning diets for individuals.
d. Planning diets for groups.

7.  The DRI committees have been established by
governments of the United States and
a. Australia.
b. France.
¢. United Kingdom.
d. Canada.

8. Which of the following pertains to relevant data:

a. Study results are generalizable to the
North American population and to DRI
development.

b. Study results are generalizable to the United
States population and to DRI development.

c. Research was unlikely to have been available
to the previous DRI expert panel.

d. Research has been conducted within the last
two years.

9.  The Estimated Average Requirement is:

a. The average daily nutrient intake estimated
to meet the needs of half of the healthy indi-
viduals in a group.

b. The average daily nutrient intake level suf-
ficient to meet the nutrient requirement of
almost all healthy individuals in a group.

c. The recommended average daily intake
based on observed or experimentally deter-
mined approximations or estimations of
nutrient intake by a group.

d. A set of nutrient-based reference values that
are quantitative estimates of nutrient intakes
used for planning and assessing diets for
healthy people.



10.

11.

12.

13.

14.

15.

16.

17.

The EAR has not been established for:
a. Vitamin E

b. Molybdenum

c. Phosphorus

d. Vitamin D

The EAR serves as the basis for calculating
which other DRI standard?

a. UL

b. Al

c. RDA

d. EER 18.

The main purpose of the EAR is to:

a. Assess the adequacy of population intakes.
b. Assess the adequacy of individual intakes.

c. Be the goal for daily intake by individuals.

d. Be the goal for daily intake by populations.

When the RDA cannot be determined, which
other standard of nutrient intake is used?

a. DRI

b. EAR

c. AMDR

d. AI

The RDA is established based on which other
standard of nutrient intake?

a. Al

b. EAR

c. DRI

d. UL

Which of the following is not true about the

RDA?

a. Itis used to assess the intake of groups.

b. It is used to assess the intake of individuals.

c. Itis determined from the EAR.

d. It is sufficient to meet the requirements of
97% to 98% of healthy individuals in a group.

RDA is defined as:

a. The average daily nutrient intake level suf-
ficient to meet the nutrient requirement of
half the individuals in a group.

b. The average daily nutrient intake level suffi-
cient to meet all of the individuals in a group.

c. The average daily dietary nutrient intake
level sufficient to meet the nutrient require-
ment of nearly all individuals in a group.

d. The mean intake of a nutrient for individuals 23.

in a group.

Tolerable upper intake level is defined as:

a. The recommended average daily intake based
on observed or experimentally determined
approximations or estimations of nutrient
intake by a group.

19.

20.

21.

22.
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b. The highest average daily nutrient intake
level likely to pose no risk of adverse health
effects to almost all individuals in a group.

c. A set of nutrient-based reference values that
are quantitative estimates of nutrient intakes
used for planning and assessing diets for
healthy people.

d. The average daily nutrient intake level suf-
ficient to meet the nutrient requirement of
almost all healthy individuals in a group.

Tolerable upper intake level has been estab-
lished for:

a. All micronutrients.

b. All macronutrients.

¢. Some micronutrients.

d. Some macronutrients.

Which of the following is true?

a. Asintake increases above the UL, the risk for
potential adverse events decreases.

b. As intake decreases below the UL, the risk
for potential adverse events decreases.

c. As intake decreases below the UL, the risk
for potential adverse events increases.

d. Asintake increases above the UL, the risk for
potential adverse events increases.

The UL was established in response to:

a. Pressure by the federal government.

b. The increase in fortified foods and dietary
supplementation usage.

c. The growing number of individuals with
toxic levels of nutrients.

d. The establishment of UL in Canada.

Energy requirement is most precisely measured
from:

a. Energy expenditure.

b. Energy intake.

c. Energy expenditure and energy intake.

d. Energy intake and physical activity.

All of the following are methods used to mea-
sure energy expenditure in humans except:

a. Indirect calorimetry.

b. Direct calorimetry.

c. Doubly labeled water.

d. Double-blind water studies.

Which of the following is not a component of
total energy expenditure?

a. Resting Energy Expenditure

b. Basal Energy Expenditure

c. Exercise activity thermogenesis

d. Resting activity thermogenesis
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24,

25.

26.

27.

28.

29.
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The total number of calories a person needs per
day depends on which factors?
i. Age
ii. Sex
iii. Physical activity level
iv. Maximal oxygen consumption (VO,max)
v. Height
vi. Weight
vii. Medical condition
a. i, 1ii, iii, v, vi
b. i, ii, iii, iv, v, vi
c. L, v,vi
d. i, i, iii, v, vi, vii
The RDA for carbohydrates for adults and
children is:
a. 120 g/day.
b. 100 g/day.
c. 130 g/day.
d. 140 g/day.

The EAR for carbohydrates is established

based on:

a. Amount of fat absorbed and stored as adi-
pose tissue.

b. Amount of protein able to be used by the
body.

c. Average amount of protein needed for phys-
ical activity.

d. Average amount of glucose used by the
brain.

Insufficient data exists for which standard of
nutrient intake to establish any specific recom-
mendations for macronutrients?

a. EAR

b. UL

c. RDA

d. AMDR

The AMDR was established in the interest of the
risk for:

a. Chronic disease.

b. Obesity.

¢. Malnutrition.

d. Fat overconsumption.

Nutrient-dense foods:

a. Have a high concentration of nutrients per
amount of food.

b. Have a high concentration of fats and added
sugars per amount of food.

c. Contain a high number of individual vita-
mins and minerals.

d. Contain a high number of vitamins, miner-
als, fats, and sugars.

30.

31.

32.

33.

34.

35.

36.

All of the following are nutrient-density profil-
ing tools except:

a. The nutrient-dense foods index.

b. The nutrient-rich foods index.

c. The affordable nutrition index.

d. The Guiding Stars program.

The most widely used front-of-packaging label-
ing tool is:

a. Guiding Stars.

b. Powerhouse Fruits and Vegetables.

c. Healthy eating systems.

d. Nutrient Density Climate Index.

Energy density is:

a. The weight of a food or a beverage.

b. The amount of calories in a food item.

c. The amount of energy per weight of food or
beverage.

d. The amount of exercise required to burn off
a food item.

The Healthy Eating Index (HEI) assesses con-
formance to:

a. The Dietary Guidelines for Americans.

b. Estimated Energy Requirement.

c. Recommended Dietary Allowances.

d. Macronutrient recommendations.

Which organization established the HEI?

a. World Health Organization

b. Centers for Disease Control and Prevention
c. Center for Nutrition Policy and Promotion
d. US Food and Drug Administration

Uses of the HEI include all except:

a. Determining the relationship between diet
cost and diet quality.

b. Evaluating food environments.

c. Evaluating personal food choices versus the
food choices of others.

d. Examining relationships between diet and
outcomes of public health concern.

The components of the Alternative Healthy

Eating Index (AHEI) include:

a. Vegetables, fruit, nuts and soy, wheat, poly-
unsaturated and saturated fatty acids, red
and white meat.

b. Vegetables, fruit, nuts and soy, cereal fiber,
monounsaturated fatty acids, red and white
meat.

c. Vegetables, fruit, nuts and soy, cereal fiber,
saturated fatty acids, red and white meat.

d. Vegetables, fruit, nuts and soy, cereal fiber,
polyunsaturated and saturated fatty acids,
red and white meat.



37.

38.

39.

40.

41.

42.

How often are the Dietary Guidelines published?
a. Every 10 years

b. Every five years

c. Every year

d. On an as-needed basis

The recommendations in the Dietary Guidelines

are provided for the purpose of all of the follow-

ing except:

a. To promote health.

b. To prevent chronic disease.

c. To help people reach and maintain healthy
weight.

d. To help people maintain appropriate weight
and manage their chronic diseases.

The process for developing the Dietary
Guidelines includes all of the following except:
a. Conducting the research.

b. Reviewing the science.

c. Developing the Dietary Guidelines.

d. Implementing the Dietary Guidelines.

The Dietary Guidelines 2015 recommend

Americans:

a. Consume <20% of their daily calories from
added sugars.

b. Consume <20% of their daily calories from
total fat.

c. Consume <2300 mg sodium per day.

d. Consume <10% of their daily calories from
saturated fats.

The size of print has been increased in the new

Nutrition Facts Label for which three nutrition

factors?

a. Calories, servings per container, serving size

b. Calories from fat, servings per container,
serving size

c. Calories, trans fat, serving size

d. Calories, trans fat, saturated fat

Daily values for which three nutrients are being
updated?

a. Sodium, calcium, vitamin D

b. Saturated fat, vitamin D, dietary fiber

c. Sodium, dietary fiber, vitamin D

d. Saturated fat, vitamin D, vitamin C

Discussion Questions

1.

What standards and recommendations do
you see being incorporated into future dietary
guidelines and the USDA Food Guides?

Why might the progression of the USDA Food
Guides have been geared toward giving con-
sumers a visual representation of portion sizes,

43.

44.

45.

46.

47.

48.
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The % daily value is based on a diet of how many
calories per day?

a. 1500

b. 2000

c. 2200

d. 1800

Which parameter has been removed from the
new Nutrition Facts Label?

a. Calories from fat

b. Total fat

¢. Vitamin C

d. Dietary fiber

The recommended daily amount of fruit intake
for men and women ages 19 to 30 years old is:
a. 1.5 cups

b. 1-1.5 cups

c. 2cups

d. 1cup

The two subgroups of grains are:
a. Unrefined and refined.

b. Whole and refined.

c. Gluten and gluten-free.

d. White and whole wheat.

The healthy US-Style Eating Pattern was for-
mulated to comply with which nutrient intake
standards?

i. DRI

ii. RDA

iii. EAR

iv. UL

v. Al

vi. AMDR
a. i, v,vi
b. 1ii, iii, v, vi
c. ii, v, vi
d. ii, iiii, v
How many different calorie levels of Food
Patterns are provided in the healthy US-Style
Eating Pattern?
a. 5
b. 12
c. 15
d. 3

and how might the current MyPlate food guide
be improved?

What are the main differences or improvements
between the DRIs and the previous RDA and
RNI standards?
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10.

11.

12.

13.

14.
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Explain the key processes for creating and
updating the DRIs. What is the basis for the DRI
committees to review a nutrient?

Which nutrients do you think should be pro-
posed for establishing an EAR in future reviews?
Explain why there is no EAR for saturated fat,
monounsaturated fat. and cholesterol.

How does the RDA differ from the EAR in the
way that it is determined, used, applied?

Do you think the UL is a useful or necessary
DRI standard? Explain.

Compare and contrast indirect and direct
calorimetry.

Consider a way in which an individual might
increase total energy expenditure for the day
without increasing amount of exercise (i.e. no
change in the thermic effect of activity).
Discuss some of the ways in which variables
such as age, gender, physical activity level,
weight, and height contribute to the variation in
estimated calorie needs per day (see Table 3.8)
among different people.

What are some instances in which the AMDR
would be useful?

What recommendation would you give some-
one about her daily allowance of saturated fat
and cholesterol? Explain why there are no RDAs
for these nutrients.

Provide examples of foods that are not nutrient
dense and suggest preferred options.

Activities

1.

In a group of two or three students, write down
what you ate for breakfast, lunch, and dinner
yesterday. Distribute your food records among
the group so that everyone is reading someone’s
record other than their own. Now identify which
foods from your classmate’s food record are nutri-
ent dense and which are energy dense. Include the
aspects of those foods that led you to label them as
either nutrient or energy dense. Write down a sug-
gestion on your classmate’s paper about how they
might substitute one or two of the foods they are
eating with healthier, nutrient-dense options.

Online Resources

Center for Nutrition Policy and Promotion
www.cnpp.usda.gov

Department of Health and Human Services
www.hhs.gov

Food and Drug Administration
FDA.gov

15.

16.

17.

18.

19.

20.

21.

22.

23.

Think of an example of a common energy-dense
meal that is simultaneously low in nutrients.
Consider how you might make substitutions
to make it less energy dense while being more
nutrient dense.

What initiatives or legislation would you sug-
gest to improve the diet quality of the American
population?

Describe a diet that would receive a Healthy
Eating Index Score of 100. Refer to the Dietary
Guidelines for Americans.

Do you think the Dietary Guidelines have been
effective in influencing the eating habits of
Americans?

Describe how new Dietary Guidelines would be
developed, including the federal departments
involved.

What other changes to the food label beyond
those being implemented do you think would
be beneficial and why?

Explain the reasoning behind the updates to the
Nutrition Facts Label, including added sugars,
calories from fat being removed, and daily val-
ues for sodium, dietary fiber, and Vitamin D.
Does the MyPlate visual adequately represent
the food group recommendations specified in
the literature?

Explain the four main focuses of MyPlate as well
as examples of acceptable foods from each of
the five food groups.

Review the Dietary Guidelines for Americans
2015, including the criteria for a healthy eating
pattern. Then write a sample day of eating that
follows the guidelines and consists of four dif-
ferent meals. Include food groups and types but
not specific portion sizes.

Example Meal
One serving whole wheat bread
Mashed avocado
Two eggs, fried in olive oil
One medium apple
Glass of fat-free 2% milk

MyPlate SuperTracker
supertracker.usda.gov

Nutrition Evidence Library
NEL.gov

Nutrition Facts Label
www.cfsan.fda.gov/~dms/foodlab.html



Nutrition Information
www.nutrition.gov

Office of Disease Prevention and Health Promotion
health.gov
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CHAPTER 4
Measuring Nutrient Intake

Crystal L. Wynn, PhD, MPH, RD
Nava Livne, PhD, MS

CHAPTER OUTLINE

= |ntroduction
m  Relationship between Diet

and Health Nutrient Intake

= Methods for Measuring Usual Dietary Intake
= Methods Designed to Measure Food and

= Challenges in Food and Nutrient
Intake Measurement Methods
m  Chapter Summary

LEARNING OBJECTIVES

After completing this chapter, the reader should be able to:

1. Discuss the relationship between diet and health.
List the methods for measuring usual diet intake.

i gs D

» Introduction

Nutrient intake is a major factor in health and nutri-
tional status. Measuring an individual’s nutrient and
dietary intake can be extremely difficult and labor inten-
sive. Many factors can affect the reliability of dietary
assessment methods. One factor that influences the
reliability of data used in nutrition-assessment meth-
ods is that nutrition professionals frequently rely on
information provided by individuals other than actual

Describe the methods for measuring food and nutrient intake.
Explain the various challenges encountered with diet assessment methods.
Explain methods for measuring and estimating portion sizes.

patients or clients. Aside from that, self-reported intake
has a tendency to differ from actual intake. Memory
recall and portion-size errors may create systematic
errors in intake measurement.'

In this chapter, we will discuss the relationship
between diet and disease, as well as the various meth-
ods for measuring nutrient intake, their strengths,
and their limitations. Challenges involving measuring
nutrient intake such as reliability or reproducibility
and validity will be reviewed.
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» Relationship Between Diet
and Health

Preview Researchers seek to measure nutrient intake
for various reasons. Food and nutrition are important
components of health at both the individual and
population levels. Monitoring and evaluating eating
patterns is important when assessing the effectiveness
of public-health interventions to improve diet

and health.

Nutritional Epidemiology

Nutritional epidemiology is a sub-discipline of epi-
demiology that provides data about the relationship
between diet and disease. The data collected is used
to define diet-disease associations that are converted
into the practice of prevention by public-health
nutrition practitioners.”? Nutritional epidemiology is
the study of the nutritional factors that contribute to
disease in human populations.

Dietary intake normally includes all foods and
beverages consumed via the oral cavity. Clinicians
such as registered dietitian nutritionists (RDNs)
and public-health practitioners measure dietary
intake in efforts to acquire quantitative data on the
quantities of energy and nutrients accessible for
metabolism. Measuring dietary intake is a way of
describing the actual food intake of both individuals
and groups.’

Data collected from dietary intake records are vital
in determining relationships between diet and health
as well as relationships between diet and disease. For
instance, data on food intake and the use of supple-
ments before and during pregnancy helped define the
association between low intake of folic acid and neural
tube defects in offspring; this was later determined to
be a causal relationship."*

In addition, dietary data are important to assist
researchers in identifying populations at risk for
inadequate nutrient intake, whether deficiency or
excess. Information gathered from research stud-
ies can be used to develop interventions, programs,
and policies that can aid in health education and
promotion.’

Recap Collecting dietary intake data is an important
component of monitoring individuals and community
health.

» Methods for Measuring Usual
Dietary Intake

Preview Researchers, RDNs, nurses, and other
healthcare professionals use various methods to
measure food intake. Each method has its own
advantages and disadvantages. Study design and
characteristics of study participants are also presented.

Research Design

Research falls into two major categories of design
type: observational and experimental.® Observational
studies include cohort, cross-sectional, and case-
control. Experimental studies include randomized
controlled trials (RCTs). Observational study designs
are widely used in studies measuring nutrient intake.
Cohort studies are generally used to identify fac-
tors that may cause a disease to develop in a certain
group over time—that is, the natural history of disease
development.®

Studies can be either prospective or retrospective.
A prospective analysis involves observing a group of
subjects over an extended period of time to predict an
outcome. A retrospective study—also known as a his-
toric cohort study—is a study design in which a cohort



of individuals is categorized as either having some out-
come (case) or not (control). The outcome of interest
might be a disease and the medical history associated
with that outcome.” These research designs are used
to collect dietary data. Tools such as 24-hour recall
record, a food-frequency questionnaire (FFQ),
or a food record are often used to collect nutrient-
related data.

In a longitudinal study, data are repeatedly
gathered for the same subjects over a determined
period of time. Longitudinal research projects can
extend over many years or decades. For example, the
Framingham study is the first longitudinal study that
followed a large cohort of subjects to study the etiol-
ogy of cardiovascular diseases in the United States.®’

The origin of the Framingham study is closely
linked to the cardiovascular health of President
Franklin D. Roosevelt, who died prematurely from
hypertensive heart disease and stroke in 1945.% In the
year 1948, 5,209 men and women from Framingham,
Massachusetts formed the original cohort to identify
heritability of cardiovascular diseases and related risk
factors.” The cohort has contributed to the current
understanding of cardiovascular disease and its risk
factors.?

In healthcare research, a cross-sectional study
(also referred to as a cross-sectional, transversal,
or prevalence study) is a category of observational
study that examines data collected from a popu-
lation or from a representative subset at a specific
point in time.® It typically represent a “snapshot” of
the group of interest, including exposure to a spe-
cific risk factor, disease outcome, and distribution
patterns. Dietary data collected on cross-sectional
samples provide information that can be applied to
the health and dietary habits of general segments of
the population. The diet assessment tool of choice
for cross-sectional studies is the 24-hour recall. The
National Health and Nutrition Examination Sur-
vey (NHANES) is a cross-sectional study in which
a sample of the population ages 1 to 74 years was
examined in the early 1970s to look at the health and
habits of Americans.” Subsequent cross-sectional
NHANES surveys have been carried out periodically,
and the data have been used to examine associations
among variables such as dietary intake and preva-
lence of risk factors for chronic diseases. Health
planners depend on disease-prevalence information
to allocate sufficient resources to ensure adequate
population care.

Cohortstudies are used to estimate the incidence of
a condition—that is, the proportion of the population
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susceptible to developing a disease over time. Cross-
sectional studies provide information about the preva-
lence of a specific outcome to describe the proportion
of the population that have a disease or demonstrate a
specific outcome at one point in time.

Studies done for case control retrospectively
compare subjects that have an illness or an outcome
of interest (cases) to individuals who do not have the
condition or the desired outcome (controls). This type
of study compares how the frequency of exposure to
a risk factor present in the case and control groups
determines the relationship between the risk factor
and the disease.

Case-control studies are observational because no
intervention is tried and no effort is made to modify
the development or progression of the disease. These
studies are intended to estimate odds.°

In both the cohort and case-control studies, the
groups are matched or correlated to disease causes.
These studies help outline how factors in the past
contribute to an existing disease. Nutrition assess-
ment tools used to measure nutrient intake in these
types of studies include FFQs. A study by Jansen et al.
examined the relationship between fruit and vegetable
consumption and pancreatic cancer'’ using a case-
control design. The study matched 1,648 patients to
1,514 control subjects from an overall 2,473 patients
from a database of patients with pancreatic adenocar-
cinoma cases. Both groups completed food-frequency
questionnaires (FFQs) defining intakes of fruits and
vegetables. The results pointed to a statistically signif-
icant inverse association between vegetables, fruits,
and dietary fiber consumption and pancreatic cancer
occurrence.'!

Characteristics of Study Participants

Dietary assessment methods are used to measure
nutrient intake in a variety of populations, includ-
ing children, adults, and the elderly. Segments of
research populations have different learning needs
and concerns that may impact measuring intake in
these groups. Factors that should be considered when
determining the best research method to use for col-
lecting data with each group include communica-
tion, literacy level, and memory. These constraints
dictate the most appropriate dietary assessment
method for data collection. For individuals who have
difficulty communicating or who may experience
memory loss, dietary data may need to be collected
from another person, such as a parent, a child, or a
spouse.*?
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$ O HIGHLIGHT

NHANES and Nutrition Data
The website for the Centers for Disease Control and
Prevention (CDC) offers an orientation tutorial on
NHANES dietary data survey.

The survey orientation course provides five
modules:

Dietary Data Survey

Navigate NHANES website

Dietary Data Structure and Contents

Resources for Dietary Data Analysis

Overview of NHANES Survry Deesign and Weighting

These modules offer a broad synopsis of the dietary
data collected by the NHANES, the NHANES website,
the structure and contents of NHANES dietary data,
supplementary databases and tools that can be used to

prepare dietary analyses, and the NHANES survey design
and weighting principles.

The NHANES sample is intended to be nationally
representative of the civilian, noninstitutionalized
American population. The sample does not include
data from institutionalized individuals or those who
live overseas.

A multifaceted, multistage probability sampling
design is used to identify study participants. The NHANES
sampling procedure consists of Four stages.

NHANES Sample Selection Process

* Counties: Primary sampling units (PSUs) are
Stage 1 picked from sections defined by geography and
Counties

amounts of minority populations
* The PSUs are divided into sections
Stage 2 (commonly city blocks or their equivalent)
Segments
* Households within each
Stage 3 section are listed, and samples
QEEECIREY 16 randomly drawn

* Individuals are selected to
SIECEEN  participate in NHANES from
WENIEIEIRY 5 jist of all persons dwelling

in the randomly selected
households

Modified from Center for Disease Control and Prevention. Dietary Data Survey Orientation. https://www.cdc.gov/nchs,

In some cases, meal observations may be required,
as in the case of extremely young children or older
adult populations. The 24-hour recall, FFQs, and food
records have been used in research studies involving
children. For individuals who have literacy challenges,
the 24-hour recall or the administered FFQ has been the
most effective.'?

Factors Affecting Method
Selection

Measuring nutrient intake in research studies can
be an expensive process from both a monetary and
human resource standpoint. The 24-hour recall
method requires a trained research interviewer to
conduct the recall. This method is labor intensive, and
the training for the interviewer can be expensive. In
addition, there is daily variation in the reported food
intakes, so repeated 24-hour recalls need to be used

y/SurveyOrientation/intro.htm Accessed July 25, 2017.

to control for systematic error measurement.® The use
of food records requires that research study subjects
be trained to complete their intake in the food-record
tool. Both the 24-hour recall and food records are
demanding because individuals must enter data into
a computer for nutrient analysis. Some researchers
have found that multiple food records may need to be
considered as replacements for multiple or repeated
24-hour recalls because of the reduced respondent
burden of memory recall.”® Another method, the FFQ,
can be self-administered,depending on the skill level
of the study participants. This questionnaire is least
labor intensive because the responses are recorded on
a form and then scanned into a computer for analysis.

Overall, for studies requiring a smaller number
of subjects, either the 24-hour recall or food record is
the preferred method. For large-scale research studies,
the FFQ serves as the most appropriate method com-
monly used."
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Social Determinants of Health
and Their Impact on Obesity

Diane R. Bridges, PhD, MSN, RN, CCM

Obesity in the United States can be considered an
elusive epidemic. The prevalence of obesity for both
adults (those age 20 years and older) and children has
been shown to be high in the United States." More than
one-third of the adult population is obese, along with
one in six children considered obese.*?

Obesity is a condition that crosses many
demographics such as ethnicity, gender, and age.
Middle-aged and older persons have a higher
prevalence (40.2%); 38.8% of women between ages
40 and 59 years were found to be obese.' Non-Hispanic
black and Mexican American women were found to
have a risk of obesity that is twice that of non-Hispanic
white women.*

Vaccinations are available to treat many viral
ilinesses, but there is no vaccination to prevent
or erase obesity.” It can affect the development
of chronic diseases from pure physical stress
to inflammatory processes, diabetes, arthritis,
cardiovascular disease, and other chronic conditions.*
In addition, the medical costs to treat obesity were
shown to be $147 billion annually.t

What causes obesity? Many people think obesity
can be attributed solely to poor nutrition; typically, the
consumption of processed packaged foods high in
fructose is to blame. Others contend, however, that a
lack of activity and a sedentary lifestyle lead to obesity.”

©Topic Images/Getty Images.

Economic
stability
Social and
Education community
context
——

FIGUREA Social determinants of health (SDOH) impact
one’s risk of obesity

Reproduced from Healthy People 2020. U.S. Department of Health and Human Services. https://www.healthypeople
.gov/2020/topics-objectives/topic/social-determinants-of-health.

Still others say genetics, race, and ethnicity may all
contribute to obesity.’

But these are not the only things that affect the
rise of obesity. It is the social determinant of health
of an individual impact one’s risk to obesity as well
(see FIGURE A). Social determinants of health are “the
structural determinants and conditions in which people
are born, grow, live, work and age®Income, education,
employment, support, stress, food accessibility,
transportation, age, race, and ethnicity are all in some
way social determinants of health.

Efforts to manage obesity have included
education, placing nutritional labels on food
packaging, posting nutritional information in
restaurants, improving urban development, improving
accessibility to food choices, taxing sugared drinks,
and policy development.®These efforts appear to
have had little impact on the prevalence of obesity
and adults continue to self-report as obese even in
light of their knowledge about the risk of obesity.> We
need to take on strategies to lower rates of childhood
obesity through improved nutritional choices in
school, increased physical activity, and allocating more
resources to address this important issue.’

We need to continue to raise awareness of obesity
and other issues in the communities we serve. Students
need to be educated in the social determinants of
health so they can then become part of the solution.
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© YAKOBCHUK VIACHESLAV/Shutterstock.

One must become involved in helping to improve the
lives of our population by addressing issues that can be
prevented.
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Dietary assessment data can reveal information about
the long-term past, short-term or immediate past,
and current dietary habits. Three types of dietary
assessment methods are commonly used: the 24-hour
dietary recall, the food record, and the FFQ. Each
method has its own purposes in collecting dietary
data, along with several advantages and limitations."*
FIGURE 4.1 is an example of a 24-hour FFQ.

24-Hour Dietary Recall

One common method for assessing dietary intake is
the 24-hour dietary recall. This dietary recall is based
on verbal self-reports concerning everything a person
ate and drank during a specified time period—the
past 24 hours. The interviewer is responsible for
recording the dietary data for analysis. Based on this
information, generalized assumptions about the indi-
vidual’s eating habits are made. During the interview,
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Date:
Name:
Instructions: In the past three (3) months did you consume the foods listed below?
Food Group Frequency
Never Lessthan | 1-6 times |1-3times | 4 or more | Serving
one time per week | per day times size
per week per day

Dairy: milk, cheese, yogurt

Chicken: grilled chicken, baked chicken, fired chicken, etc.

Turkey: turkey sandwich, soup, breast, roasted, etc.

Beef: meatballs, steak, etc.

Pork: cured ham, fresh ham, ribs, pork chops, pulled pork, etc.

Fish and seafood: shrimp, scallops, fish, shellfish

Other Meat: lamb, duck, etc.

Nuts: walnuts, cashews, peanuts, etc.

Beans: red beans, chick peas, chili, etc.

Egg: omelet, hard-boiled egg, etc.

Vegetables: broccoli, cauliflower, green beans, etc.

Fruit: banana, strawberry, apple, pear, melon, etc.

Grains: rice, bread, cereal, etc.

Sweets: cakes, cookies, pies, etc.

Beverages: coffee, tea, sodas, juices, etc.

FIGURE 4.1 Example of a 24-hour food-frequency questionnaire

Data from Poulain JP, Smith W, Laporte , Tibere L, Ismail MN, Mognard E., Aloysius M, Neethiahnanthan AR, & Shamsul AM. Studying the consequences of modernization on ethnic food patters: Development of the Malaysian Food Barometer (MFB). Anthropol food. 21 April

2015. Accessed online 26 February 2017 https://aof.revues.org/7735.

the interviewer assists the subject in recalling every-
thing that was consumed during the specified time
period. In addition, the interviewer helps the subject
estimate the portion sizes of all consumed food items
and beverages. The interviewer typically prompts sub-
jects to recall everything they ate in a 24 hour period
usually beginning at midnight. During the interview,
the subjects are often asked about their activities
during the day to facilitate their ability to remem-
ber everything they ate or drank during the previous
24 hours. Typically, the researcher reviews the infor-
mation collected with the subject to ensure that all of
the required information has been recorded and to
identify errors. Once the data are collected, they can
be analyzed using a diet-analysis computer software
program.'*

The 24-hour recall tool can be used in clinical,
research, and community settings. It is frequently
used in the clinical setting because it has been found
to help improve the accuracy of the data reported.

With the advent of digital technology, the use of this
tool reduces the burden on the respondent.”>"’

Advantages

Regardless of the care setting, the 24-hour recall
method has a number of advantages. First, the
24-hour recall is relatively quick and convenient.'® It
is typically inexpensive and places little burden on
the subject, who is more willing to respond. Refus-
als to answer requests for data in this format are
less likely. One of the main strengths of the 24-hour
recall is that it facilitates comparisons among popu-
lation groups while describing their unique dietary
intakes.”" For example, the NHANES 24-hour
recalls have been used to collect data on two con-
secutive days for describing populations’ nutrient
intake and group comparisons for identifying rela-
tionships between food and diseases between and
within groups.”
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Because this method relies on short-term mem-
ory, usual diet and eating habits are less likely to be
altered.” The 24-hour recall is considered more objec-
tive and the preferred method among diet assessment
methods.**!

Limitations

Several limitations have been identified using the
24-hour recall method. These methods are not specific
to the clinical setting. An individual’s diet intake may
vary from day to day, and a 24-hour period may not
represent daily variation, which is why collecting data
on two nonconsecutive recalls is a best practice when
using the 24-hour recall to estimate usual daily dietary
intake.”® To manage limitations, multiple 24-hour
recalls on nonconsecutive days be conducted before
applying the results to the individual’s regular eat-
ing habits.”

Inaccurate reporting has been identified as
another limitation of the 24-hour recall method. Both
overreporting and underreporting of actual food
intake is common and may occur for various reasons,
including inaccurate memory recall, distorted percep-
tions of portion sizes, and deliberate misreporting to
avoid social stigma.

Evidence shows there are gender differences
related to the inaccuracies seen in reporting intake on
24-hour recalls.** Females have a higher rate of under-
reporting food intake than males. Among overweight
and obese adults, more 24-hour recalls are needed for
women than men to reflect an accurate estimate of
food intake. As previously mentioned, to control for
underreporting systematic biases, collecting data with
multiple-pass 24-hour recalls is recommended.**

The 24-hour recall requires the interviewer and
respondent to evoke the previous day’s intake several
times to obtain accurate information.” Depending on
the research question, the interviewer might explore
facts such as food-preparation methods and the com-
position of mixed dishes. The quantities of each food
consumed are appraised in reference to a commonly
used size container such as cups and glasses, standard
measuring utensils such as cups and spoons, three-
dimensional food models, or visual aids such as food
pictures. One advantage of the 24-hour recall is that
little burden is placed on the subject. Conversely, one
limitation is that data collection depends on the sub-
jects memory and the proficiencies of a well-trained
interviewer to diminish recall bias.'* To reduce limita-
tions and ensure the accuracy of the data collected, ade-
quate, intensive, and thorough training of interviewers
is reccommended.*® TABLE 4.1 shows the advantages and
limitations of the 24-hour recall method.

TABLE 4.1 Advantages and limitations of the
24-hour recall method

e [

Quick Diet variation

Convenient Inaccurate reporting
Inexpensive Misreporting
Relies on short-term

memory

Does not alter the diet

Modified from Shim J-S, Oh K, Kim HC. Dietary assessment methods in epidemiologic
studies. Epidemiology and Health. 2014;36(e2014009). https://www.ncbi.nlm.nih.gov/pmc
[articles/PMC4154347/. Accessed May, 1,2017.

Food Record: Diary

The food record or food diary is a subjective dietary
intake collection method that relies on the use
of open-ended, self-administered questionnaires
(see FIGURE 4.2). This tool is used to attain detailed
information about all foods and beverages consumed
over a specified period of time, which can be one or
more days.

This open-ended tool offers clinicians and
researchers few limitations as to how many items can be
inquired about. Normally, subjects are asked to record
foods and beverages as they are consumed throughout
the day. This is a real-time accounting of their intake.
Data collected can include the consumption of dietary
supplements. Multiple administrations of a specified
number of days are frequently used.

Usually, study participants are provided with a
form to record their intake. Oral or written directions
(or both) are provided to help participants record per-
tinent details for all foods and beverages they consume
(such as brand name, preparation method, and where
consumed). Portion size is either estimated using food
models, pictures, or other visual aids; or it is measured
using weight scales or volume measures.

The use of food records is widely used not only
in research but also in the clinical setting. The
information recorded is used to develop nutrition
care plans.

Food records or diaries can take different forms.
The most simple and cheapest form includes a
blank notebook that is small enough to be carried
around throughout the day. Typically, when fill-
ing out a food diary, the individual estimates meal
portion sizes using household measuring utensils
such as cups and spoons or measurement scales.'
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Use this chart to track the foods you eat over the week. Write in the foods you eat and
mark the corresponding check boxes for each serving from a food group to track whether you are
meeting recommended servings. Don'’t forget to include beverages.

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
Milk & Milk Products | QOO 000 000 000 000 000 000
Vegetables 000 000 000 000 000 000 000
Grains 00 00 00 00 00 00 00
Meat & Beans O00000 | OOOO0O0| OOOOOO| OOOOOO| OCOOOOO| OCOOOOO| OO0
OO0 (@0 (@0 (@0 OO OO OO
Breakfast
Snack
Lunch
Snack
Dinner

Evening Snack

FIGURE 4.2 Example of a food diary

Reproduced from: National Council of California. http://www.healthyeating.org/Healthy-Eating/Healthy-Living/Weight-M,

The record includes measures of dietary intake and
fluids consumed at breakfast, lunch, and dinner; as
well as snacks.

Innovative approaches for evaluating dietary
intake are vital in effort to decrease subjects’ strain
in completing dietary surveys, increase participa-
tion rates and thus improve the sample size. It is also
important to decrease the effect of quantifying dietary
intake on a subject’s food choices during the recording
period. One method of decreasing the burden placed
on those logging dietary intake is to substitute the
weighing of foods with approximations of portion size
by using tools such as food photographs.

An additional form of food diary that is increas-
ingly popular uses technology-based programs, many
of which offer online websites and phone applica-
tions (apps) that make logging food intake easy and
convenient. Among these programs are MyFitness-
Pal, Fitbit, MyPlate, and Lose It! Typically, the apps
are downloaded to a smartphone where individuals
track their food intake. Some programs allow users

Article-View:

r/Article/230/Food-Diary.aspx. 2012. Accessed 27 February 2017.

to digitally scan barcodes on food packaging for
quick item entry. Other apps allow users to take
pictures of their meals and have the app estimate
portion sizes. Technology-based records also allow
users to save a favorite or frequently consumed food
to minimize the search time when entering items in
the food database.

Advantages

There are several advantages of food records. For
one, they do not rely on an individual's memory, because
the data are recorded at the time of consumption.

Young adults prefer technology-based food dia-
ries because they are more accessible and conve-
nient. Kerr et al. found that digital and image-based
diet food records could lead to improved coopera-
tion and motivate participants to engage in behavior
change such as losing weight, suggesting that digital
food diaries may be a useful tool for future health
interventions.
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Limitations

Using a food record or diary also has several lim-
itations, regardless of care setting. First, the timing
of collecting and recording dietary intakes may be
atypical for a participant’s regular food intake.'
Second, subjects who agree to complete a food
record may not be representative of the study’s tar-
get population. Third, completing a food record
requires a high literacy level, perhaps excluding
those who are not proficient in English. Lack of
language proficiency can be an important limita-
tion to consider, because the participant’s ability to
understand instructions on recording food intake
will influence the quality of record keeping.”
Fourth, this method requires detailed documenta-
tion, which may cause individuals to either not fully
complete the record for the entire specified time
period or cause them to reduce the number of foods
eaten. Likewise, the method requires a high level of
cooperation, commitment, and compliance.* Fifth,
the method may alter an individual’s diet; partici-
pants may decide to eat simpler meals to make
record keeping easier, thus eliminating snacks or
sugar-sweetened beverages.*” Sixth, food records pro-
vide data on current diet, whereas food intake in the past
may be dissimilar. Finally, the method is labor inten-
sive and expensive because of the high cost of training
interviewers, administering the tool, and data
analysis. TABLE 4.2 shows the advantages and limita-
tions of food diaries.

Food-Frequency Questionnaire

FFQs consist of an extensive list of foods and bever-
ages with a range of consumption frequencies that

TABLE 4.2 Advantages and limitations of a
food-frequency questionnaire

Timing of data
collection may not be

Does not rely on memory
Provides detailed dietary

intake data feasible
Can provide personalized High literacy level
dietary feedback required

High response burden
on participants
Labor intensive

Modified from Johnson RK, Yon BA, Hankin JH. Dietary assessment and validation.
In: Monsen ER, VanHorn L, eds. Research Successful Approaches. 3rd ed. Chicago IL: Diana
Faulhaber; 2008:187-204.

participants can select from for each food. Serving
sizes may or may not be present.'® To evaluate the
actual true diet, the number of foods and beverages
probed usually ranges from 80 to 120. FFQs are
normally created for each study group and research
question to ensure that specific characteristics such
as ethnicity, culture, an individual’s preferences, eco-
nomic status, and so on are identified. Depending
on the interests of the investigator, FFQs can empha-
size the collection of data for a specific nutrient and
nutritional exposures linked to a disease process, or
they can comprehensively assess various nutrients.*
Through their responses, respondents state how
many times a day, week, month, or year they usu-
ally consume the foods in question. Although some
FFQs include portion sizes, most use a standard por-
tion size based on an amount per serving for a spe-
cific age and gender group.’***

There are three basic types of FFQs: the
nonquantitative, the semiquantitative, and the quan-
titative FFQs."® The simple or nonquantitative FFQ
asks respondents how frequently they consume a cer-
tain food item per day, week, month, or year; portion
sizes are disregarded.*

The semiquantitative FFQ includes a list of
food items, each accompanied with predefined por-
tion sizes, and asks respondents how many times a
day, week, month, or year they eat a certain food item
(FIGURE4.3).%

An FFQ can be used in both clinical and commu-
nity settings because of its low administration cost and
respondent burden. Also, it can be used to measure
long-term intake as well as usual intake.*

The quantitative FFQ asks respondents to
describe the daily frequency of food consumption and
record the portion size of their serving according to
their usual habits.'® In some instances, respondents
are asked to define the portion serving size as small,
medium, or large.”” The usefulness of questions in
FFQs related to portion size has been controversial.
Some researchers support that between-person devi-
ations in portion size are not significant, because
the variation seems to be smaller than the variation
in frequency of eating the item.*® FFQs are normally
self-administered. Interviewer administration is done
sporadically, usually in cases of low literacy.'® Once the
form is completed, it can be scanned and responses
can be downloaded into a computer for analysis.

Three FFQs are widely used in nutrition
epidemiological studies: the Harvard Willett Ques-
tionnaire, the Block Questionnaire, and the Diet
History Questionnaire. The 131-item Harvard Willett
includes items such as major sources of nutrients and



How often, in the past 3 months, did
you eat the following?
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never week per week |perday |day

4 or more
1-3 times |times per

Less than
1 time per | 1-6 times

Dairy (cheese, milk, yogurt, etc.)

Chicken (fried chicken, in soup, grilled chicken, etc.)

Turkey (turkey dinner, turkey sandwich, in soup, etc.)

Fish and Seafood (tuna, shrimp, crab, etc.)

Pork (ham, pork chops, ribs, etc.)

Beef (steak, meatballs, in tacos, etc.)

Other Meat (duck, lamb, venison, etc.)

Eggs (omelet, in salad, in baked goods, etc.)

FIGURE 4.3 Example of a weekly food diary

Reproduced from: National Council of California. http://www.healthyeating.org/Healthy-Eating/Healthy-Living/Weight-Management/Article-Viewer/Article/230/Food-Diary.aspx. 2012. Accessed 27 February 2017.

foods of interest.* Open-ended questions are used to
identify brands of margarine, cooking oils, vitamin
or mineral supplements, ready-to-eat cereals, and
other foods consumed one time a week. The Harvard
Willett questionnaire has one standard portion size
for each food item, and respondents are asked to
indicate the relative frequency of consumption from
nine different response alternatives ranging from
less than one time per month to six or more times
per day.”” The self-administered questionnaire is best
used in circumstances where intake of simple sugars,
sweet foods, and fructose is of major concern.'®

The 60-item, semiquantitative Block Question-
naire was originally developed by the National Can-
cer Institute. As a self-administered tool, it can be
used in two ways: pen and paper and web based.”
Several versions to address the needs of many sub-
populations such as children, adolescents, adults,
and dialysis patients have been developed, as has a
Spanish version. Food screeners for adults address
nutrients such as sodium, fiber, sugar, and folic acid
as well as food groups such as fruits and vegetables.*
Respondents are asked to estimate their consumption
frequencies—daily, weekly, monthly, yearly, rarely,
or never—by indicating the exact number of times
each food was eaten.” Participants also must indicate
whether their usual portion size is small, medium, or
large compared with a standard.’®* For children and
adolescents, the Block Kids Food Screener has been
used for ages 10 to 17 years. It assesses the intake by
food group.”! Other FFQs used in children and adoles-
cents are Block Questionnaires for ages 2-7 years and
8-17 years, English and Spanish versions, and Block
Food Screeners for ages two to 17 years.*

To assist participants in estimating the portion
sizes, the questionnaire may be accompanied by

different sample portion sizes of each food item, geo-
metric models, or food photographs in three portion
sizes."® Completed questionnaires are checked for
accuracy and completeness. Daily intakes of energy
and nutrients are estimated by multiplying frequency
responses with the specified portion sizes and the
nutrient values assigned to each food item in the
nutrient database. No information on dietary supple-
ments is usually collected.

A comparison between the Block and Willett ques-
tionnaires showed that the Block instrument yielded
an overall underestimation bias. The comparison also
showed that the Block questionnaire was more accu-
rate in calculating the participants’ percent intake of
energy from fat and carbohydrate. The Willett ques-
tionnaire, in turn, showed no overall underestimation
bias and was accurate in determining the intake of
vitamin A and calcium.”

The Diet History Questionnaire is another self-
administered instrument and includes 124 questions
about such items as portion sizes and nutrition sup-
plement intake.* The questionnaire was developed by
the US National Cancer Institute’s Risk Factor Moni-
toring and Methods Branch. This tool is also available
in print and web forms.

TABLE 4.3 shows the advantages and limitations
of FFQs.

Advantages

Regardless of the setting, the FFQ method can
be self-administered, takes little time to com-
plete (30-60 minutes), and places minimal bur-
dens on study participants.* Administrating this
tool to large population groups is inexpensive
and can assess current or past diet. The short ver-
sions can focus on precise nutrients with few food
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TABLE 4.3 Advantages and limitations of a
food-frequency questionnaire

Advantages Limitations

Self-administered Relies on memory recall

Inexpensive Consumption is not
Representative of usual quantifiable
intake Lack of homogeneity in

food choices

Modified from Adamson AJ, Collerton J, Davies K, et al. Nutrition in advanced age: dietary
assessment in the Newcastle 85+ study. Eur J Clin Nutr. 2009;63(51):56-518.

sources. Data received from this method are repre-
sentative of usual intake and capture habitual food
intake. The advantages listed make the FFQ the pre-
ferred method for evaluating diet-disease relation-
ships in epidemiologic studies.*

Limitations

Data collected through the use of FFQ have non-
negligible limitations and are not unique to one par-
ticular care setting. Facts generated are subjective
because of reliance on participant memory recall.*
Unlike the 24-hour recall and food record methods,
that are completed soon after the food is eaten, FFQs
describe average consumption and are not as quanti-
fiably precise. Information such as food preparation,
specific food and beverages consumed, and brand
names for products is not recorded. Because FFQs con-
sist of a prespecified food list, no one single FFQ could

)v
$® HIGHLIGHT

reflect the eating patterns of a given population. The
use of a FFQ in one group of participants is not trans-
ferable to a different population.* Moreover, FFQs are
limited to 150 items that may not represent the usual
foods of respondents or provide meal-pattern infor-
mation.* Another major limitation in interpreting
data from FFQs is the absence of consistency in food-
composition tables.*

FIGURE 4.4 shows different ways to estimate
portion sizes.

Measuring and Estimating Portion Sizes
Why Do Portion Sizes Matter?

Portion size can be defined as the total amount of food
one chooses to eat at a single eating occasion regard-
less of the location and meal (home, restaurant, lunch
meal, or snack).” The inclusion of portion sizes in
24-hour recalls, food records, or FFQs is important
because it may lead to greater consumption of cer-
tain foods and explain within- and between-person
variations." Figure 4.4 shows an example of meth-
ods used to measure portion sizes. Considerable
evidence indicates that portion sizes have increased
incrementally over the last three decades, contrib-
uting to the rising incidence obesity and chronic
diseases.'*** Rolls et al. showed that excess energy
intake is portion-size dependent in that larger por-
tions of food led to greater food consumption across
adult men and women.” In this study, participants
consumed 30% more energy when offered larger por-
tion sizes of an entrée on one day compared to smaller
portion sizes offered on another day. Portion sizes also
influenced the energy intake of children three to five

Technological Advances in
Diet-Assessment Methods
Nutrition-assessment methods have been used in the
United States since the early 1900s. These methods
have evolved from traditional paper-and-pencil
ways to computer and digital methods. The National
Institutes of Health has sponsored several projects
that focus on improving food records using mobile
phone apps.

One project, the Technology Assisted Dietary
Assessment (TADA), has developed algorithms to allow
the use of a single image (picture) in estimating food

volume. TADA uses a standard or point of reference
within the image to fragment the different food
components on the plate. When the location and
identification of each food item is recognized, the
volume of food is identified. The volume-assessment
procedure used by TADA involves categorizing each
picture section into a geometric class such as a sphere,
cube, or mound and then developing measurements
from the image and employing a formula to calculate
volume. These calculations can be conducted using a
handheld device. TADA have been used to determine
the accuracy of food-volume estimation.

Data from Stumbo PJ. New technology in dietary assessment: a review of digital methods in improving food record accuracy. Proc Nutr Soc. 2013;72(1):70-76.
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GRAINS 1 cup dry cereal 2 ounce bagel 1/2 cup cooked cereal,
rice, or pasta
4 golf balls 1 hockey puck tennis ball
VEGETABLES 1 cup of vegetables
1 baseball or 1 rubik’s cube
FRUITS 1 medium fruit
(equivalent of 1 cup of fruit)
1 baseball
OILS 1 teaspoon vegetable oil 1 tablespoon salad dressing
T v
1 die (116" size) 1 jacks ball
MILK 11 ounces of hard cheese 13 cup of shredded cheese

%55

6 dice (116" size)

8]

1 billiard ball or racquetball

MEAT AND BEANS 3 ounces cooked meat

1 deck of playing cards
FIGURE 4.4 Estimating portion sizes

years old, making parent-focused, portion-education
interventions imperative.” Portion sizes also deter-
mined the extent of energy self-regulation for the
dietary intakes of young children from 4 to 24 months
of age.” Fox et al. found that portion sizes were nega-
tively associated with energy consumption.® Children
who eat more often during the day consume smaller-
than-average portion sizes compared with those who
eat less often during the day and consume larger-than-
average portion sizes.”!

2 tablespoons hummus

1 ping pong ball

Accounting for the quantity of food consumed
is an important part in assessing the dietary intakes
of populations and individuals. Individuals who
consume foods based on expected satiation formed
by pleasure foods have a tendency to underestimate
the portion sizes they consume when compared to
actual food intake. Conversely, healthy adults who
ate based on hunger accurately estimated the portion
sizes they consumed compared with their actual food
intake.’' These findings reinforce the significance of
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measuring portion sizes as part of the dietary assess-
ment routine.

Food models are the most common and sim-
plest method to measure portion sizes in a clinic or
research setting. Portion sizes can also be measured
using household artifacts (such as measuring cups and
spoons), premeasured portion sizes, or food photo-
graphs. Measurements can be from two-dimensional
and three-dimensional food forms. Familiar house-
hold items such as cups and spoons or bowls and
plates are commonly used by study participants for
estimating portion sizes. The use of food photographs
of various food-portion sizes has increased in the
research setting.

Food Artifacts

Household artifacts are portion-size estimation
objects intended to help people estimate food-portion
sizes.”> Household measures are widely used because
they resemble real-life, authentic objects and serve as
tangible, visual objects.”® People with varying literacy
levels can best recall and estimate food-portion sizes
using visualization and comparison aids. They often
estimate portion sizes based on the size or shape of
the container while using their hands to indicate the
equivalent portions.*

Chaudhry et al. found that people associate esti-
mates of liquids with the household containers they
usually use—for instance, estimating the portion size
of coffee with a drinking cup.”> The association with
the containers is made without the necessarily know-
ing the actual volume. People also tend to estimate
portion sizes of solid food container based on the sim-
ilarity to the shape of the actual container.*

In a recent study, Gibson et al. compared the accu-
racy of “the width of the fingers,” fist and fingertips
for estimating portion sizes with that of household
measures (cups and spoons).** Estimated weights
were compared with true weights, using a percentage
difference to compare the precision between the hand
and household measures. University of Sydney staff
and students estimated the portion sizes of multiple
foods and beverages. Surprisingly, the hand method,
which yielded a rough estimation of portion sizes,
was more accurate than the household method. The
hand estimation was 80% within the +25% of the true
weight of foods, and 13% were within the £10% of
accuracy. Conversely, the household estimation accu-
racy produced only 29% within the +25% of the true
weight of foods, and 8% were within the +10%. The
researchers concluded that the finger-width method
for portion-size estimation was superior to using the
household measures, particularly for geometrically
shaped foods.*

Research supports that household measures
and other food models produce poor accuracy in
estimating portion sizes when used by children.”
Children ages 4 to 16 years of age who used food pho-
tographs or an interactive portion-size assessment
were more accurate in their portion-size estimation of
foods served at school. Using household measures and
other food models, the participants’ estimation was
least accurate.” Overall, these findings showed that
household measures are not always the best option for
estimating food-portion size.

Unit Measurement

Food intake can be measured by different units of
portion sizes—for example, grams versus servings.*
Note that the two units are not interchangeable
because they represent different entities. Although
a portion is the amount an individual consumes,
a serving relates to a standardized amount of food
listed on a food label or the information about
a food within a food group such as in dietary
guidance.”””® Moreover, different foods are associ-
ated with different serving sizes, such as measured
cups, ounces, grams, slices, or numbers (three
crackers), which indicates that a portion size may
not match a serving size.’” Nothlings et al. examined
whether the portion-size unit—for example, grams
versus servings—may have different impacts on
food consumption.’® Using a cohort study of more
than 200,000 participants, the authors found that
the two measures could be interchangeable in pre-
dicting disease risk. Inversely, Herman and Policy®
affirmed that norms related to portion sizes were
determined by the amount of food served versus the
number of food items provided. For example, when
served pizzas were cut into different sizes, more food
was eaten when portion sizes were larger because of
a cognitive bias.””*” Geier et al. further confirmed
that there is a unit bias—that is, larger portion sizes
subconsciously encourage people to consume more
food.®® Likewise, the normal amount of food that
should be eaten will determine the amount served.
Could larger portion sizes of food also encourage
the consumption of large portion sizes of fruit and
vegetables that are not energy dense? Unfortunately,
evidence showed that larger servings of vegeta-
bles and fruit did not result in their greater intake.
Together, these findings point to the limitations of
using subjective unit measures to determine their
impact on food intake.*

Food Photographs
Food photographs have been used as alternative meth-
ods to estimate food-portion sizes.”*®' Foster et al.
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found that both food photographs and an interactive
portion-size assessment resulted in good accuracy
of portion-size estimates in relation to the true food
intake.”” When compared to using household mea-
sures and food models, children using food photo-
graphs and an interactive method were more effective
in improving accuracy in estimating portion sizes.
Food photographs and the interactive portion-size
assessment produced more accurate estimation of the
amount of food served rather than that consumed.”
Steyn et al. confirmed that two-dimensional real-life
drawings and as well as three-dimensional food mod-
els produce a high degree of portion sizes’ accuracy
that closely resembled the real food portion presented
to children.®’ Two-dimensional food drawings pro-
vided better estimates of total energy intake for fats
and carbohydrates than did three-dimensional food
models. The study found significant ethnic differences
in using one tool over the other. Overall, black chil-
dren selected the use of drawings and models more
often than white children. As a result, both aids prob-
ably could be used in dietary interviews using urban
black children as subjects. With adolescents, using
food models will increase accu