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Preface
Over the past decade, the field of sports nutrition has
grown substantially. With the improved quantity and
quality of sports nutrition research, increased attention
to nutrition among recreational and professional ath-
letes alike, and a blossoming interest in the field among
college students, sports nutrition programs in universi-
ties and colleges across the United States have expanded
significantly. At the same time, the demand for a com-
prehensive, up-to-date, and practical sports nutrition
resource for non-nutrition majors has grown.

This text, Sports Nutrition for Health Professionals,
merges the basic principles and latest evidence-based
knowledge and scientific understanding of sports 
nutrition with real-world practical applications and
examples that health professional students must mas-
ter to help their current and future clients to optimize
athletic performance and overall satisfaction and suc-
cess with sports and physical activity. Chapters are in-
tended to be practical and application-based while still
including all of the essential background and scientific
information a student needs to fully understand the
field of sports nutrition. While the text incorporates
topic areas included in the content outline for regis-
tered dietitians who are board-certified specialists 
in sports dietetics (CSSD), the text is geared toward
allied health professionals working with a diverse
population of active individuals.

The information and tools contained in this text serve
as a resource to those professionals working with elite

and recreational athletes, fit and active non-athletes,
and the newly active population. The major objective
of this text is to provide students with a comprehensive
understanding of sports nutrition in a format that is easy
to digest, recall, and apply. To meet this objective, the
text includes the following features:

• The stories of six clients— a professional triath-
lete, a recreational bodybuilder, a high school
basketball player, a marathon runner, an active
octogenarian, and an overweight middle-aged
woman training to hike the Grand Canyon—are
weaved throughout the  text. These six sample
clients are used to illustrate major principles and
take-home points contained within the text. 
The sample clients are evaluated by a variety of
health professionals and undergo a series of as-
sessments and self-administered tests to evaluate
and optimize their nutritional status. Readers are
given access to these assessments and tests and
are encouraged to use them to evaluate their
own nutritional status. 

• Speed Bumps—or review questions highlighting
the major points of the preceding several para-
graphs—to help students stop and comprehend
what they just read.

• A Key Points Summary at the end of each
chapter that distills the main learning points
from the chapter into a succinct list of critical
take-home points.

vii
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• Ten multiple choice questions that assess the
student’s comprehension of the chapter’s main
points. 

• Communication Strategies boxes, in which 
students practice taking the information they’ve
just learned and effectively sharing it with
clients, colleagues, and the general public.

• Evaluating the Evidence boxes, in which stu-
dents learn to think critically to understand, 
interpret, and use the results of peer-reviewed
research studies. 

Sports Nutrition for Health Professionals promises to serve
as a comprehensive, yet easy-to-read and practical text-
book for allied health professional students interested 
in sports nutrition. Ultimately, after completing a sports
nutrition course based upon this textbook, students not
only will understand the physiological basis of sports 
nutrition, but also will be able to clearly articulate how
to apply the physiology to real-life situations and inter-
actions with their clients.

viii Preface
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K E Y  T E R M S

1.5  Outline the process of carbohydrate metabolism.

1.6 Define and describe glycemic index.

1.7  List several benefits of a high-fiber diet.

1.8 List various types of carbohydrates and their effect

on athletic performance, weight management, and

overall health.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

1.1   Describe the roles of carbohydrate in the body.

1.2  Identify food sources containing carbohydrates.

1.3  Explain the factors that constitute a high-quality 

carbohydrate.

1.4  Briefly describe the process of carbohydrate 

digestion and absorption.

absorption The transfer of nutrients from the digestive
system into the blood supply.

acceptable macronutrient distribution range (AMDR)
The range of intake for a macronutrient that is associ-
ated with decreased risk of chronic disease while 
providing sufficient intake of essential nutrients.

adenosine triphosphate (ATP) The body’s usable 
energy source.

amylopectin A polysaccharide highly branched chain 
of glucose molecules that is easily digested.

amylose A polysaccharide made of glucose molecules
bound together in a linear chain that is mostly 
resistant to digestion.

bolus A food and saliva digestive mix that is swallowed
and further digested in the stomach and small 
intestine.

brush border The site of nutrient absorption in the small
intestine. Enterocyte cells line the small intestine 
and have microvilli. The microvilli are closely packed 
together and resemble the bristles of a brush. The 
enterocyte cells secrete enzymes and proteins that 
assist with nutrient digestion and absorption.

calorie The amount of energy needed to increase 
1 kilogram of water by 1 degree Celsius. It is used to
measure the amount of energy in a food available
after digestion.

carbohydrate A macronutrient made of carbohydrate,
hydrogen, and oxygen; the body’s preferred energy
source.

cellulose A low viscosity starch made of long chains of
glucose; a structural component of the cell wall in
plants that is indigestible to humans.

chyme A partially digested mass of food formed in the
stomach and released into the duodenum of the 
small intestine.

complex carbohydrates Oligosaccharides and poly-
saccharides; multiple monosaccharides joined by 
glycosidic bonds; takes more time to digest than a
simple carbohydrate.

dietary fiber Nondigestible carbohydrates and lignins
that are obtained naturally from plant foods. 

digestion The process of breaking down food into units
small enough for absorption.

disaccharide A simple carbohydrate; two monosaccha-
rides bound together. Maltose, fructose, and lactose
are all disaccharides. 

duodenum The approximately 1-foot long first portion 
of the small intestine where the majority of chemical
digestion of food occurs.

enzymes Proteins that speed up the rate of chemical 
reactions.

esophagus A muscular tube extending from the mouth
to the stomach.

fructooligosaccharide A category of oligosaccharides
that are mostly indigestible, may help to relieve
constipation, improve triglyceride levels, and 
decrease production of foul-smelling digestive
byproducts.

fructose The sweetest of the monosaccharides, found in
varying levels in different types of fruits.

functional fiber Nondigestible carbohydrates that have
been isolated from foods and added to food products,
and have a potentially beneficial effect on human
health.

galactose A monosaccharide, a component of lactose.
gastric emptying The process by which food is emptied

from the stomach into the small intestine.
glucagon A hormone secreted by the pancreas that 

stimulates glucose release from the liver when blood
glucose levels are low.

gluconeogenesis The formation of glucose from 
noncarbohydrate substances.

glucose The predominant monosaccharide in nature
and the basic building block of most other carbohy-
drates.

glycemic index A measurement of the amount of 
increase in blood sugar after eating particular 
foods.

3
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4 SECTION 1: FROM FOOD TO FUEL

glycemic load A measure of a consumed carbohydrate’s
overall effect on blood glucose levels; equal to the
glycemic index multiplied by the number of grams
consumed divided by 100.

glycogen A polysaccharide that is a highly branched
chain of glucose molecules. The chief carbohydrate
storage material in animals formed and stored in the
liver and muscle.

glycosidic bond A link between two sugar molecules.
The two molecules share an oxygen atom.

high viscosity fiber See soluble fiber.
hypoglycemia Low blood glucose (≤ 70 mg/dL); charac-

terized by symptoms such as tiredness, weakness,
shaking, fast heart rate, and feeling nervous.

ileum The final portion of the small intestine, which is
approximately 12 feet in length; where absorption of
vitamin B12, bile salts, and digestive products not 
already absorbed in the  jejunum occurs.

insoluble fiber Fiber that does not bind with water and
adds bulk to the diet (includes cellulose, hemicellulose,
and lignins found in wheat bran, vegetables, and whole
grain breads and cereals); important for proper bowel
function and reducing symptoms of constipation.

insulin A hormone secreted by the pancreas that is 
required for the transport of glucose from blood 
into tissues.

jejunum The middle portion of the small intestine,
which is approximately 8 feet in length; where much
of food absorption occurs.

lactase The enzyme required to digest lactose.
lactose A disaccharide made of glucose and galactose;

the principal sugar found in milk.
lactose intolerance A condition in which a person 

does not make enough of the enzyme lactase re-
quired to break down the sugar lactose, resulting 
in gastrointestinal symptoms such as abdominal
cramps, bloating, diarrhea, and flatulence when 
lactose is ingested.

large intestine Connects the small intestine to the anus;
absorbs most of the fluid from waste products and
serves as a storage site for fecal waste; includes three
portions: the cecum, colon, and rectum.

liver A large vital organ inside the body which plays a
major role in metabolism including protein synthesis,
glycogen storage, and production of chemicals neces-
sary for digestion; other functions include detoxifica-
tion and purification and breakdown of red blood cells.

low viscosity fiber See insoluble fiber.
maltose A disaccharide of two glucose molecules bound

together; found in malt beverages, chocolate malts,
and beer.

monosaccharide The simplest form of carbohydrate
(glucose, galactose, and fructose); it cannot be 
digested any further.

oligosaccharide A complex carbohydrate, a chain of 
approximately three to ten monosaccharides.

pancreas A vital organ that is both a digestive organ, se-
creting pancreatic juice containing digestive enzymes
that assist the absorption of nutrients and the diges-
tion in the small intestine, and an endocrine organ
that releases important hormones including insulin,
glucagon, and somatostatin.

peristalsis The process by which muscles in the esophagus
push food to the stomach through a wave-like motion.

polysaccharide A complex carbohydrate, long chain of
monosaccharides.

portal circulation The circulation of blood directly from
the small intestine to the liver via the portal vein.

recommended dietary allowance (RDA) The amount
of nutrient known to be adequate to meet the nutri-
tional needs of nearly all healthy persons.

saliva A secretion from the salivary glands that begins 
digestion; consists of water, salts, and enzymes.

simple carbohydrate Monosaccharides and 
disaccharides.

small intestine The three-segment portion of the 
digestive system between the stomach and large in-
testine that is responsible for the majority of digestion
and absorption of swallowed foods.

soluble fiber A type of fiber that forms gel in water; may
help prevent heart disease and stroke by binding bile
and cholesterol, diabetes by slowing glucose absorption,
and constipation by holding moisture in stools and soft-
ening them; includes gums, pectin, and psyllium seeds.

starch Plant carbohydrate found in grains and vegetables.
sucrose A disaccharide formed by glucose and fructose

linked together; also known as table sugar.
sugar Chemically speaking it may refer to simple carbo-

hydrates (mono and disaccharides), or it may refer to
table sugar or sucrose.

villi Folds or finger-like projections of the small intestine
that increase surface area for digestion and absorption.

CALCULATIONS
1 gram of carbohydrate = 4 calories

Glycemic load = glycemic index × grams of carbohydrate
consumed/100
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Chapter 1: Carbohydrates 5

INTRODUCTION

Carbohydrates serve as the body’s preferred energy
source and help to fend off the fatigue and exhaustion
that threatens the end of a prolonged workout. In recent
years there has been a backlash against carbohydrates
in popular diets, lay media stories, and now to some ex-
tent even in the scientific literature. While carbohydrates
such as refined sugars can pose health problems,
healthful carbohydrates chosen in appropriate amounts
and at the appropriate times can benefit athletic per-
formance, weight management, and optimal health. 

CARBOHYDRATE FUNCTION

Carbohydrates serve several essential functions in the
human body. As the body’s preferred energy source,
carbohydrates are ideally suited to provide fuel for the
body’s many metabolic functions, including that re-
quired for normal brain function. When carbohydrates
are readily available, the body does not need to break
down protein for fuel. This protein sparing allows pro-
tein to be used to build muscle and other important
body tissues and structures rather than for energy.
Furthermore, carbohydrates can be used for energy
during anaerobic and aerobic exercise and are required
to efficiently break down fat. In addition, fiber, an im-
portant type of carbohydrate, improves digestive health
and cholesterol levels. Carbohydrates play other im-
portant roles, including satiety, providing flavor and
sweet taste to foods, and serving as signaling molecules
for essential biological reactions. 

CARBOHYDRATE STRUCTURE

Carbohydrates are built from chains of monosaccha-
rides. Monosaccharides are made of carbon, hydrogen,
and oxygen molecules, hence the abbreviation CHO.
They are bound together to form larger carbohydrate
compounds such as disaccharides, oligosaccharides,
and polysaccharides. Carbohydrates are categorized
into two categories: simple and complex. Simple car-
bohydrates include monosaccharides and disaccharides
and complex carbohydrates include the oligosaccha-
rides and polysaccharides. Most carbohydrates provide
4 calories per gram; however, as discussed in this 
chapter, dietary fiber, a form of complex carbohydrates,
contributes fewer calories per gram. 

Simple Carbohydrates

Monosaccharides
Three monosaccharides found in nature can be ab-
sorbed and used by humans: glucose, fructose, and

galactose. Glucose is the predominant monosaccharide
in nature and the basic building block of most other
carbohydrates. Fructose is the sweetest of the mono-
saccharides and is found in varying levels in different
types of fruits. Galactose is most often bound to 
glucose to form the disaccharide lactose, the principal
sugar found in milk. Furthermore, monosaccharides
can be bound together by a glycosidic bond to form
disaccharides, oligosaccharides, or polysaccharides. 

After being consumed, all carbohydrates are eventu-
ally digested to monosaccharides and absorbed into the
bloodstream. The cells in the body use the monosaccha-
ride form of glucose for energy. The other two mono-
saccharides, fructose and galactose, must be converted
to glucose to be used by the cells for energy.

Disaccharides
Three disaccharides found in food are lactose, sucrose,
and maltose. Lactose, which is a glucose molecule and
galactose molecule bound together, is found in dairy
products such as milk, yogurt, and ice cream. Sucrose
(table sugar) is formed by glucose and fructose, and
maltose (malt sugar) is two glucose molecules bound
together. 

The human preference for sweet tastes is innate. This
preference has inspired food manufacturers to add su-
crose and a variety of other sweeteners to food products
to enhance consumer appeal. Most caloric sweeteners
(meaning they provide calories) are disaccharides. Raw
sugar, granulated sugar, brown sugar, powdered sugar,
and turbinado sugar (Sugar in the Raw) are all forms of
sucrose. Honey is a natural form of sucrose that is made
from plant nectar and harvested by honeybees, which
secrete an enzyme that hydrolyzes sucrose to glucose
and fructose. Other natural caloric sweeteners include
molasses, agave nectar, and maple. Corn sweeteners,
such as corn syrup and high fructose corn syrup, are
commonly used in commercially processed foods such
as sodas, baked goods, and some canned products (see
Evaluating the Evidence). 

Weight- and calorie-conscious consumers have long
used low-calorie sweeteners to enhance food flavors.
Sorbitol, which is used in many diet products, is pro-
duced from glucose and found naturally in some
berries and fruits. It is absorbed by the body at a slower
rate than sugar. Noncaloric sweeteners—which are
calorie-free because the body cannot metabolize
them—also are used to add sweet taste to foods and
beverages. In the United States, these sweeteners are
regulated by the Food and Drug Administration (FDA).
Aspartame, also known as Equal in packaged sweet-
ener and NutraSweet in foods and beverages; Acesul-
fame K, which is called Sunett in cooking products 
and Sweet One as a tabletop sweetener; saccharin; 
sucralose (Splenda); and neotame are all approved for
use in the United States. While early studies found that
certain sweeteners may cause bladder cancer in labo-
ratory rats,1,2 subsequent studies have not confirmed
this finding.3,4 Sugar extracted from the stevia plant is
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now a widely available natural alternative to artificial
sweeteners (see Emerging Trends). Studies are mixed
on whether consumption of noncaloric sweeteners 
assists with weight control.7,32

Complex Carbohydrates

Oligosaccharides and Polysaccharides
An oligosaccharide is a chain of approximately three to
ten simple sugars. Fructooligosaccharides, a category

of oligosaccharides found naturally in some fruits and
vegetables and commercially produced as a reduced-
calorie sweetener, are mostly indigestible. These oligosac-
charides help relieve constipation, improve triglyceride
levels, and decrease production of foul-smelling digestive
byproducts.5

Polysaccharides can consist of hundreds of mono-
saccharides bound together. There are three categories
of polysaccharides: starch, fiber, and glycogen. Plants
such as different grains and vegetables make starch,

6 SECTION 1: FROM FOOD TO FUEL

EVALUATING THE EVIDENCE

Does High Fructose Corn Syrup Really Make You Overweight?

High fructose corn syrup (HFCS) first made its debut into the American food supply around 1970 when it ac-
counted for about 0.5% of total sweetener use. It is produced when corn syrup undergoes processing to convert
glucose to fructose. By the mid-2000s, almost half of all sweetened foods were sweetened with HFCS. HFCS
makes up a large proportion of added sweeteners in beverages and processed and packaged foods including many
canned foods, cereals, baked goods, desserts, flavored and sweetened dairy products, candy, and fast food. Two
forms of HFCS are used in the U.S. food supply: HFCS-55, which is found mostly in carbonated beverages and 
is 55% fructose, 41% glucose, and 4% glucose polymers; and HFCS-42, which is found mostly in processed foods
and contains slightly less fructose (42% fructose, 53% glucose, and 5% glucose polymers).25 Food manufacturers
prefer fructose to sucrose because it is less expensive. Corn subsidies and other policies aimed at increasing corn
production led to corn prices that are lower than the cost of producing sugar. High tariffs on imported sugar cane
add to the cost of sweetening with pure sugar. 

Publication of several animal studies and human studies showed that HFCS may contribute to obesity, insulin
resistance, diabetes, and decreased feelings of fullness after consumption. Health advocates and the media be-
came alarmed that HFCS may contribute to negative health outcomes, including the surge in obesity. Recent
large-scale human studies have not shown increased risk of overweight, obesity, or metabolic disorders like 
diabetes when HFCS is consumed in reasonable amounts.26 However, the number of long-term high-quality 
controlled studies is limited. This is not to say that clients can eat unlimited amounts of HFCS without risk of ill
consequence; rather, HFCS probably does not increase health risk more than sugar or other sweeteners. But the
typical American still consumes greater than 10% of daily calories from added sugars.25,27 That’s about an extra
200 calories per day of empty calories, which provide minimal nutritional value. Add it up and the typical 
American eats about 20 pounds worth of added sugar over the course of a year. Manufacturers add HFCS to 
foods that would not typically contain sugar such as breads, crackers, juices, and yogurt to increase shelf-life 
and enhance flavor. 

Anyone trying to lose or control their weight or curb risk of insulin resistance or diabetes should aim to minimize
consumption of HFCS as well as other added sugars, including sucrose (table sugar) and other caloric sweeteners.
As clients carefully scan ingredient lists they will soon find that it doesn’t matter whether they eat foods and drinks
with sucrose, high fructose corn syrup, or any of the other many added sugars—trying to cut added sugars in the
diet is a major challenge. 

1. What is your opinion of high fructose corn syrup after reading this summary?
2. More research needs to be done to fully understand the effects of high fructose corn syrup on health.

Using the scientific method, define a question, develop a hypothesis, and propose a theoretical study 
to evaluate the effects of high fructose corn syrup on a health outcome.

The Scientific Method
1. Define a question
2. Gather information and resources (observe)
3 Form a hypothesis
4. Test the hypothesis through experimentation and data collection
5. Analyze the data
6. Interpret the data and draw conclusions
7. Publish results
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EMERGING TRENDS

IN STORES NOW: STEVIA, THE ALL-
NATURAL PLANT-BASED SWEETENER
Once limited to the health-food market as an 
unapproved herb, the plant-derived sweetener
known as stevia is now widely available and rap-
idly replacing artificial sweeteners in consumer
products. Thirty times sweeter than sugar and
with no effect on blood glucose and little after-
taste, stevia sales are predicted to reach about
$700 million in the next few years according 
to the agribusiness finance giant Rabobank. 

Stevia’s history goes back to ancient times.
Grown naturally in tropical climates, stevia is an
herb in the chrysanthemum family that grows wild
as a small shrub in Paraguay and Brazil, though it
can easily be cultivated elsewhere. Paraguayans
have used stevia as a food sweetener for centuries,
while other countries, including Brazil, Korea, Japan,
China, and much of South America, also have a
shorter, though still long-standing, record of stevia
use. There are over 100 species of stevia plant, 
but one stands out for its excellent properties as 
a sweetener: Stevia rebaudiana, which contains the
compound rebaudioside A, the sweetest-flavored
component of the stevia leaf. Rebaudioside A
chemically acts very similar to sucrose in onset, 
intensity, and duration of sweetness and is free 
of aftertaste. Most stevia-containing products con-
tain mostly extracted Rebaudioside A with some
proportion of stevioside, which is a white crys-
talline compound present in stevia that tastes 100
to 300 times sweeter than table sugar.28

Though widely available throughout the world,
in 1991 stevia was banned in the United States due
to early studies that suggested the sweetener may
cause cancer. A follow-up study refuted the initial
study and in 1995 the FDA allowed stevia to be 
imported and sold as a food supplement, but not as
a sweetener. Several companies argued to the FDA
that stevia should be categorized similarly to its ar-
tificial sweetener cousins as “generally recognized
as safe (GRAS).”  Substances that are considered
GRAS have been determined to be safe through 
expert consensus, scientific review, or widespread
use without negative complications. They are ex-
empt from the rigorous approval process required
for food additives. In December 2008, the FDA 
declared stevia GRAS, and allowed its use in 
mainstream U.S. food production.29 It has taken
food manufacturers a few years to work out the
right stevia-containing recipes, but stevia is now
present in a number of foods and beverages in the
United States, such as Gatorade’s G2, VitaminWater
Zero, SoBe Lifewater Zero, Crystal Light, and 

Sprite Green. Around the world it has been used in
soft drinks, chewing gums, wines, yogurts, candies, 
and many other products. Stevia powder can also
be used for cooking and baking (in markedly 
decreased amounts compared to table sugar due 
to its high sweetness potency).

Stevia is marketed under the trade names of 
Truvia (Coca-Cola and agricultural giant Cargill),
PureVia (Pepsi-Cola and Whole Earth Sweetener
Company), and SweetLeaf (Wisdom Natural
Brands). The three sweeteners are essentially the
same product, though they contain slightly different
proportions of rebaudioside A and stevioside. FDA
classification of the high-purity Rebaudioside M 
(Reb M) as GRAS cleared Coke to launch a new
product called Coca-Cola Life, a 100-calorie sugar-
and stevia-sweetened soft drink. Presumably, 
Pepsi will follow suit.

Though stevia is most likely as safe or more so
than artificial sweeteners, few long-term studies
have been done to document its health effects in
humans. A review conducted by toxicologists at
UCLA, which was commissioned by nutrition ad-
vocate Center for Science in the Public Interest,
raised concerns that stevia could contribute to
cancer.28 The authors noted that in some test tube
and animal studies stevioside (but not rebaudio-
side A) caused genetic mutations, chromosome
damage, and DNA breakage. These changes pre-
sumably could contribute to malignancy, though
no one has actually studied if these compounds
cause cancer in animal models. Notably, initial
concerns that stevia may reduce fertility or worsen
diabetes seem to have been put to rest after stud-
ies showed no negative outcomes. In fact, one
study of human subjects showed that stevia may
improve glucose tolerance. Another found that
stevia may induce the pancreas to release insulin,
thus potentially serving as a treatment for type 2
diabetes.29 After artificial sweeteners were banned
in Japan over 40 years ago, the Japanese began to
sweeten their foods with stevia. Since then, they
have conducted over 40,000 clinical studies on
stevia and concluded that it is safe for human 
use. But still, there is a general lack of long-term
studies on stevia’s use and effects.

Stevia’s sweet taste and all-natural origins make 
it a popular sugar substitute. With little long-term
outcomes data available on the plant extract, it is
possible that stevia in large quantities could have
harmful effects. However, it seems safe to say 
that when consumed within the acceptable range 
(4 mg/kg of body weight),29 stevia may be an excep-
tional natural plant-based sugar substitute. 
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which is an energy source for the plant and provides
carbohydrates for animals that consume the plant.
There are two types of starch: amylose and amy-
lopectin. Amylose is a small, linear molecule of tightly
packed glucose molecules that is mostly resistant to di-
gestion. Amylopectin is a larger, highly branched
chain of glucose molecules that is easily digested. Be-
cause starches are longer than disaccharides and
oligosaccharides, they take longer to digest. Still, hu-
mans are easily able to break down and digest starches
with specific enzymes. However, the rest of the plant,
which is formed largely of the carbohydrate cellulose
and other fibers, is indigestible because humans do not
produce the necessary enzymes to break the glycosidic
bonds found in these polysaccharides (though some
fiber does undergo fermentation in the large intestine,
providing a small amount of energy for normal gut bac-
terial growth). While other carbohydrates contain 4
calories per gram, fiber probably contributes about 1.5
to 2.5 calories per gram.6

Animals, including humans, also produce a polysac-
charide called glycogen. Glycogen is a large, highly
branched chain of glucose molecules. Glycogen is made
and stored in the liver and muscle and is a source of
energy for the body.  

S P E E D  B U M P
1. Describe the different categories of carbohydrates.

CARBOHYDRATE DIGESTION 
AND ABSORPTION

The body has a remarkable ability to transform a food
into its individual nutrients through the process of 
digestion (Fig. 1-1). Digestion of the carbohydrate
components of a food begins in the mouth. Saliva is
released from the salivary glands. Saliva contains en-
zymes, such as salivary a-amylase, which cleaves large
polysaccharides into oligosaccharides and disaccha-
rides. With swallowing, the bolus of food passes
through the throat into the esophagus. Muscles in the
esophagus push the bolus into the stomach in a wave-
like motion called peristalsis. 

In the stomach, peristalsis continues and churns the
bolus with gastric juices, forming a substance called
chyme. However, these gastric juices have a very low
pH, inhibiting enzymes that break apart glycosidic
bonds found between monosaccharides. The chyme,
containing partially digested carbohydrates, moves 
into the small intestine, which is composed of the
duodenum, jejunum, and ileum, for further enzymatic
digestion (Fig. 1-2). Once in the duodenum, the ap-
proximately 1-foot long first portion of the small intes-
tine, the pancreas releases enzymes that help to cleave 
the glycosidic bonds between monosaccharides, there-
fore breaking the oligosaccharides and polysaccharides
into smaller parts (Fig. 1-3). Also, bicarbonate is re-
leased from the pancreas to produce a more alkaline

environment in which the enzymes can function. From
there, the chyme passes to the second and third por-
tions of the small intestine, the jejunum and ileum.
Together comprising about 20 feet of convoluted intes-
tine, the jejunum and ileum are where final digestion
and most nutrient absorption occur.
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Figure 1-1. Carbohydrate digestion and absorption.

Figure 1-2. The small intestine is composed of the 
duodenum, jejunum, and ileum.
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water (solubility), their size, and their relative concen-
tration. Once sugars are absorbed into the bloodstream,
they are delivered directly to the liver (known as 
portal circulation) for processing and distribution 
of nutrients to the rest of the body. Fructose and galac-
tose are converted into glucose in the liver. Glucose 
either enters the bloodstream for use by the cells or 
is converted into glycogen or fat. The use of glucose is
determined by the needs of the body. 

Undigested carbohydrates such as fiber continue to
move from the small intestine into the large intestine.
In the large intestine, some fiber is digested for energy
by bacteria, which also produces gas. Most of the fiber
continues through the intestine and is excreted, adding
bulk to the feces and protecting against constipation.

CARBOHYDRATE METABOLISM

If energy is needed, glucose is transported into the
cells where it is metabolized. End products of glucose
metabolism are carbon dioxide, water, and adeno-
sine triphosphate (ATP). ATP is the body’s usable
energy source. Chapter 6 describes the process of
breaking glucose down to make energy through the
processes of aerobic and anaerobic glycolysis.

Carbohydrates consumed in the diet that are not im-
mediately used for energy are stored in the liver and
muscle as glycogen. Approximately 90 grams of glyco-
gen is stored in the liver. About 150 grams of glycogen
is stored in muscle, though this amount can be increased
with physical training and carbohydrate loading.8 Be-
cause glycogen contains many water molecules, it is
large and bulky and therefore unsuitable for long-term
energy storage. Thus, if a person continues to consume
more carbohydrates than the body can use or store, the
body will convert the excess carbohydrates into fat for
long-term storage.
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Figure 1-3. Enzymes flow through the pancreatic duct 
to the duodenum, where they cleave to the glycosidic
bonds between monosaccharides, breaking them into
smaller parts.

Duodenum

Pancreatic duct

Villi

Microvilli

Brush
border

Figure 1-4. Enzymes are released in the brush 
border to complete digestion of most 
carbohydrates.

In the small intestine there are villi and microvilli
that create a brush border (Fig. 1-4)—an ideal envi-
ronment for final digestion and absorption. Within
this border, enzymes are released that complete the
digestion of most carbohydrates. For example, the en-
zyme lactase digests lactose into its component parts,
the monosaccharides glucose and galactose. Lactose
intolerance results from a deficiency in the enzyme
lactase. This inability to break down lactose causes
symptoms like abdominal cramps, bloating, diarrhea,
and flatulence (Fig. 1-5). Other carbohydrates are 
broken down into monosaccharides by various brush
border enzymes including maltase, a-dextrinase, su-
crase, and trehalase. The monosaccharides are then
absorbed through the microvilli, the tiny finger-like
projections on the villi of the intestinal brush border
into the bloodstream.

Nutrients cross the brush border into the blood in
different ways depending on how well they dissolve in
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AMDR is the range associated with reduced risk for
chronic diseases while still providing adequate intake
of nutrients such as vitamins and minerals. Those
whose diets fall outside the AMDR have a higher risk
for developing a chronic disease or nutrient deficiency.6

The AMDR for carbohydrates is 45% to 65% of total
calories. The recommended dietary allowance
(RDA), the amount of nutrient known to be adequate
to meet the nutritional needs of nearly all healthy
persons, for carbohydrates is 130 grams per day. This
is a minimum requirement based on the amount of
carbohydrates needed by the brain daily. Therefore,
for energy maintenance the body needs more than
130 grams per day.6 For example, a person following
the AMDR who consumes 2,000 calories needs ap-
proximately 225 to 325 grams per day. The Academy
of Nutrition and Dietetics and the American College
of Sports Medicine also provide a g/kg of body weight
method to calculate carbohydrate need for athletes.
The formula is 6 to 10 g/kg (2.7 to 4.5 g/lb) of body
weight per day depending on their total daily energy
expenditure, type of exercise performed, gender, and
environmental conditions to maintain blood glucose
levels during exercise and to replace muscle glycogen.9

CARBOHYDRATE QUALITY

Most athletes recognize that carbohydrates are essential
to fuel optimal athletic performance, but fad diets have
given the general population the impression that car-
bohydrates are “bad” when it comes to weight control
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Figure 1-5. Lactose intolerance.

Hormone Regulation

Two hormones responsible for blood glucose regulation
are insulin and glucagon. Both are produced in the
pancreas. When a meal is consumed and blood glucose
levels begin to rise, insulin is released into the blood. In-
sulin aids cells in the uptake of glucose, therefore main-
taining a desirable blood glucose level (70 to 110 mg/dl).8

When blood glucose begins to decrease (between periods
of food consumption or during exercise), glucagon is re-
leased. One way glucagon works to increase blood glu-
cose levels is through regulating the breakdown of
glycogen into glucose. Once glycogen has been broken
down into glucose, it is released into the bloodstream, in-
creasing blood glucose levels. As glycogen decreases,
glucagon metabolizes fat from storage for fuel to help
conserve glycogen and maintain blood glucose levels.
When there is an abundance of sugar available and
glycogen stores are maximized, insulin promotes the con-
version of carbohydrates into fat for long-term storage. 

S P E E D  B U M P  
2. Briefly describe the process of carbohydrate 

digestion and absorption.
3. Outline the process of carbohydrate metabolism.

GENERAL CARBOHYDRATE
RECOMMENDATIONS

The acceptable macronutrient distribution ranges
(AMDR) are set for carbohydrates, fat, and protein. The
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bump in blood glucose. Today, carbohydrate quality is
better determined by considering the food’s nutrient
value, effect on blood glucose levels, and extent of pro-
cessing. While no one scale or formula determines car-
bohydrate quality, many health experts use glycemic
index (GI) and glycemic load (GL) as proxies.10

Glycemic Index and Glycemic Load

Glycemic index ranks carbohydrates based on their
blood glucose response: high-glycemic index foods enter
the bloodstream rapidly, causing a large glucose spike
(Fig. 1-6). This rapid increase in glucose stimulates re-
lease of insulin and a subsequent insulin spike. Insulin
promotes glucose uptake in muscle cells and fat deposi-
tion in adipose tissue. From 2 to 4 hours after consump-
tion of a high-glycemic index meal, residual effects from
high insulin levels can cause a rapid drop in blood sugar
and hypoglycemia.11 Low-glycemic index foods such
as nonstarchy vegetables, whole fruit, whole grains, and
legumes are digested more slowly and cause a smaller
glucose increase and a small boost in blood insulin levels
(Table 1-1). Highly processed, refined starches and sugar
tend to have a higher glycemic index and have been as-
sociated with negative health consequences such as
heart disease and diabetes.12 Although valuable, the
glycemic index does not account for the caloric amount
consumed of one product. For example, carrots have a
higher glycemic index than a candy bar. 

Glycemic index is based on a reference amount 
of carbohydrate (50 g). Glycemic load (GL) accounts 
for portion size (GL = GI × grams of carbohydrate/100).
Notably, a food can have a high glycemic index but a
low glycemic load. For example, while carrots have a
high glycemic index, to actually eat 50 grams of carrot,
a person would need to eat 4 cups of the vegetable. Be-
cause the typical serving size is approximately one-half
cup, the glycemic load is small. Also, carbohydrate-
containing foods that are also moderate to high in fat
or protein, fiber, and other nutrients and that are min-
imally processed may have a high glycemic index but a
low glycemic load. Table 1-2 lists the glycemic index and
glycemic load of commonly eaten carbohydrates.13
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Myths and Misconceptions
Carbohydrates Are Bad for Your Health
and Your Waistline
The Myth 
Carbohydrates make you gain weight. And, by the
way, if you eat too many carbohydrates, you also
increase your risk of developing type 2 diabetes.

The Logic 
The digestion of carbohydrates to monosaccha-
rides leads to a spike in blood glucose. In response,
the body releases more of the fat-promoting 
hormone insulin. High insulin levels may lead 
to weight gain as well as type 2 diabetes.

The Science 
Not all carbohydrates are created equal, although
all carbohydrates do ultimately get broken down
into glucose. Depending on a carbohydrate’s
glycemic index, extent of processing, and other
foods consumed at the same time, the blood 
glucose response varies. While a growing body 
of research suggests that carbohydrates that 
have a lesser effect on blood glucose (such as 
low glycemic index carbohydrates) are better 
for overall health, including the risk of type 2 
diabetes,15 when it comes to weight gain, the re-
search has not confirmed that increased carbohy-
drate type or consumption leads to increased
weight24,30,31 (when overall caloric consumption
is maintained). Time and again researchers
studying the effects of various diets of differing
macronutrient composition on weight have
found the same result: it does not matter where
the calories come from, it only matters how
many total calories a person consumes in a day. 
If dieters eat fewer calories than they expend—
whether those calories come from carbohydrates,
protein, or fat—they will lose weight.

and overall health (see Myths and Misconceptions).
This is not the case, as long as high-quality, minimally
processed carbohydrates are consumed in appropriate
portion sizes.

It used to be that carbohydrate quality was deter-
mined based on whether the carbohydrate was classified
as a simple carbohydrate (mono- or disaccharides)
like table sugar or a complex carbohydrate (oligo- and
polysaccharides) like brown rice. This classification
branded simple carbohydrates as nutrient-poor and “un-
healthy” and complex carbohydrates as more nutrient-
dense and “healthy.” The belief was that digestion rate,
and thus postprandial effect on blood glucose, was
based primarily on the length of the carbohydrate chain,
with short chains causing a more pronounced blood 
glucose response and long chains causing only a small

Time (minutes)

30 60 90 120 150 180

C
ha

ng
e 

in
 B

lo
od

 G
lu

co
se

0

10

20

30

40

50

0

−10

White bread 
glycemic
response

White bread
insulinemic
response

Spaghetti
glycemic
response

Spaghetti
insulinemic
response

Figure 1-6. Blood glucose and insulin response after
high- and low-glycemic carbohydrates.
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12 SECTION 1: FROM FOOD TO FUEL

Table 1-1. Factors That Reduce Glycemic Index
INTRINSIC EXTRINSIC

High amylose:amylopectin ratio Protective insoluble fiber and coat as in whole intact grains

Intact grain/large particle size Viscous fibers

Intact starch granule Enzyme inhibitors

Raw starch Raw foods (vs. cooked foods)

Physical interaction with fat or protein Minimal food processing
Reduced ripeness in fruit
Minimal (compared to extended) storage

Table 1-2. Glycemic Index and Glycemic Load of Representative Foods8,10

FOOD GLYCEMIC INDEX GLYCEMIC LOAD CARBOHYDRATE CALCULATION

Carrots 92 4.6 1 cup = 5 g 

Corn flakes 80 12 3/4 cup = 15 g

White rice 72 10.8 1/3 cup cooked = 15 g

White bread 69 10.3 1 slice = 15 g

Brown rice 66 9.9 1/2 cup cooked = 15 g

Raisins 64 9.6 2 Tbsp = 15 g

Bananas 62 9.3 1 small = 15 g

White pasta 50 7.5 1/2 cup cooked = 15 g 

Oatmeal 49 7.4 1/2 cup cooked = 15 g

Sweet potatoes 48 7.2 1/2 cup = 15 g

Whole wheat pasta 42 6.3 1/2 cup = 15 g

Oranges 40 6 1 small = 15 g 

Apples 39 5.9 1 small = 15 g 

Skim milk 46 5.5 1 cup = 12 g

Lentils 29 4.4 1/2 cup = 15 g

Low fat yogurt 14 2.1 1 cup = 15 g 

Glycemic load = Glycemic Index × CHO (g) per serving/100. 
Glucose = reference = 100.
*Note: Glycemic load is based on the amount of carbohydrate consumed. If more than 1 serving of carbohydrate is consumed, the

glycemic load will increase proportionally.

A growing body of research supports that eating 
a diet with the majority of carbohydrates of lower
glycemic load may offer health benefits including
weight control, decreased risk of diabetes and heart
disease, and reduced morbidity in individuals with
chronic diseases including diabetes and heart dis-
ease.11,12,14–19 Furthermore, foods with a low glycemic
load are commonly nutrient dense, meaning they 
provide more nutrients per calorie. For example, 
16 ounces of soda has about the same amount of 

carbohydrates as two medium-sized apples, though the
glycemic load of the soda is much higher. The two apples
provide more vitamins, minerals, and fiber compared to
the soda, making the apples more nutrient dense.  

Fiber

In addition to considering a carbohydrate’s glycemic
index or load, an important consideration when eval-
uating carbohydrate quality is the food’s fiber content.
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Fiber is classified as functional fiber and dietary
fiber. Together, dietary and functional fiber comprise
“total fiber.”

Functional Fiber
Functional fiber is defined as an isolated nondigestible
carbohydrate that may have beneficial physiological 
effects in humans. Functional fiber is typically available
as both natural and synthetic dietary supplements, which
claim to offer such benefits as improved gastrointestinal
symptoms, weight loss, reduced cholesterol, and colon
cancer prevention, among other claims. On the food label,
functional fiber shows up as isolated, nondigestible plant
(e.g., resistant starch, pectin, and gums), animal (e.g.,
chitin and chitosan), or commercially produced (e.g., 
resistant starch, polydextrose, inulin, and indigestible 
dextrins) carbohydrates. It is typically added to foods.

Dietary Fiber
Dietary fiber is the fiber naturally found in certain
foods. It is further classified as high viscosity and
low viscosity. High viscosity fibers (typically those
that also are referred to as soluble fiber) include
gums (found in foods like oats, legumes, guar, and
barley), pectin (found in foods like apples, citrus
fruits, strawberries, and carrots), and psyllium seeds.

These fibers slow gastric emptying, or the passage
of food from the stomach into the intestines. Conse-
quently, once mixed with digestive juices they be-
come gel-like, causing an increased feeling of fullness.
Also, the delayed gastric emptying slows the release
of sugar into the bloodstream, which may help atten-
uate insulin resistance. High viscosity fibers also can
interfere with the absorption of fat and cholesterol
and the recirculation of cholesterol in the liver, which
may decrease cholesterol levels.20 Low viscosity
fibers (previously referred to as insoluble fiber)
such as cellulose (found in whole wheat flour, bran,
and vegetables), hemicellulose (found in whole grains
and bran), and lignin (found in mature vegetables,
wheat, and fruit with edible seeds like strawberries
and kiwi) play an important role in increasing fecal
bulk and provide a laxative effect.

Clearly, fiber serves many important and beneficial
roles in the human body.20–22 Still, the average American
consumes far less than the recommended 14 grams
per 1,000 calories consumed per day—or the approx-
imately 25 to 35 grams per day for most adults. (Chil-
dren over the age of 2 should eat their age plus 
5 grams per day).6 With increased consumption of fruits,
vegetables, legumes, and whole grains, most Americans
could easily achieve this fiber goal (Table 1-3).

Chapter 1: Carbohydrates 13

Table 1-3. Fiber Content of Commonly Consumed Foods
FOOD SERVING SIZE TOTAL DIETARY FIBER (g/SERVING)

Fruits

Apple, raw, with skin 1 apple 3.3

Banana, raw 1 banana 3.1

Figs, dried 2 figs 3.7

Peaches, dried, sulfured, uncooked 3 halves 3.2

Pear 1 pear 5.1

Vegetables

Broccoli, raw 1/2 cup 1.2

Carrots, raw 1/2 cup 1.5

Celery, raw 1 stalk 0.6

Peas, green, canned 1/2 cup 3.5

Sweet potato, baked in skin 1 potato 4.8

Legumes

Beans, baked, canned, plain or vegetarian 1/2 cup 5.2

Beans, kidney, canned 1/2 cup 6.9

Lentils, cooked 1/2 cup 7.8

Peas, split, cooked 1/2 cup 8.2

Continued
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S P E E D  B U M P  
4. Explain the factors that constitute a high-quality

carbohydrate.
5. Define and describe glycemic index and glycemic

load.
6. List several benefits of a high-fiber diet.

CARBOHYDRATES AND ATHLETIC
PERFORMANCE

Athletes need the right types and amounts of food before,
during, and after exercise to maximize the energy avail-
able to fuel optimal performance. Typically, these foods
need to be high in carbohydrates. Carbohydrates are
readily and efficiently broken down by the body to the
monosaccharide glucose, the body’s preferred energy
source. During exercise, when energy is needed, glucose
that is stored in muscle, floating in the bloodstream,
and/or stored in the liver can be directed to the working
cell where it is converted into ATP. If glucose or glycogen
is limited, then gluconeogenesis occurs. This entails the
conversion of a nonglucose substance such as protein or
glycerol (three carbon molecule) into glucose. To inhibit
gluconeogenesis and spare protein, it is crucial that an
athlete consumes enough carbohydrates to fuel perform-
ance. Moreover, athletes who do not consume sufficient
carbohydrates may be unable to work at an optimal 
performance level. Refer to Chapter 7 for a detailed dis-
cussion of the importance of carbohydrate intake before,
during, and after intense or prolonged physical activity. 

CARBOHYDRATES AND WEIGHT
MANAGEMENT

Some weight loss diets may advocate severely re-
stricted carbohydrate intake. However, the proportion
of macronutrients consumed is not as important as
the total caloric intake versus caloric expenditure. If
more calories are consumed in a day than are burned
through physical activity and the body’s metabolic
processes, then a person will gain weight. Similar to
excess protein or fat consumption, any excess carbo-
hydrates that are consumed in the diet beyond what
the body can immediately use (as free glucose or
stored as glycogen) can be converted to fat and stored
primarily in adipose tissue. Foods that are high in fiber
tend to be more filling and may help to reduce caloric
intake and contribute to weight loss.21

If dieters who severely restrict carbohydrates lose
large amounts of weight shortly after starting the diet,
the majority of this weight loss comes from loss of
water. Glycogen requires water for storage. When
these glycogen stores are broken down in response to
carbohydrate deprivation, the body excretes water. In
the long term, there is no difference in sustained
weight loss in dieters on low-carbohydrate diets ver-
sus high-carbohydrate diets 23,24 (see Communication
Strategies). Chapter 15 describes nutrition and weight
management in more detail.

14 SECTION 1: FROM FOOD TO FUEL

Table 1-3. Fiber Content of Commonly Consumed Foods—cont’d
FOOD SERVING SIZE TOTAL DIETARY FIBER (g/SERVING)

Grains

Bread, whole wheat 1 slice 1.9

Bread, white 1 slice 0.6

Cereal, oatmeal, cooked 1 cup 4.0

Cereal, raisin bran 1 cup 6.8

Cereal, shredded wheat 2 biscuits 5.5

Crackers, whole wheat 4 crackers 1.7

Muffin, oat bran 1 muffin 2.6

Source: Adapted from USDA National Nutrient Database for Standard Reference, Release 20. A complete list of foods can be accessed at
www.nal.usda.gov/fnic/foodcomp/Data/SR20/nutrlist/sr20a291.pdf.
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COMMUNICATION STRATEGIES

You have been working with a 44-year-old moderately active and overweight woman who shared
her goal to run a half marathon by her 45th birthday, which is 5 months away. She tells you she has made signifi-
cant changes to her diet, including eliminating all highly refined carbohydrates. She expresses frustration because,
although she has been working with you for the past 4 weeks, she says that she has not lost any weight and she
does not feel that running a mile is any easier than when she started. She tells you that she is ready to give up on
this program and that this will be her last week working with you.

Consider the following communication model, adapted from Holli and Cabrese’s Communication and Education
Skills for Dietetics Professionals (Fig. 1-7):

1. Summarize the client’s explicit verbal message. What is the implicit verbal message?
2. Based on the verbal message above, what nonverbal messages do you expect the client to have given?
3. Summarize how you feel in response to this verbal message from the client.
4. How do you think you would reflexively respond to this statement? What kind of nonverbal feedback do

you think you might send?
5. What might be some sources of psychological (such as bias, prejudice, close-mindedness) or physical (such as

room and environmental factors, physiological state of communicators, noise) interference from this interaction?

Although you perceived this statement from your client as an attack, before you respond defensively
and risk further damaging the relationship, you tell your client that you can understand her frustration and
would like to schedule a follow-up phone call to discuss her concern in more detail and develop an action
plan. In the meantime, you decide to look up some characteristics of effective communication. You learn
that effective verbal communication should be:

• Descriptive, with a clear and objective statement of the issue at hand rather than evaluative by provid-
ing a label or attacking the other person

• Problem-oriented, with objective identification of the main challenges rather than manipulative in 
trying to get the other person to adopt your point of view

• Provisional, with suggestions for how to overcome barriers treated simply as ideas rather than 
dogmatic in which advice is stated as if it is mandatory

• Egalitarian, with the health professional on equal ground with the client, rather than superior and 
dictated by authority or rank

• Empathic, in which the provider tries to relate to the client’s feelings and experiences rather than 
neutral and without regard to the client’s feelings

6. Given your understanding of what comprises effective communication, detail how you might respond 
to this client’s concerns.

ReceiverSender
Interference

Psychological     Physical

Verbal and
nonverbal
feedback

Verbal and
nonverbal
message

Figure 1-7. Interpersonal communication model. Reprinted
with permission from Communication and Education Skills for Dietetic
Professionals, 5th edition, 2008, by Betsy B. Holli, Julie O’Sullivan 
Maillet, Judith A. Beto, & Richard J. Calabrese. Philadelphia: Wolters
Kluwer Health.

S P E E D  B U M P
7. List various types of carbohydrates and their effect

on athletic performance and weight management.
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16 SECTION 1: FROM FOOD TO FUEL

CHAPTER SUMMARY
Carbohydrates are essential for optimal athletic per-
formance. They also are important to maintain good
health, especially those carbohydrates that are high in
fiber and low in glycemic load. 

KEY POINTS SUMMARY
1. Carbohydrates serve many important functions

in the body such as providing energy to fuel ac-
tivity, sparing protein catabolism, facilitating
good cardiovascular and digestive health (from
fiber), and providing flavor to foods.

2. Carbohydrates are made of long chains of
monosaccharides. All carbohydrates can be con-
verted to glucose in the body and used to pro-
vide or store energy. Carbohydrates are stored
as glycogen (a capacity of about 90 grams in the
liver and 150 grams in the muscle). Any carbo-
hydrates consumed beyond what the body can
use or store as glycogen can be converted to fat.

3. Carbohydrates provide 4 calories per gram, ex-
cept for fiber, which passes through the body
largely unabsorbed. Fiber provides 1.5 to 
2.5 calories per gram.

4. Natural and artificial sweeteners are made of
carbohydrates and are added to foods to in-
crease palatability. Nonnutritive sweeteners
contain 0 calories per gram while nutritive
sweeteners contain 4 calories per gram.

5. Most people should consume 45% to 65% of
total calories from carbohydrates. Athletes need
near the higher end with the recommendation
from the American College of Sports Medicine
and the Academy of Dietetics and Nutrition of 
6 to 10 g/kg of body weight (or 2.7 to 4.5 g/lb 
of body weight) per day based on total energy
expenditure, exercise type, gender, and envi-
ronmental conditions.

6. The highest quality carbohydrates are high in
fiber and low in glycemic load. 

7. Glycemic index is a measure of blood glucose
response after consuming a carbohydrate.
Glycemic load is based on how many grams 
of a particular carbohydrate of a given glycemic
index are consumed.

8. High glycemic index carbohydrates are rapidly
absorbed by the body and cause a spike in blood
glucose and blood insulin levels. Low glycemic
index carbohydrates are more slowly absorbed
and cause a much smaller, more gradual in-
crease in glucose and insulin. 

9. Fiber helps to improve health by delaying 
gastric emptying, improving cholesterol levels,
regulating bowel movements, increasing feel-
ings of satiety, and more. Most people do not
consume the recommended 14 grams of fiber
per 1,000 calories consumed.

10. Carbohydrates are the body’s preferred energy
source during exercise. Restricting carbohy-
drate intake to less than the recommended
amounts will negatively affect athletic 
performance.

11. Carbohydrates in and of themselves do not
contribute to weight gain or interfere with
weight loss. 

PRACTICAL APPLICATIONS
1. A 13-year-old competitive gymnast and her

mother have scheduled a consultation with 
you because the gymnast has experienced 
increased difficulty with her cardiovascular
training over the past few months. She is con-
stantly fatigued. She is consuming adequate
calories and 60% of her calories are from car-
bohydrates. When asked what types of foods
she consumes, she indicates that due to her
busy schedule she is constantly grabbing quick
items such as granola bars, chips, crackers, 
pretzels, and candy bars. The client’s mom
brings with her a copy of the gymnast’s last
sports physical from her pediatrician, which
was completed 3 months ago and was normal,
including a blood test confirming that she is 
not anemic. Her weight is normal for her 
age and height. What is the MOST LIKELY 
explanation for the gymnast’s decreased 
performance?
A. Severe restriction of dietary intake
B. Insufficient carbohydrate intake to fuel 

her exercise
C. Consumption of high glycemic index 

carbohydrates
D. Overconsumption of carbohydrates

2. A healthy 55-year-old athlete tells you that
every time he runs outside in the morning he
initially feels great, but after about 15 minutes
he frequently has to stop because he quickly
becomes lightheaded and dizzy. On further
questioning he tells you that he typically eats 
a bowl of cornflakes about 90 minutes before
exercising and that he is careful to consume
sips of water every 10 minutes or so during 
his workouts. What is the MOST LIKELY
source of his symptoms?
A. Cornflakes are a high glycemic index food

possibly leading to hypoglycemia during 
his run.

B. Cornflakes are a low glycemic index food
possibly leading to hypoglycemia during 
his run.

C. Water retention due to his intake of corn
flakes.

D. Cornflakes are a nutrient-dense food that can
cause dizziness during running.
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3. What is the theory behind why lower glycemic
index carbohydrates may be better for health?
A. The shorter glucose chains provide less of a

spike in blood sugar. 
B. They have a lesser effect on blood insulin 

levels.
C. They help to remove “bad” cholesterol from

the bloodstream.
D. The increased extent of processing allows for

faster absorption.

Choose from the following answer choices for
questions 4 through 7:
a. Pancreas
b. Small intestine
c. Liver
d. Mouth

4. Where does carbohydrate digestion begin? 

5. This organ releases insulin in response to high
blood sugar levels. 

6. Where does production of glycogen occur? 

7. Where does absorption of carbohydrates occur? 

8. A teenage client tells you that she has frequent
stomachaches, intermittent episodes of constipa-
tion, and occasional headaches. She says that
she read in a magazine that a high-fiber diet
might help to make her feel better. How might
fiber MOST help her symptoms?
A. A diet high in fiber will help to normalize her

bowel movements.
B. A diet high in fiber will help to delay gastric

emptying and lead to feelings of fullness.
C. A diet high in fiber will help to decrease her

LDL cholesterol levels.
D. A diet high in fiber will help to reduce her

feelings of anxiety.

9. A client tells you that after reading about how
good fiber is for optimal health she decided to
take a fiber supplement that provides 15 grams
of fiber per day. She also tries to eat ample
amounts of whole grains, fruits, and vegetables.
While she feels good overall, she has noticed
that over the past several weeks endurance ex-
ercise has become more difficult due to frequent
stomach cramps and urges to use the restroom.
What is the BEST advice to provide this client?
A. She should eliminate the fiber supplement

from her diet and reassess her exercise 
tolerance.

B. She should continue the same high-fiber diet
and her body will acclimate within the next
week.

C. She should eliminate high-fiber foods within
1 to 3 hours prior to endurance exercise.

D. She should consult a physician, as her prob-
lems are most likely due to an underlying 
disorder.

10. A 170-pound, 35-year-old male is training for 
a long-distance endurance event. His daily
caloric needs are about 3,000 calories per day.
About how many grams of carbohydrate
should he eat daily for optimal performance?
A. 100 grams
B. 325 grams
C. 450 grams
D. 550 grams

Chapter 1: Carbohydrates 17

Case 1 Kate, the Cross-Country
Runner
Kate is a cross-country runner who wants to make sure
that she is consuming sufficient carbohydrates for 
optimal athletic performance and to spare protein. 
She needs about 2,700 calories per day. Answer the
following questions regarding Kate’s recommended
carbohydrate intake. 

Carbohydrate Needs
1. Based on the AMDR for carbohydrates, how many

grams of carbohydrate should Kate consume per
day (provide a range)?

2. Provide four high glycemic load sources of carbo-
hydrate that she could consume when she needs
a quick energy boost. 

3. Provide at least eight foods that she could consume
throughout her day that are low glycemic index 
carbohydrate sources. 

Case 2 Adele, the Active
Octogenarian
Adele is an 85-year-old woman who recently moved
to a retirement community after her husband died.
With the move, she also decided that she would 
make significant lifestyle changes, starting with 
eating “healthier” and exercising more. One of Adele’s
daughters just started a low-carbohydrate diet and
convinced Adele to start with her. Now Adele wonders
if that was the right decision to make. 

Carbohydrate Needs
1. Adele is on a very-low carbohydrate diet (about

15% of calories from carbohydrates). She eats
about 1,600 calories per day. What is the differ-
ence between the amount of carbohydrates that
Adele is advised to consume and how much she
gets on this diet?

2. What are possible complications for Adele’s 
exercise program resulting from her new diet? 
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Carbohydrates and Exercise
Adele frequently participates in water aerobics classes.
Lately she says that she has had decreased energy and
it is increasingly difficult to get through the class. 
1. What might be some nutritional reasons why 

Adele has low energy? 
2. How might Adele modify her diet?

Special Considerations: Low Glycemic Index Diet
Concerned about Adele’s waning energy levels and 
her overall health, her physician requests that she
abandon the very-low carbohydrate diet. He says 
she should try to consume a low-glycemic-load diet.
Adele asks you what this means.
1. Explain how you would describe a low-glycemic-load

diet to a layperson.

TRAIN YOURSELF: CARBOHYDRATE NEEDS
1. Based on your weight, what carbohydrate range

do you need in a day? (Use the recommended 
carbohydrate intake formula for athletes by 
the Academy of Nutrition and Dietetics on page
10 or app.)

2. Think back to all of the food you ate in the past
24 hours. On a sheet of paper, complete a dietary
recall of your intake. Input your food intake into
the Supertracker.usda.gov, MyFitnessPal.com, or
other online nutrition calculator or app. Approxi-
mately how many grams of carbohydrates did
you eat? How does this compare to your recom-
mended needs? How much fiber did you con-
sume? Did you reach the recommended 14 grams
per 1,000 calories? If not, what foods could you
incorporate into your diet to help you increase
your fiber intake?

3. Complete a sample meal and snack plan that 
would provide you with the recommended 
amount of carbohydrates.
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K E Y  T E R M S

2.4  Describe several benefits and risks of a high-protein

diet.

2.5  List various types of protein and their effect on 

athletic performance.

2.6  List several considerations when working with 

clients interested in adopting a high-protein diet.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

2.1   Explain the factors that constitute a high-quality 

protein.

2.2  Briefly describe the process of protein digestion 

and absorption.

2.3  Outline the process of protein metabolism.

alanine-glucose cycle The cycle of transporting pyru-
vate and nitrogen from the muscle tissues to the liver
as the amino acid alanine. In the liver, the alanine un-
loads the nitrogen group to become pyruvate, which 
is converted to glucose through gluconeogenesis. This
process moves the work of gluconeogenesis from the
muscle to the liver.

amino acids The basic building blocks of proteins. Each
amino acid has an amino- or nitrogen-containing group
and a unique R chain that determines its ability to be
used in various processes. Also known as peptides.

amino acid pool The amino acids available in the body 
to be used for protein synthesis.

anabolism The state in which the body builds and cre-
ates new tissues. 

antibodies Proteins that fight infection.
bioavailability The degree to which a nutrient can be 

absorbed and used by the body.
branched chain amino acids Essential amino acids

with a branched R chain. These amino acids are me-
tabolized in the muscle and are thought to be impor-
tant in the formation of muscle mass.

catabolism The state in which the body breaks down 
tissues and amino acids for fuel.

complementary protein Combining two or more lim-
iting proteins to form a complete protein.

complete protein A food item that contains all of the 
essential amino acids.

deamination The process of removing a nitrogen group
from an amino acid.

denaturation The process of unfolding a protein by de-
stroying its quaternary, tertiary, and secondary structure. 

dipeptide Two amino acids connected by a peptide bond.
enzymes Proteins that speed up the rate of chemical 

reactions.
essential amino acid An amino acid that cannot be

made by the body and must be consumed in the diet.
gastrin Hormone that prepares the stomach for food 

digestion; secreted by the stomach and stimulates
pepsin release.

hypertrophy Abnormal increase in size; excessive growth.

incomplete protein A food item that does not contain 
all of the essential amino acids.

lacto-ovo-vegetarian A vegetarian who consumes 
eggs and dairy products but does not consume meat,
poultry, or fish.

lacto-vegetarian A vegetarian who consumes dairy 
products but does not consume eggs, meat, poultry,
or fish.

micelle A compound similar to a soap sud that has a 
hydrophobic (water-averse) inside and a hydrophilic
(water-loving) outside.

nitrogen balance The amount of nitrogen (via protein)
consumed compared to the amount of nitrogen 
excreted. This provides information as to the person’s
metabolic state, muscle synthesis, muscle degrada-
tion, or equilibrium. 

nonessential amino acid An amino acid that can be
made by the body.

pepsin The stomach acid responsible for initiating the 
digestion of proteins.

peptide bonds The connections between amino acids.
polypeptide A chain of many amino acids connected

by peptide bonds.
positive nitrogen balance The state in which the amount

of nitrogen (via protein) consumed is greater than the
amount of nitrogen excreted in feces, urine, and skin.
During this time the body is building muscle protein; this
occurs during pregnancy, infancy, childhood, adoles-
cence, recovery from illness, and in response to 
resistance training.

protein digestibility corrected amino acid score
(PDCAAS) A measure of protein quality that com-
pares the essential amino acid composition of a 
reference protein with the test protein; the FDA-
and WHO-endorsed method of measuring protein
quality.

proteolysis The process by which proteins are broken
down into simpler, soluble compounds.

proteolytic enzymes Enzymes made in the pancreas
and released into the small intestine to break peptide
bonds between amino acids during digestion.

21
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22 SECTION 1: FROM FOOD TO FUEL

recommended dietary allowance (RDA) The 
amount of nutrient known to be adequate to meet
the nutritional needs of nearly all healthy persons.

small intestine The three-segment portion of the 
digestive system between the stomach and large 
intestine that is responsible for the majority of 
digestion and absorption of swallowed foods.

stomach An organ between the esophagus and small 
intestine that stores swallowed food, mixes the food
with stomach acids, and then sends the mixture to 
the small intestine.

tripeptide Three amino acid chain combined by peptide
bonds.

trypsin The active form of the precursor trypsinogen,
which breaks down protein chains into single amino
acids, dipeptides, and tripeptides.

urea The nitrogenous byproduct of protein deamination;
formed in the liver and excreted in the urine.

vegan A person who does not include any animal 
products in their diet. This means they do not con-
sume meat, poultry, fish, eggs, or dairy products.

vegetarian A person who eats a plant-based diet and
does not consume meat and poultry.

whey A high-quality protein; the liquid remaining after
milk has been curdled and strained.

whey protein concentrate A whey protein supplement
that is 25% to 89% protein by weight.

whey protein isolate A whey protein supplement that
is 90% or more protein by weight; lactose free.

whey protein powder A form of whey protein that is
11% to 15% protein by weight; used as an additive in
many food products.

CALCULATION
1 gram of protein = 4 calories

INTRODUCTION

From athletes and body builders to dieters, weekend
warriors, and the health conscious, high-protein diets
and their promises of muscle gain, weight loss, and 
improved health appeal to a wide diversity of people.
But how much and what kind of protein is best, and
does the macronutrient fulfill all of its promises?

PROTEIN STRUCTURE

Proteins are composed of long chains of amino acids
linked by peptide bonds (Fig. 2-1). The order in
which the amino acids are linked together is called
the primary structure. The primary structure dictates
the final structure and function of a protein. The 
primary structure is coiled or pleated into its second-
ary structure. The coil or pleated strand is then
looped into its tertiary structure. Multiple tertiary
structures can be bound together to make the final
quaternary structure. The final quaternary structure
is a protein.

PROTEIN FUNCTION 

Proteins form the major structural components of
muscle as well as that of the brain, nervous system,
blood, skin, and hair. This important macronutrient
serves as the transport mechanism for iron, vitamins,
minerals, fats, and oxygen within the body, and is the
key to acid-base and fluid balance. Enzymes that

speed up chemical reactions and antibodies that the
body uses to fight infection are proteins. In situations
of energy deprivation, the body can break down pro-
teins for energy. With all of protein’s essential func-
tions, the human body is served well by consumption
of the right kind and correct amount of high-quality
proteins. 

PROTEIN QUALITY

A specific food’s protein quality is determined by 
assessing its essential amino acid composition, di-
gestibility, and bioavailability. All proteins are made
up of some combination of amino acids. There are
nine essential amino acids, which, by definition,
are amino acids that cannot be made by the body and
must be consumed in the diet. The other 11 are called
nonessential amino acids because they can be
made by the body and do not need to be obtained
through the diet (Table 2-1).

Generally, animal products contain all of the essen-
tial amino acids (called complete proteins), whereas
plant foods do not and are called incomplete pro-
teins. Notable exceptions include soy, quinoa, chia
seeds, buckwheat, hemp, and flax seeds which are
plant-based complete protein. 

The protein digestibility corrected amino acid
score (PDCAAS) is the most accepted and widely
used measure of protein quality. The PDCAAS is 
calculated through a somewhat complex mathemat-
ical formulation that gives each protein food a score
determined by its chemical score (essential amino
acid content in a test protein divided by the amino
acid content in a reference protein food) multiplied
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Figure 2-1. Protein structure.

by its fecal digestibility. A value of 1.0 is the highest
PDCAAS score. (In reality, some proteins may have a
score greater than 1.0, but physiologically the in-
creased score is essentially the same as 1.0.) This
score means that after digestion the test protein pro-
vides the body with 100% of the essential amino
acids that the body needs. Casein, egg, milk, whey,
and soy proteins have a score of 1.0. Beef comes in
next (0.92), followed by black beans (0.75), peanuts
(0.52), and wheat gluten (0.25)1 (see Evaluating the
Evidence).

Protein bioavailability is the amount of protein 
the body can absorb and use, which is an extension of
digestibility. The more easily a food is digested, the
more bioavailable it is to the body.

Animal proteins are complete proteins (have all es-
sential amino acids), have higher PDCAAS values, and
are therefore more bioavailable. That is why animal
proteins are better sources of high-quality protein than
plant proteins. However, an individual can boost pro-
tein quality and obtain all the essential amino acids by
combining incomplete plant proteins to form a com-
plementary protein. Excellent combinations include
grains and legumes (rice and beans), grains and dairy
(pasta and cheese), and legumes and seeds (falafel).
Box 2-1 describes factors related to choosing the right
protein.

S P E E D  B U M P
1. Explain the factors that constitute a high-quality

protein.

Table 2-1. The Amino Acids

The pool of 20 amino acids combine to form an un-
limited number of proteins, which are strings of
100+ amino acids joined together by peptide bonds.
Nine essential amino acids must be consumed in
the diet, while the body can produce the other 11
nonessential amino acids. All amino acids share the
same general structure of a carbohydrate plus a 
nitrogen-based amino group; the “R” group, or
amino acid side chain, is what makes each amino
acid unique. Amino acids with similar “R” groups
are grouped together and share similar functions.

METABOLIC
AMINO ACID CLASSIFICATION CLASSIFICATION

Glycine Nonessential Glucogenic

Alanine Nonessential Glucogenic

Valine Essential Glucogenic

Leucine Essential Ketogenic

Isoleucine Essential Glucogenic/
ketogenic

Cysteine Essential Glucogenic

Methionine Essential Glucogenic

Serine Nonessential Glucogenic

Threonine Essential Glucogenic/
ketogenic

Phenylalanine Essential Glucogenic/
ketogenic

Tyrosine Nonessential Glucogenic/
ketogenic

Tryptophan Essential Glucogenic/
ketogenic

Proline Nonessential Glucogenic

Lysine Essential Ketogenic

Histidine Essential Glucogenic

Arginine Nonessential Glucogenic

Aspartic acid Nonessential Glucogenic

Glutamic acid Nonessential Glucogenic

PROTEIN TYPES

Whey 

Whey is one of the two major milk proteins; the other
is casein. Whey is the liquid remaining after the milk
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EVALUATING THE EVIDENCE

Determining Protein Quality

Several methods are used to measure protein quality. 

Rationale (i.e., 
why this method 

Name Description Typical Use could be valid) Strengths Limitations
Protein 
Digestibility
Correct
Amino 
Acid Score
(PDCAAS)

Protein 
Efficiency
Ratio

Calculated as the
amount of the
first limiting 
essential amino
acid of the test
protein (mg
amino acid in 1 g
of test protein)
divided by the
amount of the
same amino acid
in a reference
protein multiplied
by true fecal di-
gestibility. The
reference amino
acids are based
upon the essen-
tial amino acid
requirements of
preschool-age
children.

A rat is fed a 
test protein and
then weight 
gain in grams is

Considered to be
“gold standard”
for determining
protein quality.

Until the 1990s,
was the standard
by which the 
FDA determined

Compared to the
other methods,
more accurately
measures the cor-
rect relative nutri-
tional value of
animal and veg-
etable sources of
protein in the diet.

Characterizes how
well a protein
helps to support
growth, a key

Based on human
amino acid re-
quirements (al-
beit for a young
child). 

Uses essen-
tial amino acid
composition as
the primary
marker for pro-
tein quality.

Objective
measurement.

Widely recog-
nized and uti-
lized within the
food industry.

Measure of a single
protein’s quality,
not of an entire
diet comprised 
of many protein
sources.

Does not take
into consideration
the quality of in-
take of combined
proteins (such as 
a grain protein
combined with a
white bean protein,
which would give a
PDCAAS of 1.0,
though the individ-
ual proteins 
PDCAAS ranges
from .50–.70).

Based on 
requirements of
preschool children,
which is not repre-
sentative of the
adult population.

Values may 
be > 100% but are
truncated to 100%
for purposes of re-
porting. This can
create difficulties
when determining
a value of mixed
food intakes.

Takes into 
account fecal 
digestibility, while
ileal digestibility is
more accurate.

Difficult to 
assess in practice
(need to use refer-
ence chart).
Based on needs of
rats, which are not
necessarily highly
correlated with 
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EVALUATING THE EVIDENCE—cont’d

Rationale (i.e., 
why this method 

Name Description Typical Use could be valid) Strengths Limitations

Biological
Value

Net Protein
Utilization

The FDA/WHO endorsed the PDCAAS as the most accurate and reliable method of measuring protein quality.
1. Why do you think the FDA and WHO chose the PDCAAS method as the most reliable; that is, what are its

strengths compared to the other methods?
2. Describe what you think would be an “ideal” way to measure protein quality.
3. In everyday practice, how might your clients evaluate the protein quality of the foods they eat?
4. How does protein quality factor into nutritional recommendations for a recreational or competitive 

athlete?

measured per
gram of protein
consumed. The
calculated value
is compared to
2.7, which is the
standard value 
of casein.

Calculated 
by dividing the
nitrogen used for
tissue formation
by the nitrogen
absorbed from
blood and multi-
plied by 100,
which is the 
percentage of 
nitrogen utilized.

Calculated by 
dividing the 
nitrogen used for
tissue formation
by the amount 
of nitrogen con-
sumed and mul-
tiplied by 100.

recommended di-
etary allowances.

Often used in
body building.

Not commonly
used anymore.

function of 
protein.

Measures how 
efficiently the
body utilizes a
protein. A higher
value indicates a
higher amount 
of essential 
amino acids.

Functions similar
to biological value
with the addition
that it takes into
consideration 
digestibility.

Provides good
measure of 
usability of a
protein (albeit
under highly
controlled 
“laboratory”
conditions).

Similar to 
biological value

the needs of 
humans.

Overestimates
the value of some
animal proteins
and underesti-
mates the value 
of some vegetable
proteins.

Underestimates
the value of those
proteins that may
not support growth
but help with
maintenance. 
Does not take into
consideration how
rapidly and effec-
tively a protein can
be digested and
absorbed.

High amount 
of variation in
bioavailability of
any individual food
based on prepara-
tion methods and
consumption of
other food items.

Some foods 
deficient in an 
essential amino
acid can still re-
ceive a relatively
high score.
Similar to biological
value except that 
it does take di-
gestibility into 
account 
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Studies have found that whey protein offers numer-
ous health benefits, some of which are highlighted in
Figure 2-2.2-4 Whey contains high levels of the amino
acid leucine, which plays a particularly important role
in muscle hypertrophy (excessive growth).4,5 Whey is
rapidly digested and absorbed and has a remarkable abil-
ity to stimulate muscle protein synthesis, even more so
than other high-quality proteins such as casein and soy.4

Casein

Casein, which gives milk its white color, accounts for
70% to 80% of milk protein.1 Casein exists in what is
known as a micelle, a compound similar to soap suds

WHEY
PROTEIN

Improves vascular
function

Improves insulin
levels

Promotes increased
muscle strength

Promotes increases
in fat-free mass

Promotes bone
formation

Improves maintenance
of skeletal muscle mass

Improves wound
healing

Lowers total and
LDL cholesterol

Affects insulin
production

Reduces blood
pressure

Promotes bone
repair

Reduces tumors

Stimulates the
immune system

Enhances cognitive
development

Inhibits joint
inflammation in

osteoarthritis

Reduces severity
of diarrhea

has been curdled and strained. There are three varieties
of whey—whey protein powder, whey protein con-
centrate, and whey protein isolate—all of which pro-
vide high levels of the essential and branched chain
amino acids (leucine, isoleucine, and valine, which
have branched side chains and are thought to be impor-
tant in muscle protein synthesis), vitamins, and minerals.
Whey powder is 11% to 15% protein and is used as an
additive in many food products. Whey concentrate is
25% to 89% protein, whereas whey isolate is 90+% pro-
tein; both are commonly used in dietary supplements. 
It should be noted that while the isolate form is nearly
pure whey, some of the proteins can be lost during the
manufacturing process. Unlike the other whey forms, the
isolate is lactose-free.1

Figure 2-2. Health benefits of whey 
protein.

Box 2-1. Choosing the Right Protein

Several factors come into play when choosing a
protein source: protein quality, health benefits, 
dietary restrictions, cost, convenience, taste—to
name just a few. While no one type of protein is
best for everyone, keep these considerations in
mind: 
1. Protein quality varies. Egg, milk, and soy con-

tain all of the essential amino acids and are easily
digestible and absorbed. Fruits, vegetables, grains,
and nuts are incomplete proteins and must be
combined over the course of the day to ensure
adequate intake of each of the essential amino
acids.

2. Protein does not exist in a vacuum. Remem-
ber that other macronutrients also offer health
benefits. While beef is a fairly good protein
source, it is also high in saturated fat and calo-
ries. For example, a 6-ounce broiled porterhouse
steak contains 38 grams of protein, but it also

delivers 44 grams of fat, 16 of them saturated—
almost three-fourths of the recommended daily
intake for saturated fat. The same amount of
salmon gives you 34 grams of protein and only
18 grams of fat, 4 of them saturated. 

3. Different proteins are better at different
times. Whey protein is rapidly digested, 
resulting in short bursts of amino acids into the
blood-stream, whereas casein is slowly digested,
resulting in a more prolonged release of amino
acids.26 If the goal is for amino acids to be readily
available for muscle regeneration immediately
following a workout, protein intake should be
timed accordingly.

4. A high-protein diet is not for everybody.
Individuals with pre-existing disease, such as 
kidney disease, osteoporosis, diabetes, or liver
disease, should consult with their physician prior
to adopting a high-protein diet.
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that has a hydrophobic (water-averse) inside and a 
hydrophilic (water-loving) outside. In the stomach, 
the micelle is broken down and casein is released. The
casein released from multiple micelles then aggregates
and is digested via proteolysis, the process by which
proteins are broken down into simpler, soluble com-
pounds. Digestion is slow due to the aggregation of 
casein, allowing the protein to provide a sustained 
slow release of amino acids into the bloodstream,
sometimes lasting for hours.1 During a resistance train-
ing workout that produces micro tears in the muscle
tissues, a ready supply of amino acids is useful. Some
studies suggest that combined casein and whey may
produce the greatest muscular strength improvements
after an intensive resistance training program.6

Soy

Soy is the most widely used vegetable protein. It 
is one of the only vegetable proteins that contains all
of the essential amino acids, including a high propor-
tion of branched chain amino acids. Similar to whey,
soy proteins can be consumed in three types: flour
(50% protein), which is often used in baked goods;
concentrates (70% protein), which are commonly
added to nutrition bars, cereals, and yogurts; and 
isolates (90% protein). Soy isolates are highly digestible
and often added to sports drinks, health beverages, and
infant formulas.1

Although early studies suggested that soy might de-
crease low-density lipoprotein (LDL) cholesterol and
blood pressure, protect against breast cancer, maintain
bone density, and decrease menopausal symptoms,1

subsequent studies failed to confirm the early research.
The Nutrition Committee of the American Heart Asso-
ciation (AHA) released an advisory warning against soy
or isoflavone (a component in soy) supplementation
because of a lack of benefit7 but did recommend in-
creased intake of soy products such as tofu, soy burgers,
and soy nuts. Soy foods are thought to be heart healthy
due to their high content of polyunsaturated fats, fiber,
vitamins, and minerals and low levels of saturated fat.7

PROTEIN DIGESTION AND ABSORPTION

Protein digestion begins in the stomach with dena -
turation. Denaturing is an important process to un-
derstand in terms of protein digestion. It is the
destruction of the quaternary, tertiary, and secondary
structure of the protein, leaving only the primary
structure, which is the sequence of amino acids con-
nected together by peptide bonds. Adding acid, salt,
or heat to meat products facilitates denaturation. This
process happens in food. When a cook marinates a
piece of meat in acid, the meat becomes lighter in
color and has an almost “cooked” appearance. This is
where the acid has denatured the proteins. The same

process happens in the stomach when food mixes
with hydrochloric acid. Denaturing a protein makes
it more available to digestive enzymes. Vegetable pro-
tein is not as well digested as animal protein because
it is less available to digestive enzymes. Furthermore,
food processing can damage amino acids and reduce
their availability for digestion.

As soon as the body anticipates eating (whether
from external cues, like seeing or smelling food, or in-
ternal cues, like thinking of food), the stomach releases
the hormone gastrin. The gastrin stimulates the stom-
ach to release hydrochloric acid (Fig. 2-3). The result-
ing rapid acidification of the stomach denatures
proteins and triggers the activation of the enzyme
pepsin. Pepsin breaks the peptide bonds between
amino acids to shorten long protein complex into
shorter polypeptide chains. The stomach mixes and
churns the food until it becomes chyme. It is then 
released in small quantities into the small intestine
over the course of 1 to 4 hours. The pancreas then re-
leases proteolytic enzymes into the small intestine.
Trypsinogen, which is transformed into trypsin in the
small intestine, is an example of a proteolytic enzyme
responsible for further breaking down proteins into 
single amino acids or amino acids joined in twos
(dipeptide) or threes (tripeptide). The dipeptides
and tripeptides are absorbed into the intestinal epithe-
lial cells, cleaved into single amino acids, and passed to
the bloodstream. After being absorbed into the blood-
stream, they are carried to the liver. 

PROTEIN METABOLISM

Amino acids may be used for anabolic or catabolic func-
tions. Anabolism is the state in which the body builds
and creates new tissues. Catabolism is the state in which
the body breaks down tissues and amino acids for fuel.

Anabolic

Amino acids may be used in the synthesis of new pro-
teins. The new proteins may be structural, such as actin
and myosin, or fibrous, such as collagen. They may 
be hormones, enzymes, or transport proteins found 
on cell membranes or located in the bloodstream, an-
tibodies such as immunoglobins, or any other type 
of protein. When a protein is formed, DNA dictates 
the primary sequence. Remember that the primary 
sequence is a string of amino acids held together by
peptide bonds. If an essential amino acid required in
the primary sequence is missing, the protein is not
made. If a nonessential amino acid is missing, the pro-
tein can be formed via transamination. Transamination
is the transfer of the nitrogen (or amino) group from
one amino acid to another compound to form a
nonessential amino acid. After the primary sequence is
formed, the peptide undergoes coiling and folding to
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form the secondary, tertiary, and quaternary structures
until it becomes a functioning protein.

Catabolic

Amino acids may undergo catabolic reactions, including
energy production. In the liver, the amino acid under-
goes deamination. Deamination is the process by
which the amino or nitrogen group is removed from the
carbon skeleton. The nitrogen is converted to urea via
the urea cycle. The urea is then sent from the liver to
the kidneys to be excreted in urine. The carbon skeleton
can be converted to glucose or ketones and metabolized
for energy, or used for cholesterol or fatty acid synthesis.
All carbon skeletons can be used for energy, but only
glucogenic amino acids can make glucose and only 
ketogenic amino acids can make ketones.

Branched chain amino acids are metabolized in the
muscle. Because the urea cycle occurs in the liver, the
body must transport the nitrogen from the muscle to
the liver. It does so via the glucose-alanine cycle. In
the muscle, a branched chain amino acid is transami-
nated. The carbon skeleton is used to make energy, glu-
cose, or fat and the nitrogen is transferred to a different 
carbon skeleton to make the nonessential amino acid
alanine (Fig. 2-4). The alanine travels from the muscle
to the liver where it is deaminated into pyruvate and
nitrogen. The nitrogen enters the urea cycle and the
pyruvate can enter gluconeogenesis. The new glucose
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Figure 2-4. Muscle protein catabolism.

1. Stomach
 Hydrochloric acid acidifies
 the stomach, triggering
 activation of the enzyme
 pepsin, which breaks down
 proteins.

3. Small intestine
 The enzyme trypsin further
 breaks down proteins into
 dipeptides and tripeptides,
 which are cleaved into single
 amino acids. Amino acids are
 passed to the blood stream
 and carried to the liver.

2. Pancreas
 Secretes proteolytic enzymes
 into the small intestine.

4. Liver
 The liver regulates distribution
 of amino acids to other parts
 of the body.

A small amount of dietary
protein is excreted in the feces. Figure 2-3. Protein digestion.
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that has been made in the liver can be used in the liver
or transported back to the muscle. Ultimately, this
process transfers the burden of glucose production
from the muscle to the liver.

Unlike carbohydrates and fat, the body does not store
protein. The continuous recycling of amino acids
through the removal and addition of nitrogen allows the
body to carefully regulate protein balance. In a healthy
body, the amount of protein ingested is exactly matched
by the amount of protein excreted in feces, urine, and
skin (nitrogen balance). The muscle tissues undergo
continual breakdown and resynthesis from the cell’s
amino acid pool. Negative protein balance is when the
body breaks down more protein than the amount of
protein consumed (catabolism). This normally occurs
during times of high stress, such as with severe infec-
tions and trauma. Positive protein balance is when pro-
tein consumed is greater than protein broken down and
occurs in times of growth, such as childhood, pregnancy,
recovery from illness, and in response to resistance train-
ing when overloading the muscle promotes protein syn-
thesis (anabolism). Importantly, just because an athlete
consumes a high-protein diet does not necessarily mean
that he or she will be in positive nitrogen balance and
experience muscle growth. Case in point, an endurance
athlete who consumes a diet high in protein but insuf-
ficient carbohydrates to support endurance activities will
rely heavily on muscle protein for fuel. As a result, more
protein may be broken down than is consumed and this
athlete will experience decreased athletic performance
due to low blood glucose supply and worsened muscular
strength and endurance due to protein catabolism (see
Myths and Misconceptions).

S P E E D  B U M P  
2. Briefly describe the process of protein digestion

and absorption.
3. Outline the process of protein metabolism.

GENERAL PROTEIN RECOMMENDATIONS

Resistance training and cardiovascular exercise induce
muscular and structural damage. Protein is required 
for the muscles and tissues to undergo the beneficial
process of repairing and rebuilding. The recommended
dietary allowance (RDA), 0.8 g/kg/day, is the minimum
daily intake level that meets the nutrient requirements
of nearly all healthy individuals. However, the Academy
of Nutrition and Dietetics, Dietitians of Canada, and the
American College of Sports Medicine suggest that ath-
letes have higher protein needs than the general popu-
lation and advise that endurance athletes consume about
1.2 to 1.4 g/kg (0.5 to 0.6 g/lb) of protein per day, and
strength-trained athletes consume up to 1.6 to 1.7 g/kg
(0.7 to 0.8 g/lb) of protein per day.8 Conversely, the In-
stitute of Medicine (IOM) concluded that there was no
compelling scientific evidence to support active individ-
uals increasing their daily protein intake above the RDA

of 0.8 g/kg. Some who question the IOM report findings
note that a variety of studies have shown that higher lev-
els of protein intake benefit muscle mass, strength, and
function; bone health; maintenance of energy balance;
cardiovascular function; and wound health.9

Ultimately, the ideal protein consumption for ath-
letes is still uncertain and the subject of ongoing re-
search and evaluation. In the meantime, most experts
agree it is appropriate to determine an ideal protein in-
take based on the acceptable macronutrient distribu-
tion range (AMDR), which is 10% to 35% of daily
energy intake.10 For example, a registered dietitian cal-
culates that her client, John, an endurance runner,
needs about 3,000 calories per day to maintain 
his weight and recommends that he ingest 20% of 
his calories from protein. Based on this recommenda-
tion he needs about 150 grams of protein/day (3,000 ×
0.20 = 600 calories/4 g = 150 g of protein). Table 2-2
shows the total protein intake at various levels of en-
ergy intake within the AMDR for protein, and Table 2-3
lists amounts of protein per serving for various foods.

BENEFITS AND RISKS OF A 
HIGH-PROTEIN DIET

Research is underway to best understand the benefits
and risks associated with consuming more protein, 
including its ability to promote weight loss, improve
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Myths and Misconceptions
Excess Protein in the Diet 
Just Gets Excreted
The Myth
As far as weight is concerned, you can’t eat too
much protein. Anything beyond what your
body needs you’ll just get rid of in the urine.

The Logic 
Because the body has little capacity to store pro-
teins, it makes sense that anything consumed
beyond what the body immediately needs will
be excreted in the urine (similar to water solu-
ble vitamins). 

The Science
It is true that the body has limited ability to store
protein. It is also true that a portion of the protein
is excreted in the urine (the nitrogen group that
shows up in urine as urea). However, the other
portion of the protein (the carbon group) is con-
verted to glucose or fat, depending on the body’s
current needs. Ultimately, protein consumed be-
yond what the body needs has the same fate as
carbohydrates or fat consumed beyond what the
body needs—conversion into stored fat. 
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Table 2-2. Protein Intake (grams) at Various Levels of Energy Intake*

ENERGY INTAKE LOW-PROTEIN DIET AVERAGE DIET HIGH-PROTEIN DIET VERY HIGH PROTEIN DIET

Kcal/d (< 10% kcal) (≈ 15% kcal) (≥ 20% kcal) (≥ 30% kcal)

1,200 30 45 60 90

2,000 50 75 100 150

3,000 75 112 150 225

* Each gram of protein contains 4 calories. Protein intake is in grams per day.
Source: Reprinted with permission from St Jeor ST, Howard BV, Prewitt TE, Bovee V, Bazzarre T, Eckel RH. Dietary protein and weight

reduction: a statement for healthcare professionals from the Nutrition Committee of the Council on Nutrition, Physical Activity, 
and Metabolism of the American Heart Association. Circulation. Oct 9 2001;104(15):1869-1874. Copyright ©2001 American Heart 
Association Inc.

Table 2-3. Amount of Protein per Serving

Grains (Approximately 1 ounce) 3 g

Nonstarchy vegetables (1/2 cup 2 g
cooked, 1 cup raw)

Fruit 0 g

Dairy (1 cup of milk or yogurt; 1 to 8 g
1.5 ounces of cheese)

Legumes and beans (1/2 cup) 7 g

Meat, poultry, and fish (1 ounce) 7 g

athletic performance, and how it can be incorporated
into a vegetarian diet.

Weight Loss

The once widely popular low-carbohydrate, high-
protein diets, such as the Atkins and South Beach diets,
may no longer be the hottest trend, but research has
consistently shown that these diets are just as good for
weight loss and health benefits, if not better in some
cases, than the standard recommendation of a low-fat,
high-carbohydrate diet.11-13 Research indicates that
high-protein diets preserve lean body mass, at least in
the short-term (24 weeks), and contribute to increased
satiety. Studies examining the long-term effects of
these diets are limited. Low-carbohydrate, high-protein
diets contribute to weight loss through several mecha-
nisms. The initial weight loss on these diets is largely
attributable to a diuretic effect of a low-carbohydrate
diet, which contributes to rapid early water loss. These
diets also contribute to glycogen depletion, which may
be detrimental for endurance athletes, and metabolic
ketosis, which leads to decreased appetite and de-
creased caloric intake.14 Early studies showed that the
Atkins diet produced greater weight reduction at 3 and
6 months than the other diets studied, but 1 year after

starting the diet, the weight loss was the same as the
other diets.11 A randomized trial that compared Atkins,
Zone, Ornish, and LEARN (similar to the Dietary
Guidelines) diets found that the Atkins dieters had
more weight loss and an improved health profile at 
1 year.12 The overall consensus among health experts
is that it does not matter what type of diet people
choose as long as they can maintain, which is difficult
to do regardless of what plan they choose.13

Athletic Performance

Protein plays important roles in endurance and resistance
training exercise. Both modes of exercise stimulate mus-
cle protein synthesis,15 which is further enhanced if pro-
tein is consumed around the time of physical activity.4

Research indicates that meals and snacks consumed
throughout the day, particularly foods consumed before,
during, and after exercise, should be a combination of
carbohydrates and protein at approximately a 3:1 ratio
to encourage positive nitrogen balance and therefore
muscle synthesis, hydration, and adequate energy to sus-
tain exercise.16 Consumption of protein immediately after
exercise (within 15 to 30 minutes) helps in the repair and
synthesis of muscle proteins.17 Furthermore, it is recom-
mended that 6 to 20 grams of protein be consumed with
30 to 40 grams of carbohydrates within 3 hours’ post-
exercise as well as immediately before exercise to en-
courage muscle resynthesis.16 An example of a post-
workout snack that would fall into this range would be
one cup of yogurt (8 g protein; 12 g carbohydrates), one-
fourth of a banana (0 g protein; 7.5 g of carbohydrates),
and one slice of whole wheat toast (3 g protein; 15 g car-
bohydrates). Research indicates that as little as 5 to 10
grams of protein consumed immediately after exercise
can promote optimal muscle repair. Protein consumption
with the intake of water post-exercise also helps to re-
store hydration. Carbohydrates are important to pair
with protein. If only protein is consumed without suffi-
cient carbohydrates to provide the body’s energy needs,
then muscle synthesis may be compromised.18,19
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Protein intake during exercise has been shown to be
beneficial in endurance athletes, particularly branched-
chain amino acids (BCAAs) to combat fatigue.20,21 Fur-
thermore, the ingestion of BCAAs during the recovery
process has shown to increase muscle resynthesis and
decrease fatigue. It is recommended that more than 
45 mg/kg/day of leucine and approximately 22.5 mg/
kg/day of each isoleucine and valine unnecessary be
ingested by athletes daily (2:1:1 ratio).22,23

While these may seem like great reasons to consume
high amounts of protein, protein metabolism becomes
more efficient with exercise training, lending support
to the IOM assertion that athletes do not have in-
creased protein needs compared to the more sedentary
population.9 Research indicates that the ingestion of
more than 2.0 g/kg/day of protein is unlikely to result
in further muscle gains because the body has a limited
capacity to utilize amino acids to build muscle.24

Vegetarianism 

Vegetarians eat a plant-based diet that does not in-
clude meat and poultry. Different types of vegetarians
differ in terms of what foods are restricted. For exam-
ple, lacto-ovo vegetarians consume egg and dairy
products, both of which are complete protein sources.
A lacto-vegetarian does not consume eggs, but does
consume dairy products. Vegans do not consume any
foods that are from or contain an animal source.
Therefore, in terms of protein consumption, vegetari-
ans have more protein choices compared to vegans.
However, with proper planning, vegan athletes can
consume a diet containing adequate amounts of high-
quality proteins. Legumes, dried beans, peas, nuts, 
soy, and meat alternatives provide ample protein, 
although only soy provides all of the essential amino
acids. Vegans must consume a variety of complemen-
tary protein-rich plant foods. Plant proteins are not as

readily digested as animal proteins, thus vegans and
vegetarians should consume about 10% more grams
of protein than the preceding recommendations.8 That
is, if an athlete consumes a 3,000-calorie diet with
20% from protein, approximately 600 calories (150 g)
are from protein. A vegan or vegetarian should con-
sume about 60 extra protein calories (15 g), for a total
of 660 calories ((150 g + 15 g) × 4 calories per gram)
from protein. For more information on vegetarian
diets, see Chapter 16.

Protein Supplements

Protein supplements have become a popular means 
of increasing overall protein intake or increasing con-
sumption of a particular protein type or amino acid. As
aforementioned, research supports that BCCAs (leucine,
isoleucine, valine) may enhance endurance by delaying
the onset of fatigue and contribute to increased energy
availability.8 Further research supports the use of
BCCAs, specifically leucine, to increase the rate of pro-
tein synthesis and decrease the rate of protein catabolism
when taken after exercise.25 The billion-dollar supple-
ment industry has been quick to respond; leucine sup-
plements are widely available in health food stores, with
a cost upwards of $50 per container. However, because
the research findings are inconsistent and little is known
about the safety of these products, the Academy of Nu-
trition and Dietetics advises against individual amino
acid supplementation and protein supplementation
overall.8 While some supplements may provide health
benefits, generally speaking, consumers should purchase
and use these products cautiously, as they are not closely
regulated by the FDA. Importantly, no matter how safe
a supplement seems, health professionals should not
recommend supplements to clients unless supported by
a medical diagnosis. See Chapter 10 for more informa-
tion regarding supplements. 
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COMMUNICATION STRATEGIES

Blogging

Blogging is a way to disseminate information via the Internet. Sports nutrition information is posted on various
blogs. Find three different sports nutrition blogs and do the following:

1. List the name and URL of the blog. Describe who developed the blog and the purpose of the blog.
2. Briefly summarize the information provided relating to protein.
3. Discuss whether you believe the information is accurate. Why do you think it is or is not accurate?

S P E E D  B U M P  
4. Describe several benefits and risks of a high-protein diet.
5. List various types of proteins and their effect on athletic performance.
6. List several considerations when working with clients interested in adopting a high-protein diet.
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CHAPTER SUMMARY
While a final determination has yet to be made on the
best amounts, mechanisms, and methods, a large body
of research supports that adequate amounts of high-
quality protein can contribute to muscle gain, weight
loss, and improved health.

KEY POINTS SUMMARY
1. Proteins play many critical functions in the

body, including serving as the major structural
component of muscle.

2. Proteins are made of long chains of amino acids.
There are nine essential amino acids, including
three branched chain amino acids, which play
particularly important roles in muscle hypertro-
phy, as well as 11 nonessential amino acids.

3. Egg and milk are the highest quality proteins;
they contain all essential amino acids and are
easily digested and bioavailable. Whey protein is
rapidly digested and best consumed shortly after
exercise to facilitate muscle regeneration. Casein
is released slowly into the bloodstream and is
best consumed prior to exercise to minimize
muscle catabolism.

4. Proteins consumed in the diet are broken
down into amino acids. Amino acids are con-
tinuously recycled through the removal and
addition of nitrogen groups. Monitoring an
athlete’s nitrogen status provides a glimpse
into whether or not he or she is consuming
adequate amounts of protein. The goal is 
for the athlete to consume more nitrogen
(protein) than is excreted.

5. Perhaps the best way to determine protein
needs is through the AMDR of 10% to 35% of
daily energy intake. When discussing absolute
numbers, there is not scientific consensus on
exactly how much protein athletes need. How-
ever, the Academy of Nutrition and Dietetics
and the American College of Sports Medicine
recommend that endurance athletes consume
1.2 to 1.4 grams of protein per kilogram of body
weight (0.5 to 0.6 g/lb) and that strength ath-
letes consume 1.6 to 1.7 grams of protein per
kilogram of body weight (0.7 to 0.8 g/lb). 

6. Vegetarian athletes need about 10% more pro-
tein than their meat-eating counterparts.

7. It is best to obtain protein through whole 
foods. If a client is considering supplementation,
he or she should be referred to a registered die-
titian or his or her physician. Non-physician or
registered dietitian health professionals should
not endorse or recommend supplements.

PRACTICAL APPLICATIONS

1. According to the PDCAAS scale for measuring
protein quality, casein and whey are among
the highest quality proteins. What is it about
these proteins that make them so highly
rated?
A. They contain all essential amino acids
B. The low content of branched chain amino

acids
C. The low level of digestibility
D. The fast rate of absorption

Choose from the following answer choices for
questions 2 through 4:
A. Stomach
B. Small intestine
C. Liver
D. Pancreas

2. Where does protein digestion begin? 

3. This organ releases protein-digesting enzymes
(or proteolytic enzymes) into the gut and 
hormones into the bloodstream. 

4. Where does transamination occur? 

5. What is the main physiological difference 
between whey and casein proteins?
A. The amino acids from whey are slowly 

absorbed and released into the bloodstream,
providing a continual supply of amino acids
to build tissue while the amino acids from 
casein are rapidly released into the blood-
stream, supplying an immediate source of
amino acids to rebuild muscle tissue after a
strenuous workout.

B. The amino acids from casein are slowly ab-
sorbed and released into the bloodstream,
providing a continual supply of amino acids
to build tissue while the amino acids from
whey are rapidly released into the blood-
stream, supplying an immediate source of
amino acids to rebuild muscle tissue after a
strenuous workout. 

C. Though whey and casein both come from
milk, the whey protein, which is the pri-
mary constituent of milk, is a higher quality
protein than casein because it contains a
greater proportion of essential amino acids.

D. None of the above 

6. What happens to excess protein consumed in
the diet?
A. It is transported to muscle tissues and helps

to increase muscle size.
B. It is excreted from the body.

2955_Ch02_020-035  08/10/14  11:30 AM  Page 32



Chapter 2: Protein 33

C. It is converted to fat for storage.
D. It is converted to glucose for energy.

7. What is the most appropriate AMDR protein 
intake?
A. 0.8 g/kg body weight per day
B. 1.5 g/kg body weight per day
C. 10% to 35% of total caloric intake
D. ≥ 35% of total caloric intake

8. Jenna, 5′4″ and 120 lb, is a 21-year-old vege-
tarian college student who just began a resist-
ance training program. She lifts weights for
about 
1 hour 3 days per week. She also runs about 
25 miles per week. She needs about 2,500 calo-
ries per day to maintain her current weight. 

About how many grams of protein does she
need each day? 
A. 116 grams
B. 128 grams
C. 138 grams
D. 145 grams

9. Your client read in a magazine that protein sup-
plements help to increase muscle mass. He asks
you if that’s true, and if so, what supplements
you recommend. How do you respond?
A. Tell him that the article is not true and you

recommend a diet high in fruits and vegeta-
bles combined with twice-weekly resistance
training.

B. Tell him that the article is true and you rec-
ommend supplementing with a whey protein
powder immediately after a strength session.

C. Tell him that the article is not true and you
recommend he read a different, more rep-
utable magazine and stick to his current diet.

D. Tell him that research supports protein’s role
in muscle building and you recommend get-
ting the protein from whole food sources or
meeting with a registered dietitian for spe-
cific supplement recommendations.

10. An endurance athlete wants to adopt a high-
protein diet without increasing total caloric 
intake. What is your biggest concern?
A. She will not consume enough carbohy-

drates to fuel for optimal performance.
B. She will rely too heavily on supplements to

meet her protein goals.
C. She will not be able to meet her protein

goals at her current level of caloric intake.
D. She will end up consuming too much satu-

rated fat, which will be detrimental to her
heart health.

Case 1 Kate, the Marathon
Runner
Kate is an experienced 22-year-old marathon runner
who is trying to qualify for the Boston Marathon. 
She is 5′6″ and 126 pounds. To qualify, she needs to
shave 20 minutes off of her personal record (PR).
She would like to develop a nutrition program that
will help her achieve her goal. The marathon is 
in 1 month.

Protein Needs
The American College of Sports Medicine and the
Academy of Nutrition and Dietetics recommend that
endurance athletes consume 1.2 to 1.4 g/kg (0.5 to 
0.6 g/lb) of protein per day.
1. Based on this recommendation, about how many

grams of protein should Kate eat per day?

Protein Timing and Exercise
2. As an endurance athlete, what are general recom-

mendations for protein consumption before, dur-
ing, and after a prolonged endurance workout?

Special Considerations: Vegetarianism
Kate shares that she is considering adopting a vegetar-
ian diet. 
3. What is a nutritional concern in terms of adequate

protein intake for vegetarian athletes?
4. How much protein will Kate need per day if she 

becomes a strict vegetarian? Translate this 
increased need into a vegetarian food item or 
food items.

5. What are five possible protein combinations to 
ensure that she consumes all of the essential 
amino acids.

Case 2 Eric, the Recreational
Body Builder
Eric is a 31-year-old competitive body builder. He 
participates in body building competitions in the fall
and trains the rest of the year. He is 5′11″ and weighs
184 pounds. He is currently in summer training. He is
reviewing his current exercise and nutrition plan to see
if he can identify any areas for improvement.
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Protein Needs
The American College of Sports Medicine and the
Academy of Nutrition and Dietetics recommend that
strength athletes consume 1.6 to 1.7 g/kg (0.7 to 
0.8 g/lb) of protein per day.
1. Based on these recommendations, about 

how many grams of protein should Eric eat 
per day?

Protein Timing and Exercise
The timing of protein intake likely plays an important
role in determining extent of strength gains around the
time of exercise.
2. How might Eric time his protein intake?

Special Considerations: Ergogenic Aids
3. Eric asks you if you recommend whey supplemen-

tation. How would you respond?
4. Explain how you would respond to an athlete ask-

ing your opinion of leucine supplementation.

TRAIN YOURSELF: PROTEIN NEEDS
1. Based on your weight and physical activity patterns,

about how much protein do you need in a day?
2. Think back to all of the food you ate in the past 

24 hours. Complete a dietary recall of your intake.
Input your food intake into supertracker.usda.gov,
MyFitnessPal.com, or another online nutrition cal-
culator or app. Approximately how many grams of
protein did you eat? How does this compare to
your recommended needs?

Protein Timing and Exercise
3. How might you space this daily protein intake during

days in which you engage in strenuous aerobic exer-
cise? How about days in which you do heavy lifting?

Special Considerations
4. Are there any special considerations such as diets or

vegetarianism you should keep in mind when con-
sidering your protein needs? If yes, describe how this
unique situation affects your protein needs and pro-
tein intake. If not, make up a special consideration
(one of the above or one of your own) and describe
how it might affect protein needs and protein intake.
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K E Y  T E R M S

3.4  Describe the effect of various fats on health and 

disease risk.

3.5  Describe the effect of fat intake on athletic 

performance.

3.6  List several principles to share with clients when 

discussing fat intake.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

3.1   List the functions of fat in the body.

3.2  Describe the difference between saturated fat, 

unsaturated fat, and trans fat.

3.3  Outline the process of fat digestion, absorption, and

storage.

adequate intake The amount of intake believed to 
cover the needs of all healthy individuals in age- 
and gender-specific groups; used when insufficient
evidence is available to establish an RDA.

adipocyte A fat cell.
adipose tissue Fatty tissue; connective tissue made of 

fat cells.
androgen A hormone that stimulates or produces 

masculine characteristics.
angina Chest pain due to decreased blood flow result-

ing in inadequate supply of oxygen to the heart
muscle. 

atherogenic dyslipidemia A triad of increased blood 
concentrations of small, dense low-density lipoprotein
(LDL) particles, decreased high-density lipoprotein (HDL)
particles, and increased triglycerides.

atherosclerosis The accumulation of fatty material on
the inner walls of the arteries, causing them to harden,
thicken, and lose elasticity.

bile acids Produced by the liver and stored in the gall-
bladder, these acids are important in the digestion 
of fat. After lipid digestion, they are recycled and
reused by the liver.

cardiovascular disease A term that refers to disease of
the heart and vascular system.

cholecystokinin (CCK) A hormone released from the
small intestine in response to the presence of amino
acids and fatty acids from protein and fat digestion;
stimulates the pancreas to secrete enzymes, stimu-
lates the gallbladder to contract, and slows gastric
emptying through release of gastric inhibitory peptide
and secretin.

cholesterol A fat-like waxy structure found in the blood
and body tissues and some animal-based foods. 
Cholesterol is important in metabolism as the precur-
sor to various steroid hormones. It is transported in
the body via lipoproteins. Excess cholesterol can 
contribute to cardiovascular disease.

chylomicron A large lipoprotein particle that transports
fat from digested food from the small intestine to 
the liver and adipose tissue.

coronary heart disease The major form of cardiovas-
cular disease that results when the arteries supplying
the heart muscle (coronary arteries) are narrowed or
completely blocked by deposits of fat and fibrous
tissue.

dietary fat Fat consumed in the diet; in contrast to fat
produced in the body.

dietary reference intake (DRI) A collective term used to
refer to several types of reference values: recom-
mended dietary allowance, estimated average require-
ment, tolerable upper intake level, and adequate intake.

eicosanoids Locally acting hormones that are made
from omega-3 and omega-6 fatty acids and play roles
in inflammation, fever, regulation of blood pressure,
blood clotting, immunity, control of reproductive
processes and tissue growth, and regulation of the
sleep/wake cycle.

emulsify To break lipids into small droplets to facilitate
fat digestion and absorption.

essential fatty acids Fats that are not produced by the
body and must be consumed in the diet; linolenic and
linoleic acids.

estrogens Substances that stimulate or produce femi-
nine characteristics; typically refers to estrogen, estra-
diol, estrone, and estriol.

fat adaptation Increasing dietary fat consumption in an
effort to increase fatty acid oxidation during exercise
with the intent of sparing glycogen stores.

fat loading A strategy of progressively increasing per-
centage of fat intake to increase fatty acid oxidation
and thus preserve glycogen stores for prolonged 
exercise.

fatty acids Long hydrocarbon chains with varying 
degrees of saturation with hydrogen.

gastric inhibitory peptide Protein that is released from the
small intestine and functions to slow digestion by inhibit-
ing gastric acid secretion and stimulating insulin release.

gastric lipase Enzyme released from the stomach that
works with lingual lipase to digest short- and medium-
chain fatty acids into partial glycerides and free fatty
acids.

37
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glucocorticoid A classification of hormones released
from the adrenal cortex that protect against stress or
contribute to protein and carbohydrate metabolism;
the most important is cortisol.

high-density lipoprotein (HDL) Lipoprotein that con-
tains approximately 50% protein and carries excess
cholesterol from the bloodstream to the liver, where it 
can be prepared for excretion; also known as “good
cholesterol.”

hydrogenation The process of adding hydrogen atoms 
to unsaturated fats. This process eliminates double
bonds and turns fatty acids into partially or com-
pletely saturated fats.

hyperplasia Abnormal increase in the number of cells.
intermediate-density lipoprotein (IDL) Lipoprotein

that is composed of cholesterol, triglycerides, and
protein, and results from the degradation of very 
low-density lipoprotein; transports cholesterol
throughout the body. 

lecithin A phospholipid that breaks down into glycerol,
stearic acid, phosphoric acid, and choline; a major
component of HDL.

leptin A hormone produced by adipose tissue that sup-
presses appetite and increases energy expenditure;
levels increase with increased fat storage.

lingual lipase An enzyme released from the mouth that
begins to break short- and medium-chain fatty acids
into partial glycerides and free fatty acids.

lipids A fat or fat-like substance used in the body or
bloodstream; includes fats, oils, waxes, sterols, and
triglycerides, all of which are insoluble in water.

lipoprotein Compounds found in the bloodstream con-
sisting of simple proteins bound to lipids including
cholesterol, phospholipids, and triglycerides. Lipopro-
teins transport cholesterol and other lipids to and
from various tissues.

lipoprotein lipase An enzyme that facilitates transport
of lipid from a lipoprotein in the blood into the
adipocyte or other tissue.

low-density lipoprotein (LDL) Lipoprotein that is com-
posed of over 50% cholesterol and transports choles-
terol and triglycerides from the liver and small intestines
to cells and tissues; high levels are a proven cause of
atherosclerosis.

lymphatic system A network of organs, lymph nodes,
lymph ducts, and lymph vessels that produce and
transport lymph.

mineralocorticoid A steroid hormone that regulates
fluid and electrolyte retention and excretion by 
the kidneys; typically refers to the hormone 
aldosterone.

monounsaturated fatty acid A type of unsaturated
fatty acid that has one double bond between carbon
atoms; includes oleic acid, the main component of
olive oil.

myocardial infarction The medical term for heart at-
tack, which occurs when blood flow to a portion of the

heart muscle is severely restricted or stopped, result-
ing in inadequate oxygen supply and decreased ability
of the heart to pump.

oleic acid A monounsaturated fatty acid that occurs 
naturally in many animal and vegetable oils; improves
cardiovascular health when used as a substitute for
saturated fat and refined carbohydrates.

omega-3 fatty acids Named for the position of their
first double bond. Alpha linolenic acid (ALA) is an 
essential polyunsaturated fatty acid that can be 
converted to eicosapentaenoic acid (EPA) and do-
cosahexanoic acid (DHA); found in flaxseed, wal-
nuts, dark green leafy vegetables, egg yolks, and
cold water fish like tuna, salmon, mackerel, cod,
crab, shrimp, and oysters. ALA, EPA, and DHA can
be converted to eicosanoids.

omega-6 fatty acids Named for the position of their
first double bond. Linoleic acid is an essential
polyunsaturated fatty acid that can be converted 
to eicosanoids; found in sunflower, safflower, corn,
and soybean oils. 

partially hydrogenated oil An oil in which the double
bonds of an unsaturated fatty acid have been chemi-
cally manipulated to create a saturated fatty acid. 

phospholipid A compound with a modified glycerol
backbone and two fatty acids. The molecule is water-
soluble at one end and water-insoluble at the other
end. These compounds form the cell-membrane
structure phospholipid bilayer. 

polyunsaturated fatty acids A type of unsaturated
fatty acid that has two or more double bonds between 
carbon atoms; includes the essential fatty acids
omega-6 and omega-3 fatty acids; improves heart
health when used to replace saturated fats. 

resistin A hormone secreted by adipose tissue that 
decreases cell sensitivity to insulin.

saturated fatty acids Fatty acids that contain no double
bonds between carbon atoms. Foods high in saturated
fatty acids are typically solid at room temperature and
are from animal products such as butter and lard.

solid fats and added sugars (SoFAS) A term first 
introduced in the 2010 Dietary Guidelines for 
Americans that refers to a food ingredient that pro-
vides little nutritional value and should be avoided.
The guidelines recommend that Americans: (1) cut
back on calories from solid fats and added sugars; 
(2) limit foods that contain refined grains, especially
refined grains that contain solid fats, added sugars,
and sodium; and (3) use oils to replace solid fats
whenever possible.

sphingomyelin A class of phospholipid composed of
phosphoric acid, choline, sphingosine, and a fatty 
acid; found in high concentration in cell membranes
of nervous tissues. 

TNF-alpha Tumor necrosis factor; helps to regulate 
fat metabolism and along with other cytokines 
contributes to acute inflammatory reactions.
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triglycerides Three fatty acids bound to a glycerol
backbone. The primary form of fat storage in the
body and the composition of most fats in the 
food supply.

unsaturated fatty acids Fatty acids that contain one or
more double bonds between carbon atoms; typically
liquid at room temperature and fairly unstable, mak-
ing them susceptible to oxidative damage and a
shorter half life.

very low-density lipoprotein (VLDL) The least dense
of all of the lipoproteins, carrying a greater ratio of
lipid to protein than LDL; main transport mechanism
for endogenously produced lipids.

CALCULATION
1 gram of fat = 9 calories

INTRODUCTION

Athletes, dieters, and the health conscious have long been
warned to avoid fat. Fat provides 9 calories per gram—
2.25 times more calories than the 4 calories per gram
contained in carbohydrates and protein. While its high
caloric density can easily and quickly contribute to
weight gain, fat serves many essential functions in the
body. In fact, certain types of fat are heart-healthy and
an excellent source of essential nutrients (though still
calorie-dense). On the other hand, fat can contribute
to obesity, cardiovascular disease, and overall poor
health. Consumers need well-informed health profes-
sionals to help them choose eating plans that are rich
in healthy fats and low in unhealthy fats.

FAT STRUCTURE AND FUNCTION

Lipids serve many important functions in the
human body, including providing a readily available
source of stored energy during times of caloric depri-
vation, insulation, protection of vital organs and
bones, a means for absorption of the fat-soluble vita-
mins, precursor to hormones, and cell membrane
structure, among other necessary roles. While differ-
ent classes of lipids serve different functions in the
body, all lipids are organic structures made up of 
hydrogen, carbon, and oxygen and all are insoluble
in water (see Fig. 3-1). The major classes of lipids that
are important for human function and are discussed
in this text are sterols, including cholesterol, fatty
acids (which are components of phospholipids),
and triglycerides.

CHOLESTEROL AND STEROIDS 

Sterols are a class of lipids that share a ring-like carbon
structure. The most common sterol is cholesterol. Cho-
lesterol is a fat-like, waxy substance produced in the
liver and found in the cell membrane of all animal 

tissues, where it provides cell structure and integrity. It
is also found in the adrenal glands, testes and ovaries,
and liver, where it forms the building blocks of the
steroid hormones and bile acids. Steroid hormones such
as glucocorticoid hormone (cortisol) and mineralo-
corticoid hormone (aldosterone) are made in the ad-
renal glands. Androgens (testosterone) and estrogens
(estradiol) are made in the testes and ovaries. Bile
acids are made in the liver and sent to the gallbladder
for storage. When the skin is exposed to sun, cholesterol
in the epidermal layer of the skin is converted to chole-
calciferol. Cholecalciferol is then converted in the body
to calcitriol, the active form of vitamin D.

Cholesterol may be consumed in the diet (exoge-
nous cholesterol) or made by the body (endogenous
cholesterol). Because cholesterol is fat soluble, it
needs water-soluble carrier proteins called lipopro-
teins to transport it in the bloodstream. Lipoproteins
are comprised of lipids (including cholesterol, triglyc-
erides, and phospholipids) and proteins. There are five
classes of lipoproteins: chylomicrons, very low-
density lipoproteins (VLDLs), intermediate-density
lipoproteins (IDLs), low-density lipoproteins (LDLs),
and high-density lipoproteins (HDLs). 

Cholesterol is transported in the blood to the body
cells primarily as LDL. LDLs are susceptible to oxida-
tion. Oxidized LDLs distribute cholesterol to the inner
linings or walls of arteries and may form a plaque and
ultimately cause atherosclerosis. Conversely, high-
density lipoproteins (HDLs) remove excess cholesterol
from the arteries and carry it back to the liver, where it
is excreted. 

While excessive cholesterol intake may be harmful
to the body, for most people consuming a diet high
in cholesterol probably has little effect on overall
blood cholesterol levels because the body can care-
fully regulate cholesterol concentration and rid itself
of any excess dietary cholesterol (Box 3-1). 

FATTY ACIDS AND TRIGLYCERIDES 

Dietary fats consist mostly of triglycerides—a compound
of three fatty acids attached to a glycerol (carbon and
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Figure 3-1. Fat structure.

hydrogen structure) backbone. Triglycerides are the
chemical form in which most fat exists in food as well
as in the body. Fat is stored primarily as triglycerides
in adipose tissue, providing a ready source of calo-
ries and energy in times of energy deprivation or fast-
ing. Triglycerides also provide the body insulation
(subcutaneous fat) and protection of vital organs 
(visceral fat) and bones (fat pads). Once thought to
be simply a place for energy storage, adipose tissue is
now recognized as a metabolically active endocrine
organ that produces hormones including leptin, 
resistin, and the cytokine TNF-alpha, which func-
tions as part of an immune system response. These
hormones have been found to be produced at higher
levels in the obese population and have been impli-
cated in inflammatory, atherosclerotic, and insulin 
resistance processes.1

Fatty acids are long hydrocarbon chains with an
even number of carbons and varying degrees of satu-
ration with hydrogen. The human body requires fatty
acids of differing chain lengths and saturation to meet
structural and metabolic needs. The major categories
of fatty acids are saturated, monounsaturated, and
polyunsaturated. 

Saturated Fatty Acids

Saturated fatty acids contain no double bonds 
between carbon atoms; all carbons are saturated with
hydrogens. As a food, saturated fats are typically solid
at room temperature and are very stable, which gives
them a long shelf life. Saturated fat comes in pri marily
four forms in the food supply: lauric acid, myristic acid,
palmitic acid, and stearic acid. Saturated fats are found
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primarily in animal sources like red meat and full-fat
dairy products; however, palm and coconut oil are
atypical plant sources. Animal sources of saturated fats
contain mostly palmitic and stearic acids, while tropical
vegetable oils contain largely lauric and myristic acid.
The different types of saturated fat induce different ef-
fects on cholesterol. When compared to other saturated
fats, stearic acid exerts a beneficial effect on cholesterol
levels (decreases LDLs and decreases the ratio of total
to HDL cholesterol). However, when compared to un-
saturated fats, stearic acid increases LDL, decreases
HDL, and increases the ratio of total to HDL
cholesterol.2 Lauric acid and myristic acid cause a
greater increase in total cholesterol than palmitic acid.

Though lauric acid causes an increase in cholesterol,
the increase comes mostly from increasing the high-
density lipoprotein (HDL), the “good” cholesterol.3

Because saturated fat increases low-density lipopro-
tein (LDL), which is referred to as the “bad” cholesterol
for its atherosclerotic properties (see discussion of 
“cholesterol” below), the American Heart Association
and the government’s dietary guidelines have long 
advised consumers to avoid saturated fat. However, a
growing body of research seems to suggest that saturated
fat in and of itself may not actually lead to increased risk
of cardiovascular or cancer death. This news has driven
a growing interest in the once-maligned coconut oil (see
Box 3-2). 

Chapter 3: Fat 41

Box 3-1. Are Eggs Good or Bad?

If there is one thing certain about nutrition science,
it is that with continuous research and knowledge,
nutrition recommendations will change. While this
can be extremely frustrating for clients and the
general public, it highlights the importance of
health professionals staying on top of the latest 
research and findings. 

Historically, one of the most controversial foods
has been the egg. Is it healthy or not? It used to
be that eggs were well known for their potential
health risks given their high cholesterol content
(there are 213 mg of cholesterol in one egg yolk—
that is 70% of the total daily amount of 300 mg
recommended by the 2010 Dietary Guidelines for
Americans). Then eggs were applauded for their
high protein content and, more recently, for the
notable amount of heart-healthy DHA omega-3
fatty acid in egg yolk (about 50 mg and up to 
400 mg in DHA-enriched eggs). At just about 
15 cents each, eggs contain a load of nutrients at
a very cheap price, but are they safe and healthy
to eat?

A single egg has 70 calories; 6 grams of protein,
including all of the essential amino acids; 13 vita-
mins and minerals; and DHA omega-3 fatty acids.
Few other foods could boast such a high nutritional
density (Fig. 3-2).  

On the other hand, eggs also contain a high
amount of cholesterol. While dietary cholesterol is
not very closely associated with elevated choles-
terol levels in the body for most people (that has
more to do with saturated fat intake), 
the American Heart Association (AHA) still recom-
mends that people who have elevated cholesterol
or increased risk factors for heart disease limit their
dietary cholesterol to 200 milligrams per day. That
is approximately equivalent to a single egg yolk,
thus suggesting that people with heart disease
probably should eat eggs only a couple of times

per week, or forgo the yolk and just eat the
whites. But, notably, the AHA has amended its
guidelines and no longer makes a specific recom-
mendation on the number of egg yolks a person
should eat per week. Other than their cholesterol
amounts, eggs also are a possible source of food-
borne illness, though the risk is low. Salmonella
infection may be prevented most of the time with
good food-handling techniques, including special
care to fully cook eggs. Nonetheless, this risk is 
increased, especially in the elderly and immune-
suppressed people.  

Ultimately, whether or not clients choose to in-
clude eggs in their daily diets will depend on taste
preferences and their conclusions regarding the
risks versus the benefits, but there is no doubt 
that eggs are an inexpensive source of a variety 
of nutrients.

Nutrition Facts
Serving Size 1 egg (50g)

Amount Per Serving
Calories 70 Calories from Fat 40

Total Fat 4.5g
% Daily Value*

Sat. Fat 1.5g
Trans. Fat 0g

Vitamin A
Calcium
Not a significant source of Dietary Fiber or
Sugars.

7%
8%

Cholest. 215mg
Sodium 65mg
Total Carb. Less than 1g
Protein 6g

71%
3%
0%

10%

6%
2%

0%
4%

Vitamin C
Iron

Figure 3-2. The egg nutrition label.
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42 SECTION 1: FROM FOOD TO FUEL

Box 3-2. Coconut Oil, Saturated Fat, and the ‘Great [Health] Debate’

Once maligned as a cholesterol-raising, artery-
clogging, and waist-widening ingredient to be
avoided, coconut oil has made a surprising come-
back among health enthusiasts. While the science
of nutrition has long been recognized as volatile
and fluid (e.g., Eggs healthy or not? Soy good or
bad? Margarine or butter?), the rise of coconut 
oil from a demonized “bad” food to the purported
“cure all” for a variety of health ailments is unex-
pected. The nutritional composition of coconut oil
remains the same—namely, about 90% saturated
fat—so why the sudden change of heart?

The growing interest in coconut oil is due to at
least two factors: (1) the scientific understanding 
of the effects of saturated fat on heart health has
evolved, and (2) a growing number of people who
either avoid animal fats or are looking for a new
flavor have discovered that coconut oil can trans-
form a bland dish or baked product into a master-
piece, among its other purported benefits.

EVOLVING SCIENCE: SATURATED FAT NO 
LONGER A VILLAIN
The 2010 Dietary Guidelines for Americans and the
American Heart Association recommendations for
optimal heart health both advise consumers to avoid
saturated fats and keep intake to less than 10% of
total calories consumed. The Academy of Nutrition
and Dietetics recommends an intake of 7% to 
10% of total energy.28 Physicians, nutritionists, 
and other health experts have long warned patients
and clients of the risks of a diet that contains too
much saturated fat—primarily, a sharp rise in low-
density lipoprotein (LDL), the “bad” cholesterol. 

While coconut oil is mostly comprised of lauric
acid, a type of saturated fat that raises heart-healthy
HDL much more than LDL cholesterol, it also con-
tains other types of saturated fat that raise LDL cho-
lesterol. However, even though saturated fat raises
LDL levels, a growing body of scientific evidence sug-
gests that overall saturated fats are not quite as bad as
previously believed. A meta-analysis published in
2010 evaluated the findings of 21 studies that looked
at the relationship between saturated fat intake and
risk of coronary heart disease, stroke, and cardiovas-
cular disease. The researchers found that even at the
extremes of very low intake compared to very high
intake of saturated fat there was no difference in any
of the studied health outcomes.26 However, a pooled
analysis of 11 studies found that when saturated 
fat is replaced with other types of fat (especially
polyunsaturated fatty acids), cardiovascular disease
risk decreases significantly.27 These studies and 
others like them have provoked discussion and 
debate in the health and medical communities
around the role of fat and health. 

A description and summary of the “Great Fat 
Debate” was published as a series of short articles
written by leading nutrition experts in the Journal of
the American Dietetic Association.25 Overall, the debate
provided these key recommendations and points:
• It is not the amount of fat intake, but rather the

type of fat that is important for health. With that
said, fat is more calorie-dense than carbohydrates
and proteins and consumers should be careful 
to balance calories consumed with calories 
expended.

• The evidence against saturated fat is “not as
strong as the dietary guidelines may have inter-
preted,” but polyunsaturated (especially) and 
monounsaturated fats are clearly healthy.

• Saturated fats should not be viewed as “good for
you,” but a healthy, balanced diet can include 
saturated fats.

• Replacing saturated fat with polyunsaturated 
fat (like omega-3 and omega-6 fatty acids) is 
beneficial for overall health and cardiovascular
disease risk reduction.

• Trans fats are unhealthy and should be avoided.
• Remember that dietary fats are never purely one

type of fat, thus meal planning should focus on 
a balance of food types, rather than specific 
nutrients.
So what does this mean in the case for (or

against) coconut oil? Virgin coconut oil may 
exert a modestly beneficial effect on blood lipids
(through elevation of HDL cholesterol) and its
consumption probably will not lead to harmful
cardiovascular health outcomes. However, oils
that are high in polyunsaturated fatty acids (e.g.,
safflower, poppyseed, flaxseed, and grapeseed
oils) and monounsaturated fatty acids (almond,
avocado, and olive oils) probably provide greater
health benefits. Note that partially hydrogenated
coconut oil is detrimental to health due to its 
high trans fatty acid content.

COCONUT OIL AND ITS MANY USES
Of course, coconut oil connoisseurs love the stuff
for much more than its health profile. While some
mono- and polyunsaturated fats may be healthier,
they do not have the same desirable cooking char-
acteristics of coconut oil, such as the stability to
withstand high temperatures, the sweet texture, 
or the rich taste that make it ideal for cooking. 

While many of the purported benefits of co-
conut oil have not been rigorously studied, some
people report improvements in weight, chronic 
fatigue, Crohn’s disease, irritable bowel syndrome,
thyroid conditions, and skin health. As research
evolves, these claims may be substantiated or
proven incorrect.
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Monounsaturated Fatty Acids

Unsaturated fatty acids contain one (monounsatu-
rated) or more (polyunsaturated) double bonds between
carbon atoms, are typically liquid at room temperature,
are found primarily in plant sources, and are fairly 
unstable. Unsaturated fatty acids are more susceptible 
to oxidative damage and have a shorter shelf life than
saturated fatty acids. 

Oleic acid is a monounsaturated fatty acid.
When used in place of saturated fat, oleic acid lowers
total and LDL cholesterol. When used in place of car-
bohydrates, it decreases triglycerides, increases HDL
cholesterol, and increases the total-to-HDL cholesterol
ratio.3 Most plant oils, such as olive, canola, and
peanut oils, nuts, seeds, and avocado are excellent
sources of monounsaturated fat. The Academy of Nu-
trition and Dietetics recommends that 15% to 20% 
of caloric intake come from monounsaturated fatty
acids.28

Polyunsaturated Fatty Acids

Polyunsaturated fats are especially important for
optimal health. In fact, a growing body of research
suggests that polyunsaturated fats are the healthiest
of the fats, and substituting these fats for saturated
fats or refined carbohydrates likely contributes to a
significant decrease in cardiovascular disease risk.4

The Academy of Nutrition and Dietetics recommends
that intake from polyunsaturated fatty acids comprise
3% to 10% of total caloric intake.28 Two polyunsatu-
rated fatty acids that are essential fatty acids are
omega-3 (�-linolenic acid) and omega-6 (linoleic
acid). 

Omega-3 (a-Linolenic Acid)
Alpha-linolenic acid (ALA) is found primarily in plant
oils. It can be converted to eicosapentaenoic acid
(EPA) and docosahexanoic acid (DHA). DHA and EPA
omega-3 fatty acids are naturally found in egg yolks
(amounts vary depending on the chicken feed) as
well as in cold-water fish and shellfish like tuna,
salmon, mackerel, cod, crab, shrimp, and oysters.
Overall, omega-3s reduce blood clotting, dilate blood
vessels, reduce inflammation, and act to reduce cho-
lesterol and triglyceride levels. They are important for
eye and brain development and are especially impor-
tant for a growing fetus in the late stages of preg-
nancy. Omega-3s may also help to preserve brain
function and reduce the risk of mental illness and at-
tention deficit hyperactivity disorder, though more
research is needed to confirm these mental health
benefits.3

While there is no established dietary reference
intake (DRI) for the optimal amount of EPA+DHA
intake for the general population, the Institute 

of Medicine (IOM) has established an adequate 
intake (AI) for ALA, the precursor to EPA+DHA. The
IOM considers 1.1 grams per day of ALA to be the
minimal amount necessary for normal growth and
neural development. The IOM suggests that 10% of
the needed ALA could come from EPA or DHA,
which suggests a daily intake of about 100 milligrams
per day.5 This amount could be obtained by consum-
ing one serving of light, canned tuna. Some expert
panels have recommended much higher intakes of
250 and 500 milligrams per day due to the significant
health benefits attributed to these fatty acids, and the
low risk of complications such as bleeding.6,28 No-
tably, most Americans tend not to consume enough
omega-3 fatty acids, although this recommendation
can be met through the consumption of approxi-
mately 8 ounces of a fatty fish per week. Though nat-
ural food sources are best, people who do not meet
this recommendation or do not like fish may benefit
from supplementation or from fortified foods. In fact,
the American Heart Association recommends that,
under the care of a physician, individuals with ele-
vated triglycerides take a 2 to 4 gram DHA-plus-EPA
supplement.7 Of note, while many products claim to
be fortified with omega-3s, it is important for con-
sumers to read the label. If the omega-3s are mostly
ALA, they are unlikely to be optimally converted to
EPA and DHA and likely have fewer of the health
benefits.

Omega-6 (Linoleic Acid)
Linoleic acid, which is generally consumed in abun-
dance, is an essential fatty acid found in flaxseed,
canola, and soybean oils, and green leafy vegetables.  

Eicosanoids
While both omega-3 and omega-6 fatty acids are 
used to make eicosanoids, eicosanoids made from
omega-6 fatty acids tend to contribute to inflamma-
tion and increase blood pressure and blood clotting.
Eicosanoids made from omega-3 fatty acids have the
opposite effect: they reduce blood clotting, dilate
blood vessels, and reduce inflammation. The path-
ways by which these eicosanoids are made compete,
therefore it is a balancing act between omega-6 and
omega-3 to maintain normal circulation and other 
biological processes. In the past, scientists hypothe-
sized that reducing consumption of omega-6 fatty
acids and increasing consumption of omega-3 fatty
acids might lower chronic disease risk, but more 
recent research has shown that maintaining a high
consumption of both omega-3 and omega-6 fatty
acids has cardiovascular health benefits.6 The American
Heart Association and the Academy of Nutrition and
Dietetics recommend that Americans consume 3-5%
to 10% and the Academy of Nutrition and Dietetics
of calories as omega-6 polyunsaturated fatty acids;
that is, about 12 grams per day for women and 17 grams
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per day for men.8,28 On the other hand, the World
Health Organization and the Food Agriculture Organ-
ization advise a 2% to 3% intake from omega-6
polyunsaturated fatty acids.29 Table 3-1 shows the fatty
acid composition of commonly used vegetable and
animal fats and oils.

Hydrogenation

Hydrogenation is the process of converting an 
unsaturated fatty acid to a saturated fatty acid by re-
placing the double bonds with hydrogen. The hydro-
genation process involves breaking the double bonds
of the unsaturated fat and forming an altered unsat-
urated fat, referred to as a “synthetic” or “industrial”
trans fat (transformation from the cis formation to 
a trans formation). Trans fat, listed as partially hy-
drogenated or hydrogenated oil on a food ingredient
list, results mostly from a man-made effort to make
an unsaturated fat solid at room temperature and
therefore more resistant to oxidation and more shelf
stable. Some beef and milk products, though, contain
small amounts of natural or “ruminant” trans fat.
Once consumed, these fatty acids with trans double
bonds are incorporated into phospholipids that form
cell and organelle membranes. Therefore, both partial
hydrogenation and full hydrogenation cause changes
to cell membrane fluidity and negatively affect cell
function. The process also interferes with some of 
the heart-healthy properties of the original unsatu-
rated fat, such as the desaturation and elongation 
of linoleic acid and ALA to form the heart-healthy
EPA and DHA polyunsaturated fatty acids.9 Synthetic
trans fats significantly elevate LDL and are implicated
in the development and progression of cardiovascular
disease.

Legislation requires food manufacturers to include
the amount of trans fat on the nutrition label if it is
more than 0.5 gram per serving. Food manufacturers
now use food processing techniques that do not pro-
duce trans fats. Many processed foods that used to be
high in trans fat such as chips, crackers, cakes, peanut
butter, and margarine are now “trans-fat free.” How-
ever, as of the time of this writing, many foods still
contain notable amounts of trans fat. This is likely to
change due to a 2013 Food and Drug Administration
preliminary ruling that would ban trans fats.30 Until
final approval and implementation, consumers
should check the label to determine if a food contains
trans fat. The dietary guidelines recommend that for
good health consumers strictly avoid synthetic trans
fats10 (see Communication Strategies).

PHOSPHOLIPIDS

Phospholipids such as lecithin and sphingomyelin
are structurally similar to triglycerides, but the glycerol

backbone is modified so that the molecule is water-sol-
uble at one end and water-insoluble at the other end.
Phospholipids play a critical role in maintaining cell-
membrane structure and function. Lecithin, a major
component of HDL, functions to remove cholesterol
from cell membranes. Common food sources of lecithin
include liver, egg yolks, soybeans, peanuts, legumes,
spinach, wheat germ, and animal products.

FAT DIGESTION AND ABSORPTION

While the majority of dietary fat is consumed as
triglycerides and excess fat is stored as triglycerides,
dietary fat must still be broken down into its compo-
nent parts through the process of digestion, trans-
ferred to the bloodstream through absorption, and
then delivered to the cells to either use for energy 
or to rebuild into triglycerides and be stored in
adipocytes. 

Fat digestion begins in the mouth with the release
of lingual lipase, which cleaves short- (fatty acid tail

44 SECTION 1: FROM FOOD TO FUEL

COMMUNICATION
STRATEGIES

Engaging in Science and Policy

The Dietary Guidelines for Americans provide 
evidence-based nutritional guidance to promote
health, reduce the risk of chronic diseases, and 
reduce the prevalence of overweight and obesity
through improved nutrition and physical activity.
Every 5 years an updated set of dietary guide-
lines is published which then serves as the 
cornerstone of nutritional policy in the 
United States.

In the months to years preceding the release 
of updated dietary guidelines, the United States
Department of Agriculture provides consumers an
opportunity for public comment. (For information
about the development of the 2015 dietary guide-
lines and a link to the full 2010 document, visit
www.dietaryguidelines.gov.)

Based on your review of the “Fats” section of the
2010 dietary guidelines and your understanding 
of the role of fat intake in health, compose a letter
to the dietary guidelines committee with your com-
ments about the guidelines and/or suggestions for
improvement.

S P E E D  B U M P
1. List the functions of fat in the body.
2. Describe the differences between saturated 

fat, unsaturated fat, and trans fat.
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Myths and Misconceptions
Eating Fat Makes You ‘Fat’
The Myth
Eating fat makes you “fat.”

The Logic
Because most dietary fat is triglycerides and fat
in the body is stored as triglycerides, it seems
logical that they should be one and the same. 
Further, fat is loaded with calories: 9 calories 
per 1 gram of fat, compared to 4 calories per 
1 gram of carbohydrate or protein.  

The Science
The (im)balance of calories consumed versus
calories expended determines whether the 
energy in food (whether it be comprised of 
carbohydrate, protein, and/or fat) ultimately 
is stored as fat. Because fat is more filling than
carbohydrates, people may tend to eat less of 
a high-fat product than a high-carbohydrate
product. During the low-fat craze of the 1990s,
many people replaced higher fat foods with
“low-fat” or “fat-free” foods. Unfortunately,
“low fat” doesn’t always mean low calorie. In
fact, some low-fat products are equal to or
higher in calorie content than full fat products.
How might this trend have contributed to 
the obesity epidemic?

Parallel to the two types of muscle cells (slow
twitch and fast twitch), humans also have two types
of fat cells: white fat cells and brown fat cells. White
fat cells function primarily to store fat and provide
thermal insulation. Brown fat cells, which get their
color from the large number of iron-containing mi-
tochondria, are more metabolically active and tend
to consume energy. Brown fat cells help to generate
body heat, primarily in newborns since newborns are
unable to shiver to produce heat. Previously, scien-
tists believed that all brown fat cells were converted
to white fat cells as an infant entered childhood and
by adulthood all fat was white fat; however, more re-
cent studies suggest that even adults still may have
some brown fat. Moreover, there is some emerging
evidence that certain types of exercise may help con-
vert the more metabolically inert white fat cells into
calorie-burning brown fat cells (see Evaluating the
Evidence). 

During times of increased energy needs due either
to increased energy expenditure or decreased caloric
intake, the body mobilizes fat stores to provide en-
ergy through fatty acid oxidation (more on this in
Chapter 6).

with less than 6 carbons) and medium- (fatty acid tail
with 6 to 12 carbons) chain fatty acids. After swallow-
ing, fat moves to the stomach, where gastric lipase
further digests these fats. The mixing and churning of
the food in the small intestine helps to increase the
surface area for digestion by pancreatic enzymes. 

The presence of fat in the small intestine triggers the
release of the hormone cholecystokinin (CCK). This
hormone stimulates the release of gastric inhibitory
peptide, which decreases gut movement and slows
digestion. This explains why high-fat meals increase
feelings of fullness compared with lower fat meals. In
the small intestine, bile acids emulsify the lipids, fur-
ther increasing surface area so that pancreatic lipases
can break the lipids into fatty acids, cholesterol, and
lysolecithin. Products of lipid digestion and fat-solu-
ble vitamins are carried by micelles to the absorptive
surface of the intestinal cells, where they diffuse
across the luminal membrane. Once inside the ente-
rocyte they are converted back into triglycerides, cho-
lesterol, and phospholipids. While medium-chain
triglycerides can pass directly into the portal circula-
tion, long-chain triglycerides join an apoprotein to
form a chylomicron. These fats and fat-soluble vita-
mins are transferred into the lymphatic system. At
the thoracic duct, a large lymphatic vein that drains
into the heart, chylomicrons pass into the blood-
stream, where they travel to the liver. In the liver,
chylomicrons are degraded and the lipids can be
repackaged into lipoproteins. The VLDL transports
triglycerides to cells for energy or to adipose tissue for
storage (see Myths and Misconceptions). Triglycerides
that will be broken down to provide energy are sent
to the working cells where the enzyme lipoprotein 
lipase cleaves off the fatty acid. These fatty acids can
be broken down via the metabolic process of fatty
acid (beta) oxidation to produce energy. 

FAT METABOLISM AND STORAGE

Fat consumed in the diet beyond what is immediately
needed as an energy source is stored in adipose tissue.
Primarily used as an energy reserve, adipose tissue also
functions to provide thermal insulation and serve as a
cushion for vital organs. The average 80-kilogram
young adult man stores about 12,300 grams of body
fat. That translates into about 110,000 calories of fat
(12,300 grams × 9 calories/gram), most of which can
be mobilized to provide energy to fuel exercise.

Adipose tissue grows in two ways: hyperplasia 
(abnormal increase in the number of fat cells) and hy-
pertrophy (abnormal increase in the size of current fat
cells). Genetic predisposition may contribute to the
number of fat cells, but excessive energy also plays a
role in adipose tissue deposition. When fat cells reach
their maximum size, additional fat cells may be created
as storage sites.
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S P E E D  B U M P
3. Outline the process of fat digestion, absorption,

and storage.
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GENERAL FAT RECOMMENDATIONS

The dietary reference intakes (DRIs) set an acceptable
macronutrient distribution range (AMDR) of fat as 20%
to 35% of total calories from fat. The average American
consumes about 34% of calories from fat, which nar-
rowly fits within the recommended range. 

The DRIs do not establish recommended intakes for
the types of fat other than the essential fats. The ade-
quate intake (AI) of linolenic acid (omega-3) is 1.6 and
1.1 grams per day for men and women, respectively.
The AI for linoleic acid (omega-6) is 17 grams for men
and 12 grams for women daily. The 2010 Dietary Guide-
lines for Americans advise the general population to con-
sume fewer than 10% of calories from saturated fat and
less than 300 milligrams per day of dietary cholesterol,
and to consume more monounsaturated and polyun-
saturated fats and less saturated and trans fats. The
guidelines introduced the term solid fats and added
sugars (SoFAS) and recommend avoiding these sub-
stances for optimal health. The American College 
of Sports Medicine and the Academy of Nutrition and
Dietetics endorse these guidelines for the general pop-
ulation as well as athletes.

FAT AND HEALTH

Fat intake has long been implicated in the development
of coronary heart disease (CHD), a leading killer of
both men and women in the United States. CHD devel-
ops from atherosclerosis, or an accumulation of fat and
cholesterol in the lining of the arteries that supply oxy-
gen and nutrients to the heart muscle. Over time, blood
flow is reduced and oxygenation to the heart muscle
can become limited, leading to angina (chest pain) and
myocardial infarction (heart attack). The risk factors
for CHD in children are not significantly different from
those for adults, and atherosclerosis can begin to de-
velop in childhood. High blood cholesterol levels—in
particular, high levels of low-density lipoprotein (LDL)
and its susceptibility to oxidation—are the main culprits
in the development of atherosclerosis. Adipocyte dys-
function can be characterized by the inability of the
adipocytes to store excess energy consumption, result-
ing in increased blood glucose and triglyceride levels
and cytokine production. The resultant inflammatory
reactions may impair the body’s ability to regulate sati-
ety and modulate insulin resistance.11

Allied health professionals can help clients mini-
mize their cardiovascular disease risk by educating
them about risk factors and encouraging them to talk
with their physicians about their personal risk. The im-
portance of monitoring risk factors such as age, LDL
cholesterol, HDL cholesterol, smoking, systolic blood
pressure, family history, obesity, and diabetes should
be emphasized.12 Both older adults, who may have 

EVALUATING THE 
EVIDENCE

Does Brown Fat Make You Thin?

The cardiovascular training regimen of one of your
lean male clients includes running in very cold
temperatures without a shirt, hat, or gloves. When
you ask him why he engages in this regimen, he re-
sponds simply “brown fat.” He goes on to tell you
that he has been running in the cold for the last 
3 years after he read about brown fat in a newspa-
per article. He says that he is 100% convinced that
his regimen is the reason for his lean physique. 

Curious as to the validity of his claim for brown
fat, you first search the lay press for a few stories
from reputable sources to help you get an overview
of the issue. You come across these two stories
from the New York Times:

1. “Brown fat, triggered by cold or exercise,
may yield a key to weight control,” by Gina
Kolata, January 24, 2012.

2. “Calorie-burning fat? Studies say you have
it,” by Gina Kolata, April 8, 2009.

Based on your review of these articles and the
scientific studies cited within the newspaper 
articles, answer the following questions:

1. What is the purpose of brown fat? How
does it work?

2. Where is brown fat stored in adult 
humans? When is it activated?

3. What is the difference in amount and 
activity of brown fat in lean versus obese,
men versus women, young versus old
participants?

4. How might exercise affect brown fat stores?
5. Why are researchers so excited about the

possibility of brown fat and its role in
weight control?

6. What are some unanswered questions
and limitations to the research?

7. What are some limitations to the way
that the research findings are presented
in the articles?

8. Are there other more recent scientific
studies or articles that provide major up-
dates to the information provided in the
two newspaper articles mentioned above?

9. Overall, do you think that your client’s
conclusion regarding brown fat and his
lean physique is warranted?

10. How will this information affect the 
advice you offer your clients?
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make a difference in sustained weight loss. In fact,
research has consistently played out that higher fat
diets are just as good for weight loss and health ben-
efits, if not better in some cases, than a low-fat, high-
carbohydrate diet.14-16

FAT AND ATHLETIC PERFORMANCE

The effectiveness of various dietary strategies to use
fat as an ergogenic aid is inconclusive. According to 
a position statement of the Academy of Nutrition 
and Dietetics and the American College of Sports
Medicine, to date there is no evidence for perform-
ance benefit from a very low-fat diet (< 15% of total
calories) or from a high-fat diet.17 However, there has
been interest in fat loading, a dietary approach in
which an athlete increases consumption of fat in an
effort to provide a ready supply of fat as an energy
source. Fat loading can be done immediately before
exercise or long term by adopting a high-fat, low-
carbohydrate diet. The theory is that if a progressively
greater percentage of fat is consumed in the diet, fat
oxidation will be increased during exercise. Energy
can be produced from fat, and therefore, carbohydrate
stores can be spared. Typically, carbohydrate stores
can only fuel about 3 hours of endurance activity. By
using more fat for fuel, the belief is that it will take
longer to deplete muscle glycogen stores and the ath-
lete will be able to maintain long-distance activities
for a longer period of time at a higher intensity. This
is referred to as fat adaptation. 

Dietary periodization is another strategy that in-
volves consuming a high-fat, low-carbohydrate diet
for a designated period while training for an en-
durance event, followed by a period of glycogen
restoration during which a high-carbohydrate, low-
fat diet is consumed. While in theory this sounds like
it may benefit athletic performance, and some studies
that have looked at fat-adaptation strategies have
found that whole-body rates of fat oxidation are in-
creased in well-trained athletes, the effects of fat adap-
tation strategies on endurance performance have been
equivocal. Some athletes experience worsened per-
formance, presumably due to factors such as fatigue.
Part of the problem is due to reduced muscle glycogen
stores from a low-carbohydrate diet (due to high fat).18

The role of fat in athletic performance is described
in detail in Chapter 7. Overall, similar to the general
population, athletes are advised to consume fats within
the AMDR of 20% to 35% of total calories.17

S P E E D  B U M P
4. Describe the effect of various fats on health and

disease risk.
5. Describe the role of fat in weight management.
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already developed one or more risk factors and now
must vigorously work to reverse them, or at least pre-
vent their progression, and younger individuals, who
appear to be healthy, should be monitored. 

Regardless of a person’s overall risk, everyone should
be encouraged to follow these nutrition recommenda-
tions to optimize heart health:

• Replace saturated fat with polyunsaturated fat
whenever possible, or otherwise with mono -
unsaturated fat. Polyunsaturated fats lower
LDL cholesterol and improve the HDL:total
cholesterol ratio, often by increasing the HDL
component. Monounsaturated fats have a
more neutral effect. 

• Choose healthful fats over “low fat” foods that
contain refined carbohydrates, as these foods
decrease HDL cholesterol, increase triglycerides,
and overall worsen the atherogenic dyslipi-
demia associated with obesity and insulin 
resistance.4

• Consume omega-3 fatty acids in the diet at least
two times per week.

• Avoid trans fats, as they decrease HDL cholesterol
and increase total cholesterol.

• Keep in mind that total fat intake and ratio of
omega-3 to omega-6 fatty acids are not predictors
of heart health.

• Exercise regularly to decrease LDL levels and pre-
vent reduction in HDL associated with a diet
higher than recommended in total fat and satu-
rated fatty acids.13 The American Heart 
Association and the American College of Sports
Medicine recommend 150 minutes per week of
moderate exercise or 75 minutes a week of vigor-
ous exercise. It can be as simple as a total of 
30 minutes of brisk walking 5 days a week.

FAT AND WEIGHT MANAGEMENT

The long-held and inaccurate belief that “eating 
fat makes you fat” has inspired many very low fat
diets in the past and a residual disdain for fat-
containing foods among consumers trying to lose
weight. While fat is more calorically dense than proteins
and carbohydrates—225% more calories per gram 
(9 calories per gram compared to 4 calories per gram)—
fat also contributes to increased feelings of satiety and
fullness. These feelings of satiety should lead to reduced
food intake in people who regulate their intake based on
physiological cues of hunger and fullness (rather than
emotional or nonphysiologically driven eating). 

Several studies investigating the role of dietary fats
in weight management have found that as long as
caloric intake is equal across diets, the percentage of
calories from fat, protein, or carbohydrates does not
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CHOOSING FATS

Clearly, fat serves many essential functions in the
body and adequate dietary intake of fats is critical to
not only maintain body weight but also for optimal
health. In fact, contrary to the dietary teaching of pre-
vious decades which advised strict avoidance of fat,
certain fats are healthy and consensus among leading
nutrition experts is that fats are better for health than
the refined sugars that food manufacturers have used
to replace fat in the highly processed fat-free crackers,
cookies, chips, breads, and ice creams found on gro-
cery store shelves.19

Arguably, the most heart-healthy way of eating, 
the Mediterranean diet, is based on an eating plan 
that contains significantly more calories from fat (about
35% to 40% of calories) than what the American 
Heart Association has historically recommended 
(< 30%). However, this eating plan is also characterized
by low intakes of red meat, refined grains, and sweets.
Instead, it features fatty fish, nuts, whole grains, fruits,
vegetables, and moderate alcohol intake, particularly
red wine, with the majority of fat intake coming from
monounsaturated fat in olive oil. Research continues
to demonstrate that the Mediterranean diet is associ-
ated with decreased risk of heart disease, stroke, and
several forms of cancer.20-22 Additional research shows
a possible correlation between adherence to a Mediter-
ranean diet and neurological disease, including de-
creased risk of mild cognitive impairment, dementia,
and Alzheimer’s disease.23, 24 As research supporting
the beneficial effects of the Mediterranean diet accu-
mulates, more consideration may need to be given to
education in this area.

WHAT TO TELL YOUR CLIENTS

A panel of expert contributors to the “Great Fat 
Debate” in the Journal of the American Dietetic Association
offer these key practice points to registered dietitians

(and Allied Health Professionals) when discussing 
nutrition with clients:25

• Use liquid vegetable oils (a mix of monounsatu-
rated fatty acids and polyunsaturated fatty
acids) whenever possible.

• When solid fats are necessary, keep trans fat 
intake as low as possible.

• Balance calories by limiting refined carbohy-
drates and not through avoidance of the healthy
polyunsaturated and monounsaturated fats.

• While saturated fats are not “good for you,” they
can fit in an overall healthy eating plan when
limited to less than 10% of total fat intake.

• Remember that dietary fats are never purely
polyunsaturated, monounsaturated, or satu-
rated fats, but rather a combination of fats.

• Provide education in terms of a food-based 
(not chemical-based) discussion.

• Promote fruits, vegetables, and whole grains as
ideal sources of carbohydrates rather than re-
fined or heavily processed carbohydrates.

• Emphasize that dietary patterns are more 
important than single dietary components. 
A healthful eating plan includes fruits, vegeta-
bles, unprocessed whole grains, fish, lean
meat, low-fat dairy, and vegetable oils.

• Calorie balance should emphasize quality of
food selection.

Allied health professionals can empower clients to
make informed decisions by helping them learn to read
a nutrition label to glean important nutrient informa-
tion, including fat content. Box 3-3 demonstrates how
one might help a client understand the health value of
a serving of walnuts.

S P E E D  B U M P
6. List several principles to share with clients when

discussing fat intake.

Chapter 3: Fat 49
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Box 3-3. Understanding the Food Label

A client requests your help in understanding the
food label. A discussion of the relationship between
the serving size and percentage of calories from fat
follows:

1. Serving size. What might be a tool that your
client could use to help estimate how much is 
1 ounce of walnuts?

2. What is the significance of noting the “calories
from fat” on the nutrition label?

3. What does “total fat” on the label mean? How is
the percent daily value of fat determined? Is the
28% stated on the food label applicable to your
client’s fat needs?

4. a. What is the significance of 2 g of saturated fat?
Is that an acceptable amount of saturated fat
per serving?

b. You can use the USDA National Nutrient
Database (http://ndb.nal.usda.gov/), then 
click on “full report (all nutrients)” to deter-
mine the types of fat contained in the other 
16 grams of fat per serving, or the USDA’s 
Supertracker (supertracker.usda.gov), then
click “Food-A-Pedia” and “nutrient info” for 
complete nutrition information. Do you think
the types and amounts of fat influences the
health value of walnuts? 

c. On the front of the walnut package there is a
qualified health claim that states: 
“Supportive but not conclusive research 
shows that eating 1.5 ounces per day of wal-
nuts, as part of a low saturated fat and low
cholesterol diet and not resulting in increased
caloric intake, may reduce the risk of coronary
heart disease. See nutrition information for 
fat [and calorie] content.” A qualified health
claim characterizes a relationship between a
substance (specific food component or a spe-
cific food) and a disease (e.g., heart disease) 
or health-related condition (e.g., high blood
pressure), and is supported by scientific evi-
dence, but there is not significant scientific
agreement (which is required for a health
claim), thus the claim must be “accompanied
by a disclaimer or otherwise qualified.” Quali-
fied health claims were initially authorized to
help consumers make healthier nutrition
choices even though claims may be accompa-
nied by inconclusive evidence. Do you think
qualified health claims help or hinder con-
sumers from making well-informed nutrition
choices? Why?

Nutrition Facts
Serving Size 1 ounce (28g)

Amount Per Serving

Calories 185 Calories from Fat 154

Total Fat 18g
% Daily Value*

Sat. Fat 2g
Trans. Fat

Vitamin A
Calcium

Vitamin C
Iron

*Percent Daily Values are based on a 2,000
calorie diet. Your daily values may be higher
or lower depending on your calorie needs.

28%
9%

Cholest. 0mg
Sodium 1mg
Total Carb. 4g
Protein 4g

0%
0%
1%
8%

0%
3%

1%
5%

A

B

C

D

KEY POINTS SUMMARY
1. Fats serve many important critical functions in

the body including energy storage, insulation,
protection, transport of fat-soluble vitamins,
precursor to hormones, and cell membrane
structure.

2. Triglycerides consist of three fatty acids joined 
to a glycerol backbone. Both dietary fats and
stored fats consist mostly of triglycerides.

3. Fat cells are called adipocytes. They are stored
in the body as adipose tissue. Adipose tissue is
a metabolically active endocrine organ that
produces hormones that have been implicated

in contributing to the obesity and diabetes 
epidemics.

4. The major categories of fatty acids include satu-
rated fatty acids, monounsaturated fatty acids,
and polyunsaturated fatty acids. Polyunsatu-
rated fats (especially omega-3 fatty acids) are
the most heart-healthy fats, followed by mo-
nounsaturated fats. An emerging body of re-
search suggests that saturated fats are not as bad
for health as previously thought, though they
are clearly inferior to the polyunsaturated and
monounsaturated fats. Polyunsaturated fatty
acids that have trans fats are harmful to human
health and should be avoided.
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5. Dietary fat is digested and absorbed in the gas-
trointestinal system. The digestion of triglyc-
erides with short- and medium-chain fatty acids
begins in the mouth and stomach, whereas the
digestion of long-chain fatty acids does not
begin until the food has reached the small intes-
tine. Fat digestion finishes in the small intestine,
where lipid droplets are carried as micelles to
the absorptive surface of the small intestine.
Once the lipids are absorbed into the mucosal
surface of the small intestine, they are reconfig-
ured as triglycerides, phospholipids, and choles-
terol. The lipids with short- and medium-chain
fatty acids (the minority of dietary fats) can pass
directly to the portal circulation and to the liver.
The lipids with long-chain fatty acids are carried
as chylomicrons to the lymphatic system. The
chylomicrons are carried to the liver, where
triglycerides are repackaged into lipoproteins
and transported primarily to the adipose tissue
for metabolism and storage.

6. Fat is stored in large amounts in the human
body. White fat cells serve as a reservoir of
calories and energy, while brown fat cells—
which are typically activated by cold—expend
energy. Some researchers speculate that exer-
cise may stimulate brown fat cells and may
also act to convert some white fat cells into
brown fat cells.

7. The AMDR for fat is 20% to 35% of calories.
The 2010 Dietary Guidelines for Americans
recommend that less than 10% of total calories
come from saturated fat and that Americans
consume less than 300 milligrams per day 
of cholesterol. The guidelines also advise 
Americans to avoid solid fats and added 
sugars (SoFAS).

8. To optimize heart health, health professionals
should advise consumers to replace saturated 
fat with polyunsaturated (preferably) or mono -
unsaturated fat, whenever possible. Replacing
saturated fat with refined carbohydrates does
not benefit health. Trans fats negatively affect
health and should be avoided. Research suggests
that adopting a low-fat diet does not improve
health or facilitate weight loss when compared
to a higher fat diet of equal calories.

9. Health professionals must be knowledgeable of
the latest advances in nutritional science as well
as the latest trends among consumers to provide
reliable nutrition information to consumers. 

PRACTICAL APPLICATIONS

1. Which of the following substances, when oxi-
dized, distributes cholesterol to the inner linings
or walls of arteries and may form a plaque and
ultimately cause atherosclerosis?
A. Chylomicrons
B. Phospholipids
C. Intermediate-density lipoproteins (IDLs)
D. Low-density lipoproteins (LDLs)

2. Olives, nuts, seeds, and avocados are excellent
sources of which type of fat?
A. Monounsaturated fat 
B. Polyunsaturated fat
C. Saturated fat 
D. Hydrogenated fat 

3. Clients at risk for heart disease can be chal-
lenged by the health professional to eat fewer
than 200 milligrams each day of: 
A. Sodium 
B. Total fat 
C. Cholesterol 
D. Sugar

4. Which of the following statements is true re-
garding the latest research on dietary fat?
A. A healthy, balanced diet should not include

saturated fats.
B. The evidence against saturated fat is not as

strong as originally interpreted.
C. Trans fats can be included in small amounts

in a balanced diet.
D. It is not the type of fat intake, but rather the

amount of fat that is important for health.

5. Which of the following hormones is responsible
for the increased feelings of satiety after a high-
fat meal?
A. Ghrelin
B. Insulin
C. Glucocorticoid 
D. Cholecystokinin

6. Which of the following anatomical structures 
is typically activated by cold and functions to
expend energy?
A. Muscle tissue
B. Brown fat
C. White fat
D. Collagen
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7. According to the Dietary Guidelines for Americans,
less than what percentage of daily calories
should come from saturated fat?
A. 3%
B. 5%
C. 10%
D. 15%

8. Sanjay is an ultra-marathoner who believes
that he can increase performance if he in-
creases his consumption of fat in an effort to
provide a ready supply of fat as an energy
source. This dietary approach is known as:
A. Fat loading
B. Carbohydrate loading
C. Carbohydrate sparing
D. Protein sparing

9. Which of the following diet plans recommends
the least amount of daily calories from fat?
A. Zone diet
B. Paleo diet
C. Mediterranean diet
D. American Heart Association diet

10. To optimize heart health, allied health profes-
sionals should advise consumers to replace 
saturated fat with:
A. Polyunsaturated fat
B. Monounsaturated fat
C. Trans fat
D. Refined carbohydrates
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Case 1 Susan, the Middle-Aged
Overweight Hiker
Susan is a 55-year-old overweight teacher who has
struggled with her weight since childhood. After her best
friend suffered a debilitating heart attack, she decided to
change her lifestyle and achieve a healthier weight. As
part of her fitness program, she is training to hike the
Grand Canyon with her 17-year-old daughter and a
guide. She is 5′2″ and 180 pounds (BMI 32.9 kg/m2).
According to the USDA’s Supertracker, Susan needs
about 2,000 calories per day to maintain her weight.
1. What is the AMDR for fat intake? 
2. What range of calories per day should Susan get

from fats to maintain her weight?
3. Susan tells you that she is confused as to whether

fat in her diet matters or not. She says that the last
she remembers, the recommendation was to eat a
“low-fat” diet but then she heard that the Mediter-
ranean diet, which is high in olive oil and fatty fish, is
very healthy, and now she has read a lot of informa-
tion that says “saturated fat is good.” She asks you to
please clarify which fats are “good,” which are “bad,”
and what she should be eating.

Case 2 Scott, the Professional Triathlete
Scott is a 29-year-old professional triathlete. It is 
the off-season and his current training regimen is 
of relatively low intensity. He is 6′2″ and 170 pounds 
(BMI 21.8 kg/m2). He needs about 3,200 calories 
per day to maintain his weight.
1. What is the AMDR for fat for athletes?
2. a. What range of calories from fat should Scott 

get each day?

b. How might Scott’s fat needs within this range
change over the course of the year?

3. Scott has experimented with several dietary ma-
nipulations during the off-season in an effort to
identify a regimen that will give him the competi-
tive edge during the training and competitive 
seasons. He has recently started a fat loading
diet with the following regimen:

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7

High-fat diet (70% of calories from fat, 15% CHO, 15% protein)

Run for 
20 min 
at 70% VO2
max + interval 
training

1.5 hr swim

High carbo-
hydrate (70%
calories from
CHO, 15%
fat, 15% pro-
tein) and rest

“Brick” 
(45 min
swim, 2 hr
ride, 1.5 hr
run)

3-4 hr ride 2 hr run 3-4 hr ride

2955_Ch03_036-055  08/10/14  3:24 PM  Page 52



RESOURCES
USDA National Nutrient Database (http://ndb.nal.usda.gov)

provides detailed nutrition information for thousands of
foods.
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a. Describe the rationale behind “fat loading.” 
Include a discussion of “fat adaptation.”

b. What are the pros and cons of the dietary plan
(called “dietary periodization”) that Scott is 
following?

c. What advice do you have for Scott as he experi-
ments with this diet/training regimen?

TRAIN YOURSELF
1. What is the recommended AMDR for fat for you?
2. Using supertracker.usda.gov, estimate your daily

caloric needs. Based on that estimate, what range
of calories from fat should you get each day?

3. Record your food intake for a 24-hour period
using supertracker.usda.gov. Then, answer the 
following questions: 
a. What is the percentage of calories from fat? How

does this compare to the AMDR?

b. How many grams of saturated fat did you eat?
What percentage of total calories came from 
saturated fat?

c. How many empty calories did you eat?
d. List several of the fatty foods that you ate. 

Using the USDA National Nutrient Database
(http://ndb.nal.usda.gov/) or the Supertracker
food analysis tool, determine the amount of the
various types of fat in each of the foods. Rank
saturated fat, polyunsaturated fat, and monoun-
saturated fat from “most eaten” to “least eaten.”
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Vitamins, Minerals, Electrolytes, 
and Water

CHAPTER 4
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CHAPTER OUTLINE
Learning Objectives
Key Terms
Introduction
Vitamin Functions, Needs, and Food Sources

Water-Soluble Vitamins

THIAMIN

RIBOFLAVIN

NIACIN

VITAMIN B6

FOLATE

VITAMIN B12

BIOTIN

PANTOTHENIC ACID

VITAMIN C

Fat-Soluble Vitamins

VITAMIN A

VITAMIN D

VITAMIN E

VITAMIN K

Mineral Functions, Needs, and Food Sources
Macrominerals

CALCIUM

PHOSPHORUS

MAGNESIUM

SULFUR

Microminerals

IRON

IODINE
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Water
Water Absorption

Water Functions 

Risks of Water Imbalance 

Chapter Summary
Key Points Summary
Practical Applications
References

CHAPTER OUTLINE—cont’d
SELENIUM

ZINC

CHROMIUM

COPPER

Electrolytes

Micronutrient Digestion and Absorption
Vitamin Digestion and Absorption

Mineral Digestion and Absorption 

Antioxidants and Phytochemicals 

Vitamin and Mineral Supplements 

Vitamins, Minerals, and Athletic Performance 

Vitamins, Minerals, and Weight Management 

4.4  Describe the benefit or lack of benefit of vitamin 

and mineral supplementation.

4.5  Explain the importance of water for health and 

athletic performance.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

4.1   Define the term micronutrient and explain the 

different categories of micronutrients.

4.2  Describe the role of electrolytes in athletic 

performance.

4.3  List the micronutrients most commonly deficient in

athletes.

active transport The passage of a particle from an area
of low concentration to an area of high concentration
made possible through the use of adenosine triphos-
phate (ATP).

anion A negatively charged molecule.
antioxidant A substance that prevents or repairs oxida-

tive damage; includes vitamins C and E, some
carotenoids, selenium, quinones, and bioflavonoids.

cation A positively charged molecule.
chelation compounds A compound that consists of a

molecule bonded to a single atom, usually a metal,
which allows the metal to be more efficiently 
absorbed by the body.

cofactor A substance that needs to be present in addi-
tion to an enzyme in order for a chemical reaction 
to occur.

colonic bacteria Benign bacteria that colonize the large
intestine (the colon) of the human gut.

dehydration A state of decreased total body fluid,
which is categorized as mild (< 2% loss of body
weight), moderate (2% to 7%), and severe (> 7%).

duodenum The approximately 1-foot long first portion 
of the small intestine where the majority of chemical
digestion of food occurs.

electrolytes Minerals that exist as charged ions in the
body and are extremely important for normal cellular
function.

enriched food A food to which specific nutrients, such 
as B vitamins and iron, are added to replace nutrients
lost during processing.

facilitated diffusion The passage of a particle from 
an area of high concentration to an area of low 
concentration with a protein carrier.

fat-soluble vitamins Vitamins that are stored in and 
absorbed by fat; vitamins A, D, E, and K.

female athlete triad A syndrome characterized by 
an eating disorder (or low energy availability), 
amenorrhea, and decreased bone mineral density.

ferritin The storage form of iron.
fortified food A food to which specific nutrients not 

inherently available in that food are added, such as 
vitamin D in milk. 

57
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functional anemia Low iron ferritin levels in the con-
text of normal hemoglobin concentration.

glycogenolysis The process of breaking down glycogen
into glucose molecules.

heat stroke A severe heat-related illness with extreme
increase in core body temperature resulting from 
prolonged exposure to heat without adequate re-
placement of fluids and electrolytes; symptoms 
include lack of sweating, strong and rapid pulse, 
disorientation, and loss of consciousness; often fatal
without rapid treatment.

heme iron Iron bound within the iron-carrying proteins
of hemoglobin and myoglobin complex found in
meat, fish, and poultry.

hemoglobin An iron-rich protein of red blood cells that
carries oxygen to working cells.

hyponatremia An abnormally low concentration of
blood sodium (less than 135 millimoles per liter
(mmol/L)) which, when severe, can lead to brain
swelling and death.

ileum The final portion of the small intestine, which is
approximately 12 feet in length, where absorption 
of vitamin B12, bile salts, and digestive products not al-
ready absorbed in the jejunum occurs.

iron deficiency anemia A condition resulting from too 
little iron in the body, which decreases hemoglobin
concentration and thus impairs oxygen delivery 
to cells.

jejunum The middle portion of the small intestine,
which is approximately 8 feet in length; where much
of food absorption occurs.

micronutrient A nutrient that is needed in small quanti-
ties for normal growth and development; includes 
vitamins and minerals.

myoglobin An oxygen- and iron-binding protein found
in muscle and cardiac tissue which delivers oxygen to
the working muscle cells.

osteopenia A condition in which bone density is lower
than normal; a precursor to osteoporosis.

osteoporosis Weakening of the bones due to chronic
calcium deficiency, which can lead to fracture of the
hip, spine, and other skeletal sites.

oxidation The process of binding oxygen to a molecule.
passive diffusion See simple diffusion.
phytochemicals Substances in plants that are not nec-

essarily required for normal functioning, but improve
health and reduce the risk of disease.

prohormone A precursor to a hormone.
provitamin Inactive vitamin that can be converted to an

active vitamin with enzyme activation.
quasi-vitamins Similar to vitamins in having important

roles in the normal functioning and health of the
body, but currently there are no known human 
requirements.

simple diffusion When a substance moves from an
area of high concentration to an area of low concen-
tration without the need for a carrier protein.

sports anemia A pseudo-anemia characterized by low
hemoglobin concentration due to increased plasma
volume in response to exercise; the actual total 
hemoglobin content is normal and the athlete does
not have true anemia.

transferrin The protein that binds and transports iron.
vegan A pure vegetarian who excludes all animal-

derived foods from the diet.
vitamins Organic substances obtained from plant and

animal foods that are essential in small quantities 
for normal growth and activity of the body. 

water-soluble vitamins Vitamins that are readily 
dissolved in water and thus are not effectively 
stored in the human body.

INTRODUCTION

On the heels of a research study warning of the possi-
ble increased risk of mortality from red meat consump-
tion,1 a top running magazine published an article
proclaiming the benefits of red meat for athletes. The
long list of cited benefits included: a “great source” of
zinc and iron; the high B vitamins “help convert car-
bohydrates into the fuel needed to make it through a
training run”; vitamin B6, which “can increase your
metabolism”; the salt-heavy turkey pastrami is a “great
source of electrolytes”; and athletes lose enough salt
through sweat so the sodium content is unimportant.2

In the article, several sports dietitians were quoted 
endorsing red meat’s benefits (see Communication
Strategies). But does the relatively higher vitamin and

mineral composition described above for red meat 
really make it a superior protein source for athletes?
How do micronutrient needs for athletes differ com-
pared with the general population? What are the best
food sources to optimize micronutrient intake?

As their name implies, micronutrients, including
vitamins and minerals, are only needed in small
amounts. The World Health Organization (WHO) refers
to these nutrients as the “magic wands that enable the
body to produce enzymes, hormones, and other sub-
stances that are essential for proper growth and devel-
opment.”3 When the body is deprived of or excessively
overloaded with micronutrients, the consequences are
severe. But when the micronutrients are consumed 
in the right amounts through a varied, balanced, and
nutrient-rich diet, vitamins and minerals contribute to
optimal health, function, and well-being. 
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COMMUNICATION STRATEGIES

Working With The Media

Working with the media is an effective way to share health and nutrition information with the general population
while at the same time enhancing your credibility and reputation as a professional. With that being said, health ex-
perts need to be thoughtful when working with the media. Prior to responding to a query from a reporter, consider
investigating that reporter’s past work; understand the purpose of the piece and if you agree with it; and remember
that everything is “on the record.” Then make yourself a valuable resource by responding promptly and honestly
with well-informed and simple statements.

Practice with this sample query:
A reporter contacts you for information on an article that she is writing about the benefits for athletes of what

she considers to be unfairly maligned red meat. She believes that red meat is necessary for athletes to compete at
their best. She asks you the following questions: 

1. What are the vitamin and mineral benefits of red meat for athletes?
2. Do you recommend that your clients eat red meat? If so, what kind and why?
3. What tips do you have for shoppers on how to select the best protein source for optimal athletic 

performance?

Answer the questions with the understanding that she may publish a summary of your comments or quote you
directly for the article.

Now, think about the topic and review the answers that you wrote when answering the following questions:

1. Do you agree with the writer’s premise that red meat is especially beneficial for athletes?
2. Did you use any scientific research or studies to back up your point? If so, which ones? If not, try to find a

scientific study or report that supports your statements. If you cannot find one, reconsider your statements.
3. Could the writer take any quotes from your responses that, by themselves, might not accurately reflect

your opinion on the benefits of red meat for athletes?

(the B vitamins and vitamin C) and fat-soluble vitamins
(vitamins A, D, E, and K). Some B vitamin deriva-
tives, known as quasi-vitamins, also have important
roles in the normal functioning and health of the
body; however, their human requirements are not
yet known. Inositol, choline, and para-aminobenzoic
acid (PABA) are examples of quasi-vitamins. Choline,
which plays a crucial role in neurotransmitter and
platelet functions, may help prevent Alzheimer’s4 and
fatty liver disease,5 and is essential for normal fetal
brain development.6 Inositol has been linked to im-
proving metabolic syndrome (a combination of risk
factors such as obesity, high blood pressure, high
blood sugar, and high cholesterol that increase the
risk for conditions such as heart disease and stroke)
in postmenopausal women.7

The human body needs vitamins to varying degrees.
Dietary reference intake (DRI) is a collective term used
to refer to three types of reference values:

• Recommended dietary allowances (RDAs):
the daily dietary intake of a nutrient known to
meet the nutritional needs of 97% of healthy
persons in age- and gender-specific groups. 
The Food and Nutrition Board, an entity of the
Institute of Medicine, establishes RDAs. 

VITAMIN FUNCTIONS, NEEDS, AND FOOD
SOURCES

Vitamins are organic (carbon containing), noncaloric
micronutrients that are essential for normal physio-
logical function. Vitamins must be consumed through
foods, with the following exceptions: vitamin K and
biotin, which can be produced by normal intestinal
flora (bacteria that live in the intestines and are criti-
cal for normal gastrointestinal function); vitamin D,
which can be self-produced with sun exposure; and
niacin and vitamin A, which can be synthesized from
tryptophan and beta-carotene, respectively. No “per-
fect” food contains all the vitamins in just the right
amount. Instead, a variety of nutrient-dense foods
must be consumed to ensure adequate vitamin intake.
Many foods, such as breads and cereals, are enriched
or fortified with some nutrients to reduce the risk 
of vitamin deficiency. Some foods contain inactive 
vitamins, which are called provitamins. The human
body contains enzymes to convert these inactive 
vitamins into active vitamins.

Humans need 13 different vitamins, which are 
divided into two categories: water-soluble vitamins
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• Estimated average requirement (EAR): an
amount of nutrient known to be adequate to
meet nutritional needs in 50% of an age- and
gender-specific group.

• Tolerable upper intake level (UL): the maxi-
mum intake that is unlikely to pose risk of ad-
verse health effects to almost all individuals in
an age- and gender-specific group.

If an RDA cannot be based on an EAR, then the ad-
equate intake (AI), the amount of intake that is be-
lieved to cover the needs of all healthy individuals in
the groups, is used. The recommended intake for each
of the vitamins is included in Table 4-1. Table 4-2 sum-
marizes the vitamin functions, signs of deficiency and
toxicity, and food sources.

Water-Soluble Vitamins

Thiamin, riboflavin, niacin, pantothenic acid, folate,
vitamin B6, vitamin B12

, biotin, and vitamin C are re-
ferred to as the water-soluble vitamins. Their ability
to dissolve in water (which gives them similar absorp-
tion and distribution in the body) and their roles as co-
factors of enzymes involved in metabolism (i.e.,
without them, the enzyme will not work) are common
traits. With the exception of vitamins B6 and B12,
water-soluble vitamins cannot be stored in the body
and, in general, are readily excreted in urine. This de-
creases the risk of toxicity from overconsumption and
makes their regular intake a necessity. 

Though generally the body does not store the water-
soluble vitamins, the effects of a period of inadequate
dietary consumption of the water-soluble vitamins vary
considerably. For example, clinical signs of niacin defi-
ciency can present as early as a couple of weeks, vita-
min C deficiency from 1 to 6 months, and signs of
vitamin B12 deficiency may result only after years of
insufficient intake.

The water-soluble vitamins play many important
roles in the human body. Some B vitamins—thiamin
(vitamin B1), riboflavin (vitamin B2), niacin (vitamin
B3), and pantothenic acid (vitamin B5)—are cofactors
in energy metabolism. In other words, these vitamins
are necessary to unlock the energy in food. One of the
major roles of vitamin C is in the production of colla-
gen, a fibrous protein, which is an essential component
of skin, bone, and other connective structures.

Thiamin 
Thiamin (vitamin B1) is essential for carbohydrate me-
tabolism and plays a role in nerve function. Signs of
thiamin deficiency include decreased appetite, weight
loss, and cardiac and neurological irregularities that
progress to beriberi—a constellation of symptoms that
includes mental confusion, muscular wasting, swelling,
decreased sensation in the feet and hands, a fast heart
rate, and an enlarged heart. Thiamin deficiency is rare
in the United States because of enrichment in rice and
cereal products. Other food sources of thiamin include

nuts and seeds, lean and organ meats, legumes, and
whole grains. Deficiency occasionally manifests in 
alcoholics, who have impaired thiamin absorption.

Riboflavin 
Riboflavin (vitamin B2) assists in carbohydrate, amino
acid, and lipid metabolism. It also helps with antioxi-
dant protection through its role in reduction-oxidation
(redox) reactions. Consumption of meat, dairy prod-
ucts, and green leafy vegetables helps prevent ri-
boflavin deficiency (known as ariboflavinosis), which
causes eye problems, including sensitivity to light; ex-
cessive tearing, burning, and itching; and loss of vision,
as well as soreness and burning of the mouth, tongue,
and lips.

Niacin 
Niacin (vitamin B3) acts as a cofactor for more than 200
enzymes involved in carbohydrate, amino acid, and
fatty-acid metabolism. Lean meats, poultry, fish,
peanuts, and yeast contain ample amounts of niacin.
Muscular weakness, anorexia, indigestion, and skin ab-
normalities are early signs of niacin deficiency and can
cause the disease pellagra, which is characterized by
the “four Ds”: dermatitis (eczema), dementia, diarrhea,
and eventually death.

Vitamin B6
Vitamin B6 (pyridoxine) plays an important role in
many bodily functions, including protein metabolism,
red blood cell production, glycogenolysis (in which
glycogen is broken down to glucose), conversion of 
the amino acid tryptophan to niacin, neurotransmitter
formation, and immune-system function. Meats, whole-
grain products, vegetables, and nuts contain high con-
centrations of vitamin B6, though bioavailability of the
nutrient is highest in animal products. Deficiency leads
to decreased neurological and dermatological function
and weakened immunity.

Folate
Folate (also known as folic acid in its supplement form)
is named for its abundance in plant foliage such as
green leafy vegetables. Folate plays a crucial role in the
production of deoxyribonucleic acid (DNA), formation
of red and white blood cells, formation of neurotrans-
mitters, and metabolism of amino acids. Deficiency is
relatively common because folate is easily lost during
cooking and food preparation. Perhaps more impor-
tantly, most people do not eat enough green leafy 
vegetables in sufficient quantities. Folate deficiency in
early pregnancy can be devastating for a developing
embryo and can lead to neural tube defects such as
spina bifida. For this reason, the Centers for Disease
Control and Prevention recommends that all women
of childbearing age take a daily folate supplement. De-
ficiency also causes megaloblastic anemia, skin lesions,
and poor growth. Notably, excessive consumption of
folate can mask a vitamin B12 deficiency.8
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Vitamin B12

Vitamin B12 (cobalamin) is important for the normal
function of cells of the gastrointestinal tract, bone mar-
row, and nervous tissue. Uniquely, vitamin B12 can be
stored in the liver and requires a protein carrier called
intrinsic factor for absorption. The richest sources of 
vitamin B12 include clams and oysters, milk, eggs,
cheese, muscle meats, fish, liver, and kidney. Long-time
vegans are at risk for deficiency, as are the elderly, who
tend to have a decreased ability to absorb the nutrient
due to decreased food intake or decreased intrinsic 
factor. Deficiency leads to megaloblastic anemia and
neurological dysfunction, in which neurons become
demyelinated. This causes numbness, tingling, and
burning of the feet, as well as stiffness and generalized
weakness of the legs.

Biotin
Biotin (vitamin B7) is the ultimate “helper vitamin.”
Typically bound to protein, it carries a carboxyl (-COOH)
group, which it lends to any of four different enzymes
that are important in various metabolic functions. Ulti-
mately, biotin plays an important role in the metabolic
functions of pantothenic acid, folic acid, and vitamin B12.
The most important sources of biotin include milk, liver,
and egg yolk. Deficiency is uncommon.

Pantothenic Acid
Pantothenic acid, which is present in all plant and an-
imal tissues, forms an integral component of coenzyme
A and acyl-carrier protein. These proteins are essential
for metabolism of fatty acids, amino acids, and carbo-
hydrates, as well as for normal protein function. Defi-
ciency is rare due to pantothenic acid’s availability in
many foods.

Vitamin C
Vitamin C plays an important role as an antioxidant.
Vitamin C is also necessary to make collagen, a fibrous
protein that is part of skin, bones, teeth, ligaments, and
other connective structures. Deficiency can result in
scurvy (a disease that can cause dark purplish spots on
the skin and spongy or bleeding gums). Vitamin C im-
proves iron absorption, promotes resistance to infec-
tion, and helps with steroid, neurotransmitter, and
hormone production. Citrus fruits and green leafy veg-
etables are excellent sources of vitamin C. Signs of 
deficiency include impaired wound healing, swelling,
bleeding, and weakness in bones, cartilage, teeth, and
connective tissues.

Fat-Soluble Vitamins

Vitamins A, D, E, and K are the fat-soluble vitamins
and are often found in fat-containing foods. They are
stored in the liver or adipose tissue until needed, and
therefore are closely associated with fat. If fat absorp-
tion is impaired, so is fat-soluble-vitamin absorption.

Unlike water-soluble vitamins, fat-soluble vitamins can
be stored in the body for extended periods of time and
eventually are excreted in feces. This storage capacity
increases the risk of toxicity from overconsumption,
but also decreases the risk of deficiency.

Vitamin A
Vitamin A and its provitamin beta-carotene are impor-
tant for vision, growth, and development; the develop-
ment and maintenance of epithelial tissue, including
bones and teeth; immune function; and reproduction.
Animal products, including liver, milk, and eggs, are
rich in preformed vitamin A. Dark green leafy vegeta-
bles, and yellow-orange vegetables and fruit contain
lots of provitamin A carotenoids. (A good rule of
thumb: The deeper the color, the higher the level of
carotenoids.) Deficiency of vitamin A is the most com-
mon cause of preventable blindness in the developing
world. It begins with night blindness and progresses to
poor growth and increased susceptibility to infection.
Excess consumption, which overwhelms the capacity
of the liver to store the vitamin (generally resulting
from overconsumption of supplements or therapeutic
retinoids), leads to dryness and cracking of the skin and
mucous membranes, headache, nausea and vomiting,
and liver disease.9

Vitamin D
The effects of vitamin D on bone, namely its role in cal-
cium and phosphorus absorption and homeostasis, are
well studied. The effects of vitamin D on the rest of the
body—including its role in athletic performance—are
less certain but a source of intense interest among 
researchers.

Vitamin D is obtained in the body through two
major mechanisms. Vitamin D is referred to as the
“sunshine vitamin,” because small amounts of sunlight
exposure (about 10 to 15 minutes twice a week, de-
pending on latitude and skin pigmentation) induce the
body to make sufficient vitamin D from cholesterol.
(The fact that the body can produce vitamin D makes
it technically a prohormone rather than a vitamin).
The second source of vitamin D comes from food and
supplement intake. Fish liver oils provide an abun-
dance of vitamin D. Smaller amounts are found in but-
ter, cream, egg yolk, and liver. Typically, Americans get
the majority of their dietary vitamin D intake from for-
tified milk, which is poorly absorbed.

Vitamin D comes in two forms: vitamin D3, or chole-
calciferol, from sunlight, animal products, and certain
supplements; and vitamin D2, or ergocalciferol, from
plant sources and certain supplements. Structurally and
functionally both forms are very similar. Both vitamin
D3 and vitamin D2 must be modified in order to be-
come activated in the body. 

This process of modification and activation is out-
lined in Figure 4-1. Essentially, the inactive compounds
vitamin D2 and vitamin D3 are converted in the liver
to another inactive compound, 25-hydroxy vitamin D
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(25-OHD), the main circulating form of vitamin D. 
In the kidney, vitamin D (25-OHD) is converted to the
active form 1,25-dihydroxy vitamin D (1,25-(OH)2D),
also known as calcitriol. Calcitriol is responsible for 
vitamin D’s biological effects. 

Calcitriol acts at the level of the kidney, intestines,
bone, immune cells, brain, heart, skin, gonads, breast,
and skeletal and smooth muscle by binding to the vita-
min D receptor. Once calcitriol binds to the vitamin D
receptor, a cascade of reactions ensues. The ultimate 
effect of vitamin D binding its receptor in bone is in-
creased calcium deposition in bones. If too little vitamin
D is available in the body, adults can develop osteoma-
lacia, a condition in which the bones become weak,
leading to muscular weakness and bone tenderness.
This condition can also lead to pseudofractures, which
are calluses on the bone, and can increase the risk of
fracture, in particular of the wrist and pelvis. Low vita-
min D intake may also play a role in the development
of osteoporosis in postmenopausal women. Without 
vitamin D, children whose bones have not yet fully de-
veloped will experience impaired mineralization, which
can lead to rickets and bowing of the weight-bearing

large bones. On the other hand, too much vitamin D
causes elevated calcium and phosphorus levels and
may lead to headache, nausea, and eventually calcifi-
cation of the kidney, heart, lungs, and the tympanic
membrane of the ear, leading to deafness.

Vitamin D also has a significant role in immune
function and physical performance related to muscle
health, which are only now being investigated due to
a vitamin D deficiency epidemic affecting 1 billion peo-
ple worldwide. Vitamin D deficiency is especially prob-
lematic for athletes who may be at risk for such
problems as stress fractures, respiratory infections, and
muscle injuries.10 As previously noted, investigating
the non-bone effects of vitamin D—including whether
vitamin D helps improve athletic performance—is an
area of intense scientific research (see Evaluating the
Evidence). However, despite a growing body of evi-
dence suggesting that vitamin D may be a highly
health-promoting vitamin and that the majority of peo-
ple do not get enough of this vitamin, the Institute of
Medicine released a report that concluded that the cur-
rently available data does not provide compelling evi-
dence that vitamin D provides benefits beyond bone
health, or that intakes higher than the DRIs provide
any additional benefit.11
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Sun

UV-B radiation

7-dehydrocholesterol

Cholecalciferol
Vitamin D3

Liver
Calcified or calcidiol

25-hydroxyvitamin D3 

Kidney
Calcitriol

1,25-dihydroxyvitamin D3

Skin

• Vitamin D3
  (fish, meat)
• Vitamin D2
  (supplements)

Dietary intake

Figure 4-1. Overview of vitamin D synthesis, intake, and
activation. From Overview of vitamin D synthesis, intake, and activation
in Dietary Reference Intakes for Calcium and Vitamin D, by A.C. Ross, 
C.L. Taylor, A.L. Yaktine, & H.B. Del Valle, Eds; National Academies
Press, 2011.

EVALUATING THE 
EVIDENCE

Vitamin D and Athletic 
Performance

The prospect of a potential ergogenic effect of 
vitamin D has provided intrigue and speculation
among researchers, coaches, athletes, sports 
nutritionists, allied health professionals, and others
highly invested in optimizing athletic performance.
In fact, it was the topic of a “Phys Ed” column in 
the New York Times, inspiring over 100 comments
from readers. In that article, the columnist summa-
rized several studies that suggest there may be a
role for vitamin D in performance.30

She mentions an early study of sprinters that
was conducted in Russia several decades ago. 
Athletes trained for a 100-meter dash after half
were exposed to artificial ultraviolet light and the
other half were not. The researchers found that
during the test run, the control group improved
their time by almost 2%, while the runners who 
got the light therapy beat their old times by over
7%. The finding suggests that the light therapy 
activated intrinsic vitamin D production, which 
enhanced muscular power. 

In another study mentioned in the piece, re-
searchers tested the vertical jump of a small group
of adolescent athletes. As a whole, the athletes 
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Vitamin E
Vitamin E exists in eight different forms: alpha-, beta-,
gamma-, and delta-tocopherol; and alpha-, beta-,
gamma-, and delta-tocotrienol. Vitamin E is sometimes
referred to as alpha-tocopherol because that is the most
active form in humans. Vitamin E plays a fundamental
role in the metabolism of all cells. It may help protect
against conditions related to oxidative stress including
aging, air pollution, arthritis, cancer, cardiovascular dis-
ease, cataracts, diabetes, and infection, though research
remains contradictory and inconclusive. (A more de-
tailed discussion of the role of antioxidants is presented
later in this chapter.) Vitamin E is synthesized by
plants. The richest sources of vitamin E are polyunsat-
urated plant oils, wheat germ, whole grains, green
leafy vegetables, nuts, and seeds. Vitamin E is easily 
destroyed by heat and oxygen, therefore, its richest
source, oils, should be stored in a cool, dark location.
Although vitamin E deficiency is rare in humans, it re-
sults in a hemolytic anemia (lysing, or destruction, of
the red blood cells), and tends to occur only in cases of
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fat malabsorption and transport problems. Toxicity is
uncommon, though when present may decrease the
absorption of other fat-soluble vitamins, impair bone
mineralization, and lead to prolonged clotting times.
This is especially relevant for individuals on anticlotting
medication such as warfarin (Coumadin).

Vitamin K
Vitamin K, which is produced by bacteria in the colon
and present in large amounts in green, leafy vegetables
(especially broccoli, cabbage, turnip greens, and dark
lettuce), is important for blood clotting and mainte-
nance of strong bones. Due to vitamin K’s critical role
in blood clotting, individuals on blood-thinning med-
ications that interfere with vitamin K absorption need
to carefully titrate their vitamin K intake through diet
under the supervision of a physician. Insufficient vita-
min K intake can lead to hemorrhage and potentially
fatal anemia. Fortunately, vitamin K deficiency is rare
and usually found only in association with lipid mal-
absorption, destruction of intestinal flora (often due 
to chronic antibiotic therapy), and liver disease. New-
borns are at risk for vitamin K deficiency, as the vita-
min does not cross the placenta and is negligible 
in breast milk. For this reason, newborn infants rou-
tinely receive a vitamin K shot after birth to prevent
(or slow) a rare problem of bleeding into the brain
weeks after birth. Toxicity of vitamin K only occurs
with excessive intake of the synthetic form, which is
called menadione. At doses of about 1,000 times the
RDA, vitamin K can cause severe jaundice in infants
and hemolytic anemia.

MINERAL FUNCTIONS, NEEDS, AND FOOD
SOURCES

Minerals serve many critical roles in the human body,
such as regulating enzyme activity, maintaining acid–
base balance, assisting with muscle contraction, and
helping with growth. The body’s ability to use miner-
als is dependent on their bioavailability, or the degree
to which the mineral can be absorbed by the body.
Nearly all minerals, with the exception of iron, are ab-
sorbed in their free form; that is, in their ionic state
unbound to organic molecules and complexes. When
bound to a complex, the mineral is not bioavailable
and will be excreted in feces. Typically, minerals with
high bioavailability (> 40%) include sodium, potas-
sium, chloride, iodide, and fluoride. Minerals with
low bioavailability (1% to 10% absorption) include
iron, zinc, chromium, and manganese. (Bioavailability
is 20% to 30% for heme iron, which is the iron
bound within the iron-carrying proteins of hemoglo-
bin and myoglobin complex found in meat, fish, and
poultry). All other minerals, including calcium and
magnesium, are of medium bioavailability (30% to
40% absorption).

EVALUATING THE 
EVIDENCE—cont’d

with the lowest levels of vitamin D
performed worse. The researchers speculated that
too little vitamin D impaired muscular strength. 

The column author also notes that a series of
studies have shown that year-round athletes who
exercise outside tend to have higher maximal 
oxygen intake in the late summer and are fittest in
August. She notes that ultraviolet radiation is at its
peak during this time. Then, unexpectedly, with 
the onset of fall, maximal oxygen consumption and
performance falters, just as ultraviolet radiation
lessens.

The columnist then wonders: Could athletes 
with vitamin D deficiency boost performance with
normalized levels? Should athletes routinely un-
dergo vitamin D screenings? Should they spend
more time in the sun, sunscreen-free? Should 
athletes routinely take vitamin D supplements?

1. Conceptualize and describe a research
study design that would convince you of the
role of vitamin D in athletic performance.

2. What is your response to the rhetorical
questions posed by the columnist, namely,
should athletes routinely undergo vitamin D
screenings? Should they spend more time
in the sun, sunscreen-free? Should athletes
routinely take vitamin D supplements?

3. What would you say to athletes who ask
you about the role of vitamin D in athletic
performance?
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An important consideration when consuming min-
erals, and particularly when taking mineral supple-
ments, is the possibility of mineral–mineral interactions.
Some minerals can interfere with the absorption of
other minerals. For example, zinc absorption may be
decreased through iron supplementation. Similarly, zinc
excesses can decrease copper absorption. Too much 
calcium limits the absorption of manganese, zinc, and
iron. When a mineral is not absorbed properly, a defi-
ciency may develop. 

Minerals are typically categorized as macrominerals
(major elements) and microminerals (trace elements).
Macrominerals are elements the body requires in
amounts of 100 milligrams or more per day. These in-
clude calcium, phosphorus, magnesium, sulfur, sodium,
chloride, and potassium. Microminerals are minerals
the body requires in amounts less than 20 milligrams
per day. These include iron, iodine, selenium, zinc,
chromium, copper, and various other minerals that do
not have an established DRI and will not be discussed
in this chapter. The recommended mineral intakes are
included in Table 4-3. Table 4-4 summarizes the mineral
functions, signs of deficiency and toxicity, and food
sources.

Macrominerals 

By definition, macrominerals are essential for adults in
amounts of 100 milligrams per day or more. The ele-
ments calcium, phosphorus, magnesium, and sulfur are
described below.

Calcium
Calcium is the most abundant mineral in the human
body and serves various functions including mineral-
ization of the bones and teeth, muscle contraction,
blood clotting, blood-pressure control, immunity, and
possibly colon-cancer prevention.12 Calcium homeo -
stasis is an excellent example of how the body main-
tains adequate calcium levels. Calcium is absorbed in
different parts of the intestine depending on whether
the body level is high or low. The kidney is involved
in excreting and reabsorbing calcium to maintain
proper calcium levels. Finally, the bones store 99% of
the body’s calcium. If calcium levels get low, calcium
is released from the bones. 

Significant sources of calcium include milk products,
small fish with bones, green leafy vegetables, and
legumes. Most people in the United States do not con-
sume the recommended amounts of calcium from food
sources. To help counter this problem, calcium supple-
ments are often used to increase intake. Calcium car-
bonate is inexpensive, does not cause discomfort, and
is a good source of calcium. Calcium citrate supplements
are preferred for people who do not produce enough
stomach acid or take medications that inhibit acid pro-
duction.13 Calcium supplements with other minerals,
such as magnesium, are not necessary, although those
with vitamin D can provide added benefits because the

vitamin is required for calcium absorption. No more
than 500 milligrams of calcium should be taken at one
time because that is the maximum amount the body
can absorb at once. Calcium carbonate should be taken
with food to help with absorption; calcium citrate can
be taken with or without food.13

Calcium deficiency in childhood and adolescence
can contribute to decreased peak bone mass and sub-
optimal bone strength. Calcium deficiency in adult-
hood, particularly in postmenopausal women, can lead
to osteopenia and osteoporosis. Calcium toxicity,
particularly when combined with vitamin D toxicity,
can lead to hypercalcemia and calcification of soft tis-
sues, particularly of the kidneys. High calcium intake
also interferes with the absorption of other minerals,
including iron, zinc, and manganese. Relatively com-
mon effects of excessive calcium intake include con-
stipation and renal stones. 

Phosphorus
Phosphorus is the second most abundant mineral in the
body.14 Like calcium, phosphorus plays a role in miner-
alization of bones and teeth. Phosphorous also helps filter
out waste in the kidneys and contributes to energy pro-
duction in the body by participating in the breakdown of
carbohydrates, protein, and fats. Phosphorus is needed
for the growth, maintenance, and repair of all tissues and
cells, and for the production of the genetic building
blocks DNA and RNA. Phosphorus is also needed to bal-
ance and metabolize other vitamins and minerals includ-
ing vitamin D, calcium, iodine, magnesium, and zinc.
Animal products such as meat, fish, poultry, eggs, and
milk are excellent sources of phosphorus. As a general
rule, any food high in protein is also high in phosphorus.
The outer coating of many grains contains phosphorus,
but in the form of phytic acid, a bound form of phospho-
rus that is not bioavailable. The leavening process un-
binds the phosphorus, making leavened breads a good
source of the mineral. Phosphorus is also present in
sodas. Deficiency of phosphorus is practically unheard of
in the United States. In fact, most individuals consume
much more than the DRIs. People taking phosphate-
binding medications may be at risk of deficiency, which
can present with neuromuscular, skeletal, hematological,
and renal abnormalities and may be deadly. Too much
phosphorus intake interferes with calcium absorption
and may lead to decreased bone mass and density.

Magnesium
Magnesium, which is present primarily in bone, muscle,
soft tissue, and body fluids, is important for bone min-
eralization, protein production, muscle contraction,
nerve conduction, enzyme function, and healthy teeth.
Excellent food sources include nuts, legumes, whole
grains, dark green leafy vegetables, and milk. In general,
a diet high in vegetables and unrefined grains will 
include more than adequate amounts of magnesium.
Unfortunately, most Americans eat a diet high in 
refined foods and meat and do not meet recommended
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magnesium intakes. High intakes of calcium, protein,
vitamin D, and alcohol increase the body’s magnesium
requirements. Magnesium deficiency is very rare; how-
ever, the elderly may experience a magnesium deficit
due to depletion as well as insufficient intake. Depletion
is based on the aging process including common patholo-
gies, such as insulin dependent diabetes, and use of treat-
ments such as hypermagnesuric diuretics. Magnesium
depletion may contribute to many chronic illnesses and
is associated with heart arrhythmias and myocardial in-
farction (heart attack). Magnesium toxicity may prevent
bone calcification, but toxicity is also very rare, even in
cases of supplement overuse.

Sulfur
Sulfur is an important component of many important
body compounds, including two amino acids (cystine
and methionine); three vitamins (thiamin, biotin, and
pantothenic acid); and heparin, an anticoagulant found
in the liver and other tissues. Meat, poultry, fish, eggs,
dried beans, broccoli, and cauliflower are good food
sources of the mineral. Sulfur deficiency is relatively
uncommon and does not appear to cause any symp-
toms. Excess sulfur intake may lead to decreased bone
mineralization, though sulfur toxicity is very rare. No
AI, RDA, or UL has been established for sulfur.

Microminerals 

Microminerals (trace elements) are found in minute
amounts (less than 20 mg per day) in the body. Despite
the need for minimal amounts of these minerals, they
are critical for optimal growth, health, and development.
Six of the major trace elements are described below:
iron, iodine, selenium, zinc, chromium, and copper.

Iron
Iron plays an essential role in normal human function.
It regulates cell growth and differentiation. Iron is also
essential for the production of hemoglobin, the pro-
tein that carries inhaled oxygen from the lungs to the
tissues; myoglobin, the protein responsible for making
oxygen available for muscle contraction; and helps
produce energy. 

Iron can be stored in the body for future use as the
protein complex ferritin. This stored iron provides a
reserve during times of inadequate dietary intake of
iron. Iron absorbed from food; stored as ferritin in the
liver, spleen, and bone marrow; and released from the
breakdown of red blood cells is transferred to working
cells via a carrier protein called transferrin. 

Sufficient iron intake is essential for optimal health
as well as optimal athletic performance. When iron in-
take is low, the body makes less hemoglobin, and con-
sequently, less oxygen can be delivered to the working
cells. Signs of iron deficiency include fatigue, poor
work performance, and decreased immunity. 

Many foods are rich in iron (Table 4-5), but the ab-
sorption and bioavailability of iron varies based on
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Table 4-5. Iron-Rich Food Sources
FOOD, STANDARD AMOUNT

Clams, canned, drained, 3 oz

*Fortified dry cereals (various), 
about 1 oz

Cooked oysters, 3 oz

Organ meats (liver, giblets), cooked, 
3 oz

*Fortified instant cooked cereals 
(various), 1 packet

*Soybeans, mature, cooked, 1/2 cup

*Pumpkin and squash seed kernels, 
roasted, 1 oz

*White beans, canned, 1/2 cup

*Blackstrap molasses, 1 Tbsp

*Lentils, cooked, 1/2 cup

*Spinach, cooked from fresh, 1/2 cup

Beef, chuck, blade roast, cooked, 
3 oz

Beef, bottom round, cooked, 3 oz

*Kidney beans, cooked, 1/2 cup

Sardines, canned in oil, drained, 
3 oz

Beef, rib, cooked, 3 oz

*Chickpeas, cooked, 1/2 cup

Duck, meat only, roasted, 3 oz

Lamb, shoulder, cooked, 3 oz

*Prune juice, 3/4 cup

Shrimp, canned, 3 oz

*Cowpeas, cooked, 1/2 cup

Ground beef, 15% fat, cooked, 
3 oz

*Tomato puree, 1/2 cup

*Lima beans, cooked, 1/2 cup

*Soybeans, green, cooked, 1/2 cup

*Navy beans, cooked, 1/2 cup

*Refried beans, 1/2 cup

Beef, top sirloin, cooked, 3 oz

Food sources are ranked by milligrams of iron per standard
amount. (All amounts listed provide 10% or more of the
RDA for teenage and adult females, which is 18 mg/day.)

*These are nonheme iron sources. To improve absorption, 
eat these with a vitamin-C rich food.

Source: www.healthierus.gov/dietaryguidelines (2005).

IRON (mg)

23.8

1.8 to 21.1

10.2

5.2 to 9.9

4.9 to 8.1

4.4

4.2

3.9

3.5

3.3

3.2

3.1

2.8

2.6

2.5

2.4

2.4

2.3

2.3

2.3 

2.3 

2.2

2.2

2.2

2.2

2.2

2.1

2.1

2.0
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whether the iron source is heme iron or nonheme elemental
iron . Heme iron is the iron obtained from animal sources;
bioavailability is 10% to 35%. Nonheme elemental iron
is the iron obtained from plant sources; bioavailability is
about 2% to 10%. Iron absorption can be increased by
combining an iron-rich food with a vitamin C-rich food,
while absorption is decreased when combined with 
coffee or tea, excessive amounts of certain minerals (zinc,
magnesium, or calcium), or high amounts of phytic acid
from dietary fiber. Figure 4-2 provides an overview of
iron absorption and metabolism.

Many people who do not obtain adequate amounts
of iron in their diets rely on iron supplementation to
treat or avoid iron deficiency anemia, the most com-
mon micronutrient deficiency in the world. Young chil-
dren, teenagers, and premenopausal women are at
highest risk of iron deficiency. 

Athletes who experience small amounts of exercise-
induced blood loss in urine, gastrointestinal bleeding,
high sweat rates, or large amounts of mechanical
trauma (such as from runners’ feet hitting the pave-
ment) experience increased red blood cell destruction
and loss of iron. However, rarely are these iron losses
large enough to cause iron-deficiency anemia. Rather,
these athletes may be at risk for exercise-induced
pseudoanemia or sports anemia. For these athletes,
if a blood test was done to measure hemoglobin levels
the level would be low, officially meeting criteria for
“anemia.” However, the actual iron levels in the body
would be normal. This results from the increase in
plasma volume in response to physical training; the
total hemoglobin is unchanged, but the hemoglobin con-
centration (total hemoglobin divided by total volume) is
decreased. 

A client with suspected iron-deficiency anemia or a
client who is at risk for iron deficiency may benefit from
a visit with the primary care provider to test for iron 
deficiency. The doctor can order a laboratory panel to
evaluate for iron deficiency (Table 4-6). Clients with
confirmed iron-deficiency anemia will likely be advised
to take an iron supplement for 3 to 6 months to replen-
ish iron stores. Some clients may not meet criteria for
iron deficiency but may suffer from functional anemia
or iron insufficiency (also referred to as iron depletion
without anemia ). This occurs when a person has depleted
iron stores (characterized by a low ferritin level) but a
low-normal hemoglobin level. For example, one study
of female rowers found that rowers with functional ane-
mia (depleted iron stores) trained 10 minutes less per
day and had 0.3 L/min lower VO2 max than the nonde-
pleted rowers.14 In these cases, boosting iron stores
through increased consumption of high-iron foods or an
iron supplement may increase exercise performance. 

While iron supplementation is beneficial for athletes
with iron insufficiency or deficiency, athletes with 
normal hemoglobin and ferritin levels do not benefit
from, and may be harmed by, iron supplementation.
Potential side effects of iron supplements include 
nausea, vomiting, constipation, diarrhea, dark-colored
stools, and abdominal pain. Excessive iron intake can
cause severe weakness and fatigue, unexplained joint
and abdominal pain, diabetes, change in skin color,
liver toxicity, and sometimes even death.

Iodine
Iodine, a mineral stored in the thyroid gland and es-
sential for normal growth and metabolism, is found
naturally in seafood, though the most common source
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Daily diet
contains

10-20 mg iron

Transferrin
(transports iron)

Lose 1-2 mg
iron/day from
desquamation

of epithelia

75%
10-20%

5-15%

Hemoglobin/
erythropoiesis

Other
processes

FERRITIN
(stores iron in liver and heart)

No physiological
excretion mechanism

Absorb
1-2 mg
iron/day

Figure 4-2. Iron absorption and
metabolism.
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Table 4-6. The Iron Deficiency Workup: What Is the Doctor Testing and What Does It Mean?
TEST EXPLANATION IRON DEFICIENCY

Hemoglobin

Hematocrit

Ferritin

Iron

Low

Low

Low

Low

An iron-containing oxygen-carrying compound

Proportion of total blood made up of red blood
cells

Measure of iron stores in liver and heart

The amount of iron carried in blood by 
transferrin

Red blood cell

Oxygen

Hemoglobin
molecules

Plasma

Erythrocytes

Leukocytes
and platelets

Ferritin

Continued
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of iodine in the United States is iodized salt. Thanks to
this fortification, iodine deficiency is rare in developed
countries. However, in some developing countries, de-
ficiency can cause goiter (enlargement of the thyroid
gland) and cretinism (severely short stature and severe
mental retardation) in children of mothers who were
iodine-deficient during pregnancy. Excessive iodine can
potentially lead to goiter or thyroid disease,15 such as
hypothyroidism.

Selenium
Selenium, an important antioxidant found mostly in
plant foods grown in selenium-rich soil, is needed only
in small amounts for optimal function. A lack of this min-
eral may lead to heart disease, hypothyroidism, and a
weakened immune system. Too much selenium can lead
to a condition called selonosis, which is manifested as
gastrointestinal distress, hair loss, white blotchy nails,
garlic breath odor, fatigue, irritability, and nerve damage.

Zinc
Zinc is found in almost every cell and is the second
most abundant trace element after iron. It stimulates
the activity of enzymes, supports a healthy immune
system, assists with wound healing, strengthens the
senses (especially taste and smell), supports normal
growth and development, and helps with DNA syn-
thesis. Foods rich in zinc include meat, fish, poultry,
milk products, and seafood such as oysters and other
shellfish. Zinc deficiency causes delayed wound heal-
ing and immune-system dysfunction. Toxicity is rare
in otherwise healthy individuals, although too much

zinc as a result of overzealous supplementation can de-
crease healthy HDL cholesterol, interfere with copper
absorption, and alter iron function

Chromium
Chromium is a trace mineral that helps to increase the ef-
fectiveness of insulin and aids in glucose metabolism.
Many researchers have an increased interest in chromium
supplementation as a possible treatment to help improve
the symptoms of type 2 diabetes, although studies to date
have not proven that it is an effective treatment.16, 17 Food
sources rich in chromium include corn oil, clams, whole-
grain cereals, and brewer’s yeast. Both chromium defi-
ciency and chromium toxicity are very rare.

Copper
Copper, which is found throughout the body, helps make
red blood cells and keeps nerve cells and the immune
system healthy. It helps in the formation of collagen and
cellular energy production. Copper may also act as an an-
tioxidant by eliminating free radicals, which can damage
cells. Copper helps in the absorption of iron and is found
in oysters, liver, organ meats, and dried legumes.

It is rare for a person to be truly deficient in copper.
Signs of possible copper deficiency include anemia, low
body temperature, bone fractures, and osteoporosis.

Electrolytes

Known as electrolytes, sodium, potassium, and 
chloride are macrominerals that exist as ions in the
body and are extremely important for normal cellular
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Table 4-6. The Iron Deficiency Workup: What Is the Doctor Testing and What Does It 
Mean?—cont’d
TEST EXPLANATION IRON DEFICIENCY

Total iron binding capacity

Reticulocyte count

High 

Low

A measure of available iron binding sites on
transferrin (in this case 50% since only half of
transferrin has iron)

Immature red blood cells; levels are low in iron
deficiency anemia due to lack of available iron
to make red blood cells

Reticulocyte
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function. All three of these electrolytes play at least
four essential roles in the body: water balance and 
distribution, osmotic equilibrium (i.e., assuring that
the negative ions (anions) balance with positive ions
(cations) when electrolytes move in and out of cells),
acid–base balance, and intracellular/extracellular dif-
ferentials (i.e., assuring that the sodium and chloride
stay mostly outside the cell while potassium stays
mostly inside the cell).

Serious consequences may occur when electrolytes
are imbalanced, as when there is a high concentration 
of electrolytes, which can happen with dehydration, or
when there is not enough sodium circulating in the body,
known as hyponatremia. Symptoms of dehydration in-
clude nausea, vomiting, dizziness, disorientation, weak-
ness, irritability, headache, cramps, chills, and decreased
performance. Symptoms of hyponatremia include nau-
sea, vomiting, extreme fatigue, respiratory distress, dizzi-
ness, confusion, disorientation, coma, and seizures. In
severe cases, both conditions can result in death. 

Electrolytes are excreted in urine, feces, and sweat.
Generally, overt electrolyte deficiencies do not occur.
In fact, sodium excess (and consequently, for certain
genetically susceptible people, hypertension) is in-
creasingly common given the typical American diet of
highly processed and salty foods. Sodium excess may
also contribute to osteoporosis, as high sodium in-
creases calcium excretion. Potassium tends to be un-
derconsumed, because most people do not consume
enough fruits and vegetables. Insufficient potassium
intake is linked to hypertension and osteoporosis.
Table 4-7 summarizes the recommended intakes and
roles of the electrolytes and water. See Chapter 8 for
more information.

S P E E D  B U M P
1. Define the term micronutrient and explain the 

different categories of micronutrients.
2. Describe the role of electrolytes in athletic 

performance.
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Table 4-7. Dietary Reference Intakes (DRIs): Recommended Dietary Allowances and Adequate
Intakes, Electrolytes and Water

ADVERSE 
SELECTED EFFECTS OF 

LIFE STAGE FOOD EXCESSIVE SPECIAL
NUTRIENT FUNCTION GROUP AI ULa SOURCES CONSUMPTION CONSIDERATIONS

Sodium The AI is set based
on being able to ob-
tain a nutritionally
adequate diet for
other nutrients and
to meet the needs
for sweat losses for
individuals engaged
in recommended
levels of physical
activity. Individuals
engaged in activity
at higher levels or
in humid climates
resulting in exces-
sive sweat may
need more than the
AI. The UL applies
to apparently
healthy individuals
without hyperten-
sion; it thus may 
be too high for 
individuals who 
already have hyper-
tension or who are
under the care of 
a health-care 
professional.

Maintains
fluid vol-
ume out-
side of cells
and thus
normal cell
function.

Infants
0–6 mo 
7–12 mo
Children
1–3 y
4–8 y
Males
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Females
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Pregnancy
14–18 y
19–50 y
Lactation
14–18 y
19–50 y

(g/d)
0.12
0.37
1.0
1.2
1.5
1.5
1.5
1.5
1.3
1.2
1.5
1.5
1.5
1.5
1.3
1.2
1.5
1.5
1.5
1.5

(g/d)
NDb

NDb

1.5
1.9
2.2
2.3
2.3
2.3
2.3
2.3
2.2
2.3
2.3
2.3
2.3
2.3
2.3
2.3
2.3
2.3

Processed
foods to
which
sodium
chloride
(salt)/
benzoate/
phosphate
have been
added;
salted
meats,
nuts, cold
cuts; mar-
garine;
butter; 
salt added
to foods 
in cooking
or at the
table. Salt
is ~ 40%
sodium by
weight.

Hypertension;
increased risk
of cardiovas-
cular disease
and stroke.

Continued
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Table 4-7. Dietary Reference Intakes (DRIs): Recommended Dietary Allowances and Adequate
Intakes, Electrolytes and Water—cont’d

ADVERSE 
SELECTED EFFECTS OF 

LIFE STAGE FOOD EXCESSIVE SPECIAL
NUTRIENT FUNCTION GROUP AI ULa SOURCES CONSUMPTION CONSIDERATIONS

Chloride

Potassium

Chloride is lost usu-
ally with sodium 
in sweat, as well as
in vomiting and 
diarrhea. The AI
and UL are equi-
molar in amount 
to sodium since
most of sodium 
in diet comes as
sodium chloride
(salt).

Individuals taking
drugs for cardiovas-
cular disease such
as ACE inhibitors,
ARBs (Angiotensin
Receptor Blockers),
or potassium 
sparing 
diuretics should be
careful to not con-
sume supplements
containing potas-
sium and may need
to consume less
than the AI for
potassium.

With
sodium,
maintains
fluid vol-
ume out-
side of cells
and thus
normal cell
function.

Maintains
fluid vol-
ume inside/
outside of
cells and
thus normal
cell func-
tion; acts to
blunt the
rise of
blood pres-
sure in 
response 
to excess
sodium in-
take, and
decrease
markers 
of bone
turnover
and recur-
rence of
kidney
stones.

Infants
0–6 mo
7–12 mo
Children
1–3 y
4–8 y
Males
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Females
9–13 y
14–18 y
19–30 y
31–-50 y
50–70 y
> 70 y
Pregnancy
14–18 y
19–50 y
Lactation
14–18 y
19–50 y

Infants
0–6 mo
7–12 mo
Children
1–3 y
4–8 y
Males
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Females
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Pregnancy
14–18 y
19–50 y
Lactation
14–18 y
19–50 y

(g/d)
0.18
0.57
1.5
1.9
2.3
2.3
2.3
2.3
2.0
1.8
2.3
2.3
2.3
2.3
2.0
1.8
2.3
2.3
2.3
2.3

(g/d)
0.4
0.7
3.0
3.8
4.5
4.7
4.7
4.7
4.7
4.7
4.5
4.7
4.7
4.7
4.7
4.7
4.7
4.7
5.1
5.1

(g/d)
NDb

NDb

2.3
2.9
3.4
3.6
3.6
3.6
3.6
3.6
3.4
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6

No
UL.

See above;
about 60%
by weight
of salt.

Fruits and
vegetables;
dried peas;
dairy prod-
ucts; meats;
and nuts.

In concert
with sodium,
results in 
hypertension.

None docu-
mented from
food alone;
however,
potassium
from supple-
ments or salt
substitutes can
result in hy-
perkalemia
and possibly
sudden death
if excess is
consumed by
individuals
with chronic
renal insuffi-
ciency (kidney
disease) or 
diabetes.
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Table 4-7. Dietary Reference Intakes (DRIs): Recommended Dietary Allowances and Adequate
Intakes, Electrolytes and Water—cont’d

ADVERSE 
SELECTED EFFECTS OF 

LIFE STAGE FOOD EXCESSIVE SPECIAL
NUTRIENT FUNCTION GROUP AI ULa SOURCES CONSUMPTION CONSIDERATIONS

Water

NOTE: The table is adapted from the DRI reports. See www.nap.edu. Adequate intakes (AIs) may be used as a goal for individual in-
take. For healthy breastfed infants, the AI is the mean intake. The AI for other life stage and gender groups is believed to cover the
needs of all individuals in the group, but lack of data prevent being able to specify with confidence the percentage of individuals 
covered by this intake; therefore, no recommended dietary allowance was set.

a. UL = The maximum level of daily nutrient intake that is likely to pose no risk of adverse effects. Unless otherwise specified, the UL 
represents total intake from food, water, and supplements. Due to lack of suitable data, ULs could not be established for potassium,
water, and inorganic sulfate. In the absence of ULs, extra caution may be warranted in consuming levels above recommended intakes.

b. ND = Not determinable due to lack of data of adverse effects in this age group and concern with regard to lack of ability to handle 
excess amounts. 

Source of intake should be from food only to prevent high levels of intake.
Source: Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate. These reports may be accessed via www.nap.edu.

Recommended in-
takes for water are
based on median
intakes of generally
healthy individuals
who are adequately
hydrated; individu-
als can be ade-
quately hydrated 
at levels below as
well as above the
AIs provided. The
AIs provided are 
for total water in
temperate climates. 
All sources can 
contribute to total
water needs: bever-
ages (including tea,
coffee, juices, sodas,
and drinking water)
and moisture 
found in foods.
Moisture in food
accounts for about
20% of total water
intake. Thirst and
consumption of
beverages at meals
are adequate to
maintain hydration.

Maintains
homeostasis
in the body
and allows
for trans-
port of 
nutrients 
to cells and
removal
and excre-
tion of
waste prod-
ucts of 
metabolism.

Infants
0–6 mo
7–12 mo
Children
1–3 y
4–8 y
Males
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Females
9–13 y
14–18 y
19–30 y
31–50 y
50–70 y
> 70 y
Pregnancy
14–18 y
19–50 y
Lactation
14–18 y
19–50 y

(L/d)
0.7
0.8
1.3
1.7
2.4
3.3
3.7
3.7
3.7
3.7
2.1
2.3
2.7
2.7
2.7
2.7
3.0
3.0
3.8
3.8

No
UL.

All bever-
ages, in-
cluding
water, as
well as
moisture
in foods
(high
moisture
foods 
include 
water-
melon,
meats,
soups,
etc.).

No UL 
because 
normally
functioning
kidneys can
handle more
than 0.7 L 
(24 oz) of
fluid per hour;
symptoms 
of water in-
toxication 
include hy-
ponatremia,
which can 
result in heart
failure and
rhabdomyolo-
sis (skeletal
muscle tissue
injury) which
can lead to
kidney failure.

provides an overview of micronutrient digestion, ab-
sorption, and distribution to tissues.

Vitamin Digestion and Absorption

By the time the vitamins pass to the small intestine,
most of the vitamins have been separated from the

MICRONUTRIENT DIGESTION 
AND ABSORPTION

While vitamin and mineral absorption varies by nutri-
ent, the majority of vitamin and mineral digestion and
absorption occurs in the small intestine. Figure 4-3

2955_Ch04_056-091  08/10/14  11:38 AM  Page 81



other food components. The vitamins pass unchanged
primarily from the middle and lower portions of the
small intestine (the jejunum and ileum) into the
blood by passive or simple diffusion, movement
from an area of high concentration to one of low con-
centration without the need for a carrier protein. 
For the most part, water-soluble vitamins are absorbed
in the jejunum and the fat-soluble vitamins in the
ileum. Fat-soluble vitamins are then incorporated into
chylomicrons and other blood lipoproteins and deliv-
ered throughout the body. Fat-soluble vitamins are
stored in adipose tissue and the liver.

Vitamin K, vitamin B12, thiamin, and riboflavin
can also be produced by colonic bacteria in the
large intestine; from there they are absorbed into the
bloodstream.

Mineral Digestion and Absorption

Mineral digestion and absorption is considerably more
complex than vitamin digestion and absorption. In the
stomach, the digestive enzymes and stomach acids 
already have separated minerals from the other food

components. The cations, or positively charged minerals
(such as calcium, iron, zinc, and magnesium), dissolve
into the acidic stomach chyme. As the dissolved minerals
pass into the less acidic solution in the small intestine,
the minerals form insoluble compounds with hydroxide
molecules and protein carriers. These compounds are
known as chelation compounds. For the most part,
this phase of mineral digestion, referred to as the intra-
luminal stage, occurs in the uppermost portion of the
small intestine, the duodenum. The small anions, or
negatively charged minerals, are unaffected by pH and
are easily digested and absorbed.

The negatively charged minerals pass across the bor-
der of the small intestine for absorption through simple
diffusion. The positively charged minerals, formed into
the chelation compounds, cross the small intestinal
border through facilitated diffusion, from high con-
centration to low concentration, with a protein carrier
that they are attached to in order to cross the small 
intestinal border, and/or active transport, from low
concentration to high concentration, made possible
through the use of ATP. The method of transport de-
pends on the concentration of the mineral on either side
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Liver

Duodenum
 • Calcium
 • Phosphorus
 • Magnesium
 • Iron
 • Copper
 • Selenium
 • Thiamin
 • Riboflavin
 • Niacin
 • Biotin
 • Folate
 • Pancratic enzymes
 • Vitamins A, D, E, and K

Stomach
 • Water
 • Ethyl alcohol
 • Copper
 • Iodide
 • Fluoride
 • Molybdenum

Large Intestine
 • Water
 • Vitamin K
 • Biotin
 • Sodium
 • Chloride
 • Potassium
 • Short-chain fatty acids

Ileum
 • Vitamin C
 • Folate
 • Vitamin B12
 • Vitamin D
 • Vitamin K
 • Magnesium
 • Bile salts and acids
 • Others

Jejunum
 • Lipids
 • Monosaccharides
 • Amino acids
 • Small peptides
 • Thiamin
 • Riboflavin
 • Niacin
 • Pantothenate
 • Biotin
 • Folate
 • Vitamin B6
 • Vitamin C
 • Vitamins A, D, E, and K
 • Calcium
 • Phosphorus
 • Magnesium
 • Iron
 • Zinc
 • Chromium
 • Manganese
 • Molybdenum 

Pancreas

Gall bladder

Figure 4-3. Micronutrient digestion, absorption, and distribution.
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of the small intestinal border. This stage of absorption is
referred to as the translocation stage.

Finally, once the mineral complex has crossed the
small intestinal border it arrives into the portal blood
circulation, which will deliver it to the liver for process-
ing and then distribution to the rest of the body. This is
the mobilization stage. Some of the mineral complexes
may not ultimately pass across the small intestinal bor-
der and instead may be sequestered within the absorp-
tive cell for later use. 

The bioavailability of the minerals depends on many
factors. One factor is the presence or absence of other
minerals. This is in large part due to the nonspecific na-
ture of the carrier proteins required for facilitated dif-
fusion and active transport. For example, high levels of
iron and zinc may inhibit copper absorption, while high
levels of copper may decrease iron and molybdenum
absorption. Cobalt and iron compete with and inhibit
each other’s absorption. Another factor includes the
availability of the protein that binds with the mineral
to form the chelation complex. For example, iron re-
quires transferrin for absorption while many other min-
erals require the nonspecific albumin protein carrier. In
most cases, these protein carriers are undersaturated.
However, if the mineral is consumed in excessive
amounts, the mineral can overwhelm the carrier sites
and lead to toxicity. Mineral absorption also can be im-
paired if minerals bind to free fatty acids in the intestinal
lumen or if a mineral is present in very high concentra-
tions, forming a nonabsorbable precipitate.

While most minerals are digested and absorbed in
the small intestine, sodium and potassium are absorbed
in the large intestine.

Antioxidants and Phytochemicals

Many of the vitamins and minerals already discussed,
including vitamin C, beta-carotene, vitamin E, and se-
lenium, function as antioxidants. Just as metal rusts
over time when exposed to water and oxygen, cells are

damaged from chronic oxygen exposure. This damage-
causing process is called oxidation and can set in mo-
tion various chemical reactions that at best cause aging
and at worst cause cancer. Antioxidants function to
prevent or repair oxidative damage. In the past, antiox-
idants were considered potent disease fighters. Subse-
quent research suggests that the agents not only fail to
protect against disease, but that in excess some of them
may act to increase the risk of cancer, heart disease,
and mortality in some individuals.18,19 Their true role
in disease pathology has yet to be determined. 

What remains undisputed is that a diet high in fruits
and vegetables is associated with a lower risk of devel-
oping chronic disease, such as heart disease, cancer, and
possibly Alzheimer’s disease. Their beneficial effects
could be due to antioxidants, fiber, agents that stimulate
the immune system to combat free radicals, monoun-
saturated fatty acids, B vitamins, folic acid, or various
other potential phytochemicals—substances in plants
that are not necessarily required for normal function-
ing, but improve health and reduce the risk of such dis-
eases as cancer, diabetes, and cardiovascular disease.

Vitamin and Mineral Supplements

Clearly vitamins and minerals consumed at recom-
mended levels are essential for optimal health. What is
less clear is whether vitamins taken in pill form as a
sort of “insurance” in the case of potential inadequate
intake from whole foods provide any benefit. Physi-
cians, scientists, dietitians, and other health profession-
als have long touted the importance of getting enough
of these nutrient powerhouses—and consumers have
been listening. About one-half of U.S. adults use a sup-
plement with about one-third of all adults taking a
multivitamin.20 This adds up to about $11 billion per
year in multivitamin and mineral supplements,21 not
counting the huge market for heavily fortified nutrition
bars, which tend to contain similar levels of vitamins
and minerals as a multivitamin (Box 4-1).

Chapter 4: Vitamins, Minerals, Electrolytes, and Water 83

Continued

Box 4-1. A Closer Look at Nutrition Bars

Sarah is a college water polo player who constantly
finds herself rushing in the morning to get to prac-
tice on time before she sits through a day of lec-
tures. To make sure that she still gets a quick and
balanced breakfast despite the time crunch, she
starts each day with a nutrition bar advertised as
having 100% of the RDA for 12 vitamins and 
minerals. She never questioned this routine until
she had a conversation with a friend who adopted 
a 60-day “processed-free food” pledge. This got 
her wondering—should she change her breakfast
routine to include only “real” foods and not the
heavily fortified nutrition bar?

A variety of nutrition and energy bars are readily
available, not only for athletes looking for a boost
in performance, but also for busy individuals look-
ing for a prepackaged “balanced” meal or snack.
Similar to the bar that Sarah relies on, many nutri-
tion bars provide much of the recommended daily
allowance of many vitamins and minerals, serve as
quick and easy snacks, and if chosen carefully, can
be a welcome component of a busy person’s eating
plan. But consumers must be cautious. 

Because most of the bars are vitamin-fortified,
consumers should be careful not to overconsume
vitamins and minerals by eating too many bars, or
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The latest research results from studies evaluating the
health benefits of vitamins 'supplements' so it is clear that
we are referring to vitamin supplements have largely
been disappointing. A study of 161,000 older women en-
rolled in the Women’s Health Initiative concluded that
calcium supplements with or without vitamin D in-
creased the risk of cardiovascular events, particularly my-
ocardial infarction.22 A study of 84,000 physicians from
the Physician’s Health Study found no difference in heart
disease in men taking vitamins E, C, or a multivitamin
compared to those not taking supplements.23 Other stud-
ies have found that not only do vitamin E and selenium
not decrease the risk of prostate cancer24 as once thought,
but vitamin E supplementation may actually increase
risk.25 Overall, most studies have shown no significant
association between vitamin supplements and improved
health,21 with some notable exceptions, especially 
folic acid supplementation in pregnant women26 and
physician-directed treatment of disorders such as iron-
deficiency anemia and osteoporosis. While, in general,
the interest among researchers in studying the effect of
vitamins on health has waned with the growing evidence
of minimal benefit, there has been a surge in evaluation
of the effects of vitamin D deficiency on health and the
role that supplementation might play in warding off a
variety of health conditions (and possibly improving ath-
letic performance), but so far the data is lacking.11 More
information on supplements can be found in Chapter 10.

Vitamins, Minerals, and Athletic Performance

Micronutrients play important roles in energy produc-
tion, red blood cell formation, bone strength, immune
function, muscle repair, and protection from oxidative
damage—all critical functions to help set the stage for
optimal athletic performance. Because exercise increases
demands on the micronutrient-requiring metabolic
processes, athletes probably have increased vitamin and
mineral needs compared to the sedentary or less active
population, though the published DRIs are the same for
active individuals as the sedentary population (see
Myths and Misconceptions). The exception is vitamin C,
which extreme athletes such as professional triathletes
do require in larger amounts.

Box 4-1. A Closer Look at Nutrition Bars—cont’d

eating them in addition to taking a multivitamin or
other supplement. While it is very rare to develop
signs of vitamin or mineral toxicity from eating too
much of a food, it can occur with consumption of
too many fortified food products or supplements.

Many nutrition bars are high-calorie foods so
people who are underactive or who are trying to
lose weight should use them as a meal replacement
and not as a snack. Of course, many nutrition bars
contain more calories than their food counterparts,

are not that filling, and do not contain disease-
fighting nutrients found in fruits and vegetables.
While an occasional nutrition bar is unlikely to do
any harm and may be helpful for some individuals
who otherwise would not consume a balanced diet,
nutrition bars should not serve as a food substitute
altogether. In the best case, athletes and consumers
in general would get a plentiful mix of a variety of
nutrients through a balanced and varied mix of
whole foods.

Most athletes do not suffer from vitamin and mineral
deficiencies despite potential increased needs. Due to the
generally higher food intake of athletes, they are able to
meet their nutritional needs. However, an athlete who
severely restricts intake of specific food groups or does
not consume a generally balanced and wholesome diet
may suffer from a nutritional deficiency. Athletes are at
highest risk for low levels of the B vitamins, vitamins C
and E, beta-carotene, calcium and vitamin D, selenium
iron, zinc, and magnesium.27

The B vitamins have at least two essential roles during
exercise: supporting energy production (thiamin, ri-
boflavin, niacin, pyridoxine (B6), pantothenic acid,
and biotin) and supporting the formation of oxygen-
containing red blood cells (folate and cobalamin (B12)).
While necessary in recommended amounts for optimal
athletic performance, taking “extra” B vitamins does
not benefit athletic performance. At the same time, a
short-term dietary lapse leading to marginally deficient
B vitamins probably will not negatively affect exercise

Myths and Misconceptions
Vitamins Provide Energy
The Myth 
Vitamins provide energy.

The Logic
If the supplement, bar, and drink manufacturers
say it’s so, it must be true. Plus, physiologically,
vitamins are necessary to unlock the energy
from carbohydrates, fat, and protein.

The Science
Vitamins contain no calories. Scientifically, the
term energy is equivalent to calories. Therefore,
vitamins do not provide energy. However, it is
true that in the absence of vitamins—in partic-
ular, the B vitamins—energy from food cannot
be unlocked and used by the working cells. But
intake of a vitamin beyond the RDA or AI pro-
vides no additional benefit or “energy” boost.
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performance. However, vitamin B12 deficiency, which
often takes months to years to develop, or folate defi-
ciency, can contribute to anemia, which reduces the
oxygen-carrying capacity of the red blood cells and
may subsequently negatively affect cardiorespiratory
performance. Female athletes, especially vegetarians
and those with disordered eating habits, are most likely
to suffer B vitamin deficiency.

The antioxidant vitamins C and E, beta-carotene, and
selenium protect the body from oxidative damage re-
sulting from exercise. Without sufficient dietary intake
of the antioxidants, high levels of physical activity could
deplete the body’s reserves. However, most athletes
consume adequate amounts of the antioxidants from
their diet. Athletes on a calorically restricted, low-fat
diet with minimal fruits, vegetables, and whole grains
are at increased risk of deficiency, which in some cases
could affect performance. There is some evidence that,
in the case of deficiency, restored vitamin E and vitamin
C levels could enhance exercise performance and re-
covery.28 There is also evidence that supplementation
with vitamins E and C can reduce the risk of upper res-
piratory infections, especially in men.29

Calcium and vitamin D play important roles in
maintaining and optimizing bone health. Female ath-
letes tend to be at highest risk for negative effects from
low calcium and vitamin D consumption, especially 
female athletes who engage in weight-sensitive sports
like gymnastics, running, and cycling. Women who
meet criteria for or show signs of the female athlete
triad, which is characterized by disordered eating,
amenorrhea, and osteoporosis (discussed in detail in
Chapter 16), must pay extra attention to vitamin D and
calcium intakes in order to preserve bone mass and 
decrease the risk for fracture. Vitamin D may be essen-
tial for more than bone health, and, in fact, vitamin D
status could predict athletic performance.10

In addition to being at increased risk for low cal-
cium intake, female athletes also have high rates of
iron-deficiency anemia. Iron carries oxygen in the
blood to all cells in the body, and levels within normal
limits are essential for endurance activities. Many ado-
lescent females have low iron levels due to inadequate
intake combined with menstrual and exercise losses.
If a female athlete feels abnormally fatigued with di-
minished performance relative to training and effort or
otherwise is concerned about possible iron-deficiency,
the allied health professional should encourage her to
make an appointment with her primary care physician
to evaluate iron levels and the need, if any, for iron
supplementation. While male athletes can also suffer
iron deficiency, it is rare.

Some athletes, usually females, also consume less-
than-recommended amounts of zinc and magnesium.
Low zinc levels can negatively affect athletic perform-
ance by decreasing cardiorespiratory endurance and
muscle strength. Wrestlers, dancers, gymnasts, and ten-
nis players, who may restrict their energy intake to
maintain a specific weight, are at highest risk for low
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magnesium intake. Magnesium deficiency worsens 
endurance performance through increased oxygen 
requirements at any given submaximal intensity.27

Vitamins, Minerals, and Weight 
Management

Though vitamins and minerals are calorie-free (and
thus are not a source of energy), they are essential for
optimal health. Given the body’s demands for vitamins
and minerals and the relative caloric-restriction many
clients may follow in an effort to lose weight, it is espe-
cially important for clients who are attempting to lose
weight to adopt a nutrient-dense, low-calorie eating
plan. Not only should clients limit “empty calories” from
nutrient-poor foods, but they should also pay special
care to eat a balanced diet that includes all of the major
food groups so as to ensure sufficient vitamin and min-
eral intake. Certain clients who restrict whole food
groups or who have adopted a very restrictive eating
plan should discuss the necessity of a daily multivitamin
with their physician.

S P E E D  B U M P
3. List the micronutrients most commonly deficient

in athletes.
4. Describe the benefit or lack of benefit of vitamin

and mineral supplementation.

WATER

When people think of nutrition, they often forget to
think about water. Loss of only 20% of total body
water could cause death. A 10% loss causes severe dis-
orders (Fig. 4-4). In general, adults can survive up to
10 days without water, while children can survive for
up to 5 days.12

Water Absorption

Consumed water passes through the digestive system
to the large intestine where it is absorbed by passive dif-
fusion (osmosis). Approximately one-half to a full liter
of water contained within chyme passes to the large in-
testine each day. The majority of this water is absorbed
into the portal circulation. About 50 to 200 milliliters is
not absorbed and passes into stool.

Water Functions

Water is the single largest component of the human
body, making up approximately 50% to 70% of body
weight. In other words, about 85 to 119 pounds (39 to
54 kg) of a 170-pound (77-kg) man is water weight.
Physiologically, water has many important functions,
including regulating body temperature, protecting vital
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organs, providing a driving force for nutrient absorption,
serving as a medium for all biochemical reactions,
and maintaining a high blood volume for optimal ath-
letic performance. In fact, total body water weight is
higher in athletes compared to nonathletes and tends to 
decrease with age due to diminishing muscle mass.

Water volume can be influenced by a variety of fac-
tors, such as food and drink intake; sweat, urine, and
feces excretion; metabolic production of small amounts
of water; and losses of water that occur with breathing.
These factors play an especially important role during
exercise when metabolism is increased. The generated
body heat causes a person to sweat, which is a solution
of water, sodium, and other electrolytes.

Risks of Water Imbalance

If fluid intake is not increased to replenish the lost fluid,
the body attempts to compensate by retaining more
water and excreting more concentrated urine. Under

these conditions, the person is said to be dehydrated.
Severe dehydration can lead to heat stroke. On the
other hand, if people ingest excessive amounts of fluid
to compensate for minimal amounts of water lost in
sweat they may become overloaded with fluid, a con-
dition called hyponatremia. When the blood’s water-
to-sodium ratio is severely elevated, excess water can
leak into brain tissue, leading to encephalopathy, or
brain swelling.

Fortunately, the human body is well-equipped to
withstand dramatic variations in fluid intake during 
exercise and at rest with little or no detrimental health
effects. Individuals at highest risk of negative conse-
quences due to fluid imbalance include infants and
young children, vigorously exercising athletes, hospi-
talized patients, and the sick and elderly, who may
have diminished thirst sensation. 

S P E E D  B U M P
5. Explain the importance of water for health 

and athletic performance.
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Percent Body Weight Lost
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Difficulty concentrating

Increased effort for
physical work, nausea

Decreasing blood volume,
impaired physical performance

Stronger thirst, vague
discomfort, loss of appetite

Thirst

Failure to control temperature

Dizziness, labored breathing with
exercise, increased weakness

Muscle spasms, delirium, and wakefulness
progressing to inability to circulate blood

volume, failing renal function

Figure 4-4. Effects of dehydration.

CHAPTER SUMMARY
There is broad consumer interest in the roles of vita-
mins and minerals in optimizing health and athletic
performance. Magazines, talk shows, friends, celebri-
ties, cited experts, and professional athletes all influ-
ence the questions and actions of the recreational
athlete who is interested in the latest food or supple-
ment with promises to improve fitness and well-being.
While the research on the precise roles of each nutrient
in optimizing human health and performance is con-
stantly evolving, a basic understanding of the functions
and food sources of each nutrient prepares the allied

health professional to logically evaluate the latest
trends and claims.

KEY POINTS SUMMARY
1. The dietary reference intakes (DRIs) provide

recommended intakes of the vitamins and
minerals depending on gender and age. While
athletes may have higher micronutrient needs
compared to the sedentary population, there
are no separate DRIs for athletes. This does not
pose a problem for most athletes, as athletes
tend to consume more calories and thus have
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more opportunities to obtain high levels of 
vitamins and minerals.

2. Vitamins are classified as water-soluble and fat-
soluble. Water-soluble vitamins include all of
the B vitamins and vitamin C. Fat-soluble vita-
mins include vitamins A, D, E, and K. Water-
soluble vitamins have limited capacity for
storage in the human body, with deficiency re-
sulting from months to rarely years (in the case
of vitamin B12) of inadequate intake. Due to this
decreased storage capacity, water-soluble 
vitamins must be taken in very large amounts 
to cause toxicity, as the body typically excretes
excessive vitamins in urine. Fat-soluble vitamins
require fat for absorption and are readily stored
in fat tissue in the body—which is helpful for
individuals at risk of vitamin deficiency but po-
tentially harmful for individuals who consume
very large amounts of the vitamin, as fat-soluble
vitamins are not readily excreted.

3. Minerals are classified as macrominerals and 
microminerals. The macrominerals are needed
in larger amounts and include calcium, phos-
phorus, magnesium, sulfur, sodium, chloride,
and potassium. Microminerals are needed only
in small amounts and include iron, iodine, 
selenium, zinc, chromium, and others.

4. The electrolytes sodium, potassium, and chloride
are macrominerals that play an important role in
maintaining normal cellular function. All three
electrolytes play at least four essential roles in
the body: water balance and distribution, os-
motic pressure, acid–base balance, and intracel-
lular/extracellular differentials. An imbalance of
electrolytes can cause severe disability or death.

5. The majority of vitamin and mineral digestion
and absorption occurs in the small intestine.
While vitamins are well absorbed and utilized by
the body, the bioavailability of minerals is much
less. Minerals with high bioavailability (> 40%)
include sodium, potassium, chloride, iodide, and
fluoride. Minerals with low bioavailability (1% to
10% absorption) include iron, zinc, chromium,
and manganese. (Bioavailability is 20% to 30%
for heme iron.) All other minerals, including 
calcium and magnesium, are of medium bioavail-
ability (30% to 40% absorption). Many factors
affect a mineral’s bioavailability, including the 
effects of mineral-mineral interactions

6. Antioxidants include vitamin C, beta-carotene,
vitamin E, and selenium. Antioxidants function
to prevent or repair oxidative damage. In the
past, antioxidants were considered potent dis-
ease fighters. However, subsequent research
suggests the agents may not protect against dis-
ease and in excess (generally from supplements)
some of them may act to increase the risk of
cancer, heart disease, and mortality in some 
individuals. 

7. A diet high in fruits and vegetables is associated
with a lower risk of developing chronic disease,
such as heart disease, cancer, and possibly
Alzheimer’s disease. Their beneficial effects
could be due to antioxidants, fiber, agents that
stimulate the immune system, monounsatu-
rated fatty acids, B vitamins, folic acid, or 
various other potential phytochemicals.

8. While nearly half of the adult population takes
a multivitamin, there is no evidence that tak-
ing a multivitamin leads to improved health
outcomes. Generally, vitamin and mineral 
supplements are not warranted. Notable ex-
ceptions include folic acid supplementation 
in pregnant women and physician-directed
treatment of disorders such as iron-deficiency
anemia or iron insufficiency (in athletes) and
osteoporosis or osteopenia. There is also
emerging evidence that many people could
benefit from vitamin D supplementation.

9. Athletes are at highest risk for low levels of the
B vitamins, vitamins C and E, beta-carotene,
calcium and vitamin D, selenium, iron, zinc,
and magnesium.

10. Clients on very-low-calorie or restrictive diets
need to be aware of micronutrient intakes to
avoid deficiency. 

11. Water makes up 50% to 70% of body weight.
Its balance is essential for optimal health and
performance. Water has many important func-
tions, including regulating body temperature,
protecting vital organs, providing a driving
force for nutrient absorption, serving as a
medium for all biochemical reactions, and
maintaining a high blood volume for optimal
athletic performance.

12. Water volume can be influenced by a variety
of factors, such as food and drink intake;
sweat, urine, and feces excretion; metabolic
production of small amounts of water; and
losses of water that occur with breathing.
These factors play an especially important role
during exercise when metabolism is increased.
The generated body heat is released through
sweat, which is a solution of water, sodium,
and other electrolytes.

13. Athletes need to consume sufficient—but not
too much—water before, during, and after 
exercise to maintain fluid balance. 

PRACTICAL APPLICATIONS

1. Which of the following statements about 
vitamins is true?
A. Vitamins are essential nutrients.
B. Vitamins are inorganic compounds.
C. Large amounts of vitamins are needed for

overall good health.
D. There are 10 vitamins in all.
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2. Which of the following nutrients can be stored
in the body for extended periods of time?
A. Vitamin C
B. Biotin
C. Thiamin
D. Vitamin D

3. What is an important function of vitamin A?
A. Vision
B. Lowering of LDL cholesterol
C. Absorption of calcium and phosphorus
D. Cell membrane protection

4. Plant oils are excellent sources of __________
and liver is an excellent source of __________.
A. vitamin K; vitamin A
B. vitamin E; vitamin D
C. vitamin E; vitamin A
D. vitamin D; vitamin K

5. Which of the following nutrients plays an 
integral role in the development of the bones
and teeth, muscle contraction, and blood-pres-
sure control?
A. Amino acids
B. Calcium
C. Triglycerides
D. Phosphorous

6. A lack of which of the following substances is
known to be the cause of the most common mi-
cronutrient deficiency in the world?
A. Folate
B. Iron
C. Niacin
D. Biotin

7. Which of the following nutrients provide the
body with necessary electrolytes?
A. Vitamins
B. Proteins
C. Minerals
D. Fats

8. Symptoms of dehydration during exercise 
include all of the following except:
A. An increase in appetite
B. Disorientation
C. Chills
D. A decrease in performance

9. Where does the majority of vitamin and 
mineral digestion and absorption take place?
A. Small intestine 
B. Mouth 
C. Large intestine 
D. Stomach 

10. Approximately what percentage of total body
weight is made up of water?
A. 30% to 50%
B. 50% to 70%
C. 45% to 65%
D. 65% to 85%
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Case 1 Adele, the Active 
Octogenarian
Adele is an 85-year-old woman who is relatively 
new to physical activity. After her husband died last
year she committed to a fitness program to help her
maintain her independence. She participates in water
fitness classes 5 days per week, weight trains with a
personal trainer 2 hours per week, and attends yoga 
for 1 hour 2 days per week. 
1. Adele tells you that her doctor told her that she is

at risk for calcium and vitamin D deficiency and
that she should make sure to get recommended
amounts of the nutrients. 
a. Explain the importance of calcium and vitamin D

for older adults. 
b. What are the recommended calcium and vitamin

D intakes for Adele? Make a list of foods that she
could consume to meet these daily needs.

c. Adele could meet her vitamin D needs through
food intake, sunlight, or supplementation. What
are the risks and benefits of each of these options?

d. How would Adele know if she has a calcium or 
vitamin D deficiency?

2. Adele also shares with you that most of her
friends get vitamin B12 shots to prevent or treat 
vitamin B12 deficiency. She tells you that she
prefers not to take a supplement but she is con-
cerned about getting enough of the vitamin 
because she heard that low levels are “bad news.”
a. What are the symptoms of vitamin B12 deficiency?

How long does it take for these symptoms to 
develop?

b. What is the recommended level of vitamin B12

intake for Adele?
c. What is the rationale behind vitamin B12 shots for

older adults?
d. Make a list of foods that are high in vitamin B12.
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Case 2 Brian, the High School Basketball Player
Brian is a 15-year-old high school basketball player. He
is 6′2″ and 180 pounds. He tells you that his mom has
been telling him that he needs to eat better.

Appreciating that teens do not always consume a
balanced diet, you decide to look up what is consid-
ered to be the “typical” teenage diet. You learn that
the typical teen diet is characterized by an abundance
of sweetened beverages, French fries, pizza, and fast
food. It typically lacks adequate fruits, vegetables,
low-fat dairy products, whole grains, lean meats, and
fish. This makes for a diet very high in fat, saturated
fat, trans fat, and added sugar and too low in calcium;

iron; zinc; potassium; vitamins A, D, and C; and 
folic acid.

You are not surprised to find that Brian is no excep-
tion. When you ask him what kinds of foods he typically
eats he tells you that he knows that he has an overall
lousy diet but that he is motivated to eat better because
he knows it will help to improve his basketball game. 

You are especially concerned about Brian’s micronu-
trient intake.
1. Fill in the following table. What “superfoods” 

are good sources of more than one of the 
micronutrients?

Nutrient Recommended Intake for Brian Good Food Sources Appropriate for Client

Calcium

Iron

Zinc

Potassium

Vitamin A

Vitamin D

Vitamin C

Folic acid

Nutrient Role in Exercise

Calcium

Iron

Zinc

Potassium

Vitamin A

Vitamin D

Vitamin C

Folic acid

2. Brian asks you how eating a more balanced diet
with sufficient amounts of the nutrients listed in
the table might affect his athletic performance.

For each of the nutrients listed in the table below,
briefly summarize the nutrient’s importance as it
relates to exercise. 
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TRAIN YOURSELF
1. Meeting Nutritional Needs

a. Based on your gender, age, activity level, and 
dietary habits, for which micronutrients do you
think that you may not meet recommended 
intakes?

b. For the nutrients you listed above, what are the
recommended daily intakes for you?

c. Plan a 1-day menu for yourself that would 
include the recommended amounts of the 
nutrients you listed above. 
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d. On a scale of 1 (highly unlikely) to 10 (extremely
likely), what is the likelihood that you will follow
this plan? Explain why.

2. Cooking for Optimal Nutrition
a. Consider how you select, store, and prepare

fruits and vegetables. How could you select,
store, and prepare fruits and vegetables differ-
ently to optimize the amount of micronutrients
you consume?
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5.5 List several important food safety principles when se-

lecting, storing, and preparing food.

5.6 Describe four ways that allied health professionals

can get involved to shape policy and advocate for

healthier lifestyles.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

5.1  Summarize the major recommendations from the

2010 Dietary Guidelines for Americans.

5.2  Describe the major features of MyPlate. 

5.3  Define the Dietary Reference Intakes, including 

RDA, EAR, UL, and AI.

5.4  Dissect a nutrition label to determine the total num-

ber of calories; calories from fat, protein, and carbo-

hydrates; and overall nutritional value of a product. 

Centers for Disease Control and Prevention (CDC)
An agency of the federal government whose mis-
sion is to work with other health agencies to opti-
mally promote health, prevent disease, reduce 
injury and disability, and prepare for and respond 
to health threats. 

daily value (DV) The recommended level of intake for a
nutrient.

Dietary Guidelines for Americans Federally released
guidelines that provide evidence-based nutrition in-
formation and advice for people age 2 and older, and
serve as the basis for federal food and nutrition edu-
cation programs.

Federal Trade Commission The government agency
tasked with the job of preventing unfair methods 
of competition and enforcement of “unfair and 
deceptive acts or practices,” such as misleading 
advertisements.

Food and Drug Administration (FDA) An agency
within the Department of Health and Human Services
which, among other functions, monitors food and
drug safety, oversees nutrition labeling, regulates to-
bacco products, and provides the public with credible
health information.

food frequency questionnaire A method used to iden-
tify typical eating habits, which is composed of a check-
list of foods and beverages with a section for the client
to mark how often each of the listed foods are eaten.

percent daily value The percentage of recommenda-
tions for key nutrients based on a 2,000-calorie diet. 

qualified health claims A health claim on a packaged
food that is supported by scientific research that 
attests a relationship between a substance and its
ability to reduce the risk of a disease or health-related
condition.

recommended dietary allowance (RDA) The amount
of nutrient known to be adequate to meet the nutri-
tional needs of nearly all healthy persons.

social-ecological model A model for health behavior
change that emphasizes the development of coordi-
nated partnerships, programs, and policies to support
healthy eating and active living.

structure-function claims A health claim on a pack-
aged food that describes the effect that a substance
has on the structure or function of the body. An 
example is “calcium builds strong bones.” Structure-
function claims must be truthful and not misleading
and are not pre-reviewed or authorized by the FDA.

tolerable upper intake level The maximum intake that 
is unlikely to pose risk of adverse health effects to 
almost all individuals in an age- and gender-specific
group.

U.S. Department of Agriculture (USDA) An agency 
of the federal government responsible for developing
and implementing policy on food and dietary 
recommendations, farming, and agriculture. 

93

CALCULATIONS
Carbohydrate = 4 Calories/gram

Protein = 4 Calories/gram

Fat = 9 Calories/gram
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foundation from which to develop an eating plan for
most Americans. The guidelines include 23 recommen-
dations for the general population and 6 additional rec-
ommendations for specific groups, which are grouped
into four categories:1

1. Balance calories to achieve and maintain a
healthy weight. The guidelines encourage
Americans to prevent or reduce overweight by
eating better and exercising more. This includes
eating fewer calories for people who are over-
weight or obese, increasing physical activity, and
decreasing time spent in sedentary behaviors like
watching television or browsing the Internet.
Table 5-1 shows estimated calorie needs per day ac-
cording to age, gender, and physical activity level.

2. Foods and food components to reduce. The
dietary guidelines advise Americans to: 
reduce sodium intake to less than 2,300 mg per
day for the general population and to less than
1,500 mg for higher risk populations such as
older adults, African Americans, and people with
hypertension, diabetes, or chronic kidney dis-
ease; consume fewer than 10% of calories from
saturated fat and instead consume monounsatu-
rated and polyunsaturated fats; consume less
than 300 mg per day of dietary cholesterol; min-
imize consumption of trans fatty acids; reduce
caloric intake from sugar and solid fats; and con-
sume alcohol in moderation (one drink per day
for women and two drinks per day for men). 

3. Foods and nutrients to increase. The dietary
guidelines advise Americans to eat more fruits
and vegetables, especially dark-green and red

94 SECTION 1: FROM FOOD TO FUEL

INTRODUCTION

During her first term in the White House, First Lady
Michelle Obama launched the ambitious Let’s Move
campaign with the goal of eliminating childhood obe-
sity within a generation. During that same time period,
the federal government replaced the MyPyramid di-
etary tool with a simpler icon—a dinner plate. The goal
was to translate the federal government’s nutrition rec-
ommendations for the general population into an easy-
to-understand-and-implement symbol. 

The push toward personalizing nutrition and activity
advice offers an opportunity to reach more people and
perhaps begin to make a dent in the epidemic of poor eat-
ing habits and physical inactivity. Athletes require a bal-
anced diet of carbohydrates, protein, and fat to ensure
they are amply fueled for activity. Getting the proper
amount of nutrients from all the food groups is one of the
best ways to prevent deficiencies as well as fuel the body.
In order to meet nutrient needs, athletes must focus on a
variety of foods. But which foods are best? The federal
government’s dietary guidelines provide a starting point. 

DIETARY GUIDELINES 

Published every 5 years by the U.S. Department 
of Agriculture (USDA) and the Department of
Health and Human Services, the Dietary Guidelines for
Americans is the government’s best advice on how to 
eat to promote health. The dietary guidelines offer a

Table 5-1. Estimated Calorie Needs Per Day by Age, Gender, and Physical Activity Levela

Estimated amounts of calories needed to maintain calorie balance for various gender and age groups at three
different levels of physical activity. The estimates are rounded to the nearest 200 calories. An individual’s
calorie needs may be higher or lower than these average estimates.

GENDER AGE (YEARS) PHYSICAL ACTIVITY LEVELb

Sedentary Moderately Active Active

Child (female 
and male)

Femaled

Male

1,000–1,200

1,200–1,400

1,400–1,600

1,800

1,800–2,000

1,800

1,600

1,200–1,400

1,600–2,000

1,000–1,400c

1,400–1,600

1,600–2,000

2,000

2,000–2,200

2,000

1,800

1,400–1,600

1,800–2,200

1,000–1,400c

1,400–1,800

1,800–2,200

2,400

2,400

2,200

2,000–2,200

1,600–2,200

2,000–2,600

2–3

4–8

9–13

14–18

19–30

31–50

51+

4–8

9–13
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and orange vegetables; consume at least half 
of all grains as whole grains; increase intake 
of fat-free or low-fat milk products; choose 
lean proteins and especially try to increase the
amount of seafood eaten (Box 5-1); replace
high-fat proteins with leaner proteins; use oil
instead of solid fat; and try to consume more
potassium, fiber, calcium, and vitamin D. Sources
of these nutrients include fruits, vegetables,

whole grains, milk, and milk products. Athletes
also need increased amounts of certain nutrients
such as iron to prevent anemia and the resulting
feelings of exhaustion and fatigue. 

4. Building healthy eating patterns. A healthy
eating pattern meets nutrient needs through
consumption of nutrient-dense foods while 
staying within calorie limits. Some examples 
of well-known and effective healthy eating 

Box 5-1. Selecting and Preparing Fish

The Dietary Guidelines for Americans emphasize that
Americans should eat more seafood, which contains
omega-3 fats and many other nutrients, for optimal
health. However, the average American may not be
accustomed to eating the recommended two or more
servings of seafood per week. Some tips from the
FDA for safely selecting and preparing seafood are:
• Buy your seafood from a retailer that follows

proper food-handling techniques and from a
clean-looking and clean-smelling facility.

• Fresh fish should smell fresh and mild. Whole fish
and fillets should have firm, shiny flesh that
springs back when pressed. Make sure there is no
darkening or drying around the edges and that
the eyes are clear, not cloudy.

• Don’t buy frozen fish that is positioned above the
“frost line” or top of the freezer case in the store’s
freezer. Also, avoid fish in packages that are open,
torn, or crushed around the edges. Look for signs
of frost or ice crystals, an indication that the fish
has been stored for too long.

• Put seafood in the refrigerator if you will eat it
within 2 days, otherwise store it in the freezer.

• Take the same food safety precautions you would
when preparing raw beef or chicken. Avoid cross-
contamination and defrost in the refrigerator.

• Cook fish to an internal temperature of 145°F.
Properly cooked fish flesh should be opaque and
separate easily. 

• Never leave raw or cooked seafood out of the 
refrigerator for more than 2 hours.

• Pregnant women, young children, older adults,
immunocompromised persons, and those with
decreased stomach acidity are at increased risk 
of foodborne illness and should not eat raw or
partially cooked fish or shellfish. Shark, swordfish,
king mackerel, and tilefish contain high amounts
of mercury, which can harm an unborn child’s 
developing nervous system. Pregnant women
should instead eat up to 12 ounces per week of
fish that is low in mercury such as shrimp, canned
light tuna, salmon, pollock, and catfish.

Table 5-1. Estimated Calorie Needs Per Day by Age, Gender, and Physical Activity Levela—cont’d
GENDER AGE (YEARS) PHYSICAL ACTIVITY LEVELb

Sedentary Moderately Active Active

a. Based on Estimated Energy Requirements (EER) equations, using reference heights (average) and reference weights (healthy) for
each age/gender group. For children and adolescents, reference height and weight vary. For adults, the reference man is 5 feet 10
inches tall and weighs 154 pounds. The reference woman is 5 feet 4 inches tall and weighs 126 pounds. EER equations are from the
Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino
Acids. Washington (DC): The National Academic Press; 2002.

b. Sedentary means a lifestyle that includes only the light physical activity associated with typical day-to-day life. Moderately active means
a lifestyle that includes physical activity equivalent to walking about 1.5 to 3 miles per day at 3 to 4 miles per hour, in addition to the light
physical activity associated with typical day-to-day life. Active means a lifestyle that includes physical activity equivalent to walking more
than 3 miles per day at 3 to 4 miles per hour, in addition to the light physical activity associated with typical day-to-day life.

c. The calorie ranges shown are to accommodate needs of different ages within the group. For children and adolescents, more calories
are needed at older ages. For adults, fewer calories are needed at older ages.

d. Estimates for females do not include women who are pregnant or breastfeeding.
Source: www.cnpp.usda.gov/Publication/DietaryGuidelines/20120/Policy Doc.pdf

2,000–2,400

2,400–2,600

2,200–2,400

2,000–2,200

2,400–2,800

2,600–2,800

2,400–2,600

2,200–2,400

2,800–3,200

3,000

2,800–3,000

2,400–2,800

14–18

19–30

31–50

51+
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Table 5-2. DASH Eating Plan: Serving Sizes, Examples, and Significance

The following eating plan is based on 2,000 calories per day. The number of daily and weekly servings varies
according to calorie requirements.

SIGNIFICANCE   
OF EACH FOOD 

FOOD DAILY SERVING EXAMPLES GROUP TO THE 
GROUP SERVINGS SIZES AND NOTES DASH EATING PLAN

Grainsa

Vegetables

Fruits

Fat-free or 
low-fat 
dairy 
productsc

Lean 
meats, 
poultry, 
and fish

Nuts, 
seeds, and 
legumes

Fats and 
oilse

Sweets 
and 
added 
sugars

a. Whole grains are recommended for most grain servings as a good source of fiber and nutrients.
b. Serving sizes vary between 1/2 cup and 11/4 cups, depending on cereal type. Check the product’s Nutrition Facts label.
c. For lactose intolerance, try either lactase enzyme pills with dairy products or lactose-free or lactose-reduced milk.
d. Because eggs are high in cholesterol, limit egg yolk intake to no more than four per week; two egg whites have the same protein con-

tent as 1 oz of meat.
e. Fat content changes the serving amount for fats and oils. For example, 1 Tbsp regular salad dressing = one serving; 1 Tbsp low-fat

dressing = one-half serving; 1 Tbsp fat-free dressing = zero servings.
Source: National Heart, Lung, and Blood Institute, National Institutes of Health. Following the DASH eating plan. Available at

www.nhlbi.nih.gov/health/health-topics/topics/dash/followdash.html#footnotea. Accessed April 22, 2013.

1 slice bread
1 oz dry cerealb
1/2 cup cooked rice,
pasta, or cerealb

1 cup raw leafy 
vegetable
1/2 cup cut-up raw or
cooked vegetable
1/2 cup vegetable juice

1 medium fruit
1/4 cup dried fruit
1/2 cup fresh, frozen, or
canned fruit
1/2 cup fruit juice

1 cup milk or yogurt
11/2 oz cheese

1 oz cooked meats,
poultry, or fish
1 eggd

1/3 cup or 11/2 oz nuts
2 Tbsp peanut butter
2 Tbsp or 1/2 oz seeds
1/2 cup cooked legumes
(dried beans, peas)

1 tsp soft margarine
1 tsp vegetable oil
1 Tbsp mayonnaise
2 Tbsp salad dressing

1 Tbsp sugar
1 Tbsp jelly or jam
1/2 cup sorbet, gelatin
dessert
1 cup lemonade

Whole-wheat bread and rolls,
whole-wheat pasta, English
muffin, pita bread, bagel, cere-
als, grits, oatmeal, brown rice,
unsalted pretzels and popcorn

Broccoli, carrots, collards,
green beans, green peas, kale,
lima beans, potatoes, spinach,
squash, sweet potatoes, 
tomatoes

Apples, apricots, bananas,
dates, grapes, oranges, grape-
fruit, grapefruit juice, mangoes,
melons, peaches, pineapples,
raisins, strawberries, tangerines

Fat-free milk or buttermilk;
fat-free, low-fat, or reduced-fat
cheese; fat-free/low-fat regular
or frozen yogurt

Select only lean; trim away 
visible fats; broil, roast, or poach;
remove skin from poultry

Almonds, filberts, mixed nuts,
peanuts, walnuts, sunflower
seeds, peanut butter, kidney
beans, lentils, split peas

Soft margarine, vegetable oil
(canola, corn, olive, safflower),
low-fat mayonnaise, light salad
dressing

Fruit-flavored gelatin, fruit
punch, hard candy, jelly, maple
syrup, sorbet and ices, sugar

Major sources of
energy and fiber

Rich sources of
potassium, mag-
nesium, and fiber

Important
sources of potas-
sium, magne-
sium, and fiber

Major sources 
of calcium and
protein

Rich sources of
protein and 
magnesium

Rich sources of
energy, magne-
sium, protein,
and fiber

The DASH study
had 27% of 
calories as fat, 
including fat in
or added to foods

Sweets should be
low in fat

6–8

4–5

4–5

2–3

6 or less

4–5 per
week

2–3

5 or less
per week
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EVALUATING THE EVIDENCE

Does Adherence to a Mediterranean Diet Increase Longevity?

The Greek island of Crete is famous for more than its stunning scenery and ancient roots. More than 50 years ago,
American scientist Ancel Keys, who himself lived to 100, attributed the exceptional longevity and miniscule rates
of cardiovascular disease and cancer on the island to the “Cretan” Mediterranean diet—a diet rich in fruits, vegeta-
bles, legumes, whole grains, fish, and olive oil, and moderate in red wine. Since then, a large body of 
research on the Mediterranean diet has been accumulated, suggesting that adhering to a Mediterranean diet offers 
numerous benefits such as enhanced weight loss, heart health, and mental health, and reduced Alzheimer’s 
disease, cancer, and Parkinson disease.14 But is there enough evidence to support the assertion that adopting 
a Mediterranean diet may add years to your life?

■ WHAT DOES THE EVIDENCE SAY?
Greek researchers from the University of Athens medical school set out to rigorously evaluate the assertion that
adherence to a Mediterranean diet may improve longevity.15 They enrolled 22,043 adults in Greece who com-
pleted a comprehensive survey that included a food frequency questionnaire aimed to evaluate how closely
the diet resembled the traditional Mediterranean diet. The researchers rated adherence to the Mediterranean diet
on a nine-point scale that incorporated the major features of the Mediterranean diet. They then checked up on the
study participants 44 months later, after which 275 participants had died. A higher degree of adherence to the
Mediterranean diet was associated with a lower likelihood of death from any cause as well as death from cardio-
vascular disease or cancer. Interestingly, associations between individual food groups within the Mediterranean
diet and mortality were not significant. The authors concluded that adherence to the traditional Mediterranean diet
is associated with a significant reduction in mortality and that greater adherence to a Mediterranean diet may be
related to the increased longevity. 

1. Based on this study, is it fair to conclude that a Mediterranean diet increases longevity? Why or why not?
2. What are three important limitations to this study?
3. This study was published in the New England Journal of Medicine, among the most prestigious and rigor-

ous medical journals. Why do you think the journal may have selected this article for publication? 
4. The authors evaluated adherence to a Mediterranean diet with a scale very similar to the one below.13

Based on this scale, how closely does your typical diet resemble the Mediterranean diet? Give yourself
one point for each “yes.” If you score 6 or higher, you’re eating like you live in the Mediterranean.

patterns include the Dietary Approaches to Stop
Hypertension (DASH) diet (Table 5-2), the
Mediterranean diet (see Evaluating the Evi-
dence), and a well-planned vegetarian diet. It 
is a common misconception that athletes who

follow vegetarian diets cannot meet their nutri-
ent needs. A diet rich in plant-based protein and
nutrients of concern (typically iron, zinc, vita-
mins B12, vitamin D, and omega-3 fats) can cer-
tainly be achieved with proper dietary instruction.  

Yes No

Vegetables (other than potatoes), 4 or more servings per day

Fruits, 4 or more servings per day

Whole grains, 2 or more servings per day

Beans (legumes), 2 or more servings per week

Nuts, 2 or more servings per week

Fish, 2 or more servings per week

Red and processed meat, 1 or fewer servings per day

Dairy foods, 1 or fewer servings per day

Alcohol, 1/2 to 1 drink per day for women, 1 to 2 for men

This chapter’s Evaluating the Evidence is based on the following article: Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. 
Adherence to a Mediterranean diet and survival in a Greek population. N Engl J Med 2003;348:2599-608.
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The guidelines advise Americans to follow food
safety recommendations when preparing and eating
foods so as to reduce the risk of foodborne illness (dis-
cussed in more detail later in this chapter). 

The dietary guidelines strive to help Americans to eat
the variety and amount of foods necessary to optimize
nutrition while avoiding excessive caloric intake. Ath-
letes benefit as much as the general public in adopting
these guidelines, even in the case of prolonged en-
durance sessions when overall calorie and carbohydrate
needs increase. Though athletes may have increased
caloric needs, including consumption of rapidly di-
gestible carbohydrates, it is preferred to obtain energy
from healthful natural sugar sources rather than highly
processed alternatives.

Help Americans Make Healthy Choices 

The guidelines charge all sectors of society to play an
active role in the movement to make the United States
healthier by developing coordinated partnerships, pro-
grams, and policies to support healthy eating. Food and
activity behaviors should be viewed in the context of a
social-ecological model. The guidelines describe this
model as an approach that emphasizes the develop-
ment of coordinated partnerships, programs, and poli-
cies to support healthy eating and active living. In this
framework, interventions should extend well beyond
providing traditional education to individuals and fam-
ilies about healthy choices, and should help build skills,

reshape the environment, and reestablish social norms
to facilitate individuals’ healthy choices. The social-
ecological model takes into consideration individual fac-
tors such as age, gender, socioeconomic status, and
knowledge; environmental settings including homes,
schools, workplaces, and other community venues; sec-
tors of influence such as government, marketing and
media, and industry; and social and cultural norms and
values including belief systems, religion, lifestyle, and
body image (see Communication Strategies).

Health professionals play an important role in re-
sponding to the dietary guidelines’ call to action to:
(1) ensure that all Americans have access to nutritious
foods and opportunities for physical activity; (2) facil-
itate individual behavior change through environ-
mental strategies; and (3) set the stage for lifelong
healthy eating, physical activity, and weight manage-
ment behaviors.

MYPLATE

Based on the Dietary Guidelines for Americans, MyPlate
is a symbol of healthy eating designed to replace the
MyPyramid icon (Fig. 5-1). MyPlate simplifies the gov-
ernment’s nutrition messages into an easily understood
and implemented graphic—a dinner plate divided into
four sections: fruits, vegetables, protein, and grains 
accompanied by a glass of 1% or non-fat milk or dairy
alternative like soy milk. The goal of this icon is to 

98 SECTION 1: FROM FOOD TO FUEL

COMMUNICATION STRATEGIES

Putting the Social-Ecological Model to Use

You are working with a 21-year-old recreational college athlete who wants to improve her soccer game. She is a
committed athlete and pushes herself in soccer practice and at games. She recognizes that her dietary habits are
poor. She believes that eating at the college dorms is impeding her ability to choose a healthy diet. 

The dietary guidelines recommend using the social-ecological model as a framework to understand the context
in which people make nutrition and activity decisions.13 It is a useful model to keep in mind when advising clients
on how to make healthful lifestyle changes. During the initial interview when a client is making nutrition and activ-
ity goals, it is important for the health professional to consider the client’s current nutrition and activity behaviors,
environmental and social supports and barriers, and self-efficacy and readiness to change among the other factors
contained within the social-ecological model.

■ CLASS ACTIVITY 
Working in pairs, assign one partner to be the client and the other to be the health professional. 

The client should play the part of this recreational soccer player who wants to improve her soccer game but is
struggling to adopt a healthy diet. Take 10 minutes to make a list of potential individual factors, environmental 
settings, sectors of influence, and social and cultural values and norms that may be affecting her nutrition choices.
(Remember, you are role playing this client so feel free to take liberties in developing her story, perhaps drawing
upon some of your own experiences and challenges). 

The health professional should aim to gather information about the factors that are interfering with the client’s
ability to eat a healthy diet. Once you’ve gathered this information, think of potential strategies you might use to
help overcome one barrier in each of the domains (individual factors, environmental settings, sectors of influence,
and social and cultural values and norms).
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create a better visual of a balanced diet that is about
50% fruits and vegetables, with remaining portions
being made up of lean protein, grains, and dairy. 

On the MyPlate website (www.choosemyplate.gov),
consumers can input their age, gender, height, weight,
and physical activity level into the SuperTracker tool
and receive an individualized eating plan to meet caloric
needs. The program calculates estimated energy expen-
diture based on this demographic information. Within
seconds, users are categorized into one of 12 different
energy levels (anywhere from 1,000 to 3,200 calories)
and are given the recommended number of servings—
measured in cups and ounces—to eat from each of the
five food groups (vegetables, fruit, protein, grains,
dairy). A set number of discretionary calories (i.e., the
leftover calories available for sugar or additional fats or
an extra serving from any of the food groups) are also
allocated for that individual. By following these recom-
mendations, users are presented with a diet plan for dis-
ease prevention and weight maintenance based on their
personalized needs. The SuperTracker tool is a beneficial
starting point for recreational athletes as well as the
general population. Competitive athletes often have
higher caloric requirements.

Overall, the tools available at choosemyplate.gov en-
courage people to:

1. Balance calorie intake with calories expended
through physical activity. 

2. Enjoy food, but make sure portions are appro-
priate. Eat slowly to truly enjoy the food (and
key in to the body’s internal cues of hunger and
fullness) and try to minimize distractions like
television and cell phones.

3. Avoid oversized portions. MyPlate recommends
smaller plates, smaller serving sizes, and more
mindful eating. 

4. Eat more vegetables, fruits, whole grains, and
fat-free or low-fat dairy products (or dairy-free
alternatives) for adequate potassium, calcium,
vitamin D, and fiber.

5. Make half your plate fruits and vegetables. Most
Americans need nine servings of fruits and veg-
etables per day for optimal health. According to
2013 CDC data, though, the average adult in the 

United States consumes fruit about 1.1 times
per day and vegetables about 1.6 times per day2

(see Myths and Misconceptions). 
6. Switch to fat-free or low-fat (1%) milk or a

dairy alternative such as soy milk. Full-fat
dairy products provide excess calories and 
saturated fat in exchange for no nutritional
benefit over fat-free and low-fat versions.

7. Make half your grains whole grains (ideally
even more than that). This will help to ensure
adequate fiber intake and decrease intake of
highly processed foods.

8. Eat fewer foods high in solid (typically satu-
rated and trans) fat, added sugars, and salt.

9. Compare sodium in foods and then choose the
lower sodium versions. 

10. Drink water instead of sugary drinks to help
cut sugar and unnecessary calories.

The plan is for each of these messages to be empha-
sized during a multi-year campaign by Let’s Move and
the USDA to promote better nutrition. Online tools and
how-to strategies are available. 

DIETARY REFERENCE INTAKES

From 1941 to 1995, health professionals and the public
used the recommended dietary allowance (RDA) values
to guide nutrition choices. In 1995, the Food and Nutri-
tion Board of the Institute of Medicine published the di-
etary reference intakes (DRIs), a more comprehensive
approach for recommending nutrients that addresses
higher intakes of certain nutrients needed to promote
health, the use of dietary supplements and fortified foods,
and individual, rather than group, needs. DRIs encom-
pass the following reference values used to plan and as-
sess nutrient recommendations for healthy individuals:

• RDA is the sufficient average intake for most
healthy individuals. RDA values may vary based
on age and gender. 

• Estimated average requirement (EAR) is an 
adequate intake (AI) in 50% of an age- and
gender-specific group. 

• Tolerable upper intake level (UL), the maximum
intake of a nutrient that is unlikely to pose risk
of adverse health effects to almost all individuals
in an age- and gender-specific group.

• AI is used when a RDA cannot be determined. AI is
a recommended nutrient intake level that is based
on research and is sufficient for healthy individuals.

DRIs have been established for calcium, vitamin D,
phosphorus, magnesium, and fluoride; folate and other
B vitamins; antioxidants (vitamins C and E, selenium);
macronutrients (protein, carbohydrates, and fat); trace
elements (iron, zinc); and electrolytes and water. Many
of the dietary guidelines and advice contained within
MyPlate are based on the DRIs. The complete set of
DRIs is available at www.iom.edu. Refer to Chapter 4
for the DRIs for various micronutrients.
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Figure 5-1. MyPlate.
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Myths and Misconceptions

It is Impossible to Eat Healthy on a Tight
Budget
One of the most commonly cited reasons people
give for not eating healthy is that healthy food
“costs too much.” With the average consumer
spending only about $7 per day on food according
to the U.S. Department of Labor Statistics,3 it may
seem near impossible to get the recommended five
to nine servings of fruits and vegetables per day on
such a tight budget. But that’s not necessarily the
case. With a little bit of planning, a family of four
can get by on about $28 per day ($7 each) includ-
ing a wholesome breakfast, lunch, and dinner and
even a few snacks along the way (see sample
recipes below). 

Clients can put every food dollar to excellent
use by adopting some of the following cost-cutting
tips whenever possible.
• Eat at home more often. Not only does it cost

less, but you also have better control over por-
tion sizes and can freeze any leftovers for an-
other day when you don’t have time to cook.

• Don’t go to the grocery store on a whim. Rather,
check what you already have in your refrigera-
tor and pantry and have your shopping list in
hand. This will help you avoid overbuying. The
Let’s Move initiative offers an easy-to-use gro-
cery list template that will help boost the nutri-
tional value of your purchases. It’s available at
www.letsmove.gov/sites/letsmove.gov/files/
Grocery_List.pdf. 

• It seems obvious, but buy only food that you’re
actually going to eat, and then actually eat it. If
time gets away from you and you have overripe
fruits and vegetables in the refrigerator, think of
creative ways to use them. How about tomatoes
to make a marinara sauce, leftover meat and
vegetables in a soup, or ripe fruit for muffins 
or a smoothie? 

• At the store, check packages and perishable
items for expiration dates and try to pick the 
latest one possible. 

• Learn the value of a food budget. Use price,
need, nutritional value, and portion size to 
determine buying decisions.
Following is a day’s worth of breakfast, lunch,

dinner, and snacks that can feed a family of four 
for approximately $28. The recipes are set up so
that you can save money and optimize nutritional
value by substituting vegetables and meats based
on what is in season or on sale. Pantry items such
as salt, pepper, and olive oil are listed at the end 
of the ingredient lists and are not factored into the
price.

Breakfast: 
“Banana bread” oatmeal ($1.50)
2 cups uncooked oats 
3 cups of water 
2 tablespoons brown sugar 
2 ripe bananas 
Cook basic oatmeal as instructed. Add 2 table-

spoons of brown sugar to basic oatmeal recipe.
Peel 2 ripe bananas into a bowl and mash with a
fork. Finally, add bananas to oatmeal and cook
for another 5 minutes.  

Lunch: 
Grilled Chicken Pita Wraps with Creamy

Bean Spread ($8.00)
1 can (15 ounces) cannellini beans 
2 skinless chicken breasts 
2 whole wheat pitas, separated into 4 pieces 
2 cups of baby spinach, washed and dried
2 medium carrots, shredded  
1/2 medium cucumber, sliced 
Pantry items: salt, pepper, olive oil
To prepare bean spread: Place 1 can of cannellini

beans (including liquid in can) in a blender. 
Add salt and pepper to taste. 

To prepare chicken: Cut each chicken breast in half
widthwise (so each chicken breast is thinner).
Heat pan on stove at medium heat. Sprinkle
each side of the chicken breasts with salt and
pepper. Place 2 tablespoons of olive oil in pan.
Put two pieces of chicken in pan and cook for 
6 to 7 minutes. Flip chicken and cook for an-
other 6 to 7 minutes, until well cooked. Repeat
with remaining two pieces of chicken. When
chicken is finished cooking, lay flat on cutting
board and cut into half-inch strips.

To prepare wraps: Spread 2 tablespoons of bean 
dip on pita bread. Next, top with one-half cup 
of spinach, followed by carrots and cucumber,
then chicken. Roll up, cut in half, and serve. 

Dinner: 
Pork and Vegetable Whole Wheat Chow Mein

($12.00)
1 pack of whole wheat spaghetti, cooked according

to package directions
2 boneless pork chops 
1/2 medium onion, sliced 
1 inch piece of fresh ginger, grated 
3–4 cloves of garlic, finely chopped 
2 medium carrots, cut into quarter-inch slices 
2 large broccoli crowns, cut into small florets
1 large red pepper, cut into thin strips 
1 cup of green onions, chopped 
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Myths and Misconceptions—cont’d
1/4 cup of reduced sodium soy sauce 
1/2 cup of water
Pantry items: olive oil
To prepare the meat: Slice the pork into thin slices,

approximately 1/4 inch in width. Place 2 table-
spoons of olive oil in a pan over medium heat.
Place onions, ginger, and garlic in pan and cook
for 3 to 4 minutes, stirring occasionally. Add
sliced meat to pan and cook for 3 to 4 minutes 
or until meat is almost cooked. Add carrots,
broccoli, and red pepper to the pan, followed by 
soy sauce and water. Cook for approximately 
2 minutes. Lastly, add cooked noodles to pan 
and mix all ingredients well. Cook for another 
2 to 3 minutes and serve.

Snacks:
Creamy Garlic Bean Spread with Baked Pita

Chips ($3.00)
1 can of white beans (also known as cannellini

beans) 
2 tablespoons of olive oil
2 tablespoons of water

3 garlic cloves 
Place all ingredients in a blender and blend until

smooth. Serve with baked pita chips, vegetables,
or as an alternative to mayo on sandwiches. 

Baked Pita Chips 
4 whole wheat pitas 
Pantry items: olive oil, salt and pepper
Preheat oven to 400 degrees. Cut each whole

wheat pita into eight wedges. Place in bowl and
toss with 2 tablespoons of olive oil. Sprinkle
with salt and pepper. Place pita wedges on a
baking tray evenly and put into oven. Bake for
15 minutes, or until pita chips are crispy. 

Strawberry-Banana Yogurt Smoothies
($3.00)

2 ripe bananas 
1 cup of plain low-fat yogurt 
1 orange, peeled 
1/2 cup of frozen strawberries 
Place all ingredients in a blender and blend until

smooth. Divide into 4 glasses and serve. 

S P E E D  B U M P
1. Summarize the major recommendations from the

2010 Dietary Guidelines for Americans.
2. Describe the major features of MyPlate. 
3. Define DRI and its components: RDA, EAR, UL,

and AI.

FOOD LABELS

Understanding what nutrients contribute to a healthy
diet and which foods contain those nutrients contribute
to healthy nutrition decisions. The food label, or nutri-
tion facts panel, a required component of nearly all
packaged foods, provides knowledge that can inform
healthy food choices (Fig. 5-2).

Dissect the food label by starting from the top with
the serving size and the number of servings per con-
tainer. In general, serving sizes are standardized so
that consumers can compare similar products. All of
the nutrient amounts listed on the food label are for
one serving. Thus, it is important to determine how
many servings an individual actually consumes to ac-
curately assess nutrient intake. Next, look at the calo-
ries, which indicate how much energy a person gets
from a particular food. This part of the nutrition label
is the most important factor for weight control. 
In general, 40 calories per serving is considered low,
100 is moderate, and 400 or more is high.4 The next

two sections of the label note the nutrient content of
the food product. Values are based on a 2,000-calorie
per day diet for adults and children older than age 4,
though many athletes require more, and more seden-
tary individuals require less. Clients should try to min-
imize intake of the first three nutrients listed:

• Fat (in particular saturated and trans fat):
Clients on a 2,000 calorie per day diet should
aim for a total per day of ≤ 65 g of total fat and
≤ 20 g of saturated fat

• Cholesterol: Goal of ≤ 300 mg 
• Sodium: Goal of ≤ 2,300 mg 
Clients should aim to consume adequate amounts

of protein (50 g), total carbohydrate (300 g), fiber (goal
of ≥ 25 g), vitamin A (goal of ≥ 5,000 IU), vitamin C
(goal of ≥ 60 mg), calcium (goal of ≥ 1,000 mg), and
iron (goal of ≥ 18 mg for women ages 19 to 50 who
are not pregnant or lactating; goals are less for males
and younger and older females). Amounts will vary
based on the client’s calorie needs (see Box 5-2). Addi-
tional considerations should be made for athletes. For
example, many athletes may require more than 2,300 mg
of sodium because they lose more from sweat.

The daily values (DVs) are recommended levels of
intake for nutrients. The DVs shown in the footnote on
the label are for a 2,000- or 2,500-calorie diet. The per-
cent daily values (PDVs) listed on the label are percent-
ages based on a 2,000-calorie diet of the recommended
intake for key nutrients. In general, 5% daily value or
less is considered low, while 20% daily value or more

2955_Ch05_092-111  08/10/14  6:01 PM  Page 101



102 SECTION 1: FROM FOOD TO FUEL

Nutrition Facts
Serving Size 1/2 cup (114g)
Servings Per Container 4

Amount Per Serving
Calories 90 Calories from Fat 30

Total Fat 3g
% Daily Value*

Saturated Fat 0g
Trans Fat 0g

Vitamin A
Calcium

60%
4%

Total Fat
Sat Fat
Cholesterol
Sodium
Total Carbohydrate
Fiber

Calories per gram:
Fat 9 Carbohydrate 4 Protein 4

2,500
80g
25g
300mg
2,400mg
375g
30g

2,000
65g
20g
300mg
2,400mg
300g
25g

Calories
Less than
Less than
Less than
Less than

5%
0%
0%
0%

13%
4%

12%

Cholesterol 0mg
Sodium 300mg
Total Carbohydrate 13g
   Dietary Fiber 3g
   Sugars 3g
Protein 6g

*Percent Daily Values are based on a 2,000 
calorie diet. Your daily values may be higher 
or lower depending on your calorie needs:

80%
4%

Vitamin C
Iron

(More nutrients may be listed on some labels)

mg = milligrams (1,000 mg = 1 g)
g = grams (about 28 g = 1 ounce)

Serving Size
Is your serving the same size as the one 
on the label? If you eat double the serving 
size listed, you need to double the 
nutrient and calorie values. If you eat one-
half the serving size shown here, cut the 
nutrient and calorie values in half.

Calories
Are you overweight? Cut back a little on 
calories! Look here to see how a serving 
of the food adds to your daily total. A 5'4", 
138-lb active woman needs about 2,200 
calories each day. A 5'10", 174-lb active 
man needs about 2,900. How about you?

Total Carbohydrates
Carbohydrates are in foods like bread, 
potatoes, fruits, and vegetables. Choose 
these often! They give you more nutrients 
than sugars like soda pop and candy.

Dietary Fiber
Grandmother called it “roughage,” but her 
advice to eat more is still up-to-date! That 
goes for both soluble and insoluble kinds 
of dietary fiber. Fruits, vegetables, whole- 
grain foods, beans, and peas are all good 
sources and can help reduce the risk of 
heart disease and cancer.

Protein
Most Americans get more than they need. 
Where there is animal protein, there is 
also fat and cholesterol. Eat small 
servings of lean meat, fish, and poultry. 
Use skim or low-fat milk, yogurt, and 
cheese. Try vegetable proteins like beans, 
grains, and cereals.

Vitamins and Minerals
Your goal here is 100% of each for the 
day. Don’t count on one food to do it all. 
Let a combination of foods add up to a 
winning score.

Daily Value
Feel like you are drowning in numbers? Let the Daily Value be your guide. Daily Values are listed for 
people who eat 2,000 or 2,500 calories each day. If you eat more, your personal daily value may be 
higher than what’s listed on the label. If you eat less, your personal daily value may be lower. For fat, 
saturated fat, cholesterol, and sodium, choose foods with a low % Daily Value. For total 
carbohydrates, dietary fiber, vitamins, and minerals, your daily value goal is to reach 100% of each.

Sodium
You call it “salt,” the label calls it “sodium.” 
Either way, it may add up to high blood 
pressure in some people. So, keep your 
sodium intake low—2,400 to 3,000 mg or 
less each day. (The American Heart 
Association recommends no more than 
3,000 mg sodium per day for healthy adults.)

Cholesterol
Too much cholesterol—a second cousin to 
fat—can lead to heart disease. Challenge 
yourself to eat less than 300 mg each day.

Trans Fat
Trans fat works a lot like saturated fat, 
except it is worse. This fat starts out as a 
liquid unsaturated fat, but then food 
manufacturers add some hydrogen to it, 
turning it into a solid saturated fat (that is 
what “partially hydrogenated” means 
when you see it in the food ingredients). 
They do this to increase the shelf-life of 
the product, but in the body the trans fat 
damages the blood vessels and 
contributes to increasing blood 
cholesterol and the risk of heart disease.

Saturated Fat
It is listed separately because it has been 
thought to be a key player in raising blood 
cholesterol and risk of heart disease. Eat 
less, or replace with mono- or poly-
unsaturated fats.

Total Fat
Aim low: Most people need to cut back on fat! 
Too much fat may contribute to heart disease 
and cancer. Try to limit your calories from fat. 
For a healthy heart, choose foods with a big 
difference between the total number of 
calories and the number of calories from fat.

Figure 5-2. The food label. At the time of publication of this text, the FDA is revising the food label to make it more 
useful for consumers. For information on the changes, go to www.fda.gov and search "nutrition facts label."

Box 5-2. Calculating Caloric Value

Each of the three macronutrients has a per gram
caloric value:
Carbohydrate = 4 Calories/gram
Protein = 4 Calories/gram
Fat = 9 Calories/gram

These values can be used to calculate the caloric
value of a specific amount of food. For example, a 
5-gram portion of sugar (the approximate amount in
1 teaspoon) contains 20 calories (5 multiplied by 4).
A teaspoon of oil contains about 5 grams of fat, or 
45 calories (5 multiplied by 9). These calculations

can also be used when reading a food label. If a food
label reads that there are 10 grams of protein per
serving, there are 40 calories from protein.

These values can also be used to calculate the
percent macronutrient content. For example, if a
serving of food contains 250 calories per serving,
with 10 grams of total carbohydrates, it can be de-
termined that there are 40 calories from carbohy-
drate (10 multiplied by 4). By then dividing this
value by the total calorie value (40 divided by 250),
this serving of food is 16% carbohydrate. 

is considered high for all nutrients.4 PDVs are listed for
key nutrients to facilitate product comparisons (just
make sure that the serving sizes are similar), nutrient
content claims (does a reduced sugar cereal contain less
carbohydrates than the original cereal?), and dietary

tradeoffs (balance consumption of a high-fat product
for lunch with lower fat products throughout the rest
of the day). 

Individuals who need more or less calories than those
shown on the label should adjust recommendations
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accordingly. For example, 3 grams of fat provides 5% of
the recommended amount for someone on a 2,000-calorie
diet and 7% for someone on a 1,500-calorie diet. The
footnote also includes daily values for nutrients to limit
(total fat, saturated fat, trans fat, cholesterol, sodium), rec-
ommended carbohydrate intake for a 2,000-calorie diet
(60% of calories), and minimal fiber recommendations
for 2,000- and 2,500-calorie diets. 

Legislation requires food manufacturers to list all 
potential food allergens on food packaging. The most
common food allergens are fish, shellfish, soybean,
wheat, egg, milk, peanuts, and tree nuts. This informa-
tion usually is included near the list of ingredients on
the package. Note that the ingredient list is in decreas-
ing order of substance weight in the product. That 
is, the ingredients that are listed first are the most
abundant ingredients in the product. Try to avoid foods
with sugar, high fructose corn syrup, bleached flour, or
partially hydrogenated oils near the top of the list. 

While the food label is found on the side or the back
of products, myriad health and nutrition claims are vis-
ibly displayed on the front of the box. The FDA closely
regulates these claims, which must meet strict criteria. 

S P E E D  B U M P
4. Locate a food with a nutrition label. Dissect the

label to determine the total number of calories;
calories from fat, protein, and carbohydrates; and
overall nutritional value of a product based on the
nutritional information, including percent daily
values and ingredient list.

FOOD SAFETY AND SELECTION

Though the federal government plays a prominent role
in protecting consumers from food-related illness, the
system is not without fail. Foodborne illnesses strike 
76 million unsuspecting Americans each year, causing
325,000 hospitalizations and 5,000 deaths.5 While
some infections result from consumer errors in storage
and preparation, outbreaks expose holes in the U.S.
food safety system. 

In the United States, food safety oversight is divided
primarily among three agencies: the USDA regulates
meat, poultry, and eggs; the Food and Drug Admin-
istration oversees produce and seafood; and the
Centers for Disease Control and Prevention gathers
statistics to monitor the progression of outbreaks. The
CDC also publishes educational materials to help pre-
vent future outbreaks. In January 2013, President
Obama signed the Food Safety Modernization Act, the
first revision to some national food safety standards 
in over 70 years. Many of the new laws in this act 
implement standards for the produce industry. Due to
limitations in the government’s authority to mandate
recalls and force changes, and limitations in govern-
ment resources and personnel, contaminated food fre-
quently makes it into the food supply. For these reasons,

consumers need to be educated and take proper pre-
cautions with food selection and preparation.

Foodborne Illnesses

The health consequences from exposure to contami-
nated food range from asymptomatic to deadly. In gen-
eral, signs and symptoms of foodborne illness may
include abdominal pain, nausea, vomiting, diarrhea,
and dehydration. In some cases, symptoms can become
severe, requiring hospitalization. Treatment methods
for foodborne infections can also vary, but one of the
most important treatments is rehydration to replace
fluid loss. Special populations most at-risk include preg-
nant women, infants and young children, older adults,
and people who are immunocompromised. Table 5-3
describes the most common foodborne illnesses, their
symptoms, and how they are usually treated. 

Reducing Exposure to Foodborne Illnesses
While no consumer can fully protect his or her family
from exposure to foodborne illness, several precautions
help to reduce risk. From choosing wisely at the grocery
store to safe food preparation and storage, consumers
can exert some control in stamping out foodborne con-
tamination. Following are a few tips for consumers to
keep in mind when selecting foods:

• Check produce for bruises and punctures, either
may allow for contamination.

• Look for a sell-by date for breads and baked
goods, a use-by date on some packaged foods, an
expiration date on yeast and baking powder, and
a pack date on canned and some packaged foods.
While some foods are good for a few days after
the sell-by or expiration date, play it safe by
choosing the product with the latest date. Use
the product well before its marked expiration.

• Make sure packaged goods are not torn, and cans
are not dented, cracked, or bulging. Dented cans
may indicate the presence of botulism. Bulging
cans may indicate the food is contaminated.

• Separate fish and poultry from other purchases
by wrapping them separately in plastic bags.
Once home, prevent leakage and cross contami-
nation. Store these foods away from produce
and other ready to eat foods. Even though these
products will later be cooked to a safe tempera-
ture to kill bacteria, other uncooked contami-
nated foods can harbor the infection.

• When shopping, choose refrigerated and frozen
foods last. Try to make sure all perishable items
are refrigerated within 1 hour of purchase. Mi-
croorganisms stop or greatly reduce the rate of
growth at freezing or cold temperatures. How-
ever, once the products start to warm, the bacte-
ria rapidly multiply.

Consumers may also want to note where the prod-
uct was processed and packaged. All beef, lamb, pork,
fish, shellfish, perishable agricultural commodities, 
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Table 5-3. Common Foodborne Illnesses (From Most to Least Common)
PATHOGEN FOOD SOURCE SYMPTOMS TREATMENT PREVENTION

Salmonella

Campylobacter

Shigella

Cryptosporidium

E. Coli 0157:H7

E. Coli 
non-0157:H7

Yersinia

Vibrio

Listeria

Cyclospora

Staph Aureusb

Fever, diarrhea, abdomi-
nal cramps, and headache
lasting 4–7 days.

Crampy abdominal pain,
watery diarrhea, fever 
2–4 days after exposure.

Abdominal pain and
cramping; watery 
diarrhea with blood or
mucus; fever; nausea,
vomiting.

Diarrhea (may last for
up to a month).

Severe bloody diarrhea
and abdominal cramps
3–4 days after exposure.
Can cause hemolytic ure-
mic syndrome in kids.a

Profuse watery diarrhea,
abdominal cramping.

Most common in young
children: fever, abdomi-
nal pain, and bloody 
diarrhea 4–7 days after
exposure.

Watery diarrhea with
cramping, nausea, 
vomiting, fever, chills.

None in healthy individ-
uals including pregnant
women; meningitis in
immune-deficient and
neonates. 

Watery, explosive 
diarrhea.

Quick onset nausea,
vomiting, diarrhea, 
and bloating.

Raw poultry, eggs,
beef, unwashed fruit
and vegetables

Raw poultry, fresh
produce, unpasteur-
ized milk products

Fecal-oral route
(food, toys, restroom
surfaces)

Contaminated water

Undercooked beef,
bean sprouts, fresh
leafy vegetables 

Contaminated
water, salad, raw
seafood, under-
cooked meat

Raw or undercooked
pork 

Oysters

Meat, cheese, milk,
poultry, seafood

Contaminated water
or food

Desserts, salads,
baked goods, 
products with 
mayonnaise

Avoid raw eggs,
beef, and poultry.
Wash produce
before eating.

Cook foods well
and practice good
hygiene.

Good hand 
hygiene.

Good hand 
hygiene.

Change in
slaughter opera-
tions for cattle.

Avoid potentially
contaminated
foods when 
traveling abroad.

Avoid under-
cooked pork; prac-
tice good hygiene.

Cook seafood
thoroughly.

Avoid unpasteur-
ized products.
Heat until steam-
ing. Wash pro-
duce. Avoid 
rare meat 
and seafood.

Avoid contami-
nated water.

Frequent hand-
washing. Refrig-
erate leftovers
within 2 hours.

None needed
usually.

Replace elec-
trolytes and
fluids.

Replace 
electrolytes and
fluids.

Replace elec-
trolytes and
fluids.

Do not use an-
tibiotics; hospi-
talization may
be necessary.
Can be fatal.

Replace elec-
trolytes and
fluids.

Antibiotics in
severe cases.

Replace elec-
trolytes and
fluids.

Antibiotics

Antibiotics

Replacement 
of fluids and
electrolytes.
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Table 5-3. Common Foodborne Illnesses (From Most to Least Common)—cont’d
PATHOGEN FOOD SOURCE SYMPTOMS TREATMENT PREVENTION

Botulismb

a. Hemolytic-uremic syndrome is a potentially life-threatening condition that is usually treated in an intensive care unit. Blood transfusions
and kidney dialysis are often required. Per CDC data, with intensive care, the death rate for hemolytic uremic syndrome is 3% to 5%.

b. Staph Aureus and Botulism incidence data were not collected by the CDC FoodNet.
Source: Centers for Disease Control and Prevention. FoodNet Surveillance; www.cdc.gov/foodnet/surveillance.htm. Accessed July 16, 2011.

Double vision, blurred
vision, drooping eyelids,
slurred speech, diffi-
culty swallowing, dry
mouth, and muscle
weakness.

Canned food; honey
in children < 1yr

Avoid home can-
ning. Avoid food
in dented or
bulging cans.

Antitoxin; hos-
pitalization.
Can be fatal.

including fresh and frozen fruits and vegetables, and
peanuts and other nuts, must be labeled with their
country of origin. The information can be printed on a
food label or displayed on a placard in the grocery
store. Processed and cooked foods are exempt from
country of origin labeling (COOL), thus restaurants and
other food service establishments are not required to
label their foods.

The 2010 Dietary Guidelines for Americans include an
appendix devoted to food safety. The guidelines offer
several simple steps to safe food handling that are crit-
ical to reduce exposure to foodborne illness. Additional
information can be found at www.fightbac.org.

• Wash hands often with warm water and soap
for at least 20 seconds. This is the single most
important defense to reduce risk of microbial 
infection.

• Clean hands, food contact surfaces, and fruits
and vegetables. To prevent cross contamination,
meat and poultry should not be washed or
rinsed.

• Separate raw, cooked, and ready-to-eat foods
while shopping, preparing, or storing foods.

• Cook foods to a safe temperature to kill mi-
croorganisms (bacteria grow most rapidly be-
tween the temperatures of 40°F and 140°F).
Pregnant women and people over age 65 should
only eat deli meats that have been reheated to
steaming hot to reduce risk of infection. Frank-
furters must be cooked to a safe internal tem-
perature (typically 160°F).

• Refrigerate perishable food within 2 hours (on
a hot day over 90°F within 1 hour) and defrost
foods properly. Eat refrigerated leftovers within
3 to 4 days. Remember, when in doubt, throw
it out.

• Avoid raw (unpasteurized) milk or any products
made from unpasteurized milk, soft cheeses, raw
or partially cooked eggs or foods containing raw
eggs, raw or undercooked meat and poultry, raw
fish, unpasteurized juice, and raw sprouts. This is
especially important for infants and young chil-
dren, pregnant women, older adults, and those
who are immunocompromised.

While food safety lapses higher in the production
scale may allow a contaminated food product into the
marketplace, adhering to these recommendations
makes it less likely that the microbe will have the 
opportunity to cause an infection. 

S P E E D  B U M P
5. List several important food safety principles when

selecting, storing, and preparing food.

NUTRITION POLICY

Food safety regulations are just one area where federal
government food policy can significantly affect health
outcomes. Nutrition policy from the dietary guidelines
and MyPlate, to ordinances and regulations that shape
food choices and sales, may also play an important role
in setting the stage for Americans to adopt a healthier
lifestyle. 

As Americans have continued to eat more and be-
come more sedentary, countless health professionals,
including nutrition and fitness experts, have focused
on inspiring healthful change one individual at a
time. Unfortunately, adherence to healthful eating
habits and regular physical activity programs has
been poor. This is not necessarily due to a lack of
willpower and motivation, but more to an environ-
ment that discourages many health-promoting behav-
iors. Consider the following: there are 3,800 calories
available in the food supply for each person daily (the
average American needs only 2,350 calories); most
Americans eat at least one-third of their calories away
from home; and 90% of Saturday morning cartoon food
ads—watched by highly impressionable youngsters—
are for sugar- and fat-laden junk food.6 Modern 
conveniences such as remote controls, elevators, 
car washes, washing machines, leaf blowers, and
drive-through windows rob us of expending about
8,800 calories per month; that adds up to about 
2.5 pounds of fat.7

A commentary published in the Journal of the American
Medical Association (JAMA) outlined several policy strate-
gies that may be effective in helping to increase nutrition
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and physical activity habits on a population-level and,
hopefully, reduce obesity rates and improve health:8

• Taxation. Imposing higher taxes on calorie-dense
and nutrient-poor foods might lower consumption of
unhealthy foods and generate revenue to subsidize
healthful foods. Politicians have long debated
whether adding an “obesity tax” on non-diet
sodas and other sugar-sweetened beverages
might generate tax revenue and decrease 
unhealthy habits. 

• Food prohibitions. Removing harmful ingredients
from the food supply eliminates their health risk.
New York City was the first U.S. city to impose a
trans-fat ban in all restaurants; soon after, other
cities and states followed suit. In 2013, the FDA
recommended complete elimination of trans fats
in the food supply.

• Regulation of food marketing to children
and adolescents. Restricting food advertising dur-
ing children’s programs, counter-advertising to pro-
mote good nutrition and physical activity, limiting use
of cartoon characters, and other regulations may help
protect children who are unable to critically evaluate
advertisements. The role of food advertisements in
the epidemic of childhood obesity has been well
studied. The charge to eliminate unhealthy food
ads in children’s programming has been a
source of ongoing debate.

• School policies. Many school districts already have
removed vending machines, provided healthier
menus, and offered more physical activity opportuni-
ties for school children. However, much work remains
to be done. Over the past few years, several poli-
cies have helped make the school environment
healthier. The task of aligning the school nutri-
tion and activity environment with the govern-
ment recommendations for optimal nutrition
and health is underway. All public schools are
required to have a school wellness committee
and adhere to a school wellness policy. Many
school programs are incorporating more nutri-
tion education into curriculums. Efforts are also
being made to establish school gardens and
farm-to-school programs to help increase fruit
and vegetable consumption. 

• The “built” environment. Zoning laws to limit
the number of fast-food restaurants, expand recre-
ational facilities, and encourage healthier lifestyles
would increase the ability for people to live and play
healthfully, especially in poor neighborhoods where
access to parks and healthy foods is severely limited.
As zoning and development are under the juris-
diction of local governments, individual com-
munity members and leaders must step up to
help change from an environment that fosters
poor diet and inactivity to one that fosters a
healthy lifestyle and sense of community. 

• Disclosure. Restaurants and manufacturers could
be required to disclose nutritional content and health

warnings so that consumers may make more informed
decisions. An increasing number of states and ju-
risdictions require chain restaurants to provide
calorie counts and nutritional information on
restaurant menus and menu boards.

• Tort liability. Lawsuits against companies such as
fast-food giants for selling “unreasonably hazardous”
products might force companies to offer healthier alter-
natives and provide accurate information. Legal and
financial repercussions may also inspire some
large food giants to be more discriminating in
their health claims. Since 2002, the FDA has al-
lowed qualified health claims (claims linking a
food substance to prevention of a disease) on
food labels for products that have a basis of scien-
tific evidence to support the claim. While many
food companies push the limits, several have re-
ceived sanctioning letters from the FDA. For ex-
ample, POM Wonderful, a pomegranate juice
company, received a violation letter for claiming
that the juice will treat, prevent, or cure disease
such as diabetes, hypertension, and cancer. These
types of claims are not allowed on food products.
Spectrum Organic Products was sanctioned for
making nutrient claims such as “cholesterol free”
and “less saturated fat than butter” without
meeting the legal requirements for those claims.9

Companies also inappropriately use struc-
ture-function claims in promoting a food’s
benefits. Structure-function claims describe a
way in which the food purportedly affects a
body structure or function (such as “calcium
builds strong bones”). For example, the Fed-
eral Trade Commission sanctioned Kellogg’s
for claiming that Frosted Mini-Wheats was
“clinically shown to improve kids’ attentive-
ness by 20%” and then later for claiming that
Rice Krispies cereal “now helps support your
child’s immunity.”9

• Surveillance. Similar to how health departments
monitor infectious disease, states could monitor
chronic diseases such as diabetes. New York City has
led the way in adopting surveillance measures
to monitor the health and nutrition status of its
residents. The New York City Health and Nutri-
tion Examination Survey randomly sampled
residents to undergo a physical examination,
clinical and laboratory tests, and interview.10

Results revealed that the prevalence of diabetes
and pre-diabetes is higher than expected, with
more than one-third of New Yorkers with ab-
normal glucose levels.10 In an effort to further
improve surveillance and management of dia-
betes, the New York City A1C Registry was
started. The registry collects hemoglobin A1C
results (a measure of blood sugar control) from
city laboratories; sends quarterly reports of pa-
tients’ A1C level to their providers; and reminds
patients to follow up with their providers.
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• “Training” Communities. A commentary
published in JAMA offers three strategies to
improve the health of communities: (1) con-
sider individuals within the larger social, 
economic, and cultural context; (2) form part-
nerships; and (3) influence larger political and
policy debates.11 Interventions that focus on
changing physical activity behavior through
building, strengthening, and maintaining so-
cial networks are highly effective in increasing
physical activity and overall physical fitness.12

Health professionals are ideally positioned to 
inspire lasting improvements in health. Efforts that
extend beyond working with individuals to incorpo-
rate social, community, environmental, and political
change will go a long way in helping to make a phys-
ically active lifestyle the norm (Box 5-3).

S P E E D  B U M P
6. Describe four ways that allied health professionals

can get involved to shape policy and advocate for
healthier lifestyles.
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Box 5-3. Shaping Policy: A Primer for Health Professionals

Health professionals are in a position to advocate for
local, state, and federal initiatives and policies that
encourage increased physical activity and health. 
By working with schools, advocacy agencies, the
media, and elected officials, you can reach “clients”
far beyond the confines of an office, gym, or playing
field. Here are a few ways you can get started:
• Join an advocacy organization such as the Na-

tional Coalition for the Promotion of Physical 
Activity (ncppa.org) or Action for Healthy Kids
(afhk.org). These organizations will keep you up
to date with the latest relevant legislation and
make it easy for you to voice your concerns to
your local legislators.

• Start or join a local obesity prevention or physical
activity coalition. Work together with other inter-
ested stakeholders to influence activity-promoting
changes in your local community.

• Complete advocacy training to learn how to be-
come optimally effective in sharing your message
and inspiring change. 

• Learn about resources in your community that
promote, encourage, or inspire physical activity.

• Become a resource in your community. Coach a
local team, offer a few sessions of pro bono exer-
cise training to low-income clients, or work with
your local parks and recreation organization to 
secure resources to build a walking trail in an 
underserved community.

• Speak up. Lobby your local, state, and federal rep-
resentatives to pass bills that will promote physi-
cally active lifestyles, or oppose bills that will cut
funding or support for healthy nutrition and 
optimal fitness and recreation.

• Write a letter to the editor in support of local 
efforts to improve physical activity.

• Write articles for newsletters or magazines that
provide information and education about physical
activity.

• Live it. Be physically active every day and share
your passion for healthy eating and exercise and
activity with anyone who will listen.

CHAPTER SUMMARY
The federal government plays a large role in research-
ing and understanding the major components of an 
optimal diet, promoting an optimal eating plan, devel-
oping food policy agendas, regulating the safety and
quality of the food supply, and funding nutritional pro-
grams. While athletes may have specific nutritional
needs compared to the general population, a thorough
understanding of federal dietary recommendations
gives health professionals a basis from which to make
general nutrition recommendations while staying
within one’s professional scope of practice.

KEY POINTS SUMMARY
1. The 2010 Dietary Guidelines for Americans empha-

size balancing calories to maintain a healthy
weight; decrease intake of solid fats (saturated
and trans fats), cholesterol, sugar, and to consume

alcohol in moderation; increase fruits and veg-
etables, whole grains, low-fat dairy, lean protein
and seafood; adopt an overall healthy eating
plan; and help to create a healthier environment
that supports optimal nutrition and physical 
activity.

2. Overall, MyPlate encourages Americans to 
balance caloric intake and control portion sizes;
make half of their plate fruits and vegetables;
make the other half of their plate protein and
grains (preferably whole grains); choose 1% 
or fat-free milk; choose foods low in salt and
saturated and trans fat; and drink water instead
of sugary drinks.

3. Recommended nutrient intake is based upon
reference values known as Dietary Reference
Intakes. The most commonly used DRI is the
RDA, which is the amount of nutrient known 
to be adequate to meet the nutritional needs of
nearly all healthy persons. 
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C. Protein, fiber, essential fatty acids, and 
calcium

D. Potassium, fiber, calcium, and vitamin D

3. Based on a 2,000-calorie diet, how many serv-
ings of fruits and vegetable should Americans
eat according to MyPlate?
A. 3 to 5 servings per day (1.5 to 2.5 cups)
B. At least 5 servings per day (2.5 cups)
C. 9 servings per day (4.5 cups)
D. 11 servings per day (5.5 cups)

4. Which of the following dinner plates most re-
sembles the MyPlate ideal?
A. Mixed vegetable primavera with whole grain

pasta, an orange, sliced grilled chicken breast,
and a glass of skim milk

B. Beef tacos with shredded lettuce, tomato, and
cheese, a glass of water, and fruit Jello

C. Cheese pizza, a small dinner salad, and a glass
of skim milk

D. Baked salmon, brown rice, black beans,
steamed broccoli, and a glass of water

5. You are working with a 45-year-old avid surfer.
He asks you about how much vitamin B6 he
should eat to meet his nutritional needs. You look
up the Dietary Reference Intakes for vitamin B6.
Which one of the DRIs should you tell him?
A. Recommended Dietary Allowance
B. Estimated Average Requirement
C. Tolerable Upper Intake Level
D. Adequate Intake 

6. You are teaching a client to read the nutrition
label. Together you are looking at the following
label from a sports nutrition bar. As you analyze
the contents you notice a few discrepancies in
the reported nutrient composition and the nu-
trient composition based on the calculations 
you have been taught to use. Assuming that 
the number of grams of fat, carbohydrates, and
protein on the label are accurate, what is the
total calories and percentage of calories from fat, 
carbohydrates, and protein in the total package
based on the calculations you learned?

4. The Nutrition Facts Panel provides consumers
important information to help make healthy
nutrition decisions. Understanding how to inter-
pret and evaluate the food label is a critical skill
that health professionals should not only master
but also be able to teach to clients.

5. When evaluating a food label, remember that
there are 4 calories per gram of protein and car-
bohydrate and 9 calories per gram of fat. A food
with a percent of daily value greater than 20%
for any given nutrient is considered to be an
“excellent source” of that nutrient.

6. Vigilance in choosing, storing, and preparing
foods in a safe manner is essential to help pre-
vent foodborne illness. Try to refrigerate foods
within 1 hour of purchase and store leftovers
within 2 hours of preparation. Keep leftovers in
the refrigerator no longer than 4 days. 

7. Consider potential social, community, environ-
mental, and political changes when considering
ways in which to help facilitate increased nutri-
tion habits and physical activity.

PRACTICAL APPLICATIONS
1. The 2010 Dietary Guidelines for Americans empha-

size balancing caloric intake with caloric expen-
diture to maintain a healthy weight. If your
22-year-old female client (5’4” and 125 pounds)
burns 500 calories per workout and exercises 
5 days per week, about how many calories does
she need each day to maintain her weight?
A. 1,800
B. 2,000
C. 2,200
D. 2,400

2. Dave is a 20-year-old lacrosse player who recently
underwent a comprehensive nutrition evaluation.
He says the evaluation helped him realize that 
he goes out to eat too frequently. If he is like the 
typical American, which nutrients is Dave most
likely to consume in insufficient amounts? 
A. Sodium, potassium, iron, and vitamin C
B. Calcium, fiber, protein, and vitamin D

Vit. A 10%, Vit. C 50%, Calcium 25%, Iron 25%, Vit. D 10%, Vit. E 50%, Vit. K 25%,
Thiamin (B1) 10%, Riboflavin (B2) 15%, Niacin (B3) 15%, Vit. B6 20%, Folate 20%,
Vit. B12 15%, Biotin 10%, Pantothenic Acid 20%, Phosphorus 10%, Iodine 10%,
Magnesium 10%, Zinc 10%, Selenium 10%, Copper 15%, Manganese 10%, 
Chromium 4%

Nutrition Facts

Serv. Size 1 Bar (68g)
Calories 240
Calories from Fat 50

*Percent Daily 
Values (DV) are 
based on a 
2,000 calorie diet.

Amount/Serving % DV* % DV* % DV*Amount/Serving Amount/Serving

Total Fat 6g
Sat. Fat 2.5g
Trans. Fat 0g

Cholest. 0mg

9%
13%

0%

8%
5%

14%
20% 20%

Sodium 180mg
Potassium 180mg
Total Cab. 43g

Dietary Fiber 5g

Insoluble Fiber 2g
Sugars 22g
Other Carb. 16g

Protein 10g
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A. Total calories: 240, percentage of calories
from fat: 20; percentage of calories from
protein: 16; percentage of calories from car-
bohydrates: 70

B. Total calories: 265, percentage of calories
from fat: 20, percentage of calories from
protein: 15; percentage of calories from car-
bohydrates: 65

C. Total calories: 265, percentage of calories
from fat: 20; percentage of calories from
protein: 16; percentage of calories from car-
bohydrates: 70

D. Total calories: 240, percentage of calories
from fat: 20; percentage of calories from
protein 15; percentage of calories from car-
bohydrates: 65

7. Based on the nutrition label shown in question
6, this sports bar is an excellent source of
which nutrients?
A. Calcium, iron, dietary fiber
B. Fat, carbohydrate, potassium
C. Calcium, iron, zinc
D. Vitamin C, vitamin E, and vitamin A

8. How long can you leave leftovers out of the re-
frigerator before microorganism growth may
become high enough to cause infection?
A. 2 hours
B. 3 hours
C. 4 hours
D. 5 hours

9. What is the best treatment for most foodborne
illnesses that cause multiple bouts of diarrhea
and/or vomiting?
A. Antibiotics
B. Rest

C. Rehydration
D. Over-the-counter medicine

10. You are the coach of a little league baseball
team. The local ice cream shop is your team
sponsor. As a perk they offer free ice cream
cones for the whole team for every game that
your team wins. While you are grateful for
their support, you wish that the kids weren’t
rewarded with unhealthy food and wish in-
stead that healthy snacks were provided for the
team. After talking with several of the other
coaches, you learn that their team sponsors are
mostly fast-food restaurants that provide free
meal coupons for the kids. What should you do
to help the children to have healthier snacks
and reduce incentives to eat unhealthy foods?
A. Tell the ice cream shop to stop providing the

free ice cream cones because it is contribut-
ing to the childhood obesity epidemic.

B. Ask the little league leadership to ban food
rewards and incentives effective immedi-
ately, as these practices promote an un-
healthy relationship with food.

C. Ask the little league leadership to stop ac-
cepting sponsorship from food companies,
as it unduly influences eating preferences 
in kids.

D. Ask other coaches, parents, and little league
leadership to join a coalition whose goal is
to explore the best ways to promote healthy
nutrition for the players.
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Case 1: Brian, the High School Basketball Player

My Daily Food Plan

GRAINS
10 ounces

Make half your 

grains whole

Aim for at least 
5 ounces

of whole grains a day

VEGETABLES
4 cups

Vary your veggies

Aim for these amounts
each week:

Dark green veggies

= 2 1/2 cups

Red & orange veggies

= 7 1/2 cups

Beans & peas

= 3 cups

Starchy veggies

= 8 cups

Other veggies

= 7 cups

FRUITS
2 1/2 cups

Focus on fruits

Eat a variety of fruit

Choose whole or cut-up
fruits more often than 
fruit juice

DAIRY
3 cups

Get your calcium-rich

foods

Drink fat-free or low-fat (1%)
milk, for the same amount of
calcium and other nutrients
as whole milk, but less fat
and Calories

Select fat-free or low-fat
yogurt and cheese, or try
calcium-fortified soy products

PROTEIN FOODS
7 ounces

Go lean with protein

Twice a week, make seafood
the protein on your plate

Vary your protein routine—
choose beans, peas, nuts, 
and seeds more often

Keep meat and poultry
portions small and lean

Based on the information you provided, this is your daily recommended amount for each food group.

Find your balance between food and physical activity

Be physically active for at least 150 minutes each week.

Know your limits on fats, sugars, and sodium

Your allowance for oils is 11 teaspoons a day.
Limit Calories from solid fats and added sugars to 600 Calories a day.
Reduce sodium intake to less than 2300 mg a day.

Your results are based on a 3200 Calorie pattern. Name: ______________________________________________________________

This Calorie level is only an estimate of your needs. Monitor your body weight to see if you need to adjust your Calorie intake.

Brian’s mom has asked you to help them figure out
how to convert this recommendation into a reasonable
eating plan.*

1. Put together a potential 1-day eating plan for
Brian that fulfills the nutritional needs described
above. Include breakfast, lunch, dinner, and two
snacks. (Note: You can divide the Daily Food Plan
into food groups and don’t necessarily have to list
specific food items. For example, breakfast might
be 2 ounces of grains, 1 cup of fruit, and 1 cup of 
dairy.) 
Breakfast:
Snack:
Lunch:

Brian is a 15-year-old high school basketball player. He
is 6′2″ and 180 pounds. His mom feels that he needs to

Snack:
Dinner:

What was the most difficult component to developing
Brian’s eating plan? What special considerations would
you need to keep in mind in helping to develop an eat-
ing plan for a competitive athlete?
2. Brian’s mom reports to you that she is having a

difficult time getting Brian to cut out the fast
foods and eat an overall healthier and more bal-
anced diet. What strategies might you suggest to
help her?

3. Apply the social-ecological model to describe a
potential large-scale environmental change that
could make it easier for Brian to eat healthier.

eat a better diet. She goes to the choosemyplate.gov
website and prints out his ideal eating plan: 

*Note: This activity is intended to explore concepts from the chapter. Meal planning is outside the scope of practice
of a non-registered dietitian or licensed nutritionist.
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Case 2: Adele, the Active
Octogenarian
Adele is an 85-year-old woman who is relatively new to
physical activity. After her husband died last year she
committed to a fitness program to help her maintain her
independence. She participates in water fitness classes 
5 days per week, weight trains with a personal trainer 
2 hours per week, and attends yoga for 1 hour 2 days per
week. Her doctor recently diagnosed her with hyperten-
sion and told her that she needs to eat a DASH diet. 
1. Put together a potential 1-day eating plan for

Adele based on the DASH diet described in 
Table 5-2. More detailed information about 
the DASH diet can be found at www.nhlbi.nih.gov/
health/health-topics/topics/dash/followdash
.html#footnotea and www.nhlbi.nih.gov/health/
public/heart/hbp/dash/new_dash.pdf.
Breakfast:
Snack:
Lunch:
Snack:
Dinner:

The eating plan shown in Table 5-2 is based on 
a 2,000-calorie diet. Adele tells you that she thinks
that this will be far too much food for her. How 
might you advise her to modify the plan? Refer to
Table 5-1. 
2. How is the DASH Diet similar to the MyPlate 

eating plan? How is it different?
3. Adele tells you that she sometimes has a difficult

time eating all of the leftovers before they go bad.
She asks you how long she can keep leftovers in the
refrigerator. In addition to answering this question,
you decide to discuss overall food safety with her.
What do you tell her? (Cover the highlights as if you
are having a conversation with Adele; i.e., use lay
terms and more simple terms.)

TRAIN YOURSELF
1. Go to supertracker.usda.gov and input your de-

mographic information to receive an individual-
ized meal plan based on the Dietary Guidelines
for Americans. Develop an ideal 1-day meal plan
divided among your typical meals and snacks.

2. Keep a record of all of the food and drink you con-
sume for a 24-hour period on a typical day. Then,

input this information into Supertracker for a 
summary of how your diet compares to your 
ideal diet.

3. How is your ideal MyPlate plan different from
your typical eating habits? What are some barriers
you experience in trying to eat according to the
MyPlate guidelines? What are some strategies 
you could try to improve your eating habits? 
What are some large-scale policy strategies that, 
if implemented, would make it easier for you to
eat healthier?
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K E Y  T E R M S

6.3 Explain how energy is stored in the skeletal muscles

and other tissues, and how other nutrients are deliv-

ered via the digestion and absorption system.

6.4 Apply energy metabolism to design of nutrition

strategies for active individuals and populations.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

6.1 Trace the pathway of a food starting with consump-

tion and ending with usable energy. 

6.2 Outline the metabolic pathways including the 

phosphagen system, anaerobic glycolysis, aerobic

glycolysis, and fatty acid oxidation as they relate 

to exercise performance.

aerobic respiration The 10-step metabolic process 
of breaking glucose down to intermediate pyruvate,
which is converted to acetyl-CoA and enters the 
citric acid cycle. Occurs in the mitochondria and 
cytoplasm in the presence of oxygen; produces a
net 36 ATP.

anaerobic respiration The 10-step metabolic process 
of breaking glucose down to intermediate pyruvate
and then lactic acid; occurs in the cytoplasm of cells;
produces a net 2 ATP.

anaerobic threshold Point in exercise when lactate 
accumulation begins. Also known as lactate threshold
or ventilatory threshold.

beta oxidation The process in which carbon fragments
are removed from the fatty acid. These carbon mole-
cules produce acetyl CoA, which enters the citric acid
cycle and electron transport chain.

bioenergetics The process of studying the capture, 
conversion, and use of energy from ATP.

cardiac output (Q) The volume of blood pumped
through the heart per minute (mL blood/min); 
calculated as stroke volume (mL blood/beat) × heart
rate (beat/min).

citric acid cycle A metabolic pathway involved in the
chemical conversion of carbohydrates, fats, and 
proteins into carbon dioxide and water to generate a
form of usable energy. Also known as Krebs cycle and
tricarboxylic acid cycle.

creatine phosphate An important source of stored 
energy; its breakdown to creatine plus a high-energy
phosphate can rapidly fuel the first 5 to 10 seconds 
of exercise.

cross-bridge cycle The process whereby a series of 
molecular actions cause myosin and actin to interact
and produce muscle contraction.  

electron-transport chain The process of stripping
NADH and FADH of their hydrogen molecules
through a series of chemical reduction-oxidation 
reactions, which ultimately powers the conversion

of ADP plus Pi to ATP and provides energy to the
working cell.

excess post-exercise oxygen consumption (EPOC)
The elevated oxygen consumption after high-intensity
exercise has stopped. 

flavin adenine dinucleotide (FADH) A hydrogen-
carrying molecule that enters the electron transport
chain to produce 2 ATPs per molecule of FADH.

gluconeogenesis The production of glucose from 
precursors in the liver.

glycolysis The process through which glucose is 
converted to pyruvate.

Krebs cycle See citric acid cycle.
lactate A salt of lactic acid produced in the body. 
lactate threshold Point in exercise when lactate accu-

mulation begins. Also known as anaerobic threshold or
ventilatory threshold.

lactic acid A metabolic byproduct of anaerobic glucose
metabolism.

lipogenesis The production of fat from excess carbohy-
drate, protein, or fat that is consumed beyond what
the body immediately can use for energy, structural
support, or glycogen storage.

mitochondria Organelles known as the “power plant” 
of the body’s cells; the location where most ATP 
production occurs.

nicotinamide adenine dinucleotide (NADH) A 
hydrogen-carrying molecule that enters the electron
transport chain to produce 3 ATPs per molecule of
NADH.

oxidative phosphorylation Process in which energy
from electrons passed through the electron transport
chain is captured and stored to produce ATP.

oxygen-carrying capacity The body’s ability to get 
the oxygen that is breathed in from the environment
into the lungs and bloodstream; affected by two
main factors: (1) the ability to adequately ventilate 
the alveoli in the lungs, and (2) hemoglobin concen-
tration in the blood. 

115
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oxygen deficit Oxygen shortage in cells that occurs
with anaerobic activity. 

oxygen delivery The ability of the body to transport
oxygen from the lungs to the mitochondria of the
working cells; the amount delivered is a function of
cardiac output.

oxygen extraction The ability to transfer oxygen from
the blood to the working muscle cells.

pharynx The portion of the respiratory system extend-
ing from the base of the skull to the tip of the larynx
and esophagus (the throat).

phosphagen system The energy system used when
there is an immediate energy need, generally within
the first 5 to 10 seconds of exercise. Utilizes creatine
phosphate to produce ATP.

respiratory quotient (RQ) The amount of carbon diox-
ide, the end product of metabolism, produced by the
body divided by the amount of oxygen consumed.
Also called respiratory exchange ratio.

SAID principle Stands for “specific adaptation to 
imposed demands”; a training principle which de-
scribes that when the body is placed under stress 
it starts to make adaptations to improve the body’s
functioning in the future when it experiences that
same stress.

stroke volume The amount of blood pumped out of
the heart with each heart beat.

triacylglycerols Stored triglycerides (fats); compound con-
sisting of three fatty acids and one glycerol molecule.

tricarboxylic acid cycle See citric acid cycle.
urea cycle A complex metabolic system that removes 

nitrogen from organic compounds and prepares the
remaining nitrogenous structure (urea) for excretion 
in urine.

ventilatory threshold Point in exercise when lactate 
accumulation begins. Also known as anaerobic
threshold or lactate threshold.

VO2 max A measure of maximal oxygen uptake; liters 
of O2 consumed per kilogram of body weight per
minute.

CALCULATIONS
Cardiac output (Q) = heart rate (HR) × stroke 

volume (SV)

VO2 = cardiac output × avO2 difference

VO2 max = Q (CaO2 (arterial oxygen content) 2 CvO2

(venous oxygen content))

INTRODUCTION

Kate is a 22-year-old recreational athlete. Marathon
season is underway and Kate is intensifying her train-
ing in hopes of qualifying for the Boston Marathon.
Kate has finished three marathons, but despite her
best efforts she has yet to finish in the Boston-quali-
fying time of 3 hours 35 minutes. Her current per-
sonal record is 4 hours. With her prior training she
focused exclusively on physical training and made no
changes to her diet or eating habits. This time around,
Kate wonders if application of basic sports nutrition
principles might help shave 25 minutes off of her
marathon time and give her the energy she needs to
train for peak performance. In anticipation of a major
dietary overhaul, she sets out to understand the re-
lationship between sports nutrition and peak per-
formance.

Most people understand eating a healthful diet is
good for their bodies. However, what may be harder to
comprehend is why certain foods are considered
healthier than others or how different food groups
work differently in the body. For instance, how does
protein help build muscles, or why are carbohydrates
the best energy source for endurance training?

By understanding the basics of nutrition, digestion, and
absorption, the health professional will be better able 
to explain nutrition recommendations and suggestions,

and answer questions clearly and with certainty for ac-
tive individuals. This chapter focuses on nutrient diges-
tion and absorption, and how consumption of food
ultimately results in usable energy for the body. Fur-
ther, metabolic systems such as the phosphagen sys-
tem, anaerobic and aerobic glycolysis, and fatty acid
oxidation as it relates to exercise performance, are 
explained. The foundation of biology, chemistry, bio-
chemistry, and physiology will help the health pro-
fessional to develop nutrition strategies for active
individuals and populations.

THE DIGESTIVE SYSTEM

In addition to oxygen, which enters the body through
the lungs and is transported to the cells of the body, the
cells need a constant supply of nutrients to provide en-
ergy and perform metabolic functions. This energy can
be obtained either from stored nutrients (e.g., stored fat,
calcium from bones, glycogen) or from the breakdown
of food through the digestive system. As discussed in
earlier chapters, the gastrointestinal tract forms a long
hollow tube from mouth to anus where digestion and
absorption occur. It is made up of the mouth, esopha-
gus, stomach, small intestine, large intestine, liver, gall-
bladder, and pancreas (see Fig. 1-1). With the first bite
of food, the saliva and its digestive enzymes begin to 
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digest and moisten the food. With swallowing, the food
passes through the pharynx to enter the esophagus
(the epiglottis prevents food from entering the trachea).
Muscles in the esophagus push food to the stomach
through a wave-like motion called peristalsis. The stom-
ach mixes up the food, liquids, and its digestive juices
to break food down into absorbable nutrients and en-
ergy. Next, the stomach empties its contents into the
small intestine. The amount of time it takes for gastric
emptying depends on the type of food (carbohydrates
are emptied the fastest, followed by protein and then
fat), amount of muscle action of the stomach and the
receiving small intestine, and such factors as the
amount of liquid versus solids (liquids empty rapidly,
while solids stay longer in the stomach) and the gastric
volume (increased food volume increases gastric emp-
tying). In general, for the typical adult 10% of food will
pass from the stomach to the small intestine in 1 hour,
40% in 2 hours, and 90% by 4 hours. 

The small intestine, specifically the duodenum (the
almost foot-long first portion of the small intestine), is
the site of the majority of food digestion. Pancreatic di-
gestive juices and bile produced in the liver and stored
in the gallbladder help the duodenum digest the food
into chyme, which then passes to the jejunum and
ileum, the second and third portions of the small intes-
tine, respectively, that comprise about 20 feet of small
intestine. This is where most of the nutrients from the
food are absorbed. The nutrients cross the intestinal
brush border, a membrane ideal for absorbing large
amounts of nutrients due to its numerous tiny finger-
like projections (villi), and are absorbed into the blood-
stream. This blood gets fast-tracked directly to the liver
(known as portal circulation) for processing and distri-
bution of nutrients to the rest of the body. Food spends
about 1 to 4 hours in the small intestine.

The waste and indigestibles (such as fiber) leftover in
the small intestine are passed through the ileocecal valve
to the 5-foot long large intestine. Here a few minerals and
a lot of water are reabsorbed into the blood. As more
water gets reabsorbed, the waste passing through the
colon portion of the large intestine becomes firmer until
it is finally excreted as solid waste from the rectum and
anus. Food can stay in the large intestine from hours to
days. Total transit time from mouth to anus usually takes
anywhere from 18 to 72 hours, thus what’s considered to
be a “normal” frequency of bowel movements can range
from three times daily to once every 3 days or more.

S P E E D  B U M P
1. Outline the basic anatomy of the digestive system.

FUNDAMENTALS OF THE NUTRITIONAL
BIOCHEMISTRY OF EXERCISE

A foundational understanding of nutritional biochemistry
helps to make sense of the body’s response to exercise and
how to best fuel the body for peak athletic performance. 

Fuel Utilization During Exercise

The basic principle is simple: food gives us energy to
exercise. Glucose is the preferred energy source,
which is delivered by the blood to the working cells.
These cells break down the glucose to carbon dioxide
and water, releasing usable energy—adenosine
triphosphate (ATP)—which biochemically is an adeno-
sine molecule joined with three phosphate molecules.
The energy produced from the breakdown of ATP
fuels metabolism, muscle contraction, heart pumping,
and the myriad other demands required to maintain
exercise performance. The process of studying the
capture, conversion, and use of energy is known as
bioenergetics.

ATP and Creatine Phosphate

ATP is used for all processes that require energy, includ-
ing fueling muscle contraction. Muscle cells are made
up of many proteins, including two contractile pro-
teins, actin and myosin. Together these proteins allow
for the muscle shortening and force that occurs with a
muscle contraction. The following steps occur when a
muscle contracts:

Step 1: Neuron action potential arrives at the end
of the motor neuron. This stimulates release of
acetylcholine (ACh), a neurotransmitter.

Step 2: ACh binds to receptors on the motor end
plate, which creates an action potential.  

Step 3: Calcium is released from the sarcoplasmic
reticulum. 

Step 4: Calcium binds to troponin.
Step 5: Troponin changes shape and tropomyosin

shifts to expose binding sites of actin.
Step 6: During the cross-bridge cycle, ATP binds

to myosin and is hydrolyzed to adenosine-
diphosphate (ADP) and inorganic phosphate (Pi).
The activated myosin head binds to actin, creat-
ing a cross bridge, and Pi is released (Fig. 6-1). 

Step 7: ADP is released and the myosin head piv-
ots, pulling the actin toward the center; the
muscle is contracting.

Step 8: ATP molecules bind to the myosin head,
detaching it from the actin, and the cross bridge
is broken. 

There is only a limited amount of stored ATP to fuel
muscle contraction, approximately 3 seconds' worth.
Shortly after the onset of vigorous exercise as the stored
ATP is depleted, the ADP byproduct of ATP catabolism
combines with creatine phosphate (CP), a high-
energy phosphate compound, to produce more ATP
(Fig. 6-2). This one-step reaction does not require 
oxygen, making the phosphagen system a source of
immediate energy. The concentration of creatine phos-
phate stored in the muscle is five times that of stored
ATP. Energy from stored ATP and stored creatine phos-
phate is enough to fuel about 5 to 10 seconds of an in-
tense athletic effort, such as sprinting for 100 meters.
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Myosin head is bound with ADP and high
energy phosphate. Calcium binds troponin on
actin mylofilament, exposing the myosin binding site

1

Myosin head forms cross bridge with
actin filament

2New ATP molecule joins myosin head,
causing it to separate from actin filament.
ATP is hydrolyzed to ADP � inorganic
phosphate
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ADP and inorganic phosphate are released
and the myosin head bends and pivots as it
propels actin myofilament

3

Cross-bridge
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Figure 6-1. Muscle contraction
and ATP.

Figure 6-2. The phosphagen system. CP 
donates its phosphate molecule to ADP in
the presence of an enzyme called creatine
phosphokinase (CPK) or creatine kinase (CK)
to form ATP.
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Glycolysis System

While the body can fuel 5 to 10 seconds of exercise with
stored ATP and creatine phosphate, these energy sources
are just temporary supplies while the metabolic machin-
ery revs up to metabolize glucose readily available in the

bloodstream and make more glucose available through
the breakdown of glycogen, a long chain of glucose
molecules. 

Through glycogenolysis, glycogen is broken down
into single glucose molecules. The glucose is con-
verted to pyruvate during glycolysis, then the cell uses
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anaerobic respiration, which involves a 10-step process
to convert pyruvate to ATP and lactic acid (Fig. 6-3). The
muscles release lactate, the salt of lactic acid found in
the body, into the bloodstream, and it is oxidized to pro-
duce more energy. 

Glycolysis produces 4 ATPs and 2 hydrogen-carrying
molecules, nicotinamide adenine dinucleotide
(NADH); however, 2 ATPs are used during the glycol-
ysis process, resulting in a net of 2 ATP and 2 NADH
for each glucose molecule. The process of glycolysis
does not require oxygen and is the predominant en-
ergy-producing system for intense exercises lasting
about 1 to 3 minutes. For example, glycolysis would
provide energy for someone swimming 400 meters be-
tween 1 and 3 minutes (for more on this, see the dis-
cussion of VO2 max later in the chapter).

Glucose is the body’s preferred energy source, thus
athletes are well-served to have a continual and ready
supply of glucose available to fuel exercise. One key way
to do this is through optimization of glycogen stores. Ap-
proximately 90 grams, or 360 calories, can be stored in

the liver and 150 grams, or 600 calories, can be accu-
mulated in the muscles. However, with physical training
muscle glycogen storage can increase by fivefold. Car-
bohydrate loading also increases glycogen stores (see
Chapter 7); however, glycogen contains water mole-
cules, which are large and bulky, making long-term
boosts in glycogen storage impossible. What happens
then if a person continues to consume more carbohy-
drates than the body can either use or store? The body
converts the extra glucose into fat for long-term storage.

Aerobic Respiration

For those who are exercising longer than several min-
utes, the body must rely on the breakdown of carbo-
hydrates, fat, and sometimes protein to supply a
continued source of ATP. Exercise triggers a cascade of
reactions that direct each of the body’s systems to help
optimize nutrient and oxygen delivery to the working
muscle cells. The heart beats faster and pushes out
more blood with each beat to deliver more oxygen and
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Figure 6-3. Glycogenolysis and glycolysis.
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nutrients to working cells. Respiratory rate increases to
ensure optimal amounts of oxygen are available. The
digestive system slows in an effort to help divert blood
flow to working muscles. The endocrine system re-
leases more epinephrine, norepinephrine, and cortisol
as part of the nervous system’s activation of the sym-
pathetic system. Metabolic activity increases in the
working muscles. 

The increased metabolic activity in the muscle cells
ensures the nutrients are broken down into ATP
through the process of aerobic respiration, which oc-
curs in the mitochondria in the presence of oxygen.
Glucose is broken down into pyruvate, which in turn is
converted to acetyl CoA and enters the citric acid cycle. 

Oxygen and Nutrient Delivery

Oxygen-rich and nutrient-rich blood must be delivered
to the working cells to fuel ongoing activity. How well
the body is able to deliver these essential ingredients
(oxygen and nutrients) is a major determinant of ex-
ercise performance. The body’s ability to obtain oxygen
from the air inhaled into the lungs and transported to
the bloodstream is known as oxygen-carrying capac-
ity. Oxygen-carrying capacity is affected by two main
factors: (1) the ability to adequately ventilate the alve-
oli in the lungs, and (2) hemoglobin concentration in
the blood. Athletes who consume a diet with inade-
quate amounts of iron may suffer from iron-deficiency
anemia. Because iron is essential for the formation of
hemoglobin, athletes with iron-deficiency anemia will
suffer from reduced oxygen-carrying capacity and thus
decreased endurance performance. On the other hand,
athletes who have optimal dietary iron intake are less
likely to suffer from iron deficiency anemia or low 
hemoglobin levels (see Evaluating the Evidence). 

As oxygen and nutrients are delivered to the working
cells, the carbohydrates, protein, and/or fat (whether
from food intake or from stored glycogen in the liver,
adipose tissue, or other tissues) are broken down and
oxygen is utilized to provide a continual supply of ATP.

Oxygen delivery, which describes the ability of the
body to transport oxygen from the lungs to the work-
ing cells, is a function of the quantity of blood pumped
through the heart per minute (cardiac output). Car-
diac output is determined by the amount of blood
pumped with each heartbeat (stroke volume) and the
number of heartbeats per minute (heart rate). 

Cardiac output (Q) = stroke volume (SV) 
× heart rate (HR)

Cardiac output increases due to increases in both SV
and HR. HR typically increases with increased exercise
intensity in a linear fashion up to maximal levels. SV
increases with increased exercise intensity up until a
point (about 40% to 50% of VO2 max—more on this
concept later in this chapter) and then plateaus. Thus,
with increasing exercise intensity, more oxygen (and
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nutrients) are delivered to the working cells to provide
continuous replenishment of the ingredients necessary
to produce ATP. 

VO2 max, maximal oxygen uptake, is an indicator
of a person’s potential for aerobic endurance during
high-intensity exercise. It refers to the maximum
amount of oxygen an individual can use during intense
or maximal exercise. VO2 max is expressed as a num-
ber that reflects how many millimeters of oxygen are
used in 1 minute per kilogram of body weight or
ml/kg/min.

VO2 max = Q (CaO2 (arterial oxygen content) 
– CvO2 (venous oxygen content))

VO2 max is generally considered the best indicator of
a person’s cardiovascular fitness and aerobic endurance.
The theory is the more oxygen used during intense ex-
ercise the more ATP (energy) is produced. Typically, elite
endurance athletes have very high VO2 max levels. Nu-
merous studies have shown VO2 max can be increased
by working out at an intensity that raises the heart rate
to between 65% and 85% of its maximum for at least
20 minutes, three to five times a week.1

VO2 should not be confused with lactate threshold
(or anaerobic threshold or ventilatory threshold),
which refers to the intense, exhaustive exercise that
causes lactate to accumulate in the muscles.  

The Metabolic Pathway (Aerobic Glycolysis)

As glucose is delivered to the working cell, it is broken
down into pyruvate. However, now instead of the
pyruvate being broken down into lactic acid, as in the
case of glycolysis, the pyruvate is converted to acetyl-
CoA. The acetyl-CoA passes to the mitochondria and
enters the citric acid cycle (also known as the Krebs
cycle and the tricarboxylic acid cycle; Fig. 6-4). Through
this pathway, each glucose molecule produces 2 ATP
along with 8 NADH and 2 flavin adenine dinu-
cleotide (FADH), and 6 CO2. NADH and FADH,
which are hydrogen-carrying molecules, go on to the
electron-transport chain, where they are stripped of
their hydrogen and pass through a series of reactions
until the energy from electrons is captured and stored
to produce 28 ATP molecules through oxidative phos-
phorylation (Fig. 6-5). The citric acid cycle and oxida-
tive phosphorylation occur in the mitochondria. 

Lipolysis and Fatty Acid Oxidation

When exercise continues for more than 20 minutes, fat
becomes the predominant fuel. To get energy from fat,
triacylglycerols (stored triglycerides) must first be bro-
ken down through the process of lipolysis into glycerol
plus three fatty acids. The fatty acids are then carried 
by albumin through the bloodstream to the working
cells. Fatty acids enter the mitochondria where they are 
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broken down to acetyl CoA and hydrogen through beta
oxidation. The process of beta oxidation produces
NADH and FADH, which enter the electron transport
chain to make more ATP. The acetyl-CoA enters into the
citric acid cycle to form carbon dioxide and ATP. Note
that carbohydrate availability is essential to support
lipolysis as glycolysis serves to “drive” the citric acid
cycle, the metabolic process largely responsible for the
conversion of fat to ATP. Depending on the size of the
fatty acid, a fatty acid molecule can produce up to 147
ATP. For example, palmitic acid has 16 carbons and can
produce 130 ATP (Fig. 6-6). 

Fatty acid oxidation provides a nearly limitless
supply of ATP. Stored fat contains anywhere from

50,000 to 100,000 calories of potential energy stored
in adipocytes and 3,000 calories stored as intramus-
cular triacylglycerols. This process takes upward of 
20 minutes to mobilize the fatty acids and break 
them down.

Importantly, fats can provide energy for the working
muscle cells, but they are not a useful source of energy
for the brain or red blood cells, which rely exclusively
on glucose for energy. Fat cannot be converted to glu-
cose and cannot be metabolized unless some carbohy-
drate and oxygen is available. Thus, muscle glycogen
and blood glucose availability are limiting factors in
athletic performance, regardless of intensity or dura-
tion (Table 6-1).

EVALUATING THE EVIDENCE

What Variables Predict Endurance Performance?

Endurance performance depends upon the interplay between oxygen-carrying capacity, oxygen delivery, and 
oxygen extraction. But to what extent does each variable predict endurance performance? The following study 
of 16 competitive cyclists (1 female, 15 males, ages 29 years ± 6 years) sought to answer that question by isolating 
the most important physiological determinants of endurance performance in highly trained endurance athletes.
This is the study abstract:

Human endurance performance can be predicted from maximal oxygen consumption (VO(2max)), lactate
threshold, and exercise efficiency. These physiological parameters, however, are not wholly exclusive from one 
another and their interplay is complex. Accordingly, we sought to identify more specific measurements explain-
ing the range of performance among athletes. Out of 150 separate variables we identified 10 principal factors 
responsible for hematological, cardiovascular, respiratory, musculoskeletal, and neurological variation in 16 highly
trained cyclists. These principal factors were then correlated with a 26-kilometer time trial and test of maximal
incremental power output. Average power output during the 26-kilometer time trial was attributed to, in order
of importance, oxidative phosphorylation capacity of the m. vastus lateralis (p = 0.0005), steady state submax-
imal blood lactate concentrations (p = 0.0017), and maximal leg oxygenation (O(2LEG)) (p = 0.0295), account-
ing for 78% of the variation in time trial performance. Variability in maximal power output, on the other hand,
was attributed to total body hemoglobin mass (Hb(mass); p = 0.0038), VO(2max) (p = 0.0213), and O(2LEG) 
(p = 0.0463). In conclusion: (1) skeletal muscle oxidative capacity is the primary predictor of time trial perform-
ance in highly trained cyclists; (2) the strongest predictor for maximal incremental power output is Hb(mass);
and (3) overall exercise performance (time trial performance + maximal incremental power output) correlates
most strongly to measures regarding the capability for oxygen transport, high VO(2max) and Hb(mass), in 
addition to measures of oxygen utilization, maximal oxidative phosphorylation, and electron transport system
capacities in the skeletal muscle.2

1. Describe the concepts of VO2 max, lactate threshold, and exercise efficiency in terms of oxygen-carrying 
capacity, oxygen delivery, and oxygen extraction.

2. A client asks you what factors are most important in determining endurance performance. Having just
read this article, you are excited to share the findings with your client. Summarize in lay terms the 
objective, design, results, and conclusions of this study.

3. Following are a list of several athletes. For each athlete, state whether or not the findings from this study
are directly applicable and why or why not:
a. A 22-year-old female lacrosse player
b. A 33-year-old male endurance cyclist
c. A 19-year-old male power lifter
d. A 50-year-old triathlete

4. In what ways might (or might not) the results of this study influence your approach to working with clients?
5. Based on the findings of this study, what nutritional strategies do you think might help boost athletic 

performance?
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Deamination and Protein as Energy

When endurance exercise or heavy training lasts
longer than 1 hour, and no carbohydrates have been
ingested, blood glucose levels begin to dwindle. After
1 to 3 hours of continuous moderate-intensity exer-
cise muscle glycogen stores may become depleted.

When this happens, protein can be broken down 
to produce energy. The amino acids undergo deami-
nation (nitrogen removal) through the urea cycle
in the liver. The glucogenic amino acids may then 
either be converted to glucose through gluconeoge-
nesis or may enter the citric acid cycle to form 
ATP (Fig. 6-7). Ketogenic amino acids cannot be used
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Table 6-1. The Energy Systems
ENERGY SYSTEM SUBSTRATE LIMITATION TO PRODUCE ATP PRIMARY USE

Anaerobic

Phosphagen

Anaerobic 
glycolysis

Aerobic

Aerobic 
glycolysis 

Fatty acid 
oxidation

High-intensity, short-duration
activities; less than 10 seconds
to fatigue

High-intensity, short-duration
activities; 1 to 3 minutes to 
fatigue

Long-duration, subanaerobic
threshold activities; longer
than 3 minutes to fatigue

Long-duration, lower inten-
sity activities; longer than 
20 minutes to fatigue

Muscle stores very little CP
and ATP 

Lactic acid forms and disasso-
ciates into lactate, which can
be used as fuel by muscles,
and hydrogen 

Depletion of muscle glycogen

Depletion of muscle glycogen
and blood glucose

Creatine phosphate
(CP) and stored ATP

Glucose and glycogen 

Glucose and glycogen 

Fatty acids

to make glucose but can be converted to acetyl-
CoA and enter the citric acid cycle or be converted
to fat.

While protein can be used for energy or to produce
glucose, this situation is not ideal, as the majority of the

amino acids come from the breakdown of muscle. To
avoid muscle wasting, athletes need to ensure adequate
carbohydrate intake to fuel exercise and assure a con-
tinual glucose energy supply (Fig. 6-8 and Communi-
cation Strategies).

Figure 6-6. Lipolysis and fatty acid oxidation.
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Figure 6-7. Gluconeogenesis and protein as energy.
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COMMUNICATION STRATEGIES

Adult Learning Theory

Your instructor has asked you to give a 10-minute presentation to your sports nutrition classmates choosing one 
of the following three prompts (or she says that you can come up with one of your own, based on the chapter’s
content):

1. Outline the pathway of a nutrition bar that is consumed 30 minutes prior to a 10-mile endurance run.
2. Describe the energy systems in use during the beginning, middle, and end of a 4-hour bike ride.
3. Describe what happens to a high-carbohydrate meal eaten 30 minutes after a strenuous endurance

workout. What happens if the athlete keeps eating? Outline the metabolic pathways in use.
While preparing your presentation, you run into a friend who is working on a doctorate in education. She sug-

gests that you familiarize yourself with “adult learning theory” in order for your presentation to be most useful for
your classmates. In doing so, you learn that this theory is based on the following six premises:3

• Adults prefer to be independent and self-directed in learning experiences
• Adults prefer to learn in terms of practical applications to day-to-day life 
• Adults prefer active learning 
• Adult education should be appropriate to the adult learner’s readiness to learn and their need to know the

information
• Adult learning should be oriented toward performing tasks and solving problems 
• Adults need to know why they are learning the material

Class Activity
Working in groups of two, prepare a 10-minute learning session using one of the prompts above. Be sure to 
integrate adult learning theory into your approach. 

Lipogenesis

Any excess carbohydrate, protein, or fat that is consumed
beyond what the body can immediately use for energy,
structural support, or glycogen storage is converted to fat
and stored in adipocytes through lipogenesis (Fig. 6-9).
In this process, the pancreas releases insulin, which in-
duces an increased transport of glucose into adipose cells.

Here the glucose is converted to glycerol, which joins
with three free fatty acids to form triacylglycerols for stor-
age. The fatty acids are delivered to the adipose cell by
way of very low density lipoprotein (VLDL) from the
liver and chylomicrons from the bloodstream. Fatty acids
also may be produced from glucose by way of acetyl CoA,
a compound produced during aerobic glycolysis and the
main substrate for fatty acid synthesis.
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Glucose
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Figure 6-9. Lipogenesis
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S P E E D  B U M P  
2. Describe the pathway of a food starting with con-

sumption and digestion and ending with usable
energy. 

3. Describe the metabolic pathways including the
phosphagen system, anaerobic glycolysis, aerobic
glycolysis, and fatty acid oxidation.

A CASE EXAMPLE

Perhaps the easiest way to understand the nutritional
biochemistry of exercise is with an example. For pur-
poses of this chapter, the example is of a marathon
training program that incorporates long runs and
sprints. However, the principles apply to other sports.
The same energy systems that predominate during long
runs predominate during prolonged biking, swimming,
or hiking. Likewise, the main energy systems used dur-
ing a sprint are also used for weight lifting, speed train-
ing, and plyometrics. Also, while exercise intensity and
duration determine which energy system predomi-
nates, at no time does any single energy system provide 100% of
energy.

As described in the introduction, Kate is a 22-year-old
recreational athlete training for what she hopes will be
a Boston-qualifying marathon. Kate’s marathon train-
ing program consists mostly of long runs, but twice per
week she incorporates sprints into her program. De-
pending on her workout, her body relies on several
pathways to varying degrees. The pathways include
the phosphagen system, in which creatine is the en-
ergy source; anaerobic glycolysis and aerobic glycoly-
sis, where glucose provides energy; and fatty acid
oxidation, in which energy comes from the break-
down of fat. Approximately 10% of protein will be
burned as a result of these long runs.

Kate’s sprinting program consists of several rounds
of 400-yard sprints twice per week.  Let’s start by trac-
ing her body’s energy use through one of these
sprints:

1. Seconds 0 to 8. Upon starting an all-out physical
effort, stored ATP in the muscle is rapidly broken
down, releasing ADP, an inorganic phosphate
(Pi), and energy:

ADP combines with a high-energy phosphate
from stored creatine phosphate to produce more
ATP and more energy:
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Glucose Pyruvate Lactic Acid
Glycolysis

2 ATP

ATP ADP � Pi � Energy
Myosin ATPase

ADP � Creatine phosphate ATP � Creatine
Creatine kinase

This rapid energy allows for a high-intensity 
(> 85% of VO2 max) effort. By seconds 8 to 10 the
stored ATP and creatine phosphate are depleted. 

2. Seconds 8 to 120. Glycolysis is at full throttle.
The body is working on transporting as much
glucose as possible to working muscles. The most
readily available is glucose floating around in the
bloodstream from recently digested carbohydrate
and from glycogen stored in the muscle. Glucose
is rapidly broken down to produce 2 ATP mole-
cules per glucose molecule. Kate’s sprint is over.
Glycolysis:

3. Recovery. Kate is breathing heavily in an in-
voluntary effort to replenish her oxygen
deficit, the energy supplied to muscles anaer-
obically at the beginning of exercise. Oxygen
consumption slowly declines, but remains ele-
vated above resting level in what is known as
excess post-exercise oxygen consumption
(EPOC) (Fig. 6-10).

As Kate nears the peak of her training program,
her long runs get longer. This one is 18 miles. Unlike
the sprint sessions, at the beginning of this workout
she starts at a moderate intensity. As soon as aerobic
exercise begins, increased amounts of ATP are re-
quired. To meet this demand, Kate’s sympathetic
nervous system takes over and stimulates an increase
in cardiac output and the release of epinephrine and
norepinephrine, which prepare the body for in-
creased metabolic demands. Her initial fuel sources
are stored ATP, creatine phosphate, and glucose
through anaerobic glycolysis, but these are only pri-
mary energy sources for the first 1 to 3 minutes until
the aerobic glycolysis system is fully functional. Aer-
obic glycolysis takes longer to provide ATP because it
requires adequate oxygen and multiple systems are
working together to produce ATP. 

As Kate breathes in, the oxygen passes from nasal
passages to lungs to blood to the muscle cells. It takes
about 2 to 4 minutes until Kate’s body is able to reverse
the oxygen deficit and meet the increased metabolic
oxygen demands. During this time, the anaerobic en-
ergy systems fuel the workout. However, once the aer-
obic system is able to provide energy, a new level of
steady-state oxygen consumption is achieved. Aerobic
glycolysis breaks pyruvate down to carbon dioxide,
water, and NADH and FADH2. The hydrogen molecules
from NADH and FADH2 enter the electron transport
chain to produce energy through oxidative phosphory-
lation. Eventually, one molecule of glucose produces a
net total of 36 molecules of ATP. 

2955_Ch06_112-133  08/10/14  11:55 AM  Page 126



Chapter 6: Fundamentals of Exercise Physiology and Nutrition 127

O
xy

ge
n 

C
on

su
m

pt
io

n 
(V

O
2)

 L
/m

in

Level of oxygen at 
resting homeostasis

Oxygen
deficit

Instantaneous
requirement
for oxygen

New level of steady
state achieved (O2 supply

meets O2 demand)

Actual physiological
response

EPOC
(excess post-exercise
oxygen consumption)

Cessation of exerciseCommencement
of exercise

HR � SV � Cardiac output
Requirement for Oxygen

Respiratory ventilation
BP = Altered blood-flow distribution patterns

Note: HR = Heart rate; SV = Stroke volume; BP = Blood pressure

Figure 6-10. Oxygen consumption and exercise. From ACE Personal Trainer Manual: The Ultimate Resource for Fitness Professionals.
4th ed. Monterey, CA: Coaches Choice; 2010. Reprinted with permission. 

Glucose Pyruvate Acetyl CoA
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(Citric Acid)

Cycle

Electron transport
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phosphorylation

directly; NADH and FADH, the hydrogen atom
byproducts, are carried into the electron transport
chain to produce more ATP. A single fatty acid produces
147 ATP; therefore each triglyceride (three fatty
acids) produces 441 ATP from fatty acid oxidation

plus an additional 22 ATP from the breakdown of the
glycerol backbone of the triglyceride for a total of 
463 ATP. The increased ATP comes at a price—a
marked increase in the amount of oxygen required
per molecule of ATP produced. 

As the endurance run continues, both glucose and fatty
acids provide fuel for exercise. The proportion depends on
the intensity and duration of exercise and the athlete’s fit-
ness level. In general, the lower the intensity, the longer
the exercise, and the more fit the athlete, the more the
body develops a preference for fat as a fuel. However, im-
portantly, fat cannot be metabolized unless carbohydrate

is available. This illustrates the point that while exercise
intensity and duration determine which energy system
predominates, at no time does any single energy system provide
100% of energy. Table 6-1 highlights the capacity of each
system at varying exercise intensities and duration. 

If Kate wants to achieve her goal of qualifying for the
Boston Marathon she will have to integrate high-intensity

Triglyceride

� 22 ATP from gylcerol breakdown

3 Fatty acids 3 Acetyl CoA

463 ATP

Krebs
Cycle

Oxidative
phosphorylation

After approximately 20 minutes of moderate-
intensity aerobic exercise, fat becomes the predominant
energy source through fatty acid oxidation. Glycolysis
continues to break down carbohydrates, including

glucose, fructose, or galactose, to “drive” the Krebs
cycle. Triglycerides are broken down to three fatty
acids. Each fatty acid is broken down further to acetyl
CoA, which enters the Krebs, or citric acid, cycle 
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interval sessions into her aerobic workouts to help boost
her overall cardiovascular fitness. When she does sprints
she increases intensity beyond the capacity of the aero-
bic system to supply more energy. Because the aerobic
system is already working at full capacity, she has to ac-
tivate the anaerobic system to provide additional ATP. 

Once exercise has stopped, cardiac output, blood
pressure, and ventilation return to resting levels. Oxygen
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Myths and Misconceptions
Low-Intensity Exercise Is Best for
Weight and Fat Loss
The Myth 
You’ll lose more weight and body fat if you work
out in the lower intensity “fat-burning zone.”
Thus, you should work out at a lower intensity 
if you’re trying to get rid of excess body fat.

The Logic
Fat supplies a greater percentage of calories than
carbohydrate to fuel low-intensity exercise.  

The Science
While it is true that a larger percentage of calories
come from fat during low-intensity exercise, the
total energy burned from fat is about the same
whether a client works out at 25% of VO2 max
or 85% of VO2 max.4 The only difference, of
course, is that the client burns more total calories
at higher intensity exercise. Those calories just
come from carbohydrate rather than fat. But, 
ultimately, in order to lose weight it comes down
to total calories—it doesn’t matter whether they
come from carbohydrate or fat, the client needs
to expend more calories than are consumed. 

Fatty acid Glucose

Glycogen

Lactate LactateCO2 � H2O

ATP ATP

Glycogen

Gluconeo-
genesis

Glycolysis

Blood stream

Glucose

Glucose

Liver

Muscle

Figure 6-11. Glycogenesis.

consumption slowly declines, but remains elevated above
resting level. During this time, phosphagen stores are re-
plenished, remaining H+ is removed from the blood, and
the metabolic rate decreases. 

Carbohydrate consumption after a strenuous work-
out helps to replenish depleted glycogen stores. The
ingested carbohydrate is broken down into glucose.
This blood glucose is transported to liver and muscle
cells where it is converted to glycogen (blue arrows 
in Fig. 6-11). Any leftover lactate in the muscle 
or bloodstream can also be converted to glycogen. 
It first is transported to the liver then is used as a sub-
strate for gluconeogenesis (green arrows in Fig. 6-11).
This glucose is then converted to glycogen through
glycogenesis. 

S P E E D  B U M P  
4. Explain how energy is stored in the skeletal muscles

and other tissues.
5. Describe oxygen transport in exercise and training

(the respiratory and cardiovascular response to 
exercise).

EFFECT OF TRAINING

Both recreational and competitive athletes recognize
that the beginning of training is the most difficult, but
with persistence and patience the same run, amount of
weight, or training regimen becomes easier. This is be-
cause the body effectively adapts to stresses placed
upon it in what is known as the SAID principle (spe-
cific adaptation to imposed demands). For example,
with regular endurance training the same aerobic 
activity becomes easier. This is in part a result of 
increased cardiac output efficiency. Stroke volume 
increases while exercising heart rate decreases. As a 

2955_Ch06_112-133  08/10/14  11:55 AM  Page 128



result, in order to pump the same amount of blood to
the working tissues, the heart pumps harder but with
less frequency due to the increased left ventricle size.
Increased vascularity around muscle tissues increases
the ability to deliver oxygen to the tissues. Oxygen ex-
traction also increases as the number of oxidative en-
zymes and mitochondria increase in the muscle cells,
thus increasing the capacity for carbohydrate and fatty
acid metabolism. Moreover, the respiratory capacity
improves as the body improves its ability through
many factors such as enzymes, vasodilation, and 
increased stroke volume to deliver O2 to tissues. Res-
piratory quotient (RQ), or respiratory exchange
ratio, is the measurement between oxygen inhaled and
carbon dioxide eliminated. The formula is RQ = CO2
eliminated/O2 absorbed and is measured during a VO2
max test. The RQ helps determine the type of fuel
being used for energy. As the intensity of the test in-
creases, more carbohydrates (glycogen) are burned for
fuel. The RQ estimates how much of the energy came
from carbohydrates and how much from fat.

THE INTERRELATIONSHIP OF EXERCISE
PHYSIOLOGY AND NUTRITION

The nutritional choices an athlete makes play a large
role in athletic performance and overall fitness level.
At the cellular level, the available nutrients and oxy-
gen enter biochemical cycles to produce ATP, the
body’s usable energy source. At the systems level, an
athlete who would like to optimize endurance per-
formance would do well to eat a carefully planned
high-carbohydrate diet to enhance muscle glycogen
stores and the body’s ability to maintain a ready supply
of glucose for aerobic glycolysis. A strength athlete
needs to consume the right type of carbohydrates and
protein to optimize creatine stores and muscle rebuild-
ing and hypertrophy. Ultimately, exercise physiology
and deep understanding of human sports nutrition
empower athletes to accomplish their personal best.
(Keeping this in mind, track Kate’s progress in achieving her
Boston Marathon goal in the Practical Applications.)
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KEY POINTS SUMMARY
1. Glucose is the body’s preferred energy source. 

It is delivered to the working cells from either
the breakdown in the muscle or liver through
glycogenolysis or production from protein
through gluconeogenesis or from food. The ex-
ogenous sources must first pass through the
gastrointestinal system, be absorbed in the
small intestine, pass through the portal circula-
tion to the liver, and then pass into the systemic
bloodstream and track to the working muscles.

2. ATP is the body’s usable energy. It is stored in
miniscule quantities in the body’s muscle cells
and must otherwise be produced through the
phosphagen system, anaerobic glycolysis, aero-
bic glycolysis, or fatty acid oxidation.

3. The phosphagen system fuels high-intensity ac-
tivity lasting 5 to 10 seconds. The energy comes
from the breakdown of stored muscle creatine
phosphate and ATP.

4. Anaerobic glycolysis relies on breakdown of
glucose immediately available from the blood-
stream or muscle glycogen. The byproduct
pyruvate gets converted to lactic acid. This 
system, which occurs in the cell cytoplasm
without the presence of oxygen, provides the
predominant source of ATP for activities lasting
1 to 3 minutes.

5. Aerobic glycolysis relies on the complete break-
down of glucose. Pyruvate is further broken
down to acetyl-coA, which then enters the cit-
ric acid cycle. Aerobic glycolysis serves as the
primary energy system for activities lasting 3 to
20 minutes.

6. Fatty acid oxidation requires oxygen, but also
produces large amounts of ATP. Fatty acids are

oxidized to acetyl-CoA, which enters the citric
acid cycle. Fatty acid oxidation is the primary 
energy source for low-intensity activities and
those lasting longer than about 20 minutes. 
Importantly, for fatty acid oxidation to continue,
glucose is necessary. Thus, if muscle glycogen
stores are depleted, athletic performance will falter.

7. Protein is an energy source of last resort. In
times of starvation or when there is low glucose
availability, ketogenic amino acids can be con-
verted to acetyl-CoA to enter the citric acid cycle
while the glucogenic amino acids can be used to
produce glucose. Athletes should strive to avoid
the situation when protein is used as fuel since
the majority of the amino acids can come from
muscle tissue. This reinforces the concept of en-
suring there is adequate carbohydrate intake so
carbohydrates are the main source of energy.

8. At the onset of anaerobic exercise the body 
produces ATP. It takes the body about 2 to 
4 minutes to supply adequate oxygen to meet
the metabolic demands. This absence of oxygen
at the onset of exercise (oxygen deficit) leads 
to increased respiration at the end of exercise
(EPOC) as the body tries to make up for the
oxygen that wasn’t initially available. 

9. The point at which exercise intensity increases
beyond the body’s capacity to use oxygen for en-
ergy is known as the VO2 max. To increase VO2
max, an athlete needs to increase the capacity for
oxidation, such as through increased oxygen de-
livery and extraction. Each of these changes oc-
curs with continued aerobic exercise, especially
exercise that pushes the limits of ventilatory ca-
pacity. This is the reason why it is important to
integrate sprints and other high-intensity exer-
cise into an endurance training program.
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10. Any excess carbohydrate, protein, or fat 
consumed beyond what the body can imme-
diately use for energy, muscle building, or
glycogen storage will be converted to and
stored as fat.

11. Understanding and application of sports nutri-
tion enables an athlete to set the stage for opti-
mal athletic performance and accomplishment
of new personal bests.

PRACTICAL APPLICATIONS

1. What is the path oxygen follows to get from the
air to the working cells?
A. Right atrium, right ventricle, pulmonary ar-

tery, alveoli, pulmonary vein, capillaries, cell
B. Pulmonary artery, left atrium, left ventricle,

aorta, alveoli, capillaries, cell
C. Alveoli, right atrium, left atrium, left ventri-

cle, vena cava, capillaries, cell
D. Alveoli, pulmonary vein, left atrium, left 

ventricle, aorta, capillaries, cell

Choose from the following answer choices for
questions 2 to 4.

a. Stomach
b. Small intestine
c. Liver
d. Large intestine

2. Where does the majority of digestion occur? 

3. Where does the majority of absorption occur? 

4. Where does protein get converted to glucose? 

5. Jane ate an egg 4 hours prior to beginning a 
7-mile run. The amino acids absorbed from the
egg have just passed into the bloodstream. What
is the most likely pathway for the ketogenic
amino acids?
A. Delivery to muscle for storage
B. Delivery to fat for storage
C. Conversion to glucose for energy
D. Entry into an oxidative pathway for 

energy

Choose from the answer choices below in response
to questions 6 to 8.

a. Phosphagen system
b. Anaerobic glycolysis
c. Aerobic glycolysis
d. Fatty acid oxidation
e. Amino acid deamination

6. What is the primary energy system to fuel a 
plyometric jump squat? 

7. What is the primary energy system to fuel 
cycling at 70% of VO2 max for 15 minutes? 

8. What is the primary energy system to fuel a
sprint at 90% of VO2 max for 60 seconds? 

9. Your client is training for a 10K race. During
training he generally runs between 30 and 
45 minutes at 65% maximal VO2, but he
sprints the last 200 meters of his workout.
What are the main energy substrates used 
by your client during the sprint?
A. Amino acids, glucose, and glycogen
B. Creatine phosphate, amino acids, and fatty

acids
C. Glucose, glycogen, and fatty acids
D. Fatty acids, amino acids, and glucose

10. The capacity of which energy system is most
enhanced in response to a regular endurance
training program?
A. Phosphagen system
B. Aerobic glycolysis
C. Anaerobic glycolysis
D. Fatty acid oxidation

Case 1 Kate the Marathon
Runner
Kate is an experienced 22-year-old marathon runner
who is trying to qualify for the Boston Marathon. She 
is 5′6″ and 116 pounds. To qualify, she needs to shave
25 minutes off of her personal record (PR). She asks
you to help her develop a nutrition program that will
help her achieve her goal. The marathon is in 1 month.

Initial Assessment
1. What are some specific questions you could ask

Kate to increase your understanding of each of the
following objectives? How would her answers help
you in developing a nutrition program?
a. To determine the healthiness of her diet as well

as if she is consuming adequate calories to fuel
her workout

b. To understand what she eats before, during, and
after her runs 

c. To assess whether she has an understanding of
basic sports nutrition

d. To get a sense of how much she is working out

Areas for Improvement
2. As you work with Kate, you identify several poten-

tial areas of improvement. How would you help
her in each of these areas?
a. Kate routinely skips lunch. Most of her workouts

are in the early evening.
b. During Kate’s long runs (90 minutes or more) she

only drinks water. 
c. In previous races Kate did not change her nutritional

habits in the weeks preceding the marathons.
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Case 2 Eric the Recreational
Bodybuilder
Eric is a 31-year-old competitive bodybuilder. He 
participates in bodybuilding competitions in the fall
and trains the rest of the year. He is 5′11″ and weighs 
184 pounds. He currently is in summer training. He
asks you to review his current exercise and nutrition
plan and see if you can identify any areas for 
improvement.

Initial Assessment
On your initial intake you learn that Eric follows a well-
balanced periodized lifting program. He spends about
2 hours lifting weights 4 days per week. He also spends
about 45 minutes 3 days per week running. You also
learn that Eric eats a diet that is 40% carbohydrates,
30% protein, and 30% fat. 
1. Using the Internet or other reference materials,

look up the rationale behind why some athletes
follow the 40-30-30 diet.
a. Describe the rationale here.
b. Based on your understanding of the physiology

of sports nutrition, explain the problems or inac-
curacies with this rationale.

c. Identify a peer-reviewed journal article that ad-
dresses this topic. Summarize its findings.

2. How might you go about explaining to Eric your
findings in a way that he might understand and be
receptive to hearing?

Areas for Improvement
3. What are three changes Eric could make to his

eating plan to improve his athletic performance?

Applying the Physiology
Eric reveals to you that he has been taking creatine
supplementation to help build his body mass. 
4. How might this supplement increase his muscular

strength? What are some potential limitations?
What do you say when he asks you if you think he
should keep taking it?

Eric also shares that he drinks four 8-ounce glasses of
whey protein powder per day. 
5. Do you think that this is helping, hurting, or not 

affecting his muscular strength? Why?

Follow Up
You run into Eric in the midst of his competition season
and you notice that his muscle mass has drastically 
increased.
6. What are several possible explanations for how

Eric so significantly increased his muscle mass?
Briefly describe the physiology behind how each
of the explanations would occur.

TRAIN YOURSELF
Use the basic principles of exercise physiology and
sports nutrition to your advantage to improve your 
overall fitness and athletic performance.

Initial Assessment
Identify your current patterns with a 7-day physical 
activity and sports nutrition log.

1. List the physical activities, time of day, approxi-
mate intensity (low, moderate, high), duration of
activity, and primary energy system used. 

2. Record any meals or snacks you had in the 
4 hours preceding the exercise up until 4 hours
after exercise.

Areas for Improvement
3. Based on review of your activity log, what are

three changes you could make to your current 
exercise plan to improve your overall fitness and
athletic performance?

4. Based on your identified areas of improvement
and your current motivation, set a SMART 
(specific, measurable, attainable, relevant, and
time-bound) goal.

Applying the Physiology
5. What energy systems did you use for your physical ac-

tivities? Was one represented more than the others? 
6. What benefits might you gain from incorporating

other energy systems?

Applying the Physiology
3. Why would skipping lunch negatively affect Kate’s

exercise performance?
4. How might a strategic fueling plan during pro-

longed exercise sessions improve Kate’s speed?
5. What performance benefit could Kate get from

carbohydrate loading in the week leading up to
the marathon? 

Follow Up
Kate completes the marathon in 3:34:50. She thanks
you profusely for helping her to achieve her goal. 
6. What do you think are three important physiological

changes that enabled her to achieve this success?
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7. What are some specific exercises or activities you
could incorporate into your training regimen to
utilize these systems?

Follow Up
8. Based on your understanding of exercise physiol-

ogy and sports nutrition, and using the SMART
goal that you set above as your guide, draft an 
e-mail to your “future self” outlining a fitness goal
you hope to accomplish in the next 3 months.
Then, set up your e-mail program to automatically
send you that e-mail 3 months from today. Then,
when you’re least expecting, you’ll get a reminder
of what you had hoped to accomplish.

RESOURCES
Mahan LK, Raymond JL, and Escott-Stump S. Krause’s food, nutri-

tion, & diet therapy. 13th ed. Philadelphia: W.B. Saunders; 2011.
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K E Y  T E R M S

7.4  Explain the rationale behind “fat loading” and why

the method is not recommended.

7.5  Recognize the major goals of pre-exercise, exercise,

and post-exercise nutritional strategies.

7.6  List several strategies to optimize pre-exercise, 

during exercise, and post-exercise nutrition.

After studying this chapter, the reader should be able to:

7.1   Describe the pathway of glucose from food to fuel.

7.2  Explain the rationale and effectiveness of carbohydrate

loading.

7.3  List the roles of protein in endurance and resistance

training.

carbohydrate loading Eating pattern that consists of
increasing the amount of carbohydrates consumed
in the days leading up to an athletic endurance
event to maximize muscle and liver glycogen stores.
Typically, activity levels are decreased during this
time as well.

fat loading A strategy of progressively increasing percent-
age of fat intake to increase fatty acid oxidation and thus
preserve glycogen stores for prolonged exercise.

gluconeogenesis The production of glucose from 
precursors such as proteins or fats in the liver.

glycemic index A measurement of the amount of 
increase in blood sugar after eating particular foods.

glycogen A polysaccharide that is a highly branched
chain of glucose molecules. The chief carbohydrate
storage material in animals formed and stored in 
the liver and muscle.

hyperglycemia An abnormally high level of glucose
(sugar) in the blood (>100 mg/dL fasting).

hyperinsulinemia An abnormally high level of insulin 
in the blood. 

portal circulation Circulatory system that takes nutri-
ents directly from the stomach, small intestine, colon,
and spleen to the liver.

triacylglycerols Compound consisting of three fatty
acids and one glycerol molecule.

135

INTRODUCTION

Dennis Kimetto of Kenya holds the record for the
fastest recorded marathon with a 2 hour, 2 minute, and
57 second finish at the 2014 Berlin Marathon—that's
about 4 minutes and 42 seconds per mile, or 12.8 miles
per hour. These days, it’s not just elite runners who are
triumphantly finishing 26.2-mile runs. Recreational ath-
letes from teenagers to the elderly (the oldest finisher to
date was 100 years old) repeatedly accomplish the feat.
But the human body may not have been designed to run
such long distances. Legend has it that the first
marathoner was the Greek soldier Pheidippides, who
ran 25 miles to carry a message from the Battle of
Marathon to Athens. He reportedly collapsed and died
shortly after reaching his destination. While this story
may be part myth, the point is important—without ad-
equate preparation, including regular physical training
and good nutrition and hydration, the body is suscepti-
ble to overheating and breaking down. 

On the other hand, with appropriate training and
nutrition, the body can be trained to perform at high
levels under highly stressful conditions. For example,
in 2010 a Belgian man ran a marathon for every 
day of the year—365 marathons in as many days. 

Regardless of whether an athlete is preparing for a 10K
run, a century (100-mile) bike ride, or an Ironman dis-
tance triathlon (2.4-mile swim, 112-mile bike ride, and
a marathon run), or something in between, what he 
or she eats before, during, and after exercise plays an
important role in determining exercise comfort and
athletic performance.

THE ANATOMY AND PHYSIOLOGY 
OF EATING AND EXERCISE

Clients commonly ask what to eat before, during, or
after exercise. An avid early morning Spin class at-
tendee may want to know what to eat, if anything, be-
fore heading to the gym. A distance runner prone to
stomach cramping during long, strenuous runs may
ask for recommendations for less cramp-provoking
snacks. Or a triathlete who struggles to excel at his
evening swim on days when he did a morning training
bike ride may ask for guidance with his post-ride 
recovery snack. 

To provide sound information to these clients, it
helps to have a good understanding of how digestion
and nutrient absorption work, especially as it relates to

LEARNING OBJECTIVES
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exercise and the process of transforming food into en-
ergy to fuel exercise. 

Digestion and Absorption Review

From the moment a person even begins to think about
food, the body starts to release enzymes to help break
it down into its component parts: carbohydrates, pro-
tein, fat, water, vitamins, and minerals. The goal is to
free up the usable nutrients and energy for use by the
body and to get rid of the waste. The breakdown of the
macronutrients, including carbohydrates, protein, and
fat, provides the body with the energy to fuel exercise.
Foods that are high in carbohydrates are most rapidly
digested and absorbed. Foods that are high in fat take
much more time to digest and absorb, and the time 
required for high-protein-containing food lies some-
where in the middle.

Carbohydrates are a source of quick energy due to
their rapid transit time through the gastrointestinal
tract. It usually takes carbohydrates 1 to 4 hours to be
digested, absorbed, and stored as glycogen in muscle or
the liver. Once a carbohydrate is consumed, it passes
into the stomach and then the small intestine. Carbo-
hydrates can be ingested at a fairly high rate of about 
3 grams per minute before causing gastrointestinal
upset.1 The rate-limiting factor in the process of trans-
ferring glucose contained in food to usable energy to

fuel exercise is the rate of absorption of carbohydrate
from the small intestine into the portal circulation,
a special circulation in which blood passes directly from
the small intestine to the liver through the portal vein.
The maximal rate of carbohydrate absorption is 1.2 to
1.7 grams per minute.1 Carbohydrates that pass into
the liver may be stored as glycogen or passed into the
systemic circulation to provide energy to working mus-
cles and cells, depending on the body’s current meta-
bolic needs. 

Macronutrient Storage

In addition to the energy available from the breakdown
of foods consumed shortly before and during exercise,
the body also relies on stored energy to help fuel exer-
cise. Carbohydrates and fat are stored in the body so
they can be readily available when needed. When
metabolic demands increase, glucose-releasing en-
zymes free up stored glucose (glycogen) from muscle
and the liver. In the liver, glucose broken down from
the carbohydrates in food can join a pool with the
body’s stored glucose to pass from the liver into the sys-
temic circulation at a maximum of 1 gram per minute.
The glucose can then be taken up by muscle at a similar
rate (1 g/min) to be converted to adenosine triphos-
phate (ATP) to supply energy to fuel exercise (also 
occurring at a rate of about 1 g/min) (Fig. 7-1).1

ATP

GlycogenGlycogenGlycogen

GlucoseGlucoseGlucose

GlucoseGlucoseGlucose

GlucoseGlucoseGlucose

LacticLactic
acidacid

Lactic
acid

CarbohydrateCarbohydrate
ingestion rateingestion rate
�2.0 g/min2.0 g/min

Carbohydrate
ingestion rate
�2.0 g/min

0-1.0 g/min0-1.0 g/min0-1.0 g/min1.0 g/min1.0 g/min1.0 g/min

1.0 g/min

1.0 g/min
Bloodstream

Muscle

COCO2CO2

Absorption rate
1.2-1.7 g/min

Figure 7-1. The pathway of 
glucose from food to fuel.
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When necessary, stored triglycerides (triacylglyc-
erols) in adipose tissue are released as energy-rich fatty
acids that can be broken down to make ATP through
beta oxidation (see Chapter 6 for more detailed infor-
mation). While protein that is not immediately used by
the body is either excreted or converted to and stored
as fat, the carbon skeleton of some amino acids—
whether in the blood from a recent meal or being used
by the body in muscle or other tissue—can be used to
produce glucose for energy through gluconeogenesis,
the production of glucose from nonsugar substrates
such as amino acids. Depending on the duration and
intensity of exercise, these stored macronutrients are
broken down to regenerate ATP to fuel exercise. 

S P E E D  B U M P
1. Describe the pathway of glucose from food to fuel.

ENERGY INTAKE AND ATHLETIC
PERFORMANCE

For optimal performance the working muscles need a
constant supply of glucose. When exercise lasts longer
than 1 hour and no carbohydrates have been ingested,
blood glucose levels begin to dwindle. After 1 to 3 hours
of continuous moderate-intensity exercise, muscle glyco-
gen stores may become depleted. If no glucose is con-
sumed, the blood glucose levels drop, resulting in
further depletion of liver and muscle glycogen. When
this happens, regardless of the athlete’s internal tough-
ness or desire to maintain intensity, performance falters
(Fig. 7-2).2

On the other hand, an optimal eating plan combined
with well-planned physical training and rest can set the
stage for peak athletic performance. Compared to the
general population, endurance athletes require in-
creased fluid to replace sweat losses and increased 
energy to fuel exercise. 

Carbohydrates

Carbohydrates are the body’s preferred energy source
because they are rapidly digested and absorbed, which
provides an immediate energy source. The increased

caloric demands of strenuous exercise are best met
with an increase in carbohydrate consumption. Con-
sumption of carbohydrates that contain two or three
different saccharides (or sugars) such as glucose, fruc-
tose, and sucrose, may increase carbohydrate absorp-
tion because they use different transport mechanisms
from the small intestine to the bloodstream and so de-
crease competition for transport.3 For example, glucose
uses a transporter called sodium dependent glucose
transporter 1 (SGLT 1), whereas fructose is transported
by glucose transporter 5 (GLUT5).3 Increased carbohy-
drate absorption may lead to increased athletic per-
formance by making more fuel available for exercise
more quickly. Not only can consuming foods and
drinks that contain more than one kind of carbohy-
drate enhance athletic performance, but it might also
decrease gastrointestinal distress during exercise. By
using different transporters for absorption, less carbo-
hydrate remains in the gastrointestinal tract. Less car-
bohydrate in the gut means less bloating, nausea, and
discomfort.3 Most sports drinks companies understand
this well, with almost all brands of sports drink com-
prising multiple types of sugar. For example, Gatorade
is a combination of sucrose, glucose, and fructose.

Carbohydrate Loading for Endurance Athletes
Individuals training for long-distance endurance events
lasting more than 90 minutes, such as a marathon or
triathlon, may benefit from carbohydrate loading in
the days or weeks prior to competition. Consuming
more carbohydrates prepares the muscles and liver to
store more carbohydrates as glycogen. This increased
stored glycogen means the athlete has more fuel to
burn before the glycogen becomes depleted. The Acad-
emy of Nutrition and Dietetics (formerly called the
American Dietetic Association) and the American Col-
lege of Sports Medicine4 reviewed 23 studies that have
looked at rates and amounts of macronutrient con-
sumption during the training period before an athletic
competition. Nine of the studies found that consump-
tion of a high-carbohydrate diet (>60% of energy) in
the training period and the week prior to competition
resulted in increased muscle glycogen concentrations
and/or improvement in performance. Nine studies
found no difference. Two found no additional benefit
beyond eating 6 grams of carbohydrates per kilogram
body weight. Two found gender differences indicating
that women may be less able to increase muscle glyco-
gen concentrations through increased carbohydrate
consumption. The last study found that performance
increased when a high-fat diet for 10 days was followed
by a high-carbohydrate diet for 10 days (see Reference
4 for a description of the studies and full reference list). 

The assumption behind carbohydrate loading is that
eating more carbohydrates helps muscles store more
carbohydrates in the form of glycogen. If more glyco-
gen is stored, it will take longer to deplete the body’s
preferred energy source during a prolonged workout.
During carbohydrate loading, clients should taper their
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Muscle glycogen
(200-500 g (800-1200 kcals))

Liver glycogen
(120 g (480 kcals))

Blood glucose
4-6 g (16-24 kcals)

**Extent of muscle glycogen storage depends on body
size and amount of carbohydrates consumed in diet

Figure 7-2. Carbohydrate distribution in the body.
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workout intensity and/or duration as they near an
event so that muscle glycogen stores are not depleted
prior to the competition. Carbohydrate loading may
contribute to water-based weight gain because carbo-
hydrates require sizeable amounts of water for storage.
Various carbohydrate-loading regimens exist, including
7-day, 6-day, 3-day, and 1-day protocols that typically
involve two stages:

• Glycogen depletion stage: moderate-to-high in-
tensity exercise to deplete glycogen stores, cou-
pled with low-to-moderate carbohydrate intakes
(<55% of total kcal)

• Glycogen loading stage: tapered exercise (low-
intensity, short-duration), coupled with high
carbohydrate intakes (>70% of total kcal) 

There are two basic methods of carbohydrate load-
ing that follow this regimen: classical and modified. 
In the 1960s, Scandinavian researchers found en-
durance athletes could double glycogen stores by:5

• Two sessions of intense exercise to exhaustion
to deplete glycogen 

• Two days of less than 10% carbohydrates to
“starve” muscle 

• Three days of rest while taking in 90% or more
carbohydrates 

This classical version of carbohydrate loading has seri-
ous side effects. The 10% carbohydrate sessions can
cause irritability and dizziness, and therefore loss of
productive training. 

Current research has proven runners can implement
a modified version of carbohydrate loading, which in-
creases glycogen stores (between 20% to 40%) but
avoids adverse effects. An example of a modified 
1-week plan follows: 

Days 1 to 3:  Moderate carbohydrate diet (50% of
calories).

Days 4 to 6:  High carbohydrate diet (80% of 
calories). The recommendation is for about 
4.5 grams of carbohydrate per pound of body
weight. For example, a 170-lb man would 
consume 765 grams, or 3,000 calories, from 
carbohydrates per day.

Day 7: Competitive event. Pre-event meal (typically
dinner the night before the event) with carbohy-
drates (>80% of calories from carbohydrates).

While carbohydrate loading may benefit athletic
performance during a prolonged endurance session, it
is not without drawbacks. Mental and physical fatigue,
irritability, mood disturbances, poor recovery, and in-
creased risk of injury can occur during glycogen deple-
tion stages. Bloating, gastrointestinal distress, weight
gain, lethargy, and frustration associated with altered
training schedules frequently occur during carbohy-
drate loading stages.6 Also, it is worth noting that carbo-
hydrate loading may not always contribute to increased
athletic performance. Multiple variables including the
loading strategy, type of carbohydrate consumed (low-
vs. high-glycemic), timing, gender, and exercise char-
acteristics (endurance, sprint, etc.) affect performance.6

Carbohydrate loading is most effective for long-distance
endurance athletes. Athletes whose sports events
span less than 90 minutes (e.g., sprinters) will probably
experience adverse effects of carbohydrate loading,
such as weight gain. Those clients serious about opti-
mizing sports performance may consider a consultation
with a sports dietitian to help them adopt the most 
appropriate dietary plan and carbohydrate loading reg-
imen. Devising a carbohydrate loading regimen is out-
side the scope of practice for most health professionals. 

Glycemic Index
The role of glycemic index and exercise perform-
ance has been a source of ongoing research for the
past two decades. Initial studies suggested a low
glycemic index diet prior to exercise can facilitate in-
creased glycogen availability and improved perform-
ance. Research participants who consumed a low
glycemic index meal prior to exercise, such as oatmeal
with strawberries, had a decreased level of postpran-
dial hyperglycemia and hyperinsulinemia. As a
result, there was an increase in free fatty acid oxida-
tion and thus more carbohydrate available during 
exercise.7 Other studies support that low glycemic
index foods interact with fatty acid oxidation, which
may contribute to increased performance.8,9 While
this still seems to be true, further research found this
benefit is negated as soon as a carbohydrate-contain-
ing sports drink, gel, or bar is consumed during an 
exercise session.7 It is worth noting that some low
glycemic index foods, such as dried fruits, are high in
fiber, which can cause gastrointestinal distress like gas,
abdominal cramps, and diarrhea.  

It seems logical that foods with a high glycemic
index, such as white bread, bananas, and pancakes,
would be effective at replenishing glycogen stores after
exercise. After all, carbohydrates with a high glycemic
index are rapidly absorbed and quickly release sugar
into the bloodstream. Thus, they should be more ef-
fective at replenishing energy stores than low glycemic
index foods, which are broken down more slowly and
take longer to release sugar into the bloodstream.
While an early body of research supported this suppo-
sition, some more recent studies have found that low
glycemic index foods interact with fatty acid oxidation,
which may contribute to increased performance in fu-
ture events.8,9 Overall, despite years of research on
glycemic and endurance performance, there is still no
agreement about how glycemic index affects perform-
ance (see Evaluating the Evidence). Athletes should
follow standard recommendations and personal expe-
rience when choosing carbohydrates before, during,
and after exercise.10

Fat

A 1995 article touted fat loading as the “next magic
bullet” to improve athletic performance.11 The idea
was that if a progressively greater percentage of fat was
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EVALUATING THE EVIDENCE

Do High Glycemic Index Foods Optimize Glycogen Replenishment?9

It had long been thought that consumption of high glycemic index foods immediately following a strenuous en-
durance workout would boost glycogen stores more than consumption of a low glycemic index diet. Then, a few
studies such as the one described below were published. These studies suggested that glycemic index of a post-
exercise snack does not affect muscle or liver glycogen replenishment, but that a low glycemic index diet would
help to increase fatty acid oxidation and thus indirectly salvage glycogen stores. Here is the study abstract:

The glycemic index of dietary carbohydrates influences glycogen storage in skeletal muscle and circulating nones-
terified fatty acid (NEFA) concentrations. We hypothesized that diets differing only in glycemic index would alter 
intramuscular lipid oxidation and glycogen usage in skeletal muscle and the liver during subsequent exercise. 
Endurance-trained individuals (n = 9) cycled for 90 minutes at 70% Vo(2peak) and then consumed either high- or
low-glycemic index meals over the following 12 hours. The following day after an overnight fast, the 90-minute cycle
was repeated. (1)H and (13)C magnetic resonance spectroscopy was used before and after exercise to assess intra-
muscular lipid and glycogen content of the vastus muscle group and liver. Blood and expired air samples were col-
lected at 15-minute intervals throughout exercise. NEFA availability was reduced during exercise in the high-glycemic
index compared with the low-glycemic index trial (area under curve 44.5 +/–  6.0 vs. 38.4 +/–  7.30 mM/h, P <0.05).
Exercise elicited an approximately 55% greater reduction in intramyocellular triglyceride (IMCL) in the high- versus
low-glycemic index trial (1.6 +/–  0.2 vs. 1.0 +/–  0.3 mmol/kg wet wt, P <0.05). There was no difference in the 
exercise-induced reduction of the glycogen pool in skeletal muscle (76 +/–  8 vs. 68 +/–  5 mM) or in the liver 
(65 +/–  8 vs. 71 +/–  4 mM) between the low- and high-glycemic index trials, respectively. High-glycemic index 
recovery diets reduce NEFA availability and increase reliance on IMCL during moderate-intensity exercise. Skeletal
muscle and liver glycogen storage or usage are not affected by the glycemic index of an acute recovery diet.

1. Do you have any knowledge gaps that need to be addressed before fully understanding this abstract?
What are they and how would you close them? 

2. Do you feel like you have enough information from the abstract or would you prefer to read the whole 
article? Why or why not? What extra information would the full article contain that might be helpful? 

3. In lay terms, how would you summarize the results of this study for a client?
4. Do the results of this study have clinical relevance to you and your job? That is, will this study change 

the way you practice your profession?
5. As a practicing professional, how might you stay on top of the latest research and advances in your 

profession while at the same time running a busy clinical practice?

consumed in the diet, then fat oxidation would be in-
creased during exercise. Energy would be produced
from fat and, therefore, carbohydrate stores could be
spared. Typically, carbohydrate stores can only fuel
about 3 hours of endurance activity. The thinking was
that by shifting to using more fat for fuel it would take
longer to deplete muscle glycogen stores and long-
distance activities could be maintained for a longer
period of time at a higher intensity.

Many studies have been done to test both the short-
term and long-term effects of fat loading on endurance
performance. Short-term exposure to a high-fat (>60% of
calories from fat), low-carbohydrate diet is clearly detri-
mental: fat utilization during exercise is unchanged and
muscle glycogen stores are decreased.12 However,
adoption of a high-fat, low-carbohydrate diet for sev-
eral days may offer some limited benefits. With longer-
term fat adaptation, fat utilization during exercise likely
is increased with perhaps some sparing of glycogen
stores, but there may also be a decreased total amount
of glycogen available. Although studies suggest high

levels of physical performance can be maintained
across varying levels of fat consumption, it has also been
found that a much greater mental effort is required to
perform when on a high-fat diet.13 To summarize, it
seems performance is optimized when glycogen stores
are maintained by efforts to enhance carbohydrate
availability, like carbohydrate loading and eating car-
bohydrates before and during a prolonged session, and
not fat loading. 

Protein

Protein plays important roles in endurance and resist-
ance training exercise. Both modes of exercise stimulate
muscle protein synthesis14 which is further enhanced
with consumption of protein around the time of exer-
cise.15 Consumption of protein immediately post-
exercise helps in the repair and synthesis of muscle
proteins.16 Protein intake during exercise has not been
shown to offer any additional performance benefit 
if sufficient amounts of carbohydrates—the body’s
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preferred energy source—are consumed.16 However,
for endurance athletes who may struggle to consume
adequate calories to fuel extended training sessions, or
for the average exerciser striving to lose weight, re-
search suggests that protein helps to preserve lean mus-
cle mass and assure that the majority of weight lost
comes from fat rather than lean tissue.14 While these
may seem like great reasons to boost protein intake, it
is worth noting that most people habitually consume
more than even the most liberal protein intake recom-
mendations.17 For women and men between the ages
of 19 to 70+ the RDA for protein is 46 grams and 56
grams, respectively.18 Protein consumption beyond
these amounts is unlikely to result in further muscle
gains because the body has a limited capacity to utilize
amino acids to build muscle.17

S P E E D  B U M P
2. Explain the rationale and effectiveness of carbo-

hydrate loading.
3. List the roles of protein in endurance and resistance

training.
4. Explain the rationale behind “fat loading” and why

the method is out of favor.

NUTRITION REQUIREMENTS BEFORE,
DURING, AND AFTER EXERCISE

Athletes need the right types and amounts of food be-
fore, during, and after exercise to maximize the amount
of energy available to fuel optimal performance and
minimize the amount of gastrointestinal distress. Sports
nutrition strategies should address three exercise stages:
pre-exercise, exercise, and post-exercise (Fig. 7-3).

Pre-Exercise

The two main goals of a pre-exercise snack are to 
(1) optimize glucose availability and glycogen stores,

and (2) provide the fuel needed for exercise perform-
ance. Keeping this in mind, in the days up to a week
before a strenuous endurance effort, an athlete should
consider what nutritional strategies might best facilitate
optimal performance (see Myths and Misconceptions).
For example, an athlete preparing for a long endurance
event might consider the pros and cons of carbohydrate
loading. On the day of the event or an important train-
ing session, the athlete should aim to eat a meal about
4 to 6 hours prior to the workout to minimize gastroin-
testinal distress and optimize performance. Four hours
after eating, the food will already have been digested
and absorbed; now liver and muscle glycogen levels are
at their highest. To translate this into an everyday, prac-
tical recommendation: athletes who work out in the
early afternoon should be certain to eat a wholesome
carbohydrate-rich breakfast. Those who exercise in the
early morning may benefit from a carbohydrate-rich
snack before going to bed.

Some research also suggests that eating a relatively
small carbohydrate- and protein-containing snack
(e.g., 50 g of carbohydrate and 5 to 10 g of protein) 30 to
60 minutes before exercise helps increase glucose
availability near the end of the workout and decrease
exercise-induced protein catabolism.19 The exact tim-
ing and size of the snack for peak performance will
vary by athlete. As a general rule, athletes should try
out any snacks or drinks with practice sessions prior
to relying on them to help optimize athletic perform-
ance on race day. 

Fueling During Exercise

The goal of fueling during exercise is to provide the body
with the essential nutrients needed by muscle cells and
maintain optimal blood glucose levels. During a pro-
longed endurance effort, such as a marathon, an athlete
is at risk of “hitting the wall”—a phenomena often oc-
curring around mile 20 in a 26-mile race. This is when
extreme fatigue sets in due to drained carbohydrate
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Carbohydrate
loading,

hydration

Sustained fuel—
carbohydrates,

rehydration

Rehydration,
glycogen/protein

synthesis

Pre-exercise Exercise Post-exercise

24+ hours 1-4 hours Warm-up <60 minutes
>60 minutes

1st
4 hours

24–36 hours

Sports nutrition strategies should address three exercise stages:
1. Pre-exercise: Beginning one week prior to the event, through warm-up
2. During exercise
3. Post-exercise: Up to 48 hours post-exercise

Fueling and
hydration

Fueling and
rehydration

Recovery, refueling,
and rehydration

Figure 7-3. Sports nutrition
strategies. Courtesy of Fabio Comana.
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during prolonged exercise sessions (>60 minutes).
The Academy of Nutrition and Dietetics, the Dieti-
tians of Canada, and the American College of Sports
Medicine recommend that athletes consume 30 to 60
grams of carbohydrates per hour of training.4 For in-
stance, an athlete who trains for 3 hours would need
90 (360 kcals) to 180 grams (720 kcals) of carbohy-
drates. The upper limit is especially important for
prolonged exercise and exercise in extreme heat,
cold, or high altitude; for athletes who did not con-
sume adequate amounts of food or drink prior to the
training session; and for athletes who did not carbo-
hydrate load or who restricted energy intake for
weight loss.

Carbohydrate consumption during prolonged exer-
cise should begin shortly after the initiation of the
workout. The carbohydrate will be more effective if
the 30 to 60 grams per hour are consumed in small
amounts in 15 to 20 minute intervals rather than as a
large bolus after 2 hours of exercise.4

Post-Exercise Replenishment

The main goal of post-exercise fueling is to replenish
glycogen stores and facilitate muscle repair. The 
average client training at moderate intensities every
few days does not need any aggressive post-exercise
replenishment. Normal dietary practices following
exercise will facilitate recovery within 20 to 48 hours.
But athletes following vigorous training regimens, 
especially those who will participate in multiple
training sessions in a single day (like a triathlete),
benefit from strategic refueling (see Communication
Strategies).

Studies show the best post-workout meals are high
in carbohydrates accompanied with some protein (e.g.,
1 g/kg of carbohydrate and 0.5 g/kg of protein).19,20

Refueling should begin within 30 minutes after exer-
cise and be followed by a high-carbohydrate meal
within 2 hours19(Box 7-2). The carbohydrates replen-
ish the used-up energy that is normally stored as glyco-
gen in muscle and the liver. The protein helps to
rebuild the muscles that were broken down with exer-
cise. The Academy of Nutrition and Dietetics recom-
mends a carbohydrate intake of 1.5 grams/kilogram of
body weight in the first 30 minutes after exercise and
then every 2 hours for 4 to 6 hours.4 After that, the
athlete can resume his or her typical, balanced diet. Of
course, the amount of refueling necessary depends on
the intensity and duration of the training session. A
long-duration, low-intensity workout may not require
such vigorous replenishment.

S P E E D  B U M P
5. Recognize the major goals of pre-exercise, exer-

cise, and post-exercise nutritional strategies.
6. List several strategies to optimize pre-exercise,

during exercise, and post-exercise nutrition.
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Myths and Misconceptions
Eating Sweets Before Competition
Boosts Energy
The Myth
Eating sugar, honey, soft drinks, or other sweets
just before competition will provide a burst of
quick energy.

The Logic
Glucose is not only the body’s preferred energy
source, but it is also rapidly digested. Consum-
ing a simple sugar right before exercise should
make its way into the bloodstream in no time
and immediately be used to fuel exercise.

The Science
It takes the body about 1 to 4 hours to digest
food. Foods eaten immediately before exercise
are still in the stomach at the onset of the ex-
ercise session. With good nutritional habits in
the days to week preceding a prolonged en-
durance session, plenty of glucose will be
readily available from blood and muscle glyco-
gen to fuel the first hour of activity. By then,
some of the glucose from the snack right be-
fore exercise will become available and help to
optimize performance for the remainder of the
workout. Box 7-1 provides tips on how to pick
a pre-exercise snack to minimize gastrointesti-
nal distress and optimize the performance 
benefit. 

Box 7-1. General Guidelines for 
Pre-Exercise Meal or Snack

In general, a pre-exercise meal or snack should be:
• Relatively high in carbohydrate to maximize

blood glucose availability
• Relatively low in fat and fiber to minimize 

gastrointestinal distress and facilitate gastric
emptying

• Moderate in protein
• Well-tolerated by the individual

stores. But there are gradations on the physical de-
mands of exercise based on the duration of the exercise
session. Exercise lasting less than 1 hour can be ade-
quately fueled with existing glucose and glycogen
stores. No additional carbohydrate-containing drinks or
foods are necessary.

To maintain a ready energy supply, athletes should
consume glucose-containing beverages and snacks

2955_Ch07_134-149  08/10/14  11:52 AM  Page 141



142 SECTION 2: OPTIMIZING SPORTS PERFORMANCE

COMMUNICATION STRATEGIES

A Needs Assessment21

An acquaintance who knows that you are studying sports nutrition has asked you a laundry list of questions.
Specifically, she wants to know:

• How long should she wait to exercise after eating?
• Will drinking a sports drink help her go faster on her upcoming 5-mile bike ride?
• She read that it is important to eat carbohydrates immediately after working out so she’s been following

every workout with a 180-calorie nutrition bar. She wants to know if this might be getting in the way of
her losing weight.

Before answering each of your acquaintance’s questions, conducting a brief “needs assessment” will help you 
to make sure you answer her questions in the most meaningful way. A needs assessment helps to identify the cur-
rent knowledge and experience of a “learner” so that teaching can begin at the client’s level and not at a level that
is too rudimentary or too advanced. This can be represented mathematically through the following equation:

Desired knowledge, skill, attitude, or performance – Current knowledge, skill, attitude, or performance = Need for
learning

For example, you might ask your friend:
“What kind of exercise do you like to do?”
“How often do you exercise?”
“How long is your typical workout?”
“You mentioned that you read that it’s good to eat carbs after a workout. What else have you read on sports

nutrition topics?”
This information not only helps you to most accurately answer the question, but it also helps you to answer

the question at your acquaintance’s level so that the information will be most meaningful to her.

Class Activity 
Role play. In pairs, practice being both the health professional (choose whichever field most interests you) and
the client or acquaintance who is interested in learning more about sports nutrition. As the client, ask the
health professional a few nutrition questions related to the content contained in this chapter. As the health
professional, practice conducting a “needs assessment” before answering the question. Then, try to provide
your answer at your client’s knowledge level, while being sure to stay within your scope of practice.

Box 7-2. Post-Workout Snack and Meal Ideas

In the several hours following a prolonged and
strenuous workout, consuming snacks and meals
high in carbohydrate with some protein can set the
stage for optimal glycogen replenishment and sub-
sequent performance. Here are a few snack and
meal ideas that fit the bill:
Snack 1: In the first several minutes after exercise,

consume 16 ounces of Gatorade or other sports
drink, a power gel such as a Clif Shot or Goo,
and a medium banana. This quickly begins to 
replenish muscle carbohydrate stores. Carbohy-
drates: 73 g; protein: 1 g; calories: 288.

Snack 2: After cooling down and showering, grab
another quick snack, such as 12 ounces of 

orange juice and 1/4 cup of raisins. Carbohydrates:
70 g; protein 3 g; calories: 295.

Small meal appetizer: Enjoy a spinach salad with
tomatoes, chick peas, green beans, and 3/4 cup
tuna and a small whole grain baguette. Carbohy-
drates: 70 g; protein: 37 g; calories: 489.

Small meal main course:  Replenish with 3/4 cup
whole grain pasta with diced tomatoes. Carbohy-
drates: 67 g; protein: 2 g; calories: 292.

Dessert:  After allowing ample time for the day’s
snacks and meals to digest, finish your refueling
program with 1 cup of frozen yogurt and berries.
Carbohydrates: 61 g; protein: 8 g; calories: 280.
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CHAPTER SUMMARY
Optimal nutrition intake before, during, and after ex-
ercise helps to maintain blood glucose concentrations
during exercise, maximize exercise performance, and
improve recovery time.

KEY POINTS SUMMARY
1. Carbohydrates are the body’s preferred energy

source due to their rapid breakdown and thus
quick availability of ATP, the body’s usable en-
ergy. However, the body also can get energy
from breakdown of fatty acids, and in less desir-
able situations, from the conversion of amino
acids to glucose through gluconeogenesis.

2. A consumed carbohydrate passes through the
gastrointestinal system, into the portal circula-
tion to the liver, and into the systemic circula-
tion before it reaches the exercising muscle. In
the exercising muscle, it undergoes glycolysis to
produce ATP.

3. Absorption of glucose from the small intestine
into the portal circulation is the rate-limiting
step in transforming glucose from food into fuel.
The maximum rate at which glucose can pass
from the small intestine into the portal circula-
tion is 1.2 to 1.7 grams per minute.

4. Very little glucose is stored in the body. At most,
slightly more than a day’s worth of calories for
an inactive person is available from blood glu-
cose, liver glycogen, and muscle glycogen com-
bined. At the lower end of muscle glycogen
stores, the total calories from this stored glucose
is little more than the number of calories
needed to fuel a half marathon. 

5. Endurance athletes can increase the amount of
glucose available to fuel exercise by carbohy-
drate loading, which acts to help increase mus-
cle glycogen stores. Carbohydrate loading is not
without risks, though, especially the classical
method. However, the current modified meth-
ods can avert some of the negative effects of 
carbohydrate loading. A carbohydrate loading
regimen for an endurance athlete who is train-
ing for an event may best be developed with the
assistance of a sports dietitian. Recommending a
carbohydrate loading regimen is outside the
scope of practice of most health professionals.

6. Glycemic index of carbohydrates has been 
explored as a possible variable in improving 
athletic performance, but to date the research 
is mixed and inconclusive.

7. The two main goals of a pre-exercise snack are
to (1) optimize glucose availability and glycogen
stores, and (2) provide the fuel needed for 
exercise performance. For peak performance,
the athlete should consume a high carbohydrate
diet (>60% of total calories from carbohydrates)
in the week preceding the event and aim to eat
a meal about 4 to 6 hours prior to the workout.

8. Eating a small carbohydrate- and protein-
containing (e.g., 50 g of carbohydrate and 5 to
10 g of protein = 220–250 calories) snack 30 to
60 minutes before exercise helps increase glucose
availability near the end of the workout and de-
crease exercise-induced protein catabolism.

9. As a general rule, athletes should try out any
snacks or drinks with practice sessions prior to
relying on them to help optimize athletic per-
formance on race day.

10. The goal of fueling during exercise is to pro-
vide the body with the essential nutrients
needed by muscle cells (sodium, potassium)
and maintain optimal blood glucose levels.

11. To maintain a ready energy supply during pro-
longed exercise sessions (>60 minutes), ath-
letes should consume 30 to 60 grams of
carbohydrate per hour of training.

12. Carbohydrates consumed during exercise are
most effective if the 30 to 60 grams per hour
are consumed in small amounts in 15- to 
20-minute intervals rather than as a large bolus.

13. Refueling should begin within 30 minutes
after exercise and be followed by a high-
carbohydrate meal within 2 hours. Depend-
ing on the duration and intensity of exercise,
for optimal glycogen replenishment athletes
should consume up to 1.5 grams/kilogram 
of body weight in the first 30 minutes after
exercise and then every 2 hours for 4 to 
6 hours.

PRACTICAL APPLICATIONS
Questions 1 to 3 are based on the following scenario:

Jack is a 20-year-old runner who consistently com-
plains of abdominal cramping during his strenuous
runs. On further questioning he tells you that he eats
a 30-gram carbohydrate snack midway through a 
90-minute run. 

1. What is the minimal amount of time it will take
for the entire snack to be oxidized to create
ATP?
A. 0 to 30 minutes
B. 30 minutes to 1 hour
C. 1 to 2 hours
D. 2 to 3 hours
E. 3 to 4 hours

2. What would be the MOST reasonable sugges-
tion to help Jack minimize gastrointestinal dis-
tress during the workout and also improve his
performance?
A. Consume the snack early in his workout and

try to have small amounts every 15 to 20
minutes instead of consuming the snack all 
at once in the middle of his workout.

B. Instead of a food snack, consider drinking water
only, as it will be more effectively absorbed and
is associated with decreased GI distress.
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C. Ask him to consider postponing his snack
until the end of his workout, as he won’t de-
plete glycogen stores in 90 minutes and so
the snack will not help with his performance.

D. Ask him to consider consuming his snack 
4 hours prior to exercise so that there is suffi-
cient time for the snack to be absorbed and
stored as glycogen.

3. After questioning Jack about his exercise snack,
he shares with you that he usually likes to eat a
couple of dates during his workout due to their
high glycemic index and thus rapid energy
availability. Following is a nutritional summary
for dates:
Serving size 2 dates (40 g)
Calories 110
Total fat 0 g
Potassium 190 mg (5%)
Total carbohydrate 31 g (10%)

Fiber 3 g (12%)
Sugars 27 g

Protein less than 1 g
Vitamin A 0% Vitamin C 0%

Calcium 2% Iron 2%
Glycemic Index 103 (High)

Do you think the dates might be contributing to
Jack’s GI upset?
A. No, because the high glycemic index of dates

makes them a good source of quick energy.
B. No, because the carbohydrate load averages

less than 3 grams per minute of activity.
C. Yes, because the high fiber content can cause

GI distress.
D. Yes, because the high sugar content irritates

the stomach lining.

4. A client just signed up to participate in a century
(100-mile) bike ride. She tells you that she is in-
terested in carbohydrate loading and asks what
you recommend. Which is the BEST response?
A. Share with her the basic principles behind

carbohydrate loading as well as some of the
risks and refer her to a sports dietitian for an
individualized regimen.

B. Share with her your preferred carbohydrate
loading regimen but tell her that she’ll have
to see a sports dietitian for a specific recom-
mendation.

C. Tell her that it is outside your scope of prac-
tice to discuss carbohydrate loading regimens
and refer her to a sports dietitian.

D. Tell her that you don’t recommend carbohy-
drate loading and advise that she follow the
MyPyramid guidelines for an optimal eating
plan.

5. A client says that she has decided to consume
high-protein bars during exercise because she
read that consuming protein during exercise is

essential to boost performance. Before respond-
ing, what further information do you MOST
want to know?
A. Where she read this misleading information.
B. If she consumes adequate amounts of carbo-

hydrate.
C. What type of protein she plans on consuming.
D. The type of physical activity she most often

performs. 

6. Which of the following BEST explains why fat
loading is not commonly practiced?
A. Consumption of large amounts of fat in-

creases the risk of cardiovascular disease.
B. Fat loading does not improve performance

any more than carbohydrate loading.
C. Fat loading leads to dramatic decreases in 

energy and overall athletic performance.
D. Consumption of large amounts of fat inter-

feres with carbohydrate oxidation.

7. What are the main goals of strategic fueling 
before, during, and after exercise?
A. Optimize blood glucose availability
B. Optimize liver glycogen stores
C. Optimize muscle glycogen stores
D. Optimize cerebral glucose availability

8. Which of the following foods would be the
MOST appropriate as a pre-event snack for
Mike, a 132-lb (60 kg) endurance-trained indi-
vidual performing a 10-mile run?
A. A small apple and granola bar 4 hours prior

to the event.
B. A blueberry muffin 1 hour prior to the event.
C. A banana and energy bar 1 to 2 hours prior

to the event.
D. A hamburger and french fries 3 to 4 hours

prior to the event.

9. You are asked to review a new product that is
specially designed to provide fuel for endurance
athletes (see nutrition information below). What
are you looking for when rating the product?

60-g package includes 6 pieces. Serving size 
(3 chews) contains 100 calories, 70 mg sodium, 
20 mg potassium, 24 g carbohydrate, 0 g pro-
tein, 0 g fat. Contains 95% organic ingredients.
Also available with added caffeine or increased
sodium. Flavors include: cola (50 mg caffeine),
black cherry (50 mg caffeine), orange (25 mg
caffeine), cran razz, lemon lime, mountain
berry, margarita (three times more sodium than
the other products).
A. The feasibility of consuming 30 to 60 grams

of carbohydrate per hour
B. A high-fat content to facilitate gastric emptying
C. A high-fiber content to facilitate gastric 

emptying
D. Sufficient protein to optimize performance
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10. Jake, a varsity swimmer, is training for his up-
coming season and needs to accelerate his post-
exercise recovery rates. He trains intensely for 
2 hours, 5 days a week. If he weighs 155 lb
(70.45 kg), which of the following nutritional
strategies would BEST replenish his glycogen
stores?
A. 50 grams of carbohydrates/hour for the first

6 hours starting within 30 minutes of finish-
ing exercise.

B. 75 grams of carbohydrates within the first
30 minutes of finishing exercise and then
every hour for the first 3 hours.

C. 105 grams of carbohydrate per hour for 
6 hours starting within the 30 minutes of
finishing exercise.

D. 105 grams of carbohydrates within 
30 minutes of finishing exercise and then
every 2 hours for 6 hours.

for a total of 4.3 hours. About how many grams of
carbohydrates should he consume during his 
150-minute bike ride, which will be immediately
followed by the 30-minute run?

3. What are some potential snacks for during-
exercise fueling?

Nutrition Recommendation After Exercise 
1. What are the main goals of post-exercise replen-

ishment?
2. Devise a potential post-exercise fueling regimen

for Scott.

Ironman (2.4-mile swim, 112-mile bike ride, and 
26.2-mile run) in 8 hours and 30 minutes. 

Scott is at the end of the “Base” training period 
of his program. He will begin “building” in the next 
2 weeks. His training schedule is as follows:

Case 1 Scott, the Professional
Triathlete
Scott is a 29-year-old professional triathlete. He is
6′2″ and 170 pounds (BMI 21.8 kg/m2). Triathlon
season is underway and Scott is intensifying his
training to compete in the October Kona Ironman
Triathlon, which is about 4 months away. Scott has
already qualified for this event by completing an

Scott has asked you for some general tips to help him
with his fueling strategy for optimal performance. His
total calorie needs are about 6,500 calories per day.

Nutrition Recommendation Before Exercise 
1. What are the main goals of pre-exercise fueling?
2. Would carbohydrate loading be something that

might be appropriate for Scott? Why or why not?
3. What are the general principles to keep in mind

when considering pre-exercise fueling?
4. What are some potential snacks for pre-exercise

fueling?

Nutrition Recommendation During Exercise
1. What are the main goals of during-exercise fueling?
2. Scott is trying to plan out his fueling strategy for

his Wednesday workout when he will be exercising
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anticipates that the 9.3-mile trail down will take about
6 hours and the return up about 9 hours. She plans to
complete the trek over a 3-day period. 

Susan’s calorie needs are about 1,800 calories per day.
This is Susan’s planned workout program for the

next week:

you think that this will improve her performance?
What are some potential negative consequences?
How would you best communicate this informa-
tion to her?

Nutrition Recommendation After Exercise 
1. What would be the best post-exercise replenish-

ment plan for Susan? Why?

Nutrition Recommendation Before Exercise 
1. For which workouts should Susan consider 

developing a pre-exercise nutrition strategy? Why?

Nutrition Recommendation During Exercise 
1. For which workouts should Susan consider a 

during-exercise nutrition strategy? Why? 
2. You notice that Susan drinks a bottle of Gatorade

during each of her stair-climbing workouts. Do 

Case 2 Susan, the Middle-Age Overweight Hiker
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Susan is a 55-year-old overweight teacher who is
training to hike the Grand Canyon with her 17-year-old
daughter and a guide. She is 5′2″ and 180 pounds (BMI
32.9 kg/m2). She has hired you to help her get in
shape for this adventure. The trip is planned for late
September, which is about 3 months from now. Susan

TRAIN YOURSELF: NUTRITION NEEDS BEFORE,
DURING, AND AFTER EXERCISE
Calculate your caloric needs based on the Institute of
Medicine energy expenditure equation provided below. 
If your BMI is greater than 25, base your calculated needs
on a person of your height who has a BMI of 24 (use the
BMI calculator at www.nhlbisupport
.com/bmi/ to help determine this weight).

For men: Estimated energy expenditure = 662 –  
(9.53 × age in years) + PA*((15.91 × weight (kilograms)) +
(539.6 × height (meters))

For women: Estimated energy expenditure = (354 –
(6.91 × age in years)) + (PA*(9.36 × weight (kilograms) 
+ 726 × height (meters))

Physical Activity (PA) Level
1.0– 1.39 Sedentary, typical daily living activities

(e.g., household tasks, walking to bus)

1.4– 1.59 Low active, typical daily living activi-
ties plus 30 to 60 minutes of daily
moderate activity (e.g., walking at 
5 to 7 kilometers/hour)

1.6– 1.89 Active, typical daily living activities
plus 60 minutes of daily moderate 
activity

1.9– 2.5 Very active, typical daily activities plus
at least 60 minutes of daily moderate
activity plus an additional 60 minutes
of vigorous activity or 120 minutes of
moderate activity

Workout Program
Plan your workouts for the next week. Consider the type
of activity, the anticipated duration, and the anticipated
intensity.
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Nutrition Recommendations Before Exercise 
1. For which of your workouts should you develop a

pre-exercise nutrition strategy? Why? 
2. Describe your strategy, including your goal timing

and amount of carbohydrate intake. If you don’t
think any of your workouts need a pre-exercise
strategy, explain why not.

3. Make a list of potential snacks that you could use
for a pre-exercise plan. Describe why you selected
them.

4. Try out each of these snacks before a strenuous
workout. Which is your favorite? Why is it your 
favorite?

Nutrition Recommendations During Exercise 
1. For which of your workouts should you develop a

during-exercise nutrition strategy? Why? 
2. Describe your strategy, including your goal timing

and amount of carbohydrate intake. If you don’t
think any of your workouts need a pre-exercise
strategy, explain why not.

3. Make a list of potential snacks that you could use
for your during-exercise plan. Describe why you
selected them.

4. Try out each of these snacks during a strenuous
workout. Which is your favorite? Why is it your 
favorite?

Nutrition Recommendations After Exercise 
1. For which of your workouts should you develop a

post-exercise nutrition strategy? Why? 
2. Describe your strategy, including your goal timing

and amount of carbohydrate intake. If you don’t
think any of your workouts need a post-exercise
nutrition strategy, explain why not.

3. Make a list of foods that you could use for your
post-exercise plan. Describe why you selected
them.

4. Try out each of these snacks or meals after a
strenuous workout. Which is your favorite? Why is
it your favorite? 
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Activity

Hours
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K E Y  T E R M S

8.5 List ways that hydration status affects athletic 

performance.

8.6 Apply the most up-to-date and scientifically sound

hydration recommendations before, during, and

after exercise.

8.7  Calculate sweat rate using the protocol provided by

USA Track and Field.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

8.1  Describe how gender, age, diet, and environment 

affect hydration status.

8.2 Define euhydration, hyponatremia, and dehydration.

8.3 Identify populations at greatest risk for hyponatremia

and dehydration.

8.4 Identify ways to recognize and treat hyponatremia

and dehydration.

acclimatization Physiological changes that occur in 
response to repeated exposure to an environmental
condition such as heat or high altitude. 

aldosterone A hormone released by the adrenal gland
that helps to maintain normal blood sodium levels by
increasing the kidney’s reabsorption of sodium and
decreasing the amount of sodium lost in sweat.

antidiuretic hormone A hormone released by the 
anterior pituitary that helps to maintain blood volume
in the face of dehydration by increasing water reab-
sorption in the kidneys and decreasing the amount 
of urine produced.

cold diuresis Increased urine production and excretion
that occurs in extreme cold as a result of peripheral
vasoconstriction, high blood sugar, and decreased
renal reabsorption of water.

diuresis Increased urine production and excretion.
encephalopathy Loss of normal function of brain 

tissue, which may result from a wide variety of 
conditions including hyponatremia.

euhydration A state of “normal” body water content ;
the perfect balance between “too much” and “not
enough” fluid intake.

exertional hyponatremia Abnormally low blood
sodium level that results from excessive intake of low-
sodium fluids during prolonged endurance activities.

heat cramps (exercise-associated muscle cramps)
Muscle spasms resulting from loss of large amounts of

water and electrolytes during physical exertion; 
typically affect the abdomen, arms, and calves.

heat exhaustion A heat-related illness that occurs 
after prolonged exposure to heat without adequate
replacement of fluids and electrolytes; symptoms 
include heavy sweating, fatigue, and vomiting. Heat
exhaustion is less serious than heat stroke.

heat stroke A severe heat-related illness with extreme
overheating resulting from prolonged exposure to
heat without adequate replacement of fluids and
electrolytes; symptoms include lack of sweating,
strong and rapid pulse, disorientation, and loss of 
consciousness. Often fatal without rapid treatment.

hypothalamus A portion of the brain responsible for
regulating body temperature, among many other
functions.

hypothermia Condition in which the core body temper-
ature falls below 35°C (95°F), the minimal temperature
necessary for normal metabolism and body function.

postural hypotension The pooling of blood in the legs
and inadequate blood supply to the upper body that
causes dizziness, weakness, and collapse; often 
occurs with dehydration and heat stress and may be
confused with heat stroke.

rhabdomyolysis Breakdown of skeletal muscle tissue
and release of contents into the bloodstream that
sometimes leads to kidney failure; caused by 
dehydration and heat stress.
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INTRODUCTION

Newspaper reports warn of the potential deadliness 
of underhydration or overhydration. Past headlines
shared the unlikely but real tragedy of the 28-year-old
novice Boston Marathon runner who suffered severe
hyponatremia and later died en route to the hospital,
as well as the story of the 24-year-old elite runner
who collapsed from dehydration while exploring des-
olate trails in the Grand Canyon’s summer heat with-
out sufficient water. Mismatched fluid intake with
fluid loss during exercise not only hinders athletic
performance, but at its worst can lead to severe health
consequences. While hearing of these stories may
spook your clients, you can help to ease their fears
and provide solid guidance on optimizing fluid intake
with exercise. 

THE PHYSIOLOGY OF EXERCISE 
AND HYDRATION STATUS

Water

The human body consists of between 50% to 70%
water. People with more lean mass have higher water
content (because muscle is 70% to 80% water),
whereas those with more fat mass have lower water
content (because fat is about 10% water). To put this
in perspective, approximately 85 to 119 pounds (lb)
of a 170-pound man is water weight. Physiologically,
water has many important functions, including reg-
ulating body temperature, protecting vital organs,
promoting nutrient absorption, and maintaining a
high blood volume for optimal athletic performance.
Water volume can be influenced by a variety of fac-
tors such as food and drink intake, sweating, urine
and feces excretion, metabolic production of small

amounts of water, and losses of water that occur with
breathing. 

These factors play an especially important role
when metabolism is increased during exercise. The
generated body heat is released mostly through
sweat, which is a solution of water, sodium, and
other electrolytes. If fluid intake is not increased to
replenish the fluid lost, the body attempts to compen-
sate by retaining more water and excreting more con-
centrated urine; when this happens, the person is
said to be dehydrated. Severe dehydration can lead
to heat stroke or extreme overheating, which can
be fatal if not immediately treated. On the other
hand, when the volume of water increases in the
body compared to sodium (i.e., there is a low concen-
tration of electrolytes resulting from overhydration),
a person can become hyponatremic. The excess water
circulating in the blood moves into cells to create bal-
ance. Most cells compensate by swelling with the ex-
cess water. The exception is the brain cells, which
cannot expand because the skull bones confine them.
This can lead to encephalopathy, or abnormal brain
function. If left untreated, severe hyponatremia is
deadly.

Thermoregulation

The body prefers to maintain a stable core temperature
of about 37°C (normal range is 36.1°C to 37.8°C; this
converts to 98.6°F with a range of 97°F to 100°F). To
do this, the hypothalamus, the brain’s major control
center, carefully senses body temperature. 

Response to Elevated Core Temperature
When a person participates in physical activity, the
many biochemical reactions and muscular contrac-
tions that are essential for exercise generate large
amounts of heat. This heat raises the body’s core tem-
perature. The hypothalamus senses the increase in
body temperature and sends a signal to the heart and

CALCULATIONS
Milliliters to ounces: 240 ml = 8 oz = 1 cup (1 oz equals

30 ml); 16 oz = 1 lb

Kilograms to pounds: 1 kg = 2.2 l bs; 1 lb = 0.45 kg

Carbohydrate concentration = grams of carbohydrate
per package/total grams per package × 100

Milliequivalents to milligrams (sodium and potassium) 
= number of mEq × molecular weight = milligrams 
(23 mg/1 mEq for sodium; 39 mg/1 mEq for potassium)

Sweat rate (ml/hr) = (Weight before exercise –  weight
after exercise + amount of fluid consumed (ml) –
amount of fluid urinated)/minutes of activity × 60 

Percent body weight change = (pre-exercise weight –
post-exercise weight)/pre-exercise weight × 100

1 milliliter of water = 1 gram of water
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blood vessels to direct warm blood to the skin. The
heart rate and stroke volume (amount of blood
pumped with each heartbeat) increase and the pe-
ripheral blood vessels that supply the skin dilate. The
hypothalamus also signals the sweat glands to start
producing sweat. When sweat evaporates, it creates a
cooling effect on the body. Sweating is especially nec-
essary when it is hot and humid and evaporation is
the main mode of heat loss. With cooler temperatures
(less than body temperature), heat can be transferred
from the body to the environment through other
methods in addition to sweat. The most common in-
clude radiation (heat “radiates” from the warm
human body to the cooler outside temperature) and
convection (as cold air moves past a warm body, heat
is lost to the environment). Heat loss commonly is
transferred via conduction, which requires direct con-
tact (such as transferring heat to a cold bench when
sitting down to take a break). As a result of the effec-
tiveness of losing heat through these methods, sweat-
ing rates are lower. 

In addition to triggering sweat production, the hy-
pothalamus also facilitates getting rid of excess heat
by sending a signal to the pituitary gland to release
antidiuretic hormone (ADH). ADH does what its
name describes— it prevents diuresis by increasing
water reabsorption in the kidneys. The increased
water in the bloodstream helps ensure the body’s
ability to maintain sweat rate and stroke volume. The
decreased water leaving the kidney leads to more
concentrated, darker-colored urine. The hypothala-
mus also signals the adrenal cortex to release the hor-
mone aldosterone, which increases the kidney’s
reabsorption of sodium and decreases the amount of
sodium lost in sweat. Both of these activities help the

body to retain valuable electrolytes in the face of a
high sweat rate.

Response to Decreased Core Temperature
When the hypothalamus senses that core body tem-
perature is dropping below its ideal range, it sends a
signal to the body to constrict the blood vessels that
supply blood to the periphery (such as the skin) and
increase blood flow to the core by dilating the blood
vessels that supply vital organs. The body also produces
heat through shivering and as a byproduct of metabolic
reactions. 

Environment

The environment in which a person exercises plays a
substantial role in the rate and extent of fluid losses and
how well the body is able to maintain an ideal core
body temperature. While a novice exerciser in any en-
vironment may struggle more than an experienced
athlete, the level of acclimatization a person has un-
dergone in a particular environment plays a large role
in the body’s response to heat, cold, and altitude stres-
sors. Effective acclimatization usually requires expo-
sure to and exercise in the environment over a period
of days to weeks (Table 8-1).1

Heat
Despite the body’s best efforts, athletes exercising in
hot and humid environments still are susceptible to
hyperthermia and heat-related illness. This is espe-
cially the case when an athlete does not drink ade-
quate fluids to replace the fluid lost in sweat. The
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Table 8-1. An Acclimatization Regimen

Regular exposure to a hot environment leads to physiological changes that enhance an athlete’s performance
and reduce risk of heat-related ailments when exercising in hot temperatures. These changes include: decreased
core body temperature, decreased resting heart rate, increased sweat rate, decreased sodium losses in sweat and
urine, and expanded blood volume. The full process of heat acclimatization takes from 1 to 2 weeks. 

A Plan for Heat Acclimatization1

FREQUENCY INTENSITY TIME TYPE

Every 3 days 
for 30 days
OR
Every day for 10 days
OR
Other regimen of 
approximately 
10 workouts over 
no less than 1 to 2 weeks

>50% VO2 max to induce
elevation in core temper-
ature and sweat

100 minutes Strenuous interval
training or continuous
exercise

2955_Ch08_150-167  08/10/14  11:50 AM  Page 153



blood plasma volume shrinks, blood flow is diverted
away from the skin to vital organs, and core temper-
ature rises. In very hot and humid environments, 
the body is less capable of getting rid of heat. If the
outside temperature exceeds body temperature, ra-
diation no longer is an effective mode of heat loss. If
outside humidity is very high, sweat cannot evapo-
rate into the environment because the air is already
too saturated with moisture (Fig. 8-1). When the
body is unable to adequately cool off, an athlete can
suffer heat cramps (also known as exercise-associated
muscle cramps),1 heat exhaustion, or heat stroke
(Table 8-2). 

Heat cramps have been most often attributed to
electrolyte imbalances in the face of high sweat rates.
However, other research suggests that muscle cramps
are more likely the result of muscle fatigue.2 The 
hypothesis is fatigue disrupts the balance between

neural input and feedback, causing too much excita-
tion on the muscle and not enough inhibition. Thus,
a simple contraction can overstimulate the muscle,
causing a cramp. Support for this hypothesis lies in
the fact that the best way to get rid of a cramp is to
stretch. Further research is needed. Athletes suffering
from muscle cramps may experience relief with fluids
and stretching. 

Heat exhaustion is more serious and requires ceasing
activity and quickly trying to decrease body temperature
with fluids and shade. Anyone who develops signs of
heat stroke needs immediate medical attention and ag-
gressive efforts to lower body temperature such as with
the use of ice packs or an ice bath. See Evaluating the
Evidence, which discusses using pickle juice to prevent
cramps, and Communication Strategies, which focuses
on speaking to a group about hydrating for exercise in
the heat.
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EVALUATING THE EVIDENCE

Does Pickle Juice Prevent Exercise-Associated Muscle Cramps?a

About one in four athletic trainers recommends pickle juice to prevent and treat exercise-associated muscle
cramps (EAMC).b Many believe EAMC results from electrolyte imbalances, most notably sodium losses from
excessive sweating. Pickles are a high-salt food. One might reason then that pickle juice should prevent and
treat EAMC. In fact, some clinicians claim that pickle juice relieves EAMC within 30 to 35 seconds.a However,
other health professionals worry that the high-salt and low-fluid content of pickle juice can lead to dehydra-
tion-tonicity and subsequently prolong dehydration and increase risk of hyperthermia and diminished per-
formance. Who’s right?

■ WHAT DOES THE EVIDENCE SAY?
Researchers from North Dakota who were tired about debating the utility (or not) of pickle juice in the preven-
tion and treatment of EAMC decided to conduct an experiment to see if the juice actually made a difference
and if it caused any unwanted effects, such as worsened dehydration.c Nine healthy 20-something men agreed
to participate in the study. Each participant drank a small volume of pickle juice, a carbohydrate-electrolyte
drink, or water. Following consumption of each drink, plasma electrolytes were measured. Each of the men 
underwent the experiment three times (once for each of the drinks) with at least 3 days separating the trials. 
The researchers found that blood sodium, magnesium, calcium, osmolality, and volume did not change in the
60 minutes after ingestion. Furthermore, there were no differences in blood electrolytes between the types 
of drinks, except that water ingestion slightly decreased plasma potassium. The researchers concluded that 
at the volumes tested, drinking pickle juice or a carbohydrate-electrolyte drink would be unlikely to cause 
dehydration-induced hypertonicity and would also be unlikely to reverse massive electrolyte losses thought 
to be associated with EAMC.

1. What are the limitations to this study? What might be a better study design to answer the question, Does
pickle juice prevent EAMC?

2. How might you use the results from this study when communicating with your clients?
3. Do the results of this study have clinical relevance to you and your job? That is, will this study change the

way you practice your profession?

a. Based on Miller KC, Mack G, Knight KL. Electrolyte and plasma changes after ingestion of pickle juice, water, and a common carbohydrate-
electrolyte solution. J Athl Train. 2009;44:454-461.

b. Miller KC, Knight KL, Williams RB. Athletic trainers’ perceptions of pickle juice’s effects on exercise associated muscle cramps. Athl Train Today.
2008;13:31-34.

c. Williams RB, Conway DP. Treatment of acute muscle cramps with pickle juice: a case report. J Athl Train. 2000;35:S24.

2955_Ch08_150-167  08/10/14  11:50 AM  Page 154



Chapter 8: Exercise, Thermoregulation, and Fluid Balance 155

COMMUNICATION STRATEGIES

You’ve been asked by your local YMCA to give the amateur cycling club a 20-minute talk on optimal
hydration for prolonged exercise in the heat. You feel like you’ve got the content down cold, but you’re a little 
nervous about the public speaking component.

As a health leader in your community you may periodically be asked to give oral presentations and workshops.
This offers you an exceptional opportunity to share evidence-based and credible information and also promote
yourself and your services to potential clients. Delivering an effective presentation is critical. Here are a few tips to
keep in mind as you prepare for these events:

• Limit your talk to a few salient points. Think about your goals for the talk in advance and then highlight
three major take-home points you’d like to share.

• Know your audience. Make sure that you present in a style and level of complexity appropriate for your
target audience.

• Include an introduction, body, and summary to your talk. 
• In the introduction, establish your credibility, link yourself to your audience, and let them know why

they’re going to leave the talk better off than when they came.
• In the body, keep these three goals in mind:

• The audience understands the message. To facilitate this, you should present clearly and use visual
aids, handouts, or participant experiences.

• The audience believes the message. Reinforce your credibility and back up your statements
throughout the presentation.

• The audience is comfortable enough with the speaker to ask questions and share objections. 
Develop rapport throughout the talk and provide ample opportunities for questions.

• The summary should include the following ingredients:
• Wind down. As your talk nears the end, plan for winding down or some kind of closing, such as 

a summary of what you discussed or a final quote or anecdote.
• Encourage questions. If there are none, pose some yourself and ask participants to respond.

• Practice. Give your talk to family, friends, or colleagues ahead of time. This will help you feel more 
comfortable on the big day and also help to work out any kinks or areas that are unclear.

Class Activity
Why not give it a try? Prepare the above talk for the cycling class keeping the presentation principles in mind.

Source: Holli BB, O’Sullivan Maillet J, Beto JA, Calabrese RJ. Communication and education skills for dietetics professionals. 5th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2009.
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Figure 8-1. Heat index chart. Courtesy of the
National Oceanic and Atmospheric Administration,
National Weather Service.
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Table 8-2. Signs of Heat-Related Illness6

HEAT CRAMPS (EXERCISE- 
ASSOCIATED MUSCLE CRAMPS) HEAT EXHAUSTION HEAT STROKE

Symptoms What to Do Symptoms What to Do Symptoms What to Do

Muscle pain or 
spasm, usually 
in abdomen, 
arms, or legs

Stop all activ-
ity and sit
quietly in a
cool place;
stretch 
affected 
muscles

Drink or 
eat
sodium-
containing
fluids and
foods 

Seek medical
attention if
cramps
persist for
longer
than 
1 hour

Heavy 
sweating

Paleness
Muscle 

cramps
Tiredness
Weakness
Dizziness,

headache,nau
sea or vomit-
ing; fast,
weak pulse

Fast, shallow
breathing

Fainting

Seek air-
conditioned
environment

Drink cool,
nonalcoholic
beverages

Rest
Take a cool

shower,
bath, or
sponge bath

Wear light-
weight
clothing

Extremely 
high body 
temperature
(above 103°F 
or 40°C)

Red, hot, and 
dry skin

Lack of 
sweat

Rapid, strong 
pulse

Throbbing 
headache

Dizziness, nausea, 
confusion

Unusual or 
irrational 
behavior

Unconsciousness

Get person to
shady area

Cool rapidly
using 
whatever
methods are
available 
(tub of cool
water, cool
shower, 
spray with
hose, etc.)

Monitor body
temperature
and continue
cooling until
temperature
drops to 
101–102°F

Get medical 
assistance
ASAP

If emergency
medical per-
sonnel are 
delayed, call
hospital emer-
gency room 
for further 
instructions

Cold
Athletes who exercise in very cold temperatures are
at risk for hypothermia. Hypothermia occurs when
the body loses heat faster than it is able to generate it.
When the body experiences cold stress, blood is
preferably shunted to the vital organs and away from
the skin. The body perceives this as increased blood
volume and instructs the kidney to produce more
urine to help reduce the blood volume. This is known
as cold diuresis. Although sweat rate is typically low
in cold temperatures, an athlete still can experience
dehydration from cold diuresis, increased respiratory
fluid losses, and decreased incentive to drink. Further,
a person exercising in cold weather with impermeable
clothing—and with little outlet for heat loss through
radiation and convection—could generate higher-
than-expected sweat rates. When exposed to cold, the
body attempts to produce and retain adequate heat to
maintain core temperature in the ideal range, but if it

is unsuccessful, athletes could suffer physical damage
from cold exposure, including varying degrees of
frostbite. Athletes can minimize this risk by dressing
appropriately (Table 8-3). 

Altitude
Individuals exercising at higher altitudes (>2,500 m
or 8,200 ft) have increased fluid needs. This is espe-
cially the case for those people who spend most 
of their time at or near sea level, but then travel 
to and exercise in a high-altitude environment. The
increased fluid losses result from increased diuresis
and high respiratory fluid losses. The renal system 
excretes the excess circulating bicarbonate that results
from excessive ventilation at high altitudes. This is 
important to lower the blood pH, but the increased
urine output can lead to dehydration. Further, respi-
ratory fluid losses at high altitudes may be as high as
1,900 milliliters per day in men and 850 milliliters per
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day in women. To maintain adequate hydration for
optimal kidney function and prevention of dehydra-
tion, an individual may need to consume 3 to 4 liters
of fluid per day.3

Individual Factors

A person’s susceptibility to heat-related stress and fluid
imbalances is affected not only by environmental- and
exercise-related factors, but importantly, also by indi-
vidual factors including gender, age, and diet.

Gender
Women have a lower metabolic rate during exercise
and a smaller body size when compared to men. These
factors contribute to decreased sweat rates and decreased
electrolyte losses, while the amount of water and elec-
trolytes retained by the kidney during exercise is about
the same. Even after adjusting for these gender differ-
ences, women still are at higher risk of developing 
exercise-associated hyponatremia.

Age
When working with children, keep in mind that phys-
iologically, emotionally, and cognitively they are not
just little adults. However, contrary to previous think-
ing, children do not have a less-effective ability to reg-
ulate body temperature and tolerate high levels of
physical exertion when exercising in the heat com-
pared to their adult counterparts as long as they main-
tain appropriate hydration.15 Recommendations and
strategies to help children and adolescents maintain
optimal hydration during exercise are highlighted in
Chapter 13. 

As people age, their ability to use thirst to guide fluid
intake diminishes. Thus, older adults (>65 years) not
only are more likely to become dehydrated but are also
not as good at knowing when and how much 
to drink during exercise. Encourage them to drink dur-
ing and after exercise, but also be aware that excess fluid

intake is more likely to lead to hyponatremia in this
population because they are slower to excrete fluids.

Diet
Many foods contain large amounts of water and
sodium that can help restore fluid and electrolyte
losses that occur with exercise. The proportion of fat,
carbohydrates, and protein in a food only minimally
affects urine production at rest and with exercise. De-
spite the widely held belief that caffeine intake can
lead to dehydration due to its diuretic effects, moder-
ate caffeine intake (<240 mg/day, equivalent to a little
more than 2 cups of coffee) has very little impact on
urine losses, is unlikely to cause dehydration, and may
provide a performance benefit.4 Alcohol, on the other
hand, can increase urine output and delay rehydration
when consumed in large amounts. This is especially
relevant during the post-exercise rehydration period
when many athletes competing in endurance events
celebrate with alcoholic beverages, such as at event-
sponsored beer gardens.  

S P E E D  B U M P
1. Describe how gender, age, diet, and environment

affect hydration status. 

THE NOT-SO-DELICATE BALANCE

When it comes to fluid balance during exercise it
seems a lot like the proverbial double-edged sword:
Drinking too little can lead to dehydration—a scary
condition exercisers have been cautioned against in
every text, handout, and presentation on fluid re-
placement. But drinking too much—out of fear of not
drinking enough—could lead to hyponatremia, a
condition less well known and understood but
equally frightening. Here’s the good news: The body
is very good at handling and normalizing large vari-
ations in fluid intake. For this reason, severe hypona-
tremia and dehydration are rare and generally affect
very specific high-risk populations during specific
types of activities. Both conditions are also highly
preventable. To prevent dehydration and hypona-
tremia, the goal is to drink just the right amount of
fluid before, during, and after exercise to maintain a
state of euhydration.

Euhydration

Euhydration refers to a state of “normal” body water
content—the perfect balance between “too much”
and “not enough” fluid intake. Clients can maintain
a state of euhydration by balancing fluid losses with
fluid intake. Sweat is the primary source of water loss
during exercise. Other fluid losses are minor. For 
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Table 8-3. Dressing for Extreme 
Temperatures14

HEAT COLD

Relatively minimal 
clothing to facilitate 
sweat evaporation

Light-colored to 
reduce radiative 
heat gain

Synthetic “wicking” 
fabrics (as opposed 
to cotton) to facilitate 
sweat evaporation

Layers to minimize
sweat accumulation

Fishnet fabrics may 
help facilitate sweat dis-
sipation

Type of fabric does not
affect thermoregulation
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example, the water lost from breathing approximately
equals water produced with metabolism. Gastroin-
testinal losses are small unless a person has diarrhea.
The kidney decreases urine production during exer-
cise and heat stress.

Sweat Rate
How much a person sweats depends on several fac-
tors including outside temperature, clothing, body
size, intensity and duration of activity, metabolic 
efficiency (how economically the body uses energy
to perform a specific exercise), genetic predisposi-
tion, and other factors. Though larger people gener-
ally tend to sweat more than smaller people, 
all individuals vary greatly in their sweat rates and
fluid replacement should be tailored to individual
needs. An evaluation of sweating rates of elite ath-
letes in a variety of sports suggests that sweat rates
are often on the order of 0.5 to 2.0 liters per hour,6

though it’s difficult to apply these findings to any one
individual in an attempt to approximate sweat losses
(Box 8-1).

Sweat consists of water and electrolytes including
sodium, chloride, potassium, calcium, and magne-
sium. The absolute concentration of the different
electrolytes varies from person to person. The extent
of electrolyte depletion with sweating is variable and
depends on total sweat losses and sweat electrolyte
concentration. In general, sodium and chloride are
found in the highest concentrations in sweat, al-
though with heat acclimatization these losses can be
decreased.

Fluid Needs
An athlete needs to drink just enough fluids to balance
the amount of fluids lost with exercise. A small amount

of water is produced from metabolic activity (only just
enough to offset the water lost from respiration). The
rest of the fluids need to be consumed through food
and drink. If over an 8- to 24-hour period an adequate
amount of fluids and electrolytes are consumed to bal-
ance the exercise losses, then a person can reestablish
a state of euhydration.

Clients can test whether they’ve attained a baseline
state of euhydration in two simple steps:

1. Measure urine-specific gravity of first morning
void. Clients can purchase a container of urinal-
ysis test strips to measure specific gravity, which
is an indicator of urine concentration. A specific
gravity of less than 1.020 grams per milliliter 
indicates euhydration. (Note: Measurement of
specific gravity is the only variable of interest,
although the test strips will also report urine
protein, glucose, ketones, and other values.
Clients should discuss any abnormalities in 
values with their physician.) For best results, 
it’s important to use a first morning void, which 
is more indicative of a steady state hydration
status compared to a random urine sample 
during the day.  

2. Measure body weight nude after the first
morning void. For men, average this value
over 3 days for a baseline weight. Women
may need an average over several more days
because the menstrual cycle influences weight
status. The averaged weight approximates 
euhydration. If euhydration is maintained,
this weight should fluctuate less than 1%. 
If weight loss is greater than 1% it may be 
indicative of dehydration, whereas if weight
gain is greater than 1% it may indicate over-
hydration. Of course, weight is also affected
by changes in eating and stooling patterns and
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Box 8-1. A Protocol to Determine Individual Fluid Needs

The Goal: Determine sweat rate.

The Calculation: Weight before exercise (g) –
weight after exercise (g) + amount of fluid 
consumed (ml) – amount of fluid urinated, if 
applicable)/1 hour. Divide by 30 to determine 
the number of ounces of fluid needed per hour 
of exercise. (This assumes that 1 milliliter of 
sweat loss represents a 1 gram loss in body 
weight since the specific gravity of sweat 
is 1.0 g/ml.)

The Protocol: 
• Warm up until you break a light sweat.
• Urinate if necessary.
• Weigh yourself naked on an accurate scale. 

• Exercise for 1 hour at an intensity and in envi-
ronmental conditions similar to those for your
normal activity, a target race, or other event, 
depending on your reason for determining your
sweat rate.

• Drink a measured amount of fluid, ideally 
the same type of beverage that you consume 
normally or will consume during the target race
or other event. Convert ounces into pounds 
(16 ounces = 1 pound). 

• Do not urinate during the exercise session unless
you plan to measure the volume of the urine. 
(If you do so, convert ounces into pounds.)

• Weigh yourself naked on an accurate scale.
• Calculate sweat rate.

Protocol adapted from Casa DJ. Proper hydration for distance running—Identifying individual fluid needs: A USA Track and Field 
advisory. 2003. www.hartfordmarathon.com/Assets/Training%2BProgram/ProperHydrationForDistanceRunning.pdf.
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so is best used in combination with urine-
specific gravity. 

This method is more objective and reliable than
using a subjective assessment of urine color as a
marker of hydration status. However, urine color can
give a quick estimate of a person’s hydration, with a
darker, more concentrated color signaling dehydration
and a clear to very light yellow indicating adequate 
hydration.

Hyponatremia

Hyponatremia is defined as an abnormally low concen-
tration of blood sodium—less than 135 millimoles per
liter (mmol/L). Exertional hyponatremia results
from excessive intake of low-sodium fluids during pro-
longed endurance activities; that is, drinking a greater
volume of fluid than the volume lost in sweat and
possibly, to a lesser extent, from inappropriate fluid 
retention. A study of 488 Boston Marathon runners
published in the New England Journal of Medicine found
that 13% (22% of women and 8% of men) had hy-
ponatremia and 0.6% had critical hyponatremia at the
end of the race.7 Runners with hyponatremia were
more likely to be of low body mass index, consume flu-
ids at every mile (and more than 3 liters total through-
out the race), finish the race in more than 4 hours, and
gain weight during the run. The greatest predictor of
hyponatremia was weight gain, which researchers 
attributed to excessive fluid intake.7

Hyponatremia is not limited to runners. Anyone
exercising at a low to moderate intensity for an ex-
tended period of time (generally 4 hours or more)
while consuming too much water can be at risk. High-
intensity exercisers are more susceptible to the other
problem—dehydration.

Dehydration

Dehydration is a state of decreased total body fluid. Mild
dehydration, or a 1% to 2% loss of body weight during
exercise, is normal and of no great concern. In fact,
most competitive marathoners are mildly dehydrated at
the end of the race. However, greater losses should be
avoided, as more severe dehydration is associated with
alterations in cardiovascular function, thermoregulatory
capacity and muscle function, and heat illness. 

Dehydration during exercise results from a sweat
rate that is beyond fluid replenishment. Several factors
increase the likelihood of dehydration by either in-
creasing sweat rate or decreasing fluid intake.

Increased Sweat Rate
The following factors could increase the sweat rate to
the point of dehydration:

• Exercising at very high intensities or for very
long periods of time. Sweat rate is increased,
the time available to focus on rehydration is 

diminished, and the stomach and intestines are
less able to process and empty fluids into the
bloodstream. 

• Exercising in very hot and/or humid conditions.
Sweat rate is dramatically increased in an effort
to rid the body of excessive heat, but when the
air is heavy with water, sweat does not evapo-
rate as readily. Therefore, the body has difficulty
cooling its temperature, which may result in 
severe dehydration and heat stroke.

• Exercising in heavy clothing or equipment. 
Ideally, athletes will wear appropriate clothing
to minimize sweat losses during exercise; how-
ever, in some cases excess sweat losses are 
inevitable, such as the case of football players
practicing in the hot sun wearing a uniform 
and protective equipment.

Decreased Fluid Intake
Lack of fluid consumption during exercise can lead to
dehydration. Poor fluid consumption may be due to: 

• Inaccessibility
• A low level of fluid tolerance
• Dislike of the available beverage
• Failure to understand the importance of staying

hydrated
A person who is mildly dehydrated at the onset of a

workout will be at increased risk of suffering from se-
rious dehydration during the exercise session. This is
especially common in athletes who work out several
times a day.

Dehydration, along with high exercise intensity,
hot and humid environmental conditions, poor fitness
level, incomplete heat acclimatization, and a variety
of other factors can all raise body temperature and to-
gether lead to rhabdomyolysis (breakdown of skele-
tal muscle tissue and release of contents into the
bloodstream that sometimes leads to kidney failure)
and heat stroke. Heat stroke is rare and is often con-
fused with a more common condition, postural hy-
potension, the pooling of blood in the legs and
inadequate blood supply to the upper body, causing
dizziness, weakness, and collapse.8 Postural hypoten-
sion can be easily remedied by elevating the legs
above the head for 3 to 4 minutes; nonetheless, a
physician or trained health professional should be
consulted to properly diagnose and treat the ailing
athlete. 

SYMPTOMS AND TREATMENT OF
HYPONATREMIA AND DEHYDRATION

The symptoms of hyponatremia and dehydration are
very similar. Symptoms of hyponatremia include nausea,
vomiting, extreme fatigue, respiratory distress, dizziness,
confusion, disorientation, coma, and seizures. Symp-
toms of dehydration include nausea, vomiting, dizziness, 
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disorientation, weakness, irritability, headache, mus-
cle cramps, chills, and decreased performance. The
muscle cramps associated with dehydration can be
especially debilitating to some athletes who practice
and compete in hot and humid temperatures such as
football players during preseason practice in late
summer, tennis players, endurance cyclists, late-
season triathletes, and soccer and beach volleyball
players.3 Because the signs of hyponatremia and de-
hydration are so similar, and dehydration is better
understood than hyponatremia, people suffering
from hyponatremia may think that they are dehy-
drated and consume more fluids, thus exacerbating
an already severe condition.

How can you tell the difference? A simple guideline
when assessing whether someone is dehydrated or hy-
ponatremic is to look at the individual’s risk profile. Is
the person a recreational athlete who has been exer-
cising for an extended period of time at a low to mod-
erate intensity with a low sweat rate and a high
consumption of fluids? If so, that individual is more
likely to be suffering from hyponatremia. Or, is the
person soaking in sweat from exercising at a high in-
tensity for an extended period of time in excruciating
heat and humidity with very little access to fluids? If
so, dehydration is the more likely problem. While not
every case will be this clear, gathering as many clues
as possible will help in selecting the most appropriate
next steps.

Hyponatremia should be treated by a physician who
can monitor the athlete and provide sodium replace-
ment and a diuretic to rid the body of excess fluid if
necessary. Dehydration should also be treated by a
physician, especially when symptoms (such as vomit-
ing, dizziness, and disorientation) are present. The
physician will treat the athlete with either oral or in-
travenous fluids, depending on the severity of dehy-
dration. (Athletes who are conscious, cognizant,
without gastrointestinal upset, and not at risk of hy-
ponatremia can be encouraged to orally rehydrate
themselves.) 

Prevention of Fluid Disturbances

Both hyponatremia and dehydration are highly pre-
ventable. To help clients avoid either extreme it is im-
portant to (1) stay up-to-date with the latest research
and guidelines, and (2) provide clients with that infor-
mation. Refer to the section “Fluid Requirements for
Active Adults” later in this chapter for a more detailed
description of how to determine fluid needs. 

S P E E D  B U M P  
2. Define euhydration, hyponatremia, and 

dehydration.
3. Identify populations at greatest risk for hypona-

tremia and dehydration.
4. Identify ways to recognize and treat hyponatremia

and dehydration.

HYDRATION AND ATHLETIC
PERFORMANCE

A smart hydration strategy contributes to improved
athletic performance. Most athletes begin exercise ap-
propriately hydrated but then over the course of the
exercise session become dehydrated. This is especially
common during long and intense exercise in hot and
humid conditions. A minority of athletes will begin ex-
ercise dehydrated. Wrestlers, boxers, and body builders
who need to meet certain weight criteria to participate
are particularly susceptible because they may purposely
dehydrate themselves to measure in at a lower weight.
Athletes engaging in high-volume exercise with two or
more exercise sessions per day or a short period be-
tween intense workouts also are more likely to begin a
session dehydrated. To optimize performance, these
athletes should make an attempt at rehydration during
the early phase of their training session, although it is
not clear how much this will actually benefit perform-
ance, and overhydration can contribute to dilutional
hyponatremia. 

Dehydration of greater than 2% body weight com-
promises aerobic exercise performance, especially in
warm and humid temperatures, most likely as a result
of increased core body temperature, increased strain to
the heart and lungs, increased glycogen utilization, and
changes to metabolic and possibly central nervous sys-
tem functioning.6 Dehydration only minimally affects
aerobic performance in cold temperatures and has little
to no performance effect on muscular strength or
anaerobic performance.

FLUID REQUIREMENTS FOR ACTIVE
ADULTS

When providing fluid recommendations to clients it is
most useful to describe your suggestions in relation to
the timing of exercise. 

Pre-Exercise Hydration 

Most people will begin exercise euhydrated, with little
need for a rigorous prehydration regimen. You can as-
sess whether an athlete is euhydrated with the specific
gravity of the first morning void and body weight in
comparison to baseline weight (see “Euhydration: Fluid
Needs,” earlier in this chapter). However, if fewer than
8 to 12 hours have elapsed since the last intense train-
ing session or fluid intake has been inadequate, then
the athlete may benefit from a prehydration program.

The American College of Sports Medicine (ACSM)
recommends the following regimen: An athlete should
begin prehydrating about 4 hours prior to the exercise
session. The athlete should aim to slowly consume about
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5 to 7 milliliters of fluid per 1 kg/2.2 lbs of body weight.
If after 2 hours of prehydration no urine is produced
or if the urine is dark or highly concentrated, then the
athlete should aim to drink an additional 3 to 5 milli-
liters of fluid per 1 kg/2.2 lbs of body weight 2 hours
before the event. Drinking fluid that contains 20 to 
50 mEq/L (460 to 1150 mg/L) of sodium or consuming
salt-containing snacks at this time helps stimulate thirst
and retain the consumed fluids.6 Some athletes may try
to hyperhydrate with glycerol-containing solutions,
which act to expand the extra- and intracellular spaces.
While glycerol may be advantageous for certain ath-
letes who meet specific criteria, it is unlikely to be ad-
vantageous for athletes who will experience none to
mild dehydration during exercise (loss of <2% body
weight) and glycerol use may in fact contribute to in-
creased risk of dilutional hyponatremia.9

Hydration During Exercise

The goal of fluid intake during exercise is to prevent
performance-diminishing or health-altering effects
from dehydration or hyponatremia. To accomplish this:

• Aim for a 1:1 fluid replacement to fluid loss
ratio. Ideally, people should consume the same
amount of fluid as they lose in sweat. This
amount can be determined by using the United
States of America Track and Field (USATF) 
Self-Testing Program for Optimal Hydration10

(see Box 8-1). Or, exercisers can compare pre-
exercise and post-exercise body weight. Perfect

hydration is when no weight is lost or gained
during exercise. The goal is to avoid weight loss
greater than 2%. There is no “one size fits all”
recommendation, though the ACSM position
suggests that if determining individual needs is
not feasible, then athletes could consider aiming
for a 0.4 to 0.8 liter per hour (8 to 16 oz/h) 
replenishment, with the higher rate for faster,
heavier athletes in a hot and humid environ-
ment and the lower rate for slower, lighter 
athletes in a cool environment.6 Because people
sweat at varying rates and exercise at different
intensities, this range may not be appropriate
for everyone. However, when individual assess-
ment is not possible, this recommendation
works for most people. 

• Drink fluids with sodium during prolonged ex-
ercise sessions. If an exercise session lasts longer
than 2 hours or an athlete is participating in an
event that stimulates heavy sodium loss (de-
fined as more than 3 to 4 grams [g] of sodium),
then the athlete should consider consuming a
sports drink that contains elevated levels of
sodium. In one study, researchers did not find 
a benefit from sports drinks that contain only
the 18 millimoles per liter (or 100 mg/8 oz) of
sodium typical of most sports drinks and thus
concluded that higher levels would be needed 
to prevent hyponatremia during prolonged 
exercise.7 See Table 8-4  for the sodium content
of some popular drinks.
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Table 8-4. Evaluating Sports Drinks

Sports drinks play an important role in replenishing fluids, glucose, and sodium lost during exercise lasting
more than 1 hour. Although sports drinks may not completely protect against hyponatremia, they serve an
important purpose in endurance exercise. This table provides nutritional information for some of the most
popular sports drinks.

SERVING CALORIES CARBOHYDRATE 
DRINK SIZE (OZ) (KCAL) SODIUM (MG) CARBOHYDRATE (G) CONCENTRATION (%)

Gatorade

Gatorade 
Endurance
Formula

Powerade

Ultima

Power Bar 
Endurance

Propel Zero

Zico coconut 
water

Source: Compiled from sports drink websites including gatorade.com, powerade.com, ultimareplenisher.com, powerbar.com,
propelzero.com, and zico.com.
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The Institute of Medicine recommends that
people exercising for prolonged periods in hot
environments consume sports drinks that 
contain 20 to 30 mEq/L (450 to 700 mg/L) of
sodium to stimulate thirst and replace sweat
losses and 2 to 5 mEq/L (80 to 200 mg/L) of
potassium to replace sweat losses.11 Alterna-
tively, exercisers can consume extra sodium
with meals and snacks prior to a lengthy exer-
cise session or a day of extensive physical 
activity. Additional sodium or supplementation
with salt tablets seems to be unnecessary 
based on the limited research to date on this
topic.12,13

• Drink carbohydrate-containing sports drinks to
reduce fatigue. If an athlete exercises for longer
than 1 hour, he or she should also obtain some
additional carbohydrates with fluids. With pro-
longed exercise, muscle glycogen stores become
depleted and blood glucose becomes a primary
fuel source. To maintain performance levels and
prevent fatigue, athletes should consume drinks
and snacks that provide about 30 to 60 grams of

rapidly absorbed carbohydrate for every hour of
training. As long as the carbohydrate concentra-
tion is less than about 6% to 8%, it will have lit-
tle effect on gastric emptying, the speed with
which the stomach empties its contents into 
the small intestine.3 Refer to Table 8-4 for the
carbohydrate content of popular sports drinks.
See Myths and Misconceptions for a discussion
about beliefs related to drinking fluids before
and during exercise. 

Post-Exercise Hydration

Following exercise, the athlete should aim to correct
any fluid imbalances that occurred during the exercise
session. This includes consuming water to restore hy-
dration, carbohydrates to replenish glycogen stores, and
electrolytes to speed rehydration. If the athlete will have
at least 12 hours to recover before the next strenuous
workout, then rehydration with the usual meals and
snacks and water should be adequate. The sodium in
the foods will help retain the fluid and stimulate thirst. 
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Myths and Misconceptions

Drinking Fluids Before and During 
Exercise Causes Stomach Cramps
The Myth 
Drinking fluids before and during exercise causes
gastrointestinal distress.

The Logic
Because blood flow is diverted away from the 
gastrointestinal (GI) system during exercise, fluids
consumed before or during exercise will remain in
the stomach during the workout. 

The Science
It is true that gastric emptying slows down dur-
ing exercise. This is largely because exercise-
induced sympathetic stimulation diverts blood
flow from the GI system to the heart, lungs, 
and working muscles. As a result, athletes some-
times experience stomach cramps along with a
variety of other uncomfortable GI issues such 
as reflux, heartburn, bloating, gas, nausea, 
vomiting, the urge to defecate, and diarrhea. 
It turns out, though, that good hydration with
the right fluids can help to increase gastric emp-
tying and lead to reduced GI problems with 
exercise. Gastric emptying is maximized when
the amount of fluid in the stomach is high. 
On the other hand, high-intensity exercise, 
dehydration, hyperthermia, and consumption 
of high-energy (>7% carbohydrate) hypertonic

drinks (like juices and some soft drinks) slow
gastric emptying.

Here are a few practical tips to prepare the gut
for competition:a

1. Get fit and acclimatized to heat.
2. Stay hydrated.
3. Practice drinking during training to improve

race-day comfort.
4. Avoid overnutrition before and during 

exercise.
5. Avoid high-energy, hypertonic food and drinks

before (within 30 to 60 minutes) and after 
exercise. Limit protein and fat intake before
exercise.

6. Ingest a high-energy, high-carbohydrate diet.
7. Avoid high-fiber foods before exercise.
8. Limit nonsteroidal anti-inflammatory drugs, 

alcohol, caffeine, antibiotics, and nutritional
supplements before and during exercise. 
Experiment during training to identify your
triggers.

9. Urinate and defecate prior to exercise.
10. Consult a physician if GI problems persist, 

especially abdominal pain, diarrhea, or bloody
stool.

a. Practical tips originally from Brouns F, Beckers E (1993). Is
the gut an athletic organ? Sports Medicine, 15, 242-257. Cited
in Murray R (2006). Training the gut for competition. Curr
Sports Med Rep. 5:161-164.
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If rehydration needs to occur quickly, the athlete
should drink about 1.5 liters of fluid for each kilogram
(or 0.75 liter of fluid for each pound) of body weight
lost.6 This will be enough to restore lost fluid and also
compensate for increased urine output that occurs
with rapid consumption of large amounts of fluid. A
severely dehydrated athlete (>7% body weight loss)
with symptoms (nausea, vomiting, or diarrhea) may

need intravenous fluid replacement. Those at greatest
risk of hyponatremia should be careful not to consume
too much water following exercise and instead should
focus on replenishing sodium.

S P E E D  B U M P
5. List ways that hydration status affects athletic 

performance.
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CHAPTER SUMMARY

The human body is well equipped to withstand dramatic
variations in fluid intake during exercise and at rest with
little or no detrimental health effects. For this reason,
most recreational exercisers will never suffer from 
serious hyponatremia or dehydration and should not 
be alarmed. It is under extreme situations of prolonged
or very high intensity exercise in excessive heat and 
humidity that risk elevates. And even then, if athletes 
replenish sweat loss with equal amounts of fluid, 
hydration problems can be avoided and performance
optimized. The key to a safe and successful finish is a
few ounces of education and prevention.

KEY POINTS SUMMARY
1. Women have lower sweat rates and decreased

electrolyte losses compared to men. They are at
lower risk of dehydration compared with men
and at higher risk of hyponatremia.

2. Children are as adept as adults at regulating
body temperature as long as they are well hy-
drated. Attention to maintaining adequate hy-
dration, especially in hot and humid conditions,
is paramount. 

3. Use particular caution when monitoring the
fluid status of older adults (more than 65 years),
as they are at increased risk of both dehydration
and hyponatremia.

4. Caffeine intake has little effect on hydration sta-
tus with exercise, while high amounts of alcohol
can delay rehydration.

5. Sweat rate is highly variable and depends on
many factors. Fluid replacement should be tai-
lored to individual needs as much as possible.

6. Check for euhydration with the first morning
void specific gravity and body weight. Aim for a
specific gravity less than 1.020 and minimal
change in body weight. Urine color can provide
a rough estimate of hydration status.

7. Athletes at highest risk of hyponatremia have a
low body mass index, high fluid consumption
during exercise with lower sweat rate (leading to
weight gain), slower pace, and prolonged dura-
tion of activity. They are most likely to be female.

8. Athletes at highest risk of dehydration exercise
at high intensity in hot and humid conditions
with heavy clothing and inadequate fluid 
intake.

9. Dehydration with less than 2% body weight
loss during exercise is normal and not of great
concern. Larger losses in body weight can lead
to heat illness or heat stroke and can nega-
tively affect aerobic athletic performance.

10. Symptoms of hyponatremia and dehydration
are very similar. Symptoms of hyponatremia
include nausea, vomiting, extreme fatigue, 
respiratory distress, dizziness, confusion, dis-
orientation, coma, and seizures. Symptoms of
dehydration include nausea, vomiting, dizzi-
ness, disorientation, weakness, irritability,
headache, muscle cramps, chills, and decreased
performance. Use a client’s risk profile to help
tell the difference. In either case, seek medical
attention.

11. Prevent fluid disturbances by using thirst to
approximate fluid needs, measuring fluid in-
take, and paying particular attention to envi-
ronmental conditions. For optimal fluid
balance, calculate a client’s individual needs
using the USATF Self-Testing Program for Opti-
mal Hydration.

12. Most people begin exercise euhydrated. Those
at risk for dehydration prior to an exercise ses-
sion include weight-class sport athletes who
purposely dehydrate themselves and those with
less than an 8- to 12-hour recovery period be-
tween strenuous training sessions. These ath-
letes should prehydrate with 5 to 7 milliliters of
fluid per 1 kilogram/2.2 pounds of body weight
4 hours prior to exercise. If they do not pro-
duce urine or if the urine is dark and concen-
trated, then they should consume another 3 to
5 milliliters of fluid per 1 kilogram/2.2 pounds
of body weight 2 hours before the exercise ses-
sion. A salt-containing snack will help to retain
fluid and stimulate thirst.

13. During exercise, athletes should aim to con-
sume an amount of fluid equal to that lost in
sweat. The USATF Self-Testing Program for
Optimal Hydration can help to determine
sweat rate. If this is not feasible, athletes
should aim for 0.4 to 0.8 liter per hour (8 to 
16 oz/h) fluid replenishment, the lower rate
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for slower, lighter athletes in cool temperatures
and the higher rate for faster, heavier athletes
in a hot and humid environment.

14. Athletes exercising for prolonged periods in
hot environments should consume sports
drinks that contain 20 to 30 mEq/L (450 to
700 mg/L) of sodium and 2 to 5 mEq/L (80 to
200 mg/L) of potassium. Alternatively, the
electrolytes can be obtained from food sources.

15. For exercise lasting longer than 1 hour, ath-
letes should consume drinks and snacks that
provide about 30 to 60 grams of rapidly ab-
sorbed carbohydrate for every hour of training.
Choose drinks and snacks with less than about
6% to 8% carbohydrate concentration to re-
duce gastric distress.

16. After exercise, rehydrate with water, carbohy-
drates, and electrolytes. Most athletes can re-
hydrate sufficiently with usual meal, snacks,
and fluids. If rehydration needs to occur within
12 hours or less, athletes should aim to drink
about 1.5 liters of fluid for each 1 kilogram/
2.2 pounds lost.

PRACTICAL APPLICATIONS

1. How can you most accurately assess if a client is
euhydrated prior to an exercise session?
A. Measure urine specific gravity and body

weight.
B. Ask the client if he or she feels thirsty.
C. Compare body weight to body weight 1 week

prior.
D. Assess the color of the client’s urine.

2. What is the main cause of hyponatremia during
prolonged exercise?
A. Insufficient glucose replenishment
B. Excessive fluid intake
C. Dehydration
D. Muscle cramping

3. Which of the following exercisers is more likely
to suffer from hyponatremia?
A. A competitive marathon runner competing

on a hot and humid day
B. A moderately fit woman running a 5K who

drinks 3 cups of fluid at the water stop
C. A thin male on a 6-hour hike drinking as

much as possible to prevent dehydration
D. An overweight man on a 2-hour bike ride

4. Which of the following exercisers is most likely
to suffer from dehydration?
A. A competitive marathon runner competing

on a hot and humid day
B. A moderately fit woman running a 5K who

drinks 3 cups of fluid at the water stop
C. A thin male on a 6-hour hike drinking as

much as possible to prevent dehydration
D. An overweight man on a 2-hour bike ride

5. Which of the following is an up-to-date and
sound hydration recommendation?
A. Drink as much as possible during prolonged

exercise to prevent dehydration.
B. Do not drink fluids during exercise.
C. Stay ahead of thirst; drink even when

you’re not thirsty to prevent heat stroke.
D. Determine your approximate fluid needs

based on the amount of sweat you lose 
during exercise. Aim for a 1:1 ratio.

6. Which of the following is NOT a true statement?
A. Following exercise, an athlete should aim to

correct any fluid imbalances that occurred
during the exercise session.

B. Because sports drinks have not been found
to prevent hyponatremia, they are unneces-
sary, regardless of the duration of exercise.

C. Being well hydrated before exercise will help
prevent severe dehydration during exercise.

D. Sports drinks provide rapidly absorbable 
energy that helps improve performance 
during endurance training lasting longer
than 1 hour.

7. Fatigue, vomiting, dizziness, nausea, and 
confusion are signs of which condition(s)?
A. Glycogen depletion
B. Asymptomatic dehydration
C. Asymptomatic hyponatremia
D. Severe hyponatremia and severe 

dehydration

8. If a thin female client who just finished a 3-hour,
30-minute training run (20 miles) for an upcom-
ing marathon complains of dizziness, acts con-
fused, and believes she is dehydrated, what
should you do after calling for medical attention?
A. Provide water immediately.
B. Give her large volumes of sports drinks to

replenish glycogen stores.
C. Attempt to assess how much fluid she drank

during the run.
D. Tell her that she is definitely hyponatremic.

9. Which of the following is NOT used to deter-
mine sweat rate?
A. Weight before 1 hour of exercise
B. Calories of fluid consumed during 1 hour of

exercise
C. Weight after 1 hour of exercise
D. Amount of urine excreted during 1 hour of

exercise

10. What is the sweat rate of a 130-pound female
who weighs 129.5 pounds after a 1-hour bike
ride and who consumed 8 ounces (120 ml) of
water during the ride?
A. 8 ounces/hour (120 ml/hour)
B. 12 ounces/hour (180 ml/hour)
C. 16 ounces/hour (240 ml/hr)
D. 18 ounces/hour (270 ml/hr)

2955_Ch08_150-167  08/10/14  11:51 AM  Page 164



Chapter 8: Exercise, Thermoregulation, and Fluid Balance 165

Case 1 Scott, the Professional
Triathlete
Risk Profile
Scott is a 29-year-old professional triathlete. He is 6′2″
and 170 pounds (BMI 21.8 kg/m2). Triathlon season is
underway and Scott is intensifying his training to com-
pete in the October Kona Ironman Triathlon, which is
about 4 months away. Scott has already qualified for
this event by completing an Ironman (2.4-mile swim,
112-mile bike ride, and 26.2-mile run) in 8 hours and 
30 minutes. Scott has asked you to help calculate his
sweat rate during a training run.
1. Is this client more at risk for dehydration or 

hyponatremia? Explain.

Fluid Needs
On the morning of the training workout, Scott mea -
sured his urine-specific gravity, which was 1.015. His
pre-workout weight is 170.0 pounds. During the work-
out, Scott ran 8 miles over the course of 60 minutes.
At the completion of the workout he drank 16 ounces
of water. His post-workout weight is 167.5.
1. What is Scott’s percent body weight change?
2. What is Scott’s calculated sweat rate?
3. How much fluid does Scott need to drink per hour

to maintain euhydration?

Hydration Recommendation Before Exercise
1. What type and how much fluid would you recom-

mend for Scott prior to a 1-hour workout similar 
to the one he just completed?

2. What fluid regimen would you recommend if
Scott were going to do this workout 6 hours after
a strenuous 20-mile bike ride?

Hydration Recommendation During Exercise 
1. Based on your sweat rate calculation, how much

fluid would Scott need for a 2-hour run?
2. What type of fluid would be best for this run?

What is the ideal electrolyte composition?

Hydration Recommendation After Exercise 
1. What would you recommend to Scott for rehy-

dration after his 2-hour run if he wasn’t planning
to do his next workout for 48 hours?

2. What would you recommend if he were planning
to do a 1-mile swim at 6:00 a.m. the next morning,
which is 10 hours from now?

Case 2 Susan, the Middle-Age
Overweight Hiker
Risk Profile
Susan is a 55-year-old overweight teacher who is
training to hike the Grand Canyon with her 17-year-old
daughter and a guide. She is 5′2″ and 180 pounds (BMI
32.9 kg/m2). She has hired you to help her get in
shape for this adventure. The trip is planned for late
September, which is about 3 months from now. Susan
anticipates that the 9.3-mile trail down will take about
6 hours and the return up about 9 hours. She plans to
complete the trek over a 3-day period.
1. Is this client more at risk for dehydration or 

hyponatremia? Explain.

Fluid Needs
On the morning of the training workout, Susan mea -
sured her urine specific gravity, which was 1.020. 
Her pre-workout weight is 180.0 pounds. 

You choose to calculate sweat rate based on a 
1-hour hike. Susan does not drink anything during the
hike and she does not urinate. At the completion of 
the workout she drank 16 ounces of water. Her post-
workout weight is 179.4 pounds.
1. What is Susan’s percent body weight change?
2. What is Susan’s calculated sweat rate?
3. How much fluid does Susan need to drink per

hour to maintain euhydration?

Hydration Recommendation Before Exercise 
1. What hydration recommendations would you offer

Susan in the days prior to the Grand Canyon hike?

Hydration Recommendation During Exercise 
1. About how much and what types of fluids would

you recommend that Susan bring with her for her
Grand Canyon hike, which is scheduled to occur
over a 3-day period?

Hydration Recommendation After Exercise 
1. What and how much would you advise Susan to

drink in the 24 to 48 hours after she finishes her
Grand Canyon hike?

TRAIN YOURSELF: CALCULATING YOUR FLUID NEEDS
1. Based on your gender, age, height, weight, typical

exercise intensity and duration, and the environ-
mental conditions, would you say that you are over-
all at higher risk of dehydration or hyponatremia?
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recommendations for returning to activity for athletes who
have suffered heat-related illnesses.

USA Track and Field (www.usatf.org). Access an electronic 
library of information on hydration and a handout outlining
the protocol for determining individual fluid needs.
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Fluid Needs
1. Determine your pre-exercise hydration status.

Base this on your urine specific gravity and body
weight compared with a 3-day average weight.
Urine-specific gravity: _______

Weight  (% change from 3-day average):
________

2. Calculate your individual needs using the USATF
protocol to determine sweat rate during a 1-hour
workout.
a. Pre-exercise weight: _____________________
b. Fluid intake: _____________________
c. Post-exercise weight: _____________________
d. Calculated sweat rate: _____________________

3. Calculate your % body weight change: ___________

Hydration Recommendation Before Exercise 
1. Determine your prehydration needs based on

whether or not you were euhydrated prior to exercise
and the amount of time between training sessions.

Hydration Recommendation During Exercise
1. Determine how much fluid you should drink 

during exercise based on intensity, duration, and
calculated sweat rate. Calculate how much sodium
and potassium you should consume to restore
electrolyte balance after a prolonged workout.

Hydration Recommendation After Exercise 
1. Develop a plan for rehydration based on the

amount of time between training sessions and
your usual post-workout food intake.

RESOURCES
The ACSM Position Stand Exercise and Fluid Replacement

(2007) offers hydration recommendations based on an evi-
dence-based review of the existing literature. This position
statement is updated periodically and offers an excellent
guideline for health professionals to use when making fluid
recommendations.

The ACSM Position Stand Exertional Heat Illness During Train-
ing and Competition (2007) provides detailed information
about the causes, consequences, symptoms, treatment, and
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K E Y  T E R M S

and power athletes and how they act to enhance

athletic success.

9.4  Outline an ideal nutrition program for optimal 

performance in aerobic, strength, and power 

sports.

9.5  Given a particular sport, be able to apply the 

appropriate nutrition principles to provide an athlete

with generalized recommendations.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

9.1   List several nutrition principles that are important for

athletes across disciplines.

9.2  Describe several nutritional mistakes elite athletes

commonly make and potential strategies to over-

come them.

9.3  Describe the important nutrition variables in influ-

encing sports performance for endurance, strength,

aerobic power The speed at which adenosine triphos-
phate (ATP) is generated; increased in endurance 
athletes due to metabolic adaptations.

bonking Athlete fatigue in which exercise intensity 
dramatically decreases while the athlete’s perceived
effort increases. Also known as “hitting the wall.”

carbonic acid An acid formed in the body that acts as
an intermediate between sodium bicarbonate/
hydrogen ions and carbon dioxide/water.

carnosine A dipeptide comprised of the basic amino
acids alanine and histidine.

endurance sports Sports and activities lasting 
30 minutes or more.

energy availability The energy available in the body to
fuel physical activity and energy-requiring bodily
functions. Determined by the relationship between
the calories consumed in the diet and the calories 
expended in physical activity.

glycerol A molecule containing three carbon atoms and
three OH molecules; creates an osmotic gradient in
the circulation favoring fluid retention, which subse-
quently reduces fluid excretion from the kidneys and
decreases urination; supplement is banned by the
World Anti-Doping Agency.

“hitting the wall” Athlete fatigue in which exercise 
intensity dramatically decreases while the athlete’s
perceived effort increases. Also known as bonking.

hyperhydration Hydrating above currently optimal 
levels. By consuming large amounts of fluids prior to
exercise, the athlete increases fluid reserves and 
delays the onset of dehydration.

hypertonic fluids Fluids that contain sodium and other
electrolytes in higher concentrations than in blood.

iron depletion A state of decreased body stores of iron
but normal levels of iron in the red blood cells; if not
corrected, progresses to iron deficiency anemia.

isotonic fluids Fluids in which electrolyte content
equals that of blood.

metabolic fatigue The fatigue that occurs when the
substrates for energy production are used up.  Early
on in a strength workout this could be from the 
depletion of creatine phosphate stores, while later 
fatigue results from impaired energy production 
from glycogenolysis and anaerobic glycolysis.

muscle protein breakdown The rate of breakdown of
muscle tissue into component amino acids.

muscle protein synthesis The rate of production of
muscle tissue from the amino acid pool.

net protein balance The balance that exists between
muscle protein synthesis and muscle protein break-
down. 

neuromuscular fatigue Incompletely understood phe-
nomena of a decrease in athletic performance with 
intensive activity to fatigue at some point in the path-
way from initiation of exercise in the cerebral 
cortex to activation in the muscle cell.

nitrogen balance studies Tests that measure the
amount of nitrogen in the urine, which provide an 
indication of whether too much, too little, or enough
protein is being consumed.

periodized nutrition program A nutrition program in
which calorie and macronutrient intakes vary based on
the training regimen. Energy and nutrient needs are
highest during peak training, somewhat decreased
during taper and competition, and much lower during
the transition and rest phase.

periodized training program An exercise training pro-
gram that is separated into phases (periods) that vary
in intensity and volume to maximize performance.

power A measure of force (strength) and speed.
power output The amount of force generated in a

specified period of time.
reactive hypoglycemia Also known as rebound hypo-

glycemia; the drop in blood sugar that results from 
a surge in insulin. Theoretical concern when eating
shortly before exercise because carbohydrate load

169
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INTRODUCTION

As two-time defending Olympic gold medalists, the
women’s U.S. soccer team was favored in the 2011
World Cup finals versus Japan, a team that the United
States had defeated all of the last 25 matches. Up 1-0
with only 9 minutes to play, the U.S. victory was almost
certain. The intensive training, diligent attention to fu-
eling and hydration, mental focus, and teamwork were
about to pay off with the first U.S. women’s World Cup
win in well over a decade. But then, Japan scored.
Overtime. With little over 15 minutes remaining, U.S.
player Abby Wambach scored to put the United States
ahead 2-1. After 117 minutes of competition, with only
3 minutes left in the game, Japan scored to tie, pushing
the game into a shoot-out. Ultimately, Japan dominated
the United States 3-1 after two rounds of penalty kicks,
winning their first World Cup. Heartbroken and 
exhausted, the women’s U.S. soccer team was left to 
recover from the stinging loss, and question: What went
wrong? While many factors certainly contributed, the
nutritional demands and considerations of elite en-
durance athletes playing at the limits of their physical
capacity should not be underestimated. 

Determined to prove themselves after the dishearten-
ing defeat, less than 1 year later, after 123 minutes of play
including overtime, the U.S. women’s soccer team nar-
rowly defeated Canada in the London Olympics semi-
finals. The final game posed a rematch between the
United States and Japan. This time, the U.S. team beat
Japan and won the Gold.

Most athletes will not go on to win a World Cup
or compete in the Olympics. However, athletes of 
all levels strive to gain a competitive edge to perform
at their highest capacity. Oftentimes an athlete’s 
diet is as important as his or her training program in
predicting success. When athletes can apply their 
understanding of exercise physiology and energy 
metabolism to making appropriate dietary choices,
they set the stage to optimize athletic performance.
While general nutritional and hydration considera-
tions for active individuals are discussed in detail in
Chapters 7 and 8, the application of these principles
to specific sports and types of sports is the focus of
this chapter. 

NUTRITION FOR SPORTS PERFORMANCE

Compared to the general population, athletes have 
special nutritional needs including increased caloric 
requirements, greater amounts of protein and carbohy-
drates, and increased needs of some vitamins and min-
erals.1 When athletes meet these nutritional needs,
performance improves, recovery quickens, positive
training adaptations develop, risk of injury lessens, and
health improves. However, despite these potential ben-
efits, studies of the nutrient patterns of athletes across
sports have found that many athletes have long suffered
from inadequate intake of many nutrients including
calories, carbohydrates, and several micronutrients.2-6

While elite athletes meticulously plan their fitness reg-
imens, many struggle to consume the appropriate nu-
trients to fuel that performance, possibly owing to the
difficulty of translating nutrition recommendations into
a daily regimen of nutrient-dense meals and snacks.
Highlighting this struggle, several common nutritional
mistakes that elite athletes across all sports make (and
how to overcome them) are highlighted in Box 9-1.

Ultimately, all athletes benefit from adequate caloric
intake, high carbohydrate availability, tailored hydra-
tion, and an adequate intake of nutrient-dense foods.
The optimal amounts, combinations, and timing of 
nutrient intake vary by sport and position. 

S P E E D  B U M P
1. List several nutrition principles that are important

for athletes across disciplines.
2. Describe several nutritional mistakes elite athletes

commonly make and potential strategies to over-
come them.

ENDURANCE SPORTS

Endurance sports are sports and activities lasting 
30 minutes or more. Ultra-endurance sports are a
subset of endurance sports which last 4 hours or more. 
Endurance and ultra-endurance sports include long-
distance running, road cycling, long-distance swimming,
and other sports and activities that rely heavily on
the capacity of the aerobic system to provide adequate
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and onset of exercise both cause an increase in 
insulin. 

sodium bicarbonate A compound found naturally 
in blood and taken endogenously by some athletes
as a supplement; helps to reduce muscle acidity 
by increasing the release of hydrogen ions from
muscle cells.

strength The production of maximal force.

strength sports Sports that require production of 
maximal force for optimal performance.

ultra-endurance sports A subset of endurance sports
that lasts 4 hours or more.

work-to-rest ratio The relationship of the amount of
time spent in strenuous activity and the amount of
time spent in rest between sets or vigorous bouts of
activity.
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nutrition and oxygen to working cells over a prolonged
period of time. 

The Biochemistry Reviewed

While the phosphagen, anaerobic, and aerobic (or 
“oxidative”) systems all are active in providing energy
during endurance exercise, the aerobic systems predom-
inate. Aerobic glycolysis and fatty acid oxidation metab-
olize glucose and fatty acids, respectively, to generate
energy in the form of adenosine triphosphate (ATP). The
aerobic systems have a nearly unlimited capacity to gen-
erate ATP; however, because aerobic glycolysis and fatty
acid oxidation require multiple chemical reactions to

generate ATP, the speed in which ATP is generated, 
referred to as aerobic power, is slower for the aerobic
systems than for the anaerobic systems. Highly trained
endurance athletes have increased aerobic power due to
metabolic adaptations which occur in response to exer-
cise, including increased mitochondrial concentration in
muscle cells, enhanced delivery of oxygen to working
cells, and more efficient utilization of fuel.

Fatigue during endurance exercise typically results
from depletion of muscle glycogen and reduced blood
glucose concentrations. Not only is glucose essential
for aerobic glycolysis, but glucose is also necessary to
metabolize fat for energy through fatty acid oxidation.
When muscle and liver glycogen stores are depleted, an 
endurance athlete experiences extreme fatigue. Exercise
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Box 9-1. Common Nutritional Mistakes Athletes Make (and How to Overcome Them)

While elite athletes possess optimal fitness to excel
in their respective sports, they many times en-
counter nutrition roadblocks to achieve peak per-
formance. Common nutritional mistakes elite
athletes make and how to overcome them include:

1. Focusing on weight alone instead of lean
mass and fat mass.
Many athletes are concerned with total body
weight, when the strength-to-weight ratio is
what is really important for athletic performance.
Low lean mass may be an indicator that athletes
are not meeting their energy needs, which may
ultimately lower metabolic rate.61 Energy intake
sufficient to spare protein and support muscle
mass can improve athletic performance, appear-
ance, and even bone health.62

2. Eating infrequently.
Humans are able to use only a limited amount of
energy substrates at one time, and any excess
macronutrients from food are stored primarily as
fat.63 Likewise, when adequate energy is not
readily supplied by food, we respond by breaking
down the tissue that requires energy, lean mus-
cle.62 Many athletes do not meet basic nutritional
needs such as consuming adequate amounts of
total calories and carbohydrates. In fact, one
study of 52 female division I college athletes
found that only 9% met calorie needs and just
25% met carbohydrate needs.64 Increasing meal
frequency and decreasing meal size improves
within-day energy balance and body composition
in elite athletes.65

3. Unnecessary micronutrient supplementation.
Athletes use vitamin and mineral supplements
for a variety of reasons, including to aid in bone
mineral preservation, enhance performance, and

fill gaps in an inadequate diet.66 While athletes
do have some higher vitamin and mineral 
requirements, only a limited amount can be 
absorbed at one time, so high-dose supplements
are typically not efficiently used. In most cases,
athletes should consume a diet that provides 
sufficient vitamins and minerals from food.1

Exceeding vitamin and mineral requirements
does not improve performance; in fact, excess
micronutrient intake can negatively affect fluid
balance and health. 

4. Failure to maintain adequate hydration
status.
Fluid balance directly affects the athlete’s ability
to maintain adequate blood volume, which is
imperative during prolonged physical activity.1

Failure to replete both fluid and electrolytes dur-
ing exercise can cause a drop in blood volume,
early fatigue, and can even lead to dangerous
dehydration. To maintain adequate hydration
status and blood glucose levels, athletes should
consume a few sips of a sports beverage contain-
ing electrolytes and carbohydrate every 15 minutes
while engaging in high-intensity physical 
activity.

5. Excessive energy restriction. 
Cutting too many calories in an attempt to lose
weight can actually cause a loss of lean mass and
a relative increase in fat mass.62 Insufficient en-
ergy intake results in a reduction in the amount
of tissue that requires energy, lean muscle. This
can ultimately lead to decreased resting meta-
bolic rate and increased relative fat mass. To stay
lean and keep metabolism up, athletes should
consume sufficient energy to support physical 
activity, spare protein, and preserve lean tissue.

Source: Monica Grages, MS, RD, LD, past graduate research assistant in the Laboratory for Elite Athlete Performance at Georgia State
University.
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intensity dramatically decreases while the athlete’s per-
ceived effort increases. This scenario is commonly 
referred to as “hitting the wall” or bonking; it typically
occurs after several hours of continuous exercise.

Nutritional Highlights

To avoid extreme fatigue and optimize performance,
the major nutritional principles for endurance athletes
aim to optimize muscle and liver glycogen stores and
enhance the efficiency in which glucose and fatty acids
are converted to fuel.

Energy Needs
Endurance athletes engage in rhythmic, continuous
movements at relatively high intensities for prolonged
periods of time. Many endurance athletes require high
caloric intakes to provide sufficient energy to fuel these
exercise bouts. One study of elite female runners found
that their average daily energy expenditure ranged
from 3,000 to 3,750 kcals.7 An ultra-endurance cyclist
may need upward of 6,000 calories to fuel a prolonged
training ride.8

Consuming sufficient calories to fuel exercise while
not interfering with a training regimen or causing gas-
trointestinal distress may pose serious challenges for
these athletes, but the consequences of inadequate
caloric intake can affect athletic performance as well 
as overall health. When too few calories are consumed
than are required to provide for basic metabolic needs
and fuel exercise, the athlete is in a state of low en-
ergy availability and at increased risk of decreased
athletic performance, muscle wasting, depressed im-
mune function, fatigue, and injury. Female athletes
with chronically low energy availability also are at
risk for the female athlete triad, the trio of decreased 
energy availability, decreased bone density, and irreg-
ular menstruation. 

Box 9-2 offers a few tips to help athletes meet calo-
rie needs, while maintaining their intensive training
regimen.

Optimization of Glycogen Stores 
and Glucose Availability
High carbohydrate availability during training increases
rates of carbohydrate oxidation and the production of
ATP.9 Consequently, a major goal of fueling for en-
durance sports is to optimize glycogen stores and ensure
a ready supply of glucose during exercise.
Carbohydrate Loading. To boost glycogen stores, ath-
letes preparing for an event that will last longer than
90 minutes may benefit from carbohydrate loading
in the days before the competition. The amount of
carbohydrates required for maximal benefit depends
on frequency, intensity, duration, and type of exer-
cise that make up the athlete’s training program. A
typical athlete may need from 5 to 10 grams of car-
bohydrates per kilogram body weight per day. The in-
crease in glycogen stores contributes to a 2% to 3%
improved performance in events lasting longer than
90 minutes; it does not seem to provide benefit for
shorter duration activities.10 Carbohydrate loading
also leads to water weight gain of about 3 grams per
gram of glycogen stored since glucose requires water
to be stored as glycogen.
Carbohydrates Prior to Exercise. A carbohydrate-rich
meal 3 to 4 hours prior to competition also benefits
endurance performance by increasing muscle and
liver glycogen stores.11 Carbohydrate intake on the
order of 200 to 300 grams following an overnight 
fast helps to replenish carbohydrate reserves and in-
crease subsequent performance. Many endurance
athletes begin their training early in the morning, 
so carbohydrate consumption 3 to 4 hours prior to
exercise is not feasible. Historically, endurance ath-
letes had been advised to avoid carbohydrates in the
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Box 9-2. Tips to Help Athletes Meet Calorie Needs While Maintaining an Intensive Training Regimen

Many athletes engaging in intensive training pro-
grams struggle to consume sufficient calories to
meet nutritional needs. The following tips can help
athletes overcome the challenges of fitting optimal
nutrition into their daily schedules:
1. Always have a healthy snack on hand. Athletes

can load up their duffel bags, backpacks, and
purses with healthy snacks such as whole and
dried fruit, nutrition or granola bars, and mixed
nuts. This allows an athlete to always have access
to a ready source of fuel when convenient. This is
especially important when traveling or having
uncertain access to wholesome foods.

2. Plan meals around the daily training routine.
Athletes who plan in advance are more likely to

eat wholesome foods and meet their nutritional
needs. 

3.Drink sports drinks and other easily digestible
carbohydrates during training sessions lasting
longer than 1 hour. The importance of nutrition
support is not limited to the day of competition.
Athletes should be sure to consume needed flu-
ids and fuel during training sessions as well.

4.Choose wisely. Athletes should take special care
to choose foods that are most likely to meet
their nutritional needs. This means taking a
conscientious approach to nutrition and nutri-
tion labels when going grocery shopping and
examining restaurant nutrition boards and
menu descriptions when eating out.
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hour prior to exercise—the most convenient time for
many athletes to consume a pre-exercise snack—due
to concern for rebound or reactive hypoglycemia
and diminished performance. However, the evidence
suggests that carbohydrate consumption in the hour
before exercise provides more benefit than potential
harm, though it probably does not provide the same
performance boost as carbohydrates consumed at
least 2 hours before the onset of exercise12 (see Myths
and Misconceptions).
Carbohydrates During Exercise. Carbohydrate inges-
tion during exercise provides both metabolic and
neurological advantages. The metabolic advantages
occur particularly for exercise lasting longer than 
1 hour when glycogen stores and available blood glu-
cose wane. The neuromuscular advantages of carbo-
hydrates can occur even for short-duration and very
high intensity activities. In fact, in these cases some
research suggests that carbohydrate mouth rinses
provide similar performance improvements to carbo-
hydrate drinks simply from stimulation of receptors
in the oral cavity.13,14 When exercise lasts longer than
2 hours, carbohydrate ingestion is essential to provide
adequate fuel. 

Evolving research suggests that athletic performance
improves directly with the amount of carbohydrates
consumed up to the body’s maximal capacity to digest
and absorb the carbohydrate load. For example, a multi-
center study of 51 cyclists and triathletes had the athletes
complete a 2-hour ride at moderate to high intensity 

immediately followed by a 20-kilometer time trial. 
The researchers provided a range of 10 to 120 grams of
carbohydrates to the athletes for each hour of exercise.
Athletic performance increased in a dose-dependent
manner with the amount of carbohydrates consumed,
up to a rate of 60 to 80 grams per hour.15 That is, the
more carbohydrates the athletes consumed, the greater
their improvement in performance.

The maximal amount of carbohydrates that can be
digested, absorbed, and oxidized to create ATP is a
subject of intense investigation. Carbohydrate oxida-
tion is limited by the rate of intestinal absorption. Glu-
cose absorption occurs in the small intestines via a
SGLT1, a sodium-dependent transporter that becomes
saturated with glucose at a consumption of around 
1 gram per minute, or 60 grams per hour.16 A growing
body of research suggests that endurance athletes
may be able to increase carbohydrate absorption and
subsequent oxidation by consuming carbohydrates
that rely on different transporters for absorption. Glu-
cose, sucrose, maltose, maltodextrins (oligosaccha-
ride), and amylopectin are rapidly absorbed, while
fructose, galactose, and amylose are absorbed more
slowly. Most sports drinks contain some combination
of these sugars (see the beverage comparison chart at
www.usaswingnet.com/gatorade_bev_chart%5B1%5
D.pdf). A summary of this research and application
questions are presented in Evaluating the Evidence.

While competitive athletes exercising at high levels
for long periods of time may require 80 grams or more
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Myths and Misconceptions

Endurance Athletes Should Avoid 
Carbohydrates in the Hour Prior to 
Exercise Due to Risk of Hypoglycemia
The rationale proceeds as follows: A carbohydrate
load causes an increase in blood sugar concentra-
tion, which subsequently triggers the release of in-
sulin. Insulin facilitates deposition of blood glucose
into the cells and leads to decreased blood glucose
concentration. The initiation of exercise also trig-
gers a decrease in blood sugar levels through an 
insulin-independent pathway in which GLUT 4 
receptors facilitate the movement of glucose from
blood to the cells. Together, the rapid increase of 
insulin due to the carbohydrate load and the in-
creased activity of GLUT 4 receptors in response 
to the onset of exercise could trigger a rebound 
hypoglycemia with onset occurring in the 15 to 
30 minutes after beginning exercise. The athlete
may then experience the uncomfortable symptoms
associated with hypoglycemia such as anxiety, 
palpitations, nausea, and fatigue. Additionally, a
high blood insulin level inhibits lipolysis and fat 

oxidation, potentially contributing to further 
reliance on carbohydrates for energy and more
rapid depletion of glycogen stores.17 Ultimately, it
was believed that athletic performance would suffer.

A meta-analysis of the literature addressing this
topic found that this concern has no functional sig-
nificance for most athletes and no impact on per-
formance.12 Many athletes do not physiologically
experience the rebound hypoglycemia and, of
those that do, athletic performance is not compro-
mised.12 In practice, the increased carbohydrate
availability in the 30 minutes to 1 hour prior to 
exercise provides more benefit to athletic perform-
ance than the potential harm of hyperinsulinemia
and rebound hypoglycemia. However, some ath-
letes may report symptoms of hypoglycemia when
eating carbohydrate in the hour before exercise.
These athletes may find relief from eating a low
glycemic index snack such as an apple or low-fat
yogurt (causing a lesser increase in blood glucose
and insulin) within 15 minutes of exercise onset
(when the carbohydrate functions in the same way
as carbohydrates consumed during exercise).12
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of carbohydrates per hour for peak performance, an
athlete engaging in moderate-intensity endurance 
exercise for a shorter duration or a recreational athlete
may need much less. For example, very small amounts
of carbohydrates in the form of a mouth rinse or drink
are recommended for events of 30 to 75 minutes. At 
1 to 2 hours the recommended carbohydrate intake is
up to 30 grams per hour; at 2 to 3 hours up to 60 grams
of carbohydrates per hour are recommended; and over
2.5 hours up to 90 grams of carbohydrates per hour are
recommended. For events up to 2 hours, most forms
of carbohydrates can be consumed; at 2 to 3 hours car-
bohydrates that are rapidly oxidized are recommended;
and for events greater than 2.5 hours only multiple
transportable carbohydrates are recommended.17

Despite the performance benefits from large
amounts of carbohydrates, some athletes may hesitate
to consume recommended amounts due to concerns of
gastrointestinal (GI) distress. If carbohydrates are not
rapidly digested and absorbed, they can contribute to

performance-limiting cramps, dizziness, nausea, vom-
iting, and diarrhea. The likelihood of GI problems 
increases with consumption of fiber, fat, protein, and
concentrated carbohydrate-containing foods and
drinks. Up to 95% of endurance athletes have experi-
enced GI symptoms during intense endurance
sessions.18 About 4% of marathoners and 32% of Iron-
man competitors experience GI distress during any
given event.19 Some preliminary research suggests that
consumption of a high carbohydrate diet may upregu-
late carbohydrate transporters and increase carbohy-
drate oxidation rates9 and decrease GI distress.

Ultimately, high carbohydrate gels, bars, and snacks
extend endurance performance, even in activities last-
ing less than 1 hour.20,21 Carbohydrate consumption
should begin shortly after the onset of activity and
every 15 to 20 minutes throughout the workout. 

Box 9-3 highlights a sample nutritional plan to meet
the caloric and carbohydrate needs of a triathlete who
expends about 4,500 kcals per day. An approach to 
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EVALUATING THE EVIDENCE

Manipulating Transporters to Increase Carbohydrate Absorption and Oxidation

Until the publication of a landmark paper by Jentjens, Moseley, Waring, Harding, and Jeukendrup, it was thought
that carbohydrates consumed during exercise could be oxidized at a rate no faster than 1 gram per minute, or 
60 grams per hour, regardless of the type of carbohydrate consumed. 

Review the excerpted study abstract and answer the questions that follow. The complete study is available at
www.pubmed.gov. 

Oxidation of combined ingestion of glucose and fructose during exercise.
Jentjens RL, Moseley L, Waring RH, Harding LK, Jeukendrup AE. J Appl Physiol. 2004 Apr;96(4):1277-84.

Eight trained cyclists (maximal O(2) consumption: 62 +/- 3 ml × kg(-1) × min(-1)) performed four exercise
trials in random order. Each trial consisted of 120 min of cycling at 50% maximum power output (63 +/- 2%
maximal O(2) consumption), while subjects received a solution providing either 1.2 g/min of glucose (Med-
Glu), 1.8 g/min of glucose (High-Glu), 0.6 g/min of fructose + 1.2 g/min of glucose (Fruc+Glu), or water. The
ingested fructose was labeled with [U-(13)C]fructose, and the ingested glucose was labeled with [U-(14)C]glu-
cose. Peak exogenous carbohydrate oxidation rates were approximately 55% higher (P < 0.001) in Fruc+Glu
(1.26 +/- 0.07 g/min) compared with Med-Glu and High-Glu (0.80 +/- 0.04 and 0.83 +/- 0.05 g/min, 
respectively). Furthermore, the average exogenous carbohydrate oxidation rates over the 60- to 120-min 
exercise period were higher (P < 0.001) in Fruc+Glu compared with Med-Glu and High-Glu (1.16 +/- 0.06,
0.75 +/- 0.04, and 0.75 +/- 0.04 g/min, respectively). There was a trend toward a lower endogenous 
carbohydrate oxidation in Fruc+Glu compared with the other two carbohydrate trials, but this failed to reach
statistical significance (P = 0.075). The present results demonstrate that, when fructose and glucose are 
ingested simultaneously at high rates during cycling exercise, exogenous carbohydrate oxidation rates can
reach peak values of approximately 1.3 g/min.

1. Describe in lay terms the major findings from this study.
2. To whom are the results of this study most applicable? Why?
3. Since this study was published, many other researchers have investigated if consuming various forms of

carbohydrates such as glucose and fructose lead to higher oxidation rates than use of glucose alone. Many
of the studies that used total concentrations of glucose + fructose at ≤ 1g/min have found no difference
in oxidation rates,67,68 but those with glucose + fructose at ≥ 1g/min have found benefit from consuming
multiple transporter carbohydrates.69-71 Explain the potential reason for the discrepancy. 

4. How might you apply these findings when providing nutrition information to endurance athletes?
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Box 9-3. A Sample Meal Plan for a Triathlete Requiring 4,500 Calories per Day

Endurance athletes may have an intensive training
schedule, high caloric needs, and limited time to
consume the necessary calories without interfering
with training. A triathlete faces special challenges
as fluid and carbohydrate consumption during long
training swims may be difficult. Here is a sample

meal plan a triathlete with a 4,500-calorie per day
requirement may follow. This plan assumes that 
the triathlete engages in a brick training program
consisting of a 1-hour open water swim, 4-hour
bike ride, and 2-hour run.

Time Activitiy Meal/Snack Calories Carbohydrate (g)

0500 

0600

0630

0730

0735

0750 0905 
1020 1125 

0805 0920 1035
0820 0935 1040
0835 0950 1055
0850 1005 1110

0935

1035

1110

1135

1140

1200 1300

1220 1320

1240

1240

1340

1400

1500

Wake up

Hydrate

Start swim

End swim

Start bike ride

Hydrate

Hydrate

Snack

End bike ride

Start run

Hydrate

Snack

End run

Post-workout
snack

Lunch

Nutrition bar
20 oz sports drink

8 oz sports drink

12 oz sports drink
8 oz water
Sports gel

4 oz sports drink

2 oz water

Banana

Orange

Sports gel

8 oz sports drink

4 oz sports drink, alternate

with 4 oz water

Nutrition bar

12 oz chocolate milk 
Peanut butter sandwich 

2 cup vegetarian pasta
with 100 g tofu
8 oz orange juice

250
135

53

80

100

426

100

60

100

53

80

250

290
400

550
80

135

30
35

14

21

25

112

27

14

25

14

21

30

43
30

85
3

33

Continued
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determining calorie needs for endurance athletes is 
described in detail in Chapter 11.
Glycemic Index. Endurance athletes are commonly ad-
vised to consume low-glycemic index carbohydrates be-
fore exercise to optimize athletic performance. (See
Chapter 1 for a complete discussion of glycemic index,
how it works, and why it might impact exercise.) Despite
nearly two decades of research on this topic, there is not
a consensus as to whether or not glycemic index affects
athletic performance.22

Fat Intake. Some endurance athletes adhere to a high
fat diet in the days leading to a prolonged endurance
event in an attempt to increase muscle triglyceride
stores and spare muscle glycogen. While this practice
increases intramuscular triglyceride stores, it has not
been shown to improve performance and athletes re-
port increased perceived exertion on a high-fat diet
compared to a high-carbohydrate diet.11 Overall, rec-
ommendations for fat consumption for endurance ath-
letes parallel the recommendations for the general
population.1

Hydration Status
During prolonged endurance exercise, sweat acts to
dissipate the heat generated from the body’s energy-
producing metabolic reactions. Athletes with high rates
of sweat loss are at increased risk of dehydration, which
can impair athletic performance and contribute to 
fatigue.23 The aim of hydration during exercise is to
avoid significant dehydration (a loss of more than 2%
to 3% of body weight). One way to do this is to begin
exercise euhydrated. The American College of Sports
Medicine (ACSM) recommends that athletes follow an
individualized hydration regimen to ensure adequate
hydration prior to exercise, which may be demonstrated
by dilute urine (pale to clear-colored urine).23 While
recommendations vary by individual, the typical athlete
may need about 5 to 7 ml/kg of body weight at least 
4 hours prior to exercise, with another 3 to 5 ml/kg 

2 hours before exercise if no urine is produced or if it
is highly concentrated (dark-colored urine).23

Hydration needs during exercise vary considerably
based on exercise time and intensity, individual factors,
and environmental conditions. The most reliable
method to determine fluid needs is for the endurance
athlete to weigh himself or herself prior to exercise and
afterward and replace losses that are greater than 2%
to 3% dehydration. Addition of sodium and carbohy-
drate helps to increase water absorption. 

Maintenance of fluid balance during exercise may
not be possible for athletes with high sweat rates, as
the rate of fluid loss may exceed gastric emptying rates
and fluid absorption. Athletes can maximize gastric
emptying by regularly drinking small sips of fluid, at
least every 15 to 20 minutes, and avoiding hypertonic
fluids that are greater than 8% carbohydrate. Hyper-
tonic fluids contain sodium and other electrolytes 
in higher concentrations than blood. Athletes who 
are prone to dehydration during intensive training may
benefit from hyperhydration. By consuming large
amounts of fluids prior to exercise, the athlete increases
fluid reserves and delays the onset of dehydration. 
The excess fluid also helps to offset increases in body
heat (an especially serious concern when exercising in
the heat) and maintain a high volume status for opti-
mal cardiac output. Excess fluid intake also leads to 
increased urination, which can offset the benefits of
hyperhydration. To limit urination, some athletes in-
corporate beverages containing glycerol into their 
hyperhydration regimen. Glycerol creates an osmotic
gradient in the circulation favoring fluid retention,
which subsequently reduces fluid excretion from the
kidneys and decreases urination.24 Glycerol supplemen-
tation is banned by the World Anti-Doping Agency. 

Any athlete who drinks more fluid than what is lost
from sweat is at increased risk of hyponatremia, or low
blood sodium levels (less than 135 mEq/L); however,
slower athletes are at highest risk as they are more

Box 9-3. A Sample Meal Plan for a Triathlete Requiring 4,500 Calories per Day—cont’d

Time Activitiy Meal/Snack Calories Carbohydrate (g)

1800

2000

2200
66% of total calories 

10.5 g/kg/day assuming 70 kg man

Dinner

Snack

Bed

6 oz salmon
1 cup brown rice
1 cup broccoli
1 cup carrots
8 oz skim milk

6 oz nonfat Greek yogurt
1/2 cup granola
1/2 cup raspberries

8 oz water

240
440
60
50
90

140
300
30

4,492

0
90
10
12
12

20
33
7

746
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likely to consume large amounts of isotonic fluids
that far exceed the rate of fluid lost from sweat.25

Exercise-related hyponatremia can be prevented by
avoiding overdrinking during exercise. Hyponatremia
is discussed in detail in Chapter 4.

Micronutrient Availability 
Many vitamins and minerals play important roles in
the body’s ability to convert fuel from food into usable
energy. The B vitamins are cofactors in the chemical
reactions that convert food into a usable energy source.
If the body has an inadequate supply of these vitamins,
energy production and subsequently endurance per-
formance are compromised. Two B vitamins of partic-
ular importance are vitamin B12 and folate. Deficiency
of either of these nutrients can cause anemia, which
impairs the ability of the blood cells to deliver oxygen
to the working cells and negatively impacts endurance
performance (see Figure 9-1). 

Iron plays a critical role in the process of transporting
oxygen to working cells. If iron is in very short supply
(iron deficiency anemia), production of hemoglobin is
limited. Because hemoglobin carries oxygen in the
bloodstream, iron deficiency limits aerobic capacity. Iron
depletion occurs when the amount of iron in the body
is reduced, but the amount in red blood cells is normal.
If iron depletion is not corrected, it progresses to iron
deficiency anemia. Iron depletion is one of the most
common nutrient insufficiencies, especially for female
endurance athletes.1 Studies show that athletes who
suffer from iron depletion, with or without anemia, may

benefit from 4 to 6 weeks of iron supplementation to
lessen skeletal muscle fatigue and improve endurance,
increase oxygen uptake, and reduce post-endurance lac-
tateconcentration.26 If a health professional is concerned
that a client may be at risk for iron depletion or defi-
ciency, referral to a physician is warranted. An allied
health professional should never diagnose iron depletion
nor recommend supplementation. See Chapter 4 for
more detailed information on iron.

Poor zinc intake is associated with decreased cardio-
vascular function and decreased muscle strength and
endurance.20 Zinc is a component of several enzymes
important in energy metabolism, cell growth, and tis-
sue repair. It may be depleted with prolonged exercise
through excretion in sweat and urinary losses. Athletes
should be cautioned against trying to meet zinc needs
with supplementation as excessive zinc intake (which
frequently occurs with zinc supplementation) can
lower HDL cholesterol (the “good” cholesterol) and in-
terfere with iron and copper absorption.20

Low magnesium intake, especially common in
weight-class and body conscious sports such as
wrestling, gymnastics, ballet, and tennis, compromises
aerobic endurance.1 Magnesium is a critical component
to hundreds of essential biochemical reactions includ-
ing the conversion of glucose to glycogen and the me-
tabolism of glucose, amino acids, and fatty acids to
produce energy. 

Endurance athletes may have increased need for 
vitamin E. Some preliminary research suggests that 
antioxidants such as vitamin E reduce lipid peroxida-
tion during aerobic exercise and may lessen DNA 
damage.27 However, subsequent studies found that an-
tioxidants like vitamin E do not prevent post-exercise
peroxidation.28 When vitamin E is taken in very large
amounts (greater than the Tolerable Upper Intake 
Levels, which are quite high), such as may be the case
with certain vitamin E supplements, it can be pro-
oxidative rather than anti-oxidative, leading to poten-
tially harmful effects.29

Electrolyte replenishment takes high priority for en-
durance athletes, especially those athletes with high
rates of sweat loss. In fact, some endurance athletes may
have sodium and chloride needs that are much higher
than the Tolerable Upper Intake Level of 2.3 grams per
day of sodium and 3.6 grams per day of chloride. The
ACSM and Academy of Nutrition and Dietetics (AND)
recommend that athletes who engage in endurance ac-
tivity lasting longer than 1 to 2 hours consume a sports
drink with carbohydrates and at least 0.5 to 0.7g/L of
sodium and 0.8 to 2g/L of potassium.1 The sports drink
helps to replace sweat electrolyte losses, retain fluid and
stimulate thirst, and provide energy. 

Other Considerations
Caffeine. Caffeine—described in detail in Chapter 10—
is the most common supplement used by endurance
athletes due to its well-established ergogenic benefits.
Most studies report the greatest benefit in doses of 3 to
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Figure 9-1. Micronutrients and endurance exercise.
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6 mg/kg approximately 1 hour before exercise, though
benefits have been reported in doses as low as 1 to 
2 mg/kg.30 Importantly, chronic caffeine users are
much less likely to attain performance benefits from
caffeine use compared to caffeine-naïve athletes. This
is because the body has developed a tolerance to the
effects of caffeine on the body. Excessive caffeine intake
can be toxic.
Protein. While a high level of carbohydrate intake 
is essential for endurance success, sufficient protein 
intake also is important to provide the amino acids to
repair damaged muscle tissue following an intense
workout. Further, if carbohydrate intake is insufficient
(less than 1.2 grams per kilogram per hour for the first
3 hours after exercise), protein co-ingestion may help
to enhance glycogen replenishment.31 (In this case, 
the best combination is 0.2 to 0.4 gram of protein per
kilogram body weight plus 0.8 gram of protein per kilo-
gram body weight32). Nitrogen balance studies sug-
gest that endurance athletes need about 1.2 to 
1.4 grams of protein per kilogram of body weight per
day to maintain neutral nitrogen balance even though
protein turnover may become more efficient with 
improved endurance conditioning.1

Body Composition. Many endurance athletes maintain an
extremely lean body composition both as a result of the
high level of physical activity and as a strategy to optimize
performance. A detailed discussion of body composition
considerations in athletes is included in Chapter 11.

S P E E D  B U M P
3. Describe the important nutrition variables in influ-

encing sports performance for endurance athletes.
4. Outline an ideal nutrition program for optimal 

performance in endurance sports.

STRENGTH SPORTS

While all sports rely on strength to some degree,
strength sports require production of maximal force
for optimal performance. These sports include weightlift-
ing, throwing events, and bodybuilding.

Because the extent of lean body tissue and muscle
mass directly affects performance for these sports, most
strength athletes engage in resistance training, whether
that is part of the training program for a sport (such as
for sprinting and throwing events) or as an integral
component of the sport itself (such as for bodybuilding
and weightlifting). 

The Biochemistry Reviewed

Resistance training relies heavily on the phosphagen
system and anaerobic glycolysis.33 The contribution of
each system is dependent on the power output,
work-to-rest ratio, and muscle blood flow.33 Fatigue
during resistance exercise generally is attributable to
neuromuscular fatigue34 and metabolic fatigue

leading to increased acidity in the muscle fibers.35

Metabolic fatigue early in a strength workout typically
results from depletion of phosphagen stores, while later
fatigue results from impaired energy production from
glycogenolysis and anaerobic glycolysis. See Chapter 6
for more information.

Nutritional Highlights

Nutrition plays an important role in primarily three do-
mains for strength athletes: (1) fueling sport and resist-
ance training; (2) optimizing recovery from training;
and (3) promoting muscular hypertrophy. 

Fueling Sport and Resistance Training
Strength athletes rely on a ready source of nutrients to
optimize performance.
Calorie Needs. Competitive strength athletes typically
have a large muscle mass. Because muscle mass is 
directly proportional to metabolic rate, strength ath-
letes have high caloric needs to maintain body weight,
although the energy expended in exercise may be less
than other athletes. A compilation of studies of elite
strength athletes found that the typical competitive
strength athlete requires about 3,500 kcals per day, or
about 43 kcals/kg of body weight to maintain weight.36

Estimated needs by sport are included in Table 9-1. Ac-
tual needs for an individual athlete may vary signifi-
cantly from this average based on age, gender, body
composition, and fitness level and intensity of training. 

Strength athletes need to consume sufficient calories
to optimize energy availability for the body’s everyday
functions as well as to build muscle mass. An athlete
who unintentionally loses weight during training is not
eating sufficient calories to fuel optimal performance.
Some athletes may need to eat four to six meals per
day and snacks in between meals to meet caloric needs.
An athlete attempting to gain muscle mass will need
an additional 300 to 500 calories per day for a 1-pound
lean weight gain per week. This can be logistically chal-
lenging for an athlete who must strategically time eat-
ing and exercise to optimize performance and also
minimize the risk of gastrointestinal discomfort, which
can result from eating too soon, too much, or poorly
digested foods before exercise. 
Protein Needs. A joint position statement of the ACSM
and AND advises that strength athletes consume ap-
proximately 1.2 to 1.7 grams of protein per kilogram
per day.1 The protein needs for strength athletes are
higher than for endurance athletes, as the body relies
on amino acids (especially branched chain amino acids)
to support muscle growth (see Chapter 2 for detailed
information on the role of amino acids in muscle
growth). The increased needs are especially important
when a person begins a strength training program, the
time when muscle growth occurs more rapidly. Protein
needs may be somewhat lessened with consistent re-
sistance training due to increased efficiency of protein
utilization.37,38 Most strength athletes consume at least
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the recommended amount of protein.1 Consumption
of protein beyond recommendations provides no addi-
tional strength benefit, promotes increased amino acid
catabolism and protein oxidation, and may provide 
excess caloric intake, which is stored as fat.39

Carbohydrate Needs. Some research suggests that con-
suming carbohydrates prior to and during high volume
resistance and strength training may help to maintain
glycogen stores, leading to increased energy and work
capacity.40 While the precise amount and timing of car-
bohydrates for optimal performance varies among ath-
letes and the type of activity, one study found that a
carbohydrate snack containing about 1 g/kg of body
weight prior to resistance training followed by 0.5 g/kg
during resistance training improved performance.41

Fat. Strength athletes do not have increased needs for
fat intake compared to the general population. In real-
ity, most strength athletes consume greater than the
recommendations of fat, possibly due to increased in-
take of animal products in an effort to increase protein
intake.37 Because many strength athletes have high
caloric needs, energy-dense fat in the diet may be an
important component to a strength athlete’s weight
management plan. However, strength athletes who are
overweight or need to lose weight should monitor fat
intake as it is the most energy-dense nutrient, contain-
ing 9 calories per gram (compared with 4 calories per
gram for carbohydrates and protein). 
Hydration. Hydration considerations for strength athletes
parallel those of endurance athletes. Athletes should
begin exercise euhydrated and strive to replace lost fluids
during training (when possible) and after exercise. 

Optimization of Recovery From Training
Ideal macronutrient distribution for strength athletes
relies on a balance of carbohydrate intake to replenish
depleted glycogen stores and protein intake to provide
a ready source of amino acids for muscle hypertrophy.
A single resistance training session can deplete glycogen

stores from 24% to 40% depending on duration and
intensity of the training session.42 If these glycogen
stores are not replenished prior to the next training 
session or competition, performance may suffer.44

Promotion of Muscle Hypertrophy
Muscle protein is in a state of constant flux between
muscle protein synthesis and muscle protein
breakdown. Muscle protein synthesis increases 40% 
to 150% after a single bout of resistance exercise.45 How-
ever, in a fasted state, net protein balance (muscle 
protein synthesis − muscle protein breakdown) remains
negative due to the extensive muscle protein breakdown
that occurs after strength exercise. In order to shift the
equation to favor hypertrophy, several nutritional factors
come into play: protein source, protein quantity, timing
of intake, carbohydrate intake, and supplements.45

Protein Source. Some evidence suggests that whey and
soy protein—two high quality and rapidly digested 
proteins—trigger an increase in muscle protein synthe-
sis, while consumption of the slowly digested proteins
casein and milk help to decrease muscle protein break-
down.45 Research is underway to understand which
protein source ultimately is best to promote muscle 
hypertrophy. One study showed that milk promoted
muscle synthesis more than soy among young male
weight lifters.46 Another showed that whey promoted
synthesis more than casein and soy.42 Yet another
found that casein and whey were equally effective.47

All four of these proteins are high-quality proteins that
contain all of the essential amino acids.
Protein Quantity. Based on results from several labora-
tory and clinical studies, approximately 20 grams of in-
tact protein or 8 to 10 grams of essential amino acids
consumed after strength training seems to maximally
stimulate muscle protein synthesis.39,45 Consumption of
protein in excess of the amount that can be incorpo-
rated into muscle tissue protein seems to provide no ad-
ditional benefit and may lead to irreversible oxidation.39
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Table 9-1. Nutritional Needs for Strength Athletes3,36

AVG WEIGHT CALORIES CARBOHYDRATE  PROTEIN 
SPORT KG (LB) (KCAL/KG) G (G/KG) G (G/KG) FAT G (%E)

Throwing

Sprinting

Weight lifting

Bodybuilding

General

Estimates are for “national level” athletes, which describes highly skilled but not professional or elite level athletes.

Male
Female

Male
Female

Male

Male
Female

96 (210)
83 (180)

67 (150)
54 (120)

95 (210)

84 (185) 
58 (130)

3,500 (36)
2,200 (27)

2,650 (40)
2,400 (44)

3,600 (38)

3,700 (44)
1,600 (28)

Male 55/kg,
Female 40/kg

375 (3.9)
269 (3.2)

340 (5.1)
305 (5.8)

392 (4.1)

532 (6.9)
208 (3.6)

Male 8–9g/kg
Female 5.5g/kg

160 (1.7)
94 (1.1)

102 (1.5)
89 (1.7)

161 (1.7)

165 (2.1)
102 (1.8)

158 (41)
95 (38)

90 (30)
86 (33)

160 (39)

120 (29)
42 (21)
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Timing of Intake. The increase in muscle protein
synthesis resulting from a resistance-training work-
out lasts approximately 24 to 48 hours. This suggests
that consuming a high-quality protein at any time in
this window should enhance muscle deposition.
However, earlier feeding may provide the most ben-
efit, as this is when muscle protein synthesis is most
active. Studies have evaluated whey protein con-
sumption at various times around an acute exercise
bout. One study noted no difference in muscle pro-
tein synthesis when whey protein was consumed be-
fore and immediately after exercise.48 Another study
evaluating muscle protein synthesis when whey pro-
tein was consumed 1 hour and 3 hours after exercise
also showed no difference.49 These studies suggest
that a wide window exists during which protein con-
sumption provides optimal benefit following exercise.
However, other research suggests that with chronic
training, consuming protein immediately after exer-
cise provides the most benefit in muscle fiber hyper-
trophy and lean mass.46,50

Carbohydrate Intake. Carbohydrate intake stimu-
lates the release of insulin from the pancreas. Insulin
is a hormone that triggers transfer of glucose from the
bloodstream into the cells. It also is a known regulator
of protein metabolism that enhances the uptake of
amino acids into muscle tissue and stimulates muscle
protein synthesis. Carbohydrate intake after exercise
should be accompanied with protein. Otherwise, in-
sufficient amino acids may be available to build muscle
mass and adequately counterbalance the exercise-
induced muscle protein breakdown.45

Supplements. Many strength athletes may rely on or
experiment with a variety of supplements that claim to
build muscle strength and bulk. While some may func-
tion as claimed, supplements are poorly regulated and
are not without risk. Supplements are discussed in 
detail in Chapter 10.

S P E E D  B U M P
5. Describe the important nutrition variables in influ-

encing sports performance for strength athletes.
6. Outline an ideal nutrition program for optimal 

performance for competitive strength athletes.

POWER SPORTS

Power is a measure of force (strength) and speed. Ath-
letes engaged in power sports must provide a maximal
amount of effort in a short period of time. Power events
typically last from 1 minute to 10 minutes and require
a high level of both strength and endurance. Individual
sports that rely heavily on power include sprinting,
middle-distance running, track cycling, rowing, canoe-
ing/kayaking, and swimming. Power is also a major
component of most team sports, which are highlighted
in Box 9-4.

The Biochemistry Reviewed

Athletes who engage in power sports rely heavily on
the continuum of energy systems from the creatine
phosphagen system and anaerobic glycolysis to aerobic
glycolysis and fatty acid oxidation. While all systems
are working together at all times, the energy system
that predominates depends upon the duration of exer-
cise. At the onset of intense exercise, the muscles rely
on immediate energy from the phosphagen and anaer-
obic systems. After the first 1 to 2 minutes of intense
exercise, the aerobic system predominates,51 though
the anaerobic systems continue to be active. A sum-
mary of 30 studies with data derived from both trained
and untrained individuals participating in swimming,
running, benching, or cycling ergometry found that for
exhaustive exercise of 0 to 15 seconds the anaerobic
systems contributed 88% of energy and the aerobic
systems contributed 12%; at 0 to 60 seconds the per-
centages were anaerobic 55% and aerobic 45%; and at
0 to 240 seconds the percentages were anaerobic 21%
and aerobic 79%.51

During the intense anaerobic phase of exercise
(the first 1 to 2 minutes of exercise), the anaerobic
type II muscle fibers are highly active. This high level
of anaerobic activity leads to production of the acids
lactate and hydrogen ion (H+). Carnosine, a dipep-
tide found in high concentrations in skeletal muscle,
especially type II muscle fibers, helps to buffer the
acids and slow the decline in muscle pH. Sodium 
bicarbonate, a compound found naturally in blood
and taken endogenously by some athletes as a sup-
plement, helps to reduce muscle acidity by increasing
the release of hydrogen ions from muscle cells.
Sodium bicarbonate binds hydrogen ions to form 
carbonic acid, which subsequently dissociates to
form carbon dioxide and water. Once the production
of acid overcomes the muscle cell’s capability to
maintain pH (lactate threshold), the increased muscle
acidity limits the repletion of phosphagen, inhibits
glycolysis, decreases muscle contractility, and ulti-
mately contributes to fatigue and cessation or greatly
diminished intensity of exercise.52 Sodium bicarbon-
ate as a dietary supplement is described in more detail
in Chapter 10.

Nutritional Highlights

Power athletes rely heavily on each of the energy sys-
tems to work at full capacity to fuel optimal perform-
ance. The nutritional regimen for these athletes must
ensure high capacity of each of the energy systems,
high energy availability, and quick recovery.

Periodized Nutrition to Maximize 
Capacity of the Energy Systems
Because they require optimum output from each of 
the energy systems, power athletes typically follow a 
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Box 9-4. Nutrition Considerations for Team Sports

Team sports are typically divided into field or court
sports. Field sports are further divided into strength
and power sports (football, rugby); endurance
sports (soccer, field hockey, lacrosse); and batting
sports (baseball, softball, cricket). Court sports in-
clude sports such as basketball, volleyball, tennis,
racketball, and squash.

Team sport athletes have special nutritional needs
due to the bursts of high-intensity play followed by
periods of decreased activity or rest. This type of
play relies heavily on both the aerobic energy sys-
tems (in which carbohydrate and fat are primary
fuels) and anaerobic systems, including phosphagen
system and anaerobic glycolysis (in which creatine
and glucose are primary fuels). Each sport is differ-
ent with varying emphasis on endurance, power,
and strength, even among different positions in the
same sport. Athletes should focus their nutritional
approach on the type of fitness that is most essential
for their particular sport and position.

Even then, nutritional needs vary based on the
period of training and competition. Most team sport
coaches typically plan three macrocycles per year
for their teams: preseason training, competition,
and off-season or transition phase. The length of
each macrocycle can vary considerably by sport.
For example, soccer players often have a 3-week
preseason, whereas rugby players have a 4- to 
5-month preseason. Energy and nutritional needs
change with the different macrocycles—an athlete
in preseason training engaging in two-a-day prac-
tices and intensive conditioning has greatly in-
creased needs compared to the off-season and even
the competition season. An athlete has increased
energy and carbohydrate needs during match days
compared to training days; however, many athletes
eat less on match days due to stress, travel, or the

competition schedule. Athletes who compete once
per week, such as college football players, may
have adequate time to recover, whereas athletes
who may have multiple matches in one day, such
as a high school basketball tournament, may have
very little time to recover between each game.

While many of the nutritional guiding principles
for individual athletes engaging in endurance,
power, and strength sports apply to team sports,
several nutritional considerations apply for health
professionals working with sports teams. Health
professionals may advise that:
• Athletes take advantage of half-time and pauses

in the game to eat and drink high carbohydrate
snacks and beverages to aid optimal performance. 

• Nutritional recovery starts in the locker room
after a competition with carbohydrate-rich
snacks, bars, and gels. Including protein will 
help aid muscle tissue repair.

• Athletes apply general nutritional recommenda-
tions provided for the team in a way that best fits
the nutritional needs for that individual athlete.
Nutritional planning and recommendations are
generally applied to many players who must work
together for success and in the context of a multi-
disciplinary coaching and medical staff. Health 
professionals should be sensitive to their role on 
the team and how their nutritional recommenda-
tions may affect a diversity of people. For example,
health professionals who provide nutritional coach-
ing or information to teams should be aware if any
team members have food intolerances or allergies
or disordered eating or body image concerns.

• Individual athletes may consider seeking out a
sports dietitian to help develop an individualized
plan to achieve optimal performance in the 
athlete’s particular position.

Source: Holway FE, Spriet LL. Sport-specific nutrition: practical strategies for team sports. J Sports Sci. 2011;29 Suppl 1:S115-125.

periodized training program in which athletes 
follow a pre-planned intensity and volume of exercise
(typically including endurance exercise, high-intensity
anaerobic training, and strength training) that varies
and corresponds to training goals. A periodized 
nutrition program, in which calorie and macronutri-
ent intakes vary based on the training regimen, ensures
optimal fuel availability to support the athlete’s specific
training and competition demands. Energy and nutri-
ent needs are highest during peak training, somewhat
decreased during taper and competition, and much
lower during the transition and rest phase.

Energy Availability
As for all athletes, sufficient caloric intake to fuel 
exercise is essential. Many power athletes engage in 

exceedingly intense training programs requiring high
levels of caloric intake. For example, practice for an
elite swimmer can last 3 hours and cover 10,000 me-
ters. Studies suggest that caloric needs for these swim-
mers can range from 3,000 to 6,800 calories per day for
males and 1,500 to 3,300 calories per day for females.53

During intensive training, the typical male power 
athlete requires about 55 kcal/kg body weight and 
40 kcal/kg body weight for females.3 These caloric
needs are considerably less during the tapering, com-
petition, and transition phases of training.
Carbohydrate Intake. Power athletes engaging in high
intensity training regimens rely heavily on carbohy-
drate intake to fuel performance. The typical power
athlete tends to consume from 5 to 9 g/kg of carbo-
hydrates (the lower end for females and higher end
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for males).3 Insufficient carbohydrate intake, and
subsequently lower concentration of muscle glycogen
stores, is associated with decreased immune function,
increased rates of burnout, and decreased perform-
ance.54 For this reason, power athletes are advised to
consume about 6 to 12 g/kg of carbohydrates per day
and at least 30 to 60 grams of carbohydrates per hour
(more for activities lasting longer than 2 hours) dur-
ing intensive training. The carbohydrates help to pro-
vide energy to fuel exercise as well as reduce
cognitive fatigue for those athletes engaging in tech-
nical skills such as soccer players focused on drib-
bling, agility, heading, and shooting.55 While it may
be difficult to consume this high amount of carbohy-
drates during training for some athletes, several stud-
ies have found that carbohydrate mouth washing for
about 12 seconds every 7 to 10 minutes can improve
performance.54,56,57

Protein Recommendations. Most protein recommen-
dations refer to endurance athletes or strength ath-
letes, without specific mention of power athletes.
Endurance athletes should consume 1.2 to 1.4 g/kg of
protein per day and strength athletes from 1.2 to 1.7 g/kg
of protein per day. The needs of most power athletes
likely fall within the midpoint of these recommenda-
tions. Protein consumption in excess of 1.7 g/kg con-
tributes to increased protein oxidation and adipose
tissue deposition.

Fat. Fat also plays an important role in fueling exercise
performance for power athletes, mostly due to the in-
tramuscular triglyceride stores, which provide nearly
as much energy as stored muscle glycogen. During
prolonged endurance training in which fatty acid oxi-
dation is a major fuel source, the body relies on the
stored intramuscular triglyceride as a main source of
energy. 

Putting all of the fueling recommendations into play
during practice and training may be logistically chal-
lenging for some athletes, especially those who will 
engage in several meets or competitions in a single day.
Box 9-5 offers practical strategies to help power ath-
letes optimize their fueling strategy. 

Recovery

The major goals of nutritional recovery for power
athletes include glycogen and creatine resynthesis
(which generally occurs rapidly—within 30 seconds
to 1 minute) and protein repair and synthesis. Con-
sumption of a carbohydrate-rich snack of about 1 to
1.5 g/kg body weight within 30 minutes following
exercise then every 2 hours for 4 to 6 hours helps to
optimize glycogen resynthesis. Inclusion of protein of
about 0.3 g/kg will help to enhance muscle protein
synthesis. 
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Box 9-5. Power Athletes and Fueling for Competition

World-class swimmer Michael Phelps won eight
gold medals in the 2008 Beijing Olympics. He com-
peted 20 times over 9 consecutive days; 5 of those
days included three races each. Athletes faced with

repeated intense physical challenges can optimize
performance with strategic fueling and refueling.
Sports nutrition experts Stellingwerff, Maughan,
and Burke recommend the following approach.54

Before Competition

After Exercise

In General

1 to 2 hours before:
Consume 400 to 600 ml (13 to 
20 ounces) of sports drink and/or
water with electrolytes. 

Eat carbohydrate-rich foods of
medium to high glycemic index to
provide 1 to 1.5 g of carbohydrates
per kilogram of body weight in the
first 4 hours after competition.

Choose foods and portion sizes that
are appropriate to nutritional
needs. Avoid becoming over-
whelmed or influenced by peers
during team meals or large buffets.

1 to 6 hours before:
Trial several pre-competition meal and
snack options that are convenient,
available, and well tolerated. They
should be high in carbohydrates (1 to 
4 g/kg), and low in protein and fat.

When traveling, plan ahead to have
ready access to well-tolerated meals
and snacks. Pack favorite snacks and
beverages to bring along.
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Body Composition Considerations

Ideal body composition for optimal performance
varies among sports, even among those sports that
focus primarily on maximal power. For example, the
ideal body type for a 2,000-meter rower is tall, strong,
and heavier compared with a 1,500-meter runner
who benefits most from a lean and svelte body com-
position. Some of the difference can be accounted for
by whether or not the athlete has to support his or
her own weight. For example, rowers and track cy-
clers are weight-supported, so absolute power output
is most important. On the other hand, runners and
swimmers need to generate enough force to support
their weight and gain optimal speed. In these cases, a
leaner body composition with high relative power
output is ideal.

Most male elite power athletes have a body fat con-
tent of 5% to 10% and elite female athletes have a
body fat content of 8% to 15%. Swimmers tend to
have 4% to 8% higher body fat than endurance-
matched runners.58 These standards apply to body
composition during the competitive season, but similar
to physical fitness and nutrition, body composition also
should vary depending on the stage of training. Re-
search is ongoing to best elucidate what fluctuation is
ideal. It seems that changes of about 3% to 5% of body
weight with the leanest weight at competition season
and a slightly higher and healthier weight the majority
of the year is ideal.54 Some athletes may be concerned
that they will lose muscle mass as they lose weight in
preparation for the competitive season. Research sup-
ports that trained athletes could lose weight and main-
tain a high level of muscle mass.59 The necessary
ingredients include a negative energy balance, inten-
sive strength training, and an increased daily protein
intake in the 3 to 6 weeks prior to the competitive sea-
son.59,60

Together, the three prongs of fitness, nutrition, and
body composition set the stage for peak performance.
This chapter’s Communication Strategies feature offers
an exercise to help  health professionals help empower
athletes to put the nutritional principles into practice
by emphasizing the principles of adult learning in
health education.

S P E E D  B U M P
7. Describe the important nutrition variables in influ-

encing sports performance for power athletes.
8. Outline an ideal nutrition program for optimal 

performance in endurance sports.
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COMMUNICATION
STRATEGIES

Health Education for Adult
Learners

You have been asked to lead a 20-minute educa-
tional session on eating for optimal athletic per-
formance with your local university’s female club
rowing team. You feel strongly that strategic nutri-
tion choices set the stage for optimal perform-
ance. You would like to develop a meaningful
educational session for the athletes that they will
remember. Rather than preparing a didactic lec-
ture, you decide to put together a participatory
workshop, keeping in mind the following principles
of adult learning theory:

• New learning is built from previous knowl-
edge and previous learning.

• Adult learners learn best when they play an
engaged and participatory role in learning.

• Adult learners need information that is
highly relevant and practical.

• Adult learners must perceive value to the
information being shared.73

Use the following list to help develop your 
educational session. 

1. What do you think are the three to four
most important nutritional principles to
share with the athletes?

2. How would you like to organize your ses-
sion? A few ideas include a food demon-
stration, grocery store tour, discussion of 
a 1-day sample meal plan, question and
answer, a case study, or other.

3. Develop an outline. Include supplies or
props you may need.

4. Develop a half-page “take-away” docu-
ment highlighting the tips you would like
the athletes to remember.
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CHAPTER SUMMARY

While all athletes require strategic fueling and refueling
for optimal health and performance, strength, en-
durance, and power athletes each have unique nutri-
tional needs.

KEY POINTS SUMMARY
1. Compared to the general population, athletes

have special nutritional needs including in-
creased caloric requirements, greater amounts
of protein, and more carbohydrates.

2. The aerobic energy systems predominate during
endurance exercise. These systems have a nearly
unlimited capacity to generate ATP; however,
the speed at which ATP is generated (aerobic
power) is slower than for the anaerobic systems.

3. Fatigue during endurance exercise typically re-
sults from depletion of muscle glycogen and 
reduced blood glucose concentrations. To avoid
extreme fatigue and optimize performance, the
major nutritional principles for endurance ath-
letes aim to optimize muscle and liver glycogen
stores and enhance the efficiency in which 
glucose and fatty acids are converted to fuel.

4. The increase in muscle glycogen stores resulting
from the practice of carbohydrate loading con-
tributes to a 2% to 3% improved performance
in events lasting longer than 90 minutes; how-
ever, it does not seem to provide any benefit for
shorter duration activities. 

5. Strength sports require production of maximal
force for optimal performance. These sports 
include weight lifting, throwing events, and
bodybuilding.

6. Nutrition plays an important role in primarily
three domains for strength athletes: (1) fueling
sport and resistance training; (2) optimizing 
recovery from training; and (3) promoting 
muscular hypertrophy.

7. The protein needs for strength athletes are
higher than for endurance athletes as the body
relies on amino acids (especially branched chain
amino acids) to support muscle growth.

8. Nutritional factors important for attaining mus-
cle hypertrophy include: protein source, pro-
tein quantity, timing of intake, carbohydrate
intake, and supplementation, if any and when
appropriate.

9. At the onset of intense exercise, the muscles
rely on immediate energy from the phosphagen
and anaerobic systems. After the first few min-
utes of intense exercise, the aerobic system 
predominates. As exercise becomes increasingly
intense and the aerobic system approaches 
maximal capacity for oxygen consumption, the
muscles rely on the anaerobic system to drive
further increases in exercise intensity. 

10. A periodized nutrition program, in which calo-
rie and macronutrient intakes vary based on
the training regimen, ensures optimal fuel
availability to support the athlete’s specific
training and competition demands. Energy and
nutrient needs are highest during peak train-
ing, somewhat decreased during taper and
competition, and much lower during the tran-
sition and rest phase.

11. Insufficient carbohydrate intake, and subse-
quently lower concentration of muscle glyco-
gen stores, is associated with decreased
immune function, increased rates of burnout,
and decreased performance. For this reason,
power athletes are advised to consume about 
6 to 12 g/kg of carbohydrate per day and at
least 30 to 60 grams of carbohydrates per 
hour (more for activities lasting longer than 
2 hours) during intensive training.

12. The major goals of nutritional recovery for
power athletes include glycogen and creatine
resynthesis (which generally occur rapidly—
within 30 seconds to 1 minute) and protein 
repair and synthesis.

PRACTICAL APPLICATIONS

1. For which of the following nutrients do athletes
typically have an increased requirement, when
compared to the general population?
a. Vitamins
b. Minerals
c. Carbohydrates
d. Fat

2. When glycogen in muscles is depleted, it is difficult
to maintain the high initial workload unless the
blood glucose concentration is elevated by carbo-
hydrate consumption. Athletes call this condition:
a. The training effect
b. The second wind
c. Hitting the wall
d. Hypoglycemia

3. It is a good idea, especially for adult women ath-
letes, to have blood hemoglobin regularly
checked to detect for a possible deficiency of
what mineral?
a. Calcium
b. Potassium
c. Copper
d. Iron

4. Which of the following statements best describes
the reason that carbohydrate loading days before
a competition leads to weight gain in athletes?
a. Glucose requires water to be stored as glycogen.
b. Sodium is often found in high-carbohydrate

foods, which leads to bloating.
c. Extra carbohydrate-calorie consumption re-

sults in increased body fat.
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d. Energy from carbohydrates is stored more
readily as fat compared to other nutrients.

5. Which of the following statements is true 
regarding carbohydrate consumption and 
endurance athletes?
a. A majority of athletes that have been stud-

ied experience hyperinsulinemia and re-
bound hypoglycemia at some point during
competition.

b. Athletes who experience the physiological
symptoms of rebound hypoglycemia most
often see a decrease in athletic performance.

c. Consuming carbohydrates 1 hour prior to 
exercise provides more benefit to athletic 
performance than the potential harm of 
rebound hypoglycemia.

d. Endurance athletes should avoid carbohy-
drate consumption in the hour prior to exer-
cise due to the risk of rebound hypoglycemia.

6. How many additional calories per day will a
strength athlete need to eat in order to gain 
one pound of lean muscle mass per week?
a. 200 to 300 calories/day
b. 300 to 500 calories/day
c. 400 to 600 calories/day
d. 500 to 700 calories/day

7. Which of the following statements is true 
regarding protein consumption and strength 
athletes?
a. Strength athletes are advised to consume 

approximately 1.8 to 2.2 grams of protein 
per kilogram body weight per day.

b. Consumption of protein beyond recommen-
dations provides a slight additional strength
benefit to athletes who lift maximum loads. 

c. Protein needs are typically increased with
consistent resistance training due to increased
efficiency of protein utilization.

d. Consumption of excess protein may result 
in excess caloric intake, which is stored as
body fat.

8. An ergogenic aid that is sometimes used by 
athletes in order to control lactate buildup in
muscle is _______________.
a. caffeine
b. sodium bicarbonate
c. anabolic steroid
d. growth hormone

9. During which phase of a periodized nutrition
program are an athlete’s energy and nutrient
needs the highest?
a. Peak training
b. Taper
c. Competition
d. Transition

10. Which of the following statements represents
part of the major goals of nutritional recovery
for power athletes?
a. Protein repair and synthesis
b. Antioxidant regeneration
c. Hemoglobin production
d. Glycogen repair and synthesis

Case 1 Scott, the Professional
Triathlete
Scott is a 29-year-old professional triathlete. Scott is
nearing the peak of his training for the Ironman
triathlon, which is about 2 months away. Scott weighs
170 lbs, or 77 kg.

Refer to Box 9-3, which highlights a 4,500-calorie
nutrient plan for a triathlete. Assume that the triathlete
in the box is Scott.
1. Planning for Optimal Performance

a. What is the most important consideration for 
endurance athletes striving for optimal athletic
performance? Explain why.

b. Scott is training for an Ironman triathlon that is
far from his home. He plans to fly to the location
3 days prior to the race. What type of food
should he bring with him? What advice would
you offer him on choosing meals and snacks
while traveling?

2. Analyzing Intakes (based on Box 9-3)
a. How many grams of carbohydrates did Scott

consume per hour of training? Does this amount
fit within the recommendation for optimal per-
formance for a prolonged endurance workout?

b. What is the total fluid intake Scott consumed
during training? How could you determine if this
is an appropriate intake for Scott?

3. Making Modifications 
Use the USDA National Nutrient Database
(http://ndb.nal.usda.gov/) or the USDA’s Food
Tracker (supertracker.usda.gov) for reference for
parts a and b.
a. List five drink/snack combinations that would

provide Scott with close to the recommended
80 grams of carbohydrates per hour of training
when engaging in prolonged exercise lasting
longer than 2.5 hours. Be sure that the
drink/snack choices are easy to consume during
activity and that they will have a low likelihood of
causing gastrointestinal distress.
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b. Scott ate a peanut butter sandwich and drank 
8 ounces of low-fat milk immediately following
his workout. Does this snack provide the recom-
mended amount of carbohydrate and protein 
for optimal recovery for the first hour after train-
ing for endurance athletes (include the recom-
mended amounts in the answer)? If not, provide
an example of a food Scott could add to meet
requirements. Provide at least three options of
other post-exercise meals or snacks that include
the recommended intakes.

Case 2 Eric, the Recreational
Bodybuilder
Eric is a 31-year-old competitive bodybuilder. He par-
ticipates in bodybuilding competitions in the fall and
trains the rest of the year. 
4. Identifying Needs

a. What are the major nutritional needs and 
considerations of bodybuilders? 

b. List several other sports that have similar nutri-
tional considerations as bodybuilders. Explain how
they are the same. Explain how they are different.

5. Selecting Meals and Snacks
a. Eric asks you for ideas of snacks that would help

him to meet his post-exercise nutritional needs.
What ideas might you offer?

b. Eric shares that he gets most of his protein from
eating protein bars and shakes. He asks if you
have a list of wholesome “real food” protein 
options. Provide a list of at least 10 high-protein
foods, including the protein content and calories
for a standard serving size (include the serving
size used in your answer). Use the USDA 
National Nutrient Database (http://ndb.nal
.usda.gov/) or the USDA’s Food Tracker 
(supertracker.usda.gov) for nutrient information.

TRAIN YOURSELF: ACHIEVING GOALS

1. State a fitness goal. Use a SMART approach to
goal setting (Specific, Measurable, Attainable,
Relevant, Time-Bound). For example, I will
run 30 seconds per mile faster in my next half-
marathon which is in 2 months from now. I
will work to achieve this goal by incorporating
sprint training into my training 2 days per
week.

2. Describe at least two specific changes you could
make to improve your sport- or fitness-related
nutrition to achieve those goals.

3. Implement the nutritional changes. Comment
here on your experiences with implementing
the changes and whether you believe they have
helped or will help to achieve your first goal.
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CHAPTER OUTLINE—cont’d
ASSESS THE CREDIBILITY

ASSESS THE RELEVANCE

EVALUATE THE SAFETY

EVALUATE THE RISKS VERSUS BENEFITS

CONSIDER POSSIBLE DRUG, SUPPLEMENT, AND NUTRIENT

INTERACTIONS

MAKE AN INFORMED DECISION

CONTINUOUSLY EVALUATE THE NEED (OR LACK OF NEED) FOR

SUPPLEMENTATION

10.4 Define the scope of practice for health professionals

with regard to the recommendation and sale of 

dietary supplements.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

10.1 Define what substances are considered dietary

supplements.

10.2 Explain the limitations of dietary supplement 

regulation in the United States.

10.3 Describe the product claims, efficacy, and safety 

of popular, commonly used dietary supplements 

for weight loss, health, and performance. 

anabolic steroids Synthetic drugs that mimic the effect
of testosterone and dihydrotestosterone in the body;
cause rapid strength gains but also carry significant toxic
effects; expressly prohibited in sports competition.

botanical See herbal supplements.
contamination Inadvertent tainting of a supplement

with trace amounts of another supplement without
the knowledge of the manufacturer or consumer.

Current Good Manufacturing Practices (CGMPs) Reg-
ulations that ensure that dietary supplements made in
the United States and abroad are consistently produced
and of acceptable quality by creating manufacturing
standards for all companies that test, produce, package,
label, and distribute supplements in the United States.

dietary supplement A product (other than tobacco)
that functions to supplement the diet and contains
one or more of the following ingredients: a vitamin,
mineral, herb or other botanical, amino acid, dietary
substance that increases total daily intake, metabolite,
constituent, extract, or some combination of the 
preceding ingredients.

Dietary Supplement and Health Education Act
(DSHEA) Federal regulation that oversees supple-
ment production, marketing, and safety; treats sup-
plements more like food than medicine with limited
oversight and accountability.

diuretics Medications or substances that lead to 
increased water loss from the kidneys.

doping The act of ingesting a substance banned by the
World Anti-Doping Agency in an effort to improve
athletic performance.

ergogenic A substance that increases athletic 
performance.

health claim A statement that suggests that a supple-
ment may help to diagnose, prevent, mitigate, treat,
or cure a specific disease.

herbal supplements Plant-derived substances used for
medicinal purposes.

hormones Chemicals released by the body that affect
other parts of the body; many banned synthetic 
hormones mimic the muscle-building effects of 
natural hormones, such as growth hormone, erythro-
poietin-stimulating hormone, and gonadotropins,
which trigger increased testosterone production.

inadvertent doping When an athlete tests positive
for a banned substance due to accidental ingestion,
often as a result of contamination of an allowed
substance. 

stimulant A substance that activates the central ner -
vous system and sympathetic nervous system. It 
increases heart rate and cardiac output, as well as 
glucose availability, and may suppress appetite.
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INTRODUCTION

Eager to improve athletic performance, body compo-
sition, and overall health, many people turn to 
dietary supplements to gain an edge. Not infre-
quently, clients query fitness and other health profes-
sionals for information and advice about various
products. All of these professionals must be well 
informed about dietary supplements and prepared to
answer or refer these questions.

Anne Marie, a 37-year-old female, had exceeded her
fitness goals, but wondered if there was anything she
could take to help optimize her performance. Her per-
sonal trainer suggested that she might benefit from the
supplements Thermadrene, a stimulant-containing
ephedrine; Yohimbe, an extract of a tree bark that is
thought to increase athletic performance; whey pro-
tein, to improve muscle strength; essential fatty acids,
which can benefit heart health; and Lean Body Shake,
a high-protein meal replacement. 

After taking the supplements for about 3 months,
Anne Marie collapsed during an early morning work-
out. She died later that day from a massive brain hem-
orrhage. The ephedra-containing Thermadrene was
thought to be the most likely culprit. The Chinese
botanical ma huang, also known as ephedra, reduces
appetite but is associated with significant life-threatening

side effects, including dangerously increased blood pres-
sure, heart attacks, seizure, stroke, and serious psychi-
atric illness.1 Anne Marie’s pre-existing hypertension
combined with physical exertion and ephedra use pre-
sumably predisposed her to the massive brain hemor-
rhage that took her life.2

Anne Marie’s death resulted in the legal suit Capati v.
Crunch Fitness in which Anne Marie’s personal trainer and
fitness center were sued for $320 million. Ultimately, the
case was settled before going to trial, with the gym and
the trainer liable for $1,750,000.

OVERVIEW OF DIETARY SUPPLEMENTS

From multivitamins and herbal supplements to weight
loss pills and muscle boosters, supplements comprise a
multibillion dollar industry playing to people’s desire to
get or stay healthy, lose weight, gain muscle, improve
memory, enhance sexual function, and various other
wishes. Quality studies to evaluate the effects of supple-
ments are few and only a limited number of supple-
ments have consistent and convincing evidence of safety
and efficacy (Table 10-1). Even then, there is no
guarantee that a purchased supplement actually
contains the ingredients it claims. In fact, one study
found that most herbal supplements are of poor quality,

192 SECTION 2: OPTIMIZING SPORTS PERFORMANCE

Table 10-1. What Works and What Doesn’t
ERGOGENIC   ERGOGENIC ACIDS THAT   
ACIDS THAT MAY PERFORM AS CLAIMED, ERGOGENIC AIDS  
PERFORM AS BUT FOR WHICH THERE ERGOGENIC AIDS THAT DO NOT THAT ARE DANGEROUS,
CLAIMED IS INSUFFICIENT EVIDENCE PERFORM AS CLAIMED BANNED, OR ILLEGAL

Creatine

Caffeine

Sports 
drinks, 
gels, and 
bars

Sodium 
bicarbonate

Some protein 
and amino 
acid 
supplements

Source: Rodriguez NR, Di Marco NM, Langley S. American College of Sports Medicine position stand. Nutrition and athletic performance.
Med Sci Sports Exerc. March 2009;41(3):709-731.

Androstenedione

Dehydroepiandrosterone

19-norandrostenedione

19-norandrostenediol

Other anabolic, 
androgenic steroids

Tribulis terestris
Ephedra

Strychnine

Human growth hormone

Glutamine

Beta 
hydroxybutyrate

Colostrum

Ribose

Cytochrome C

Dihydroxy -
acetone

Gamma
oryzanol

Ginseng

Medium-chain
triglycerides

Pyruvate
Oxygenated
water
Vanadium

Some amino acids

Bee pollen

Branched-chain 
amino acids

Carnitine

Chromium 
picolinate

Cordycemps
Coenzyme Q10

Conjugated 
linoleic acid
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contaminated, and diluted with use of fillers.51 In the oc-
casional instance when a supplement is efficacious, con-
sumers should purchase and use these products cautiously
as, unlike medicines, they are not closely regulated by the
Food and Drug Administration (FDA), though they can
be just as dangerous when used imprudently.

SUPPLEMENT REGULATION

Supplement regulation has been an ongoing source of
controversy and debate. Though 38 million people
spend approximately 17 billion dollars per year on sup-
plements, not including vitamins and minerals,3 the
federal government has relatively loose standards 
to ensure supplement quality and safety. The 1994 
Dietary Supplement and Health Education Act
and the 2007 Current Good Manufacturing Prac-
tices dictate the government’s approach to supple-
ments. Several monitoring systems are in place to help
ensure compliance with FDA regulations. However, the
regulations are loose and do not ensure supplement
safety. While legislation such as the Dietary Supple-
ment Act of 2011 and the Dietary Supplement Labeling
Act of 2013 had been proposed to improve the safety
of dietary supplements, none has been enacted as of
the publication date of this text.

The Dietary Supplement 
and Health Education Act 

The Dietary Supplement and Health Education Act
(DSHEA) of 1994 dictates supplement production,
marketing, and safety guidelines. 

Following are the basic highlights of the DSHEA:4

• The Act established that a dietary supplement is
defined as “a product (other than tobacco) that
functions to supplement the diet and contains

one or more of the following ingredients: (A) a
vitamin; (B) a mineral; (C) an herb or other
botanical; (D) an amino acid; (E) a dietary sup-
plement used by man to supplement the diet 
by increasing the total dietary intake; or (F) a
concentrate, metabolite, constituent, extract, 
or combination of any ingredient described in
clause (A), (B), (C), (D), or (E).”

• Supplements must contain an ingredient label
including the name and quantity of each dietary
ingredient (Fig. 10-1). The label must also iden-
tify the product as a “dietary supplement.”

• Safety standards provide that the Secretary of
the Department of Health and Human Services
may declare that a supplement poses imminent
risk or hazard to public safety. A supplement 
is considered adulterated, or unsafe, if it or one 
of its ingredients presents a “significant or 
unreasonable risk of illness or injury” when
used as directed, or under normal conditions. 
It may also be considered adulterated if too little
information is known about the risk of an 
unstudied ingredient.

• Retailers are allowed to display third-party mate-
rials, such as an article or a chapter in a book, that
provide information about the health-related
benefits of dietary supplements. The Act stipulates
the guidelines the literature must follow, includ-
ing that it must not be false or misleading and
cannot promote a specific supplement brand.

• Supplements cannot make health claims—
statements that suggest that the supplement
may help to diagnose, prevent, mitigate, treat,
or cure a specific disease. Instead, they may 
describe the supplement’s effects on the “struc-
ture or function” of the body or the “well-being”
achieved by consuming the substance. For ex-
ample, an allowable structure/function claim 
for a calcium supplement may state that calcium
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Supplement Facts
Serving Size 1 Tablet

15
Amount Per Tablet
Calories

*Daily Value not established

Other ingredients: Cellulose, lactose, and magnesium stearate.

Dietary supplement of amino acids:

Isoleucine (as L-isoleucine hydrochloride)
Leucine (as L-leucine hydrochloride)
Lysine (as L-lysine hydrochloride)
Methionine (as L-methionine hydrochloride)
Cystine (as L-cystine hydrochloride)
Phenylalanine (as L-phenylalanine hydrochloride)
Tyrosine (as L-tyrosine hydrochloride)
Threonine (as L-threonine hydrochloride)
Valine (as L-valine hydrochloride)

450 mg*
620 mg*
500 mg*
350 mg*
200 mg*
220 mg*
900 mg*
300 mg*
650 mg*

What must be included in a supplement label?
General information

Name of product (including the word “supplement” or a statement 
that the product is a supplement)
Amount of contents
Name and place of business of manufacturer, packer, or distributor
Directions for use

Supplement Facts panel (see left)
Serving size, list of dietary ingredients, amount per serving size 
(by weight), percent Daily Value (%DV), if established
If the dietary ingredient is a botanical, the scientific name of the 
plant or the common or usual name
If the dietary ingredient is a proprietary blend (a blend exclusive to 
the manufacturer), the total weight of the blend and the 
components of the blend in order of predominance by weight

Other Ingredients
Non-dietary ingredients such as fillers, artificial colors, sweeteners, 
flavors, or binders; listed by weight in descending order of 
predominance and by common name or proprietary blend

•

•
•
•

•

• 

•

 

•

Figure 10-1. The supplement label. From Office of Dietary Supplements, National Institutes of Health. Dietary supplements. 2011. http://ods.od
.nih.gov/factsheets/DietarySupplements/. Accessed April 14, 2013.
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builds strong bones. The manufacturer need
only state alongside the claim: This statement has
not been evaluated by the Food and Drug Administra-
tion. This product is not intended to diagnose, treat,
cure, or prevent any disease. A calcium supplement
could not legally claim to prevent osteoporosis,
an illness that may result at least in part due to
low-calcium intake5 (Table 10-2).

In contrast to the approval process for new medicines,
which undergo extensive testing for safety and efficacy
before the FDA approves their use, supplement manu-
facturers must simply notify the FDA 75 days before mar-
keting a new product to the public. Manufacturers are
asked to include with the notification a statement that
the product is thought to be generally safe to the con-
sumer. Beyond that, the FDA does not play a major role
in preventing the distribution of fraudulent supplements

in the marketplace. It does, however, monitor those sup-
plements that are available to the consumer and investi-
gate those with high suspicion for health or safety threats
(see Myths and Misconceptions).

Overall, while the DSHEA was intended to help protect
consumers, safety and legitimacy of any supplement can-
not be assumed. Box 10-1 offers a strategy to help protect
consumers from experiencing harm from supplements.

Current Good Manufacturing Practices 

In June 2007, the FDA issued regulations that require
Current Good Manufacturing Practices (CGMPs) for di-
etary supplements. The CGMPs ensure that dietary
supplements made in the United States and abroad 
are consistently produced and of acceptable quality.
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Table 10-2. Structure/Function Versus Health Claimsa

FDA APPROVAL NOT NEEDED 
(STRUCTURE/FUNCTION CLAIM) FDA APPROVAL NEEDED (HEALTH CLAIM)

Enhances muscle tone or size

Improves memory

Helps maintain normal cholesterol levels

Provides relief of occasional constipation

Suppresses appetite to aid weight loss

Supports the immune system

Relief of occasional heartburn or acid indigestion

Relief of occasional sleeplessness

Arouses sexual desire

Maintains healthy lung function

Improves strength

Promotes digestion

Boosts stamina

For common symptoms of PMS

For hot flashes

Helps you relax

Relieves stress

Helps promote urinary tract health

Maintains intestinal flora

For hair loss associated with aging

Prevents wrinkles

For relief of muscle pain after exercise

To treat or prevent nighttime leg muscle cramps

a. www.fda.gov/food/dietarysupplements/guidancecomplianceregulatoryinformation/ucm107336.htm

Lowers cholesterol

Provides relief of chronic constipation

Suppresses appetite to treat overweight or obesity

Supports the body’s antiviral abilities

Helps relieve persistent heartburn or acid indigestion

Helps reduce difficulty in falling asleep

Restores sexual energy, strength, and performance

Retains healthy lung function in smokers
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CGMPs apply to all companies that test, produce, pack-
age, label, and distribute supplements in the United
States. The CGMPs include regulations related to: 

• The design and construction of physical plants
that facilitate maintenance

• Cleaning
• Proper manufacturing operations
• Quality control procedures
• Testing final product or incoming and in-process

materials
• Handling consumer complaints
• Maintaining records
All companies were required to be in compliance

with the CGMPs by mid-year 2010. The benefits to the
consumer include assurance that supplements are of
acceptable quality and accurately labeled, and of con-
sistent identity, purity, strength, and composition. The
CGMPs do not address supplement safety or their effect
on health. The goals of the CGMPs are to prevent:

• Imprecise dosages of ingredients
• Wrong ingredients
• Contaminants (e.g., bacteria, pesticide, glass, lead)
• Foreign material in a dietary supplement container
• Improper packaging
• Mislabeling6

Monitoring Systems 

Several nongovernmental organizations implement
monitoring systems to help ensure compliance with
FDA regulations. The United States Pharmacopeia
(USP) is a nonprofit organization that offers a set of
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Myths and Misconceptions
If Science Backs It, It Must Work
The Myth 
If scientific research shows that the supple-
ment is effective, then the supplement must 
be effective.

The Logic
Scientific research helps uncover truths. If 
research shows that a product works as de-
scribed, then that is convincing evidence 
that the product may actually work. 

The Science
A body of high-quality scientific research 
performed on individuals in the same target 
population as the individual taking the supple-
ment provides convincing evidence whether 
or not a supplement works as described. Indi-
vidual studies taken alone are less convincing,
and “scientific” studies conducted by product
manufacturers are the least credible. For exam-
ple, a Cochrane review of 48 studies found that
industry-sponsored studies were more likely 
to overstate product efficacy, understate risks,
and show less agreement between study results
and study conclusions.34 Before believing the
scientific evidence cited as support for a particu-
lar supplement, it is important to consider 
the source.

Box 10-1. Key Points to Pondera

• Think twice about the latest headline. Sound
health advice is generally based on research over
time, not a single study. Be wary of results claim-
ing a quick fix that departs from scientific research
and established dietary guidance. Science does not
generally proceed by dramatic breakthroughs, but
rather by taking many small steps, slowly building
toward scientific agreement.

• Some people may think, Even if a product may
not help me, it at least won’t hurt me. It’s best
not to assume that this will always be true.
Some product ingredients, including nutrients
and plant components, can be toxic based on their
activity in the body. Some products may become
harmful when consumed in high enough amounts,
for a long enough time, or in combination with
certain other substances.

• The term natural does not always mean safe.
Use of this term to describe products does not as-
sure wholesomeness or that these products have

milder effects, making them safer to use than
prescribed drugs. For example, many weight-loss
products claim to be natural or herbal, but this
doesn’t necessarily make them safe. The prod-
ucts’ ingredients may interact with drugs or may
be dangerous for people with certain medical
conditions.

• Spend money wisely. Some supplement prod-
ucts may be expensive and may not work, given
an individual’s specific condition. Be wary of 
substituting a product or therapy for prescription
medicines. Discuss supplements with your 
health-care team to determine what is best for
your overall health.

• Safety first. Resist pressure to decide immedi-
ately about trying an untested product or treat-
ment. Ask for more information and consult your
doctor, nurse, dietitian, pharmacist, and/or care-
giver about whether the product is right for you
and safe for you to use.

a. www.fda.gov/Food/DietarySupplements/ConsumerInformation/ucm110493.htm.
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guidelines for the quality, purity, strength, manufactur-
ing practices, and ingredients in dietary supplement
products. Dietary supplement manufacturers can
choose to voluntarily subject their products to USP test-
ing. If the supplement passes the testing, the manufac-
turer is authorized to display the USP symbol on their
labels. ConsumerLab.com also offers supplement test-
ing and a ready source of supplement information for
subscribers.

Sports organizations such as Major League Baseball,
the National Football League, the National Collegiate
Athletic Association, and their players’ associations have
partnered with companies like the nonprofit NSF Inter-
national that test and certify dietary supplements. NSF
screens supplements for banned substances such as
steroids, stimulants, and hormones, and monitors man-
ufacturing facilities for compliance with the U.S. Food
and Drug Administration’s Good Manufacturing Prac-
tices. NSF’s certification service includes product testing,
good manufacturing practices inspections, and ongoing
monitoring. Supplements that pass NSF testing may be
eligible for NSF certification, a recognizable seal of ap-
proval (more information is available at www.nsf.org). 

S P E E D  B U M P
1. Define what substances are considered dietary

supplements.
2. Explain the limitations of dietary supplement 

regulation in the United States.

WEIGHT-LOSS SUPPLEMENTS

With millions of Americans on a diet at any given time,
weight-loss supplements are top sellers. Manufacturers
claim the supplements can aid fat loss, enhance metab-
olism, suppress appetite, and promote weight loss,
sometimes without significant changes to physical ac-
tivity or dietary intake. Some are considered to be ther-
mogenic, meaning “they increase production of heat in
the body.” The claim is that thermogenic products alter
the metabolism in a way that causes the body to use
more energy. The claims are largely unsubstantiated
and the supplements poorly regulated. Ultimately, the
safety and efficacy of weight-loss supplements is largely
unknown. Anyone considering using a weight-loss
supplement should discuss this first with his or her
physician, especially if the person is taking prescription
or over-the-counter medications or other supplements.
Most weight-loss supplements contain several ingredi-
ents, including herbs and botanicals, vitamins, miner-
als, and sometimes caffeine or laxatives. These chemicals
can interact with other medications and supplements,
causing harmful consequences.

Table 10-3 highlights the characteristics of some of
the most commonly used weight-loss substances,
though the list is far from exhaustive. Health profes-
sionals should feel confident in sharing this information
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Table 10-3. Weight-Loss Supplementsa

PRODUCT CLAIM EFFECTIVENESS SAFETY

Alli, over-the-counter 
version of prescription 
drug orlistat (Xenical) 

Bitter Orange

Conjugated Linoleic 
Acid (CLA)

Ephedra

Green Tea Extract

Human Chorionic 
Gonadotropin (hCG)

Hoodia

a. National Center for Complementary and Alternative Medicine (http://nccam.nih.gov/health/).

FDA investigating reports of
liver injury

Similar to ephedra, and insuf-
ficient information to say if
safer; unsafe for many, includ-
ing those with hypertension 

Possibly safe

Likely unsafe and banned by
FDA

Possibly safe

Sold illegally with unsubstan-
tiated claims, target of FDA
investigation

Insufficient information

Decreases fat 
absorption 

Aids weight loss

Reduces body fat
and builds muscle

Decreases appetite

Increases calorie
and fat metabolism
and decreases 
appetite

“Resets metabo-
lism” and changes
“abnormal eating
patterns”

Decreases appetite

Effective though weight loss
usually less for OTC versus
prescription

Insufficient evidence to 
confirm health benefit

Possibly effective for 
weight loss

Possibly effective

Insufficient reliable evidence
to rate

No evidence that it increases
weight loss more than re-
stricting calories (which
manufacturers typically ad-
vise in conjunction with pill)

Insufficient reliable evidence
to rate
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with clients but also should direct clients to their pri-
mary care physician for further discussion of whether
or not it is safe for a client to consume any of these
supplements. 

HEALTH SUPPLEMENTS

From vitamins and minerals to proteins, essential fatty
acids, and various herbs, many supplements claim to im-
prove health. While some may provide health benefits,
supplements do not substitute for a healthy diet. Whole
foods offer important benefits over dietary supplements
such as a being a source of a variety of important nutri-
ents (rather than just one) including health-promoting
fiber and phytochemicals, which are naturally occurring
protective substances that may help protect against myr-
iad diseases and conditions. It is very unlikely to over-
or under-consume important vitamins and minerals
with a balanced, healthy diet. Still, in some cases sup-
plements may benefit overall health, while in others
they may do harm or contribute to health in some way
that is not yet understood. Often, whole foods inspire
the development of food-based supplements, such as in
the case of the exotic fruit juice supplement industry. Lit-
tle human research has been done to support or reject
industry assertions that these supplements improve
health. Some of the most common exotic fruit juice sup-
plements are described in Table 10-4. 

Vitamin and Mineral Supplements

Physicians, scientists, dietitians, and other health pro-
fessionals have long stressed the importance of ade-
quate intake of vitamins and minerals to overall health.
To meet or exceed these requirements, many people
take daily vitamin and mineral supplements. However,
the latest research, which has mostly been done to
evaluate whether megadoses of vitamins offer addi-
tional benefits, has largely been disappointing.  

A study of 161,000 older women enrolled in the
Women’s Health Initiative found that after 8 years there
was no difference in rates of heart disease and cancer
in women who took a multivitamin compared to those
who did not.7 A study of 15,000 physicians from the
Physician’s Health Study found no difference in heart
disease in men taking vitamins E and C compared to
those taking a placebo.8 Another study failed to show
that vitamin E and selenium supplements change the
risk of developing prostate cancer in older men,9 while
other research has shown that megadoses of vitamins
may actually be harmful.10,11 An analysis of randomized-
controlled trials (the gold standard in research design)
studying the role of antioxidants in disease found that
people who take antioxidant supplements, especially 
vitamin A, beta carotene, and vitamin E, had higher
mortality rates, while vitamin C and selenium supple-
ments seemed to provide no benefit or harm.12

Some researchers had held out hope that vitamin
D supplements might help ward off a variety of health
conditions, but so far the research is lacking.13 In fact,
authors of a 2014 review on the topic concluded 
“vitamin D supplementation with or without calcium
does not reduce skeletal or non-skeletal outcomes in
unselected community-dwelling individuals by more
than 15%. Future trials with similar designs are un-
likely to alter these conclusions.”52

Overall, most studies have shown no significant as-
sociation between vitamin supplements and improved
health, with the exception of folic acid supplementa-
tion in pregnant women. A U.S. Preventive Services
Task Force review concluded that there is insufficient
scientific evidence to recommend vitamins for the pre-
vention of cardiovascular disease or cancer.53 This and
two other studies54,55 published in Annals of Internal
Medicine also showed little benefit from vitamins com-
pelled a group of well-respected researchers to com-
ment in an accompanying editorial: “. . . we believe
that the case is closed— supplementing the diet of well-
nourished adults with (most) mineral or vitamin sup-
plements has no clear benefit and might even be
harmful. These vitamins should not be used for chronic
disease prevention. Enough is enough.”56

Many athletes suffer from iron deficiency due to in-
adequate intake or excessive iron losses, which can
occur with exercise. Iron is necessary for optimal oxy-
gen delivery to working cells. When iron levels fall,
aerobic athlete performance falters. Some athletes may
require iron supplementation to restore normal levels.
This should be discussed with a registered dietitian or
a physician.

Ultimately, clients who consume a balanced diet
that provides adequate vitamins and minerals to pre-
vent an overt nutritional deficiency probably do not
need vitamin or mineral supplementation (Tables 10-5
and 10-6). Clients who suspect that they may suffer
from an overt nutritional deficiency should discuss
this with a qualified professional to determine whether
or not supplementation beyond a multivitamin is ad-
vantageous.

Macronutrient Supplements

Some clients may take macronutrient supplements
such as soy protein or essential fatty acids in an effort
to improve health. 

Soy Protein Supplements
Soy isolates, which are 90% protein and contain
isoflavones (phytoestrogens that mimic estrogen), are
highly digestible and easily added to sports drinks, health
beverages, and infant formulas.14 Early studies suggested
that isolated soy protein might lower low-density
lipoprotein (LDL) cholesterol and blood pressure, poten-
tially protect against breast cancer, maintain bone den-
sity, and decrease menopausal symptoms.15 Given what
seemed to be compelling evidence of benefit, in 1999
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Table 10-5. Vitamin Facts
VITAMIN RDA/AI BEST SOURCES FUNCTION

Mena Womena

A (carotene)

B1 (thiamine)

B2 (riboflavin)

B6 (pyridoxine)

B12 (cobalamin)

Biotin

Choline

Folate (folacin, 
folic acid)

Niacin

Pantotheric 
Acid

C (ascorbic acid)

D

E

K

a. RDAs and AIs given are for men aged 31 to 50 and nonpregnant, nonbreastfeading women aged 31 to 52; mg = milligrams; �g = 
micrograms.

b. This is the amount women of childbearing age should obtain from supplements or fortified foods.
Source: Reprinted with permission from Dietary Reference Intakes (various volumes). Copyright 1997, 1998, 2000, 2001 by the National

Academy of Sciences. Courtesy of the National Academics Press, Washington, DC.

Formation and maintenance of
skin, hair, and mucous mem-
branes; helps people see in dim
light; bone and tooth growth

Helps the body release energy
from carbohydrates during me-
tabolism; growth and muscle tone

Helps the body release energy
from protein, fat, and carbohy-
drates during metabolism

Helps build body tissue and aids
in metabolism of protein

Aids cell development, function-
ing of the nervous system, and
the metabolism of protein and fat

Involved in metabolism of 
protein, fats, and carbohydrates

A precursor of acetylcholine; 
essential for liver function

Aids in genetic material develop-
ment; involved in red blood cell
production

Involved in carbohydrate, 
protein, and fat metabolism

Helps release energy from fats
and vegetables

Essential for structure of bones,
cartilage, muscle, and blood ves-
sels; helps maintain capillaries
and gums and aids in absorption
of iron

Aids in bone and tooth forma-
tion; helps maintain heart action
and nervous system function

Protects blood cells, body tissue,
and essential fatty acids from
harmful destruction in the body

Essential for blood-clotting 
functions

900 �g

1.2 mg

1.3 mg

1.3 mg

2.4 �g

30 �g

550 mg

400 �g

16 mg

5 mg

90 mg

5 �g

15 mg

120 �g

700 �g

1.1 mg

1.1 mg

1.3 mg

2.4 �g 

30 �g

425 mg

400 �gb

14 mg

5 mg

75 mg

5 �g

15 mg

90 �g

Yellow or orange fruits and
vegetables, green leafy
vegetables, fortified oat-
meal, liver, dairy products

Fortified cereals and oat-
meal, meats, rice and
pasta, whole grains, liver

Whole grains, green leafy
vegetables, organ meats,
milk, eggs

Fish, poultry, lean meats, ba-
nanas, prunes, dried beans,
whole grains, avocados

Meats, milk products,
seafood

Cereal/grain products,
yeast, legumes, liver

Milk, liver, eggs, peanuts

Green leafy vegetables,
organ meats, dried peas,
beans, lentils

Meat, poultry, fish, en-
riched cereals, peanuts, po-
tatoes, dairy products, eggs

Lean meats, whole grains,
legumes

Citrus fruits, berries, and
vegetables— especially
peppers

Fortified milk, sunlight,
fish, eggs, butter, fortified
margarine

Fortified and multigrain
cereals, nuts, wheat germ,
vegetable oils, green leafy
vegetables

Green leafy vegetables,
fruit, dairy, grain products
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Table 10-6. Mineral Facts
VITAMIN RDA/AI BEST SOURCES FUNCTION

Mena Womena

Calcium

Chromium

Copper

Fluoride

Iodine

Iron

Magnesium

Manganese

Molybdenum

Phosphorus

Potassium

Selenium

Zinc

a. RDAs and AIs given are for men aged 31 to 50 and nonpregnant, nonbreastfeeding women aged 31 to 50; mg = milligram; �g = 
micrograms.

Source: Reprinted with permission from Dietary Reference Intakes (various volumes). Copyright 1997, 1998, 2000, 2001 by the National
Academy of Sciences. Courtesy of the National Academics Press, Washington, DC.

Strong bones, teeth, muscle tissue;
regulates heartbeat, muscle action,
and nerve function; blood clotting

Glucose metabolism (energy); in-
creases effectiveness of insulin

Formation of red blood cells; bone
growth and health; works with 
vitamin C to form elastin

Stimulates bone formation; inhibits
or even reverses dental caries

Component of hormone thyroxine,
which controls metabolism

Hemoglobin formation; improves
blood quality; increases resistance
to stress and disease

Acid/alkaline balance; important in
metabolism of carbohydrates, min-
erals, and sugar (glucose)

Enzyme activation; carbohydrate
and fat production; sex hormone
production; skeletal development

Functions as a cofactor for a limited
number of enzymes in humans

Bone development; important in
protein, fat, and carbohydrate 
utilization

Fruit balance; controls activity of
heart muscle, nervous system, and
kidneys

Protects body tissues against oxida-
tive damage from radiation, pollu-
tion, and normal metabolic
processing

Involved in digestion and metabo-
lism; important in development of
reproductive system; aids in healing

1,000 mg

35 �g

900 �g

4 mg

150 �g

8 mg

420 mg

2.3 mg

45 �g

700 mg

4700 mg

55 �g

11 mg

1,000 mg

25 �g

900 �g

3 mg

150 �g

18 mg

320 mg

1.8 mg

45 �g

700 mg

4700 mg

55 �g

8 mg

Milk and milk products

Corn oil, clams, whole-
grain cereals, brewer’s
yeast

Oysters, nuts, organ
meats, legumes

Fluorinated water, teas,
marine fish

Seafood, iodized salt

Meats, especially organ
meats, legumes

Nuts, green vegetables,
whole grains

Nuts, whole grains,
vegetables, fruits

Legumes, grain prod-
ucts, nuts

Fish, meat, poultry,
eggs, grains

Lean meat, vegetables,
fruits

Seafood, organ meats,
lean meats, grains

Lean meats, liver, eggs,
seafood, whole grains
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the Food and Drug Administration approved labeling for
food containing soy protein as protective against heart
disease. Shortly thereafter, the American Heart Associa-
tion (AHA) released a statement concluding that “it is
prudent to recommend including soy protein foods in a
diet low in saturated fat and cholesterol.”15 Food man-
ufacturers eagerly diversified soy product offerings (in-
cluding various soy supplements and additives) and
grocery stores and consumers readily boosted their soy
consumption. However, after a comprehensive review
of the scientific studies available at that time, the Nutri-
tion Committee of the American Heart Association re-
leased an updated statement in 2006, concluding that
“the direct cardiovascular benefit of soy protein or
isoflavone supplements is minimal at best.”16 The au-
thors recommended against use of soy protein isolates
(with isoflavones) in foods or pills, but did continue to
encourage consumption of whole soy products such as
tofu, soy burgers, and soy nuts, which contain high lev-
els of nonprotein nutrients including heart-healthy
polyunsaturated fats, fiber, vitamins, and minerals and
low levels of saturated fat.16

The scientific research on soy in general and soy
protein and isoflavone in particular continues to
evolve, with mostly conflicting findings. For example,
the 1999 FDA health claim linking soy protein con-
sumption to decreased cardiovascular disease has not
been retracted despite the AHA’s serious concerns
about its validity.

Omega-3 Essential Fatty Acids
Consumer interest in the health benefits of omega-3
essential fatty acids has motivated food manufacturers
to add the fatty acids to a variety of foods and to pro-
duce omega-3 supplements, which are widely avail-
able. A growing body of research and media attention
suggests that omega-3 fatty acids offer numerous
health benefits including decreased risk of heart dis-
ease, improved brain development in fetuses and
young children, and reduced disability from mental ill-
nesses such as depression and attention deficit and hy-
peractivity disorder.17 Omega-3s reduce blood clotting,
dilate blood vessels, and reduce inflammation. Natural
food sources include egg yolks and cold water fish like
tuna, salmon, mackerel, cod, crab, shrimp, and oysters.
Some evidence suggests that people who do not meet
this recommendation may benefit from supplementa-
tion or from fortified foods.   

While there is no established dietary reference in-
take for the optimal amount of omega-3 intake, some
expert panels have recommended an intake between
250 to 500 milligrams per day.18 This dosage is likely
safe and effective to achieve the benefits of omega-3s
without increased risk of complications such as bleed-
ing. Clients who are considering fish oil supplementa-
tion should talk with their physician and pay close
attention to the dosage of omega-3s in the supple-
ment. See Chapter 3 for more detailed information on
essential fatty acids.

Herbal Supplements

Herbal supplements, or botanicals, are plant-
derived substances used for medicinal purposes. Plants
have been used as medicine for thousands of years,
long before Westernized medicine evolved. Commu-
nity healers throughout the world continue to pre-
scribe plant extracts to fend off physical and mental
ailments. Meanwhile, a large number of people in
Western countries have turned to herbal supplements
for a more “natural” way to heal. The two major prob-
lems are that (1) herbal supplements have not been as
thoroughly studied and evaluated as medications to
understand their effects on health, and (2) herbal sup-
plements are not as closely regulated as medications
and, as a result, consumers cannot know for certain
that the supplement they take is not adulterated, con-
taminated, or otherwise different from the supplement
that they thought they purchased.

The most commonly used herbal supplements that
health professionals are likely to encounter include
gingko biloba, an herb thought to improve memory; St.
John’s Wort for depression; echinacea to fight off cold
symptoms and improve the immune system; and
flaxseed and flaxseed oil, which provide the essential
fatty acids (omega-3 and omega-6) to improve cardio-
vascular health. The characteristics of each of these and
other popular herbal supplements are highlighted in
Table 10-7. For information on herbal supplements not
specifically described here,  health professionals (and
their clients) should refer to the Office of Dietary Sup-
plements of the National Institutes of Health at
http://ods.od.nih.gov/ or the National Center for Com-
plementary Medicine of the National Institutes of
Health at http://nccam.nih.gov/.

SUPPLEMENTS FOR ATHLETIC
PERFORMANCE

Numerous supplements claim ergogenic effects from
enhanced cardiovascular endurance to a boost in mus-
cular hypertrophy and strength. These promises of in-
creased athletic performance appeal to athletes from
recreational to professional and Olympic contenders
who strive to beat their personal records and achieve
athletic success. 

Banned Substances and Doping

The International Olympic Committee, the British
Olympic Association, professional sports organizations,
and other organizations have published position state-
ments describing the risks and restrictions of supple-
ment use for athletes. The World Anti-Doping Agency
(WADA) code explicitly describes those supplements
that are banned from use. Readers are advised to access
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Table 10-7. Commonly Used Herbal Supplements46,47,a

HERB SOURCE CLAIM EFFECTIVENESS SAFETY

Arnica

Bee 
Pollen

Echinacea

Flaxseed 
and 
Flaxseed 
Oil

Ginseng

Gingko 
Biloba

Garlic 
Powder

Guarana

St. John’s 
Wort

a. National Center for Complementary and Alternative Medicine (www.nccam.nih.gov).

Topical herbal cream,
safety unknown;
homeopathic oral
supplement, highly
diluted and safe for
oral use

Generally safe but
may cause anaphy-
laxis in those with
bee allergy

Usually no side 
effects if taken by
mouth, though some
people experience 
allergic reactions

Generally well toler-
ated with few side
effects

Easily contaminated,
little standardization
of ingredients

Side effects include
headache, nausea, 
GI upset, dizziness,
and allergic reac-
tions; may increase
bleeding risk

Safe for most adults;
may thin blood; side
effects include breath
and body odor, 
stomach upset, and
allergic reactions

Generally safe, but
lethal overdose 
possible

Interacts with many
medications, which
could lead to serious
side effects

Flowering
head of the
plant

Pollen granules
from stamens
of flowers and
flower nectar
collected 
by bees

Coneflower
found in the
U.S. and
southern
Canada

Oil of the
flaxseed which
is the seed of
the flax plant

Chinese herb

Eastern Asia
Maidenhair
tree

Herb grown 
in many 
countries

Climbing plant
in Amazon
Basin

Yellow flower-
ing plant, me-
dicinal use first
recorded in
ancient Greece

Anti-inflammatory
and antimicrobial ac-
tivity; used as a rem-
edy for sports injuries
and to reduce delayed
onset muscle soreness

“Super food” that
boosts athletic 
performance

Treatment and preven-
tion of colds, flu, and
other infections

Laxative effects, arthri-
tis relief, treatment of
hot flashes and breast
pain, treatment of
high cholesterol, 
cancer prevention

Improves cardiorespira-
tory function, increases
aerobic and anaerobic
performance, improves
mental acuity

Aids memory, improves
circulation, prevents 
altitude sickness

Prevents fatigue

Reduced fatigue, 
increased alertness, 
ergogenic aid

Treatment of depres-
sion, anxiety, and
sleep disorders; balm
for wounds, burns,
and insect bites

Topical herbal cream
widely used and mini-
mally studied; Homeo-
pathic oral preparation,
with unproven effec-
tiveness

Minimal effect 

May be beneficial in
treating upper respira-
tory infections, but
study results are mixed

Study results are mixed
whether flaxseed claims
are accurate; probably
does have a laxative ef-
fect due to fiber content

Claims have not been
substantiated

Research ongoing, large
study showed no im-
provement in memory,
Alzheimer’s disease risk,
cognitive function, blood
pressure, or hypertension

May improve circulation
and slightly lower blood
pressure; could help
prevent colorectal and
stomach cancer

Stimulant with twice
the amount of caffeine
as the coffee bean

Mixed results in treat-
ment of depression
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the report at www.wada-ama.org for a complete listing
of banned substances. Despite the ban, athletes fre-
quently get caught with low levels of banned sub-
stances in their blood and urine during random testing. 

Doping, the act of ingesting a banned substance in
an effort to improve athletic performance, is relatively
common among elite athletes and has especially
plagued the Tour de France, with only four of the win-
ners between 1995 and 2013 not involved in contro-
versies surrounding performance-enhancing drugs. In
the most widely publicized downfall of a world-class
athlete, seven-time Tour de France winner Lance Arm-
strong was stripped of his medals after he was exposed
for what the United States Anti-Doping Agency called
“the most sophisticated, professionalized and successful
doping program that sport has ever seen.” Armstrong
ultimately admitted to using blood doping and a cock-
tail of banned substances including erythropoietin
(EPO), testosterone, cortisone, and human growth hor-
mone.19 Another disgraced Tour de France “winner,”
Alberto Contador, was stripped of his 2010 victory after
he screened positive for the performance-enhancing
and illegal drug clenbuterol; he says it was a contami-
nant in a cut of steak he ate. (Sometimes cattle are
given the drug to improve their value, but investigators
found no evidence that the meat was tainted.) For
Armstrong, Contador, and other athletes found guilty
of doping, a lifetime of intense physical training, com-
petition, and success is nullified by cheating. 

While some athletes may blatantly violate the rules,
many other athletes have been expelled from their
sport due to inadvertent doping. Because supple-
ments are not closely regulated and rates of contami-
nation are high, some athletes test positive for banned
substances without being aware of the ingestion. The
rates of inadvertent doping are highest with the banned
stimulants ephedrine, sibutramine, and methylhexa-
neamine.20 Products containing ephedrine often are 
labeled with the herbal names Ma Huang or ephedra
sinica and not by the more easily identifiable names of
ephedrine, pseudoephedrine, or methylephedrine. The
unclear labeling poses a trap for less sophisticated ath-
letes. Due to its potent potential side effects, such as
stroke and heart attack in certain individuals, sibu-
tramine is approved as a prescription-only medication
for weight loss. When it is contained within a supple-
ment, a consumer may only know that the product has
“pure herbal ingredients” and that it is advertised to 
induce weight loss. The supplement name and ingredient
list may not say the word “sibutramine” anywhere,
leaving it up to the athlete to recognize that the
banned substance sibutramine may be a hidden ingre-
dient. Methylhexaneamine is frequently inadvertently
ingested due to confusing labeling. The same substance
can be found on supplement labels as dimethylamy-
lamine, dimethylpentylamine, pentylamine, geranamine,
and forthane, among others. On the WADA’s 2014 pro-
hibited list only the names methylhexaneamine and 
dimethylpentylamine are mentioned.21,57 

Steroids

Anabolic steroids are strictly prohibited by the
WADA code. Steroids quickly and dangerously build
muscle mass and strength. Their use is accompanied
with serious adverse effects including high blood pres-
sure, rage, gynecomastia (enlarged breast size), and de-
creased testicle size in men; and increased testosterone,
facial hair growth, and deepening of the voice in
women. While most elite and recreational athletes
know to avoid these substances, many supplements are
on the market that contain anabolic steroid contami-
nants, possibly intentionally.20 Consumers should pro-
ceed with caution when considering trying any product
that boasts of its ability to quickly boost muscle mass.

Androstenedione, a precursor to testosterone, is
commonly referred to as a “natural alternative” to an-
abolic steroids. Androstenedione supplements claim to
increase testosterone levels and promote muscle size
and strength. Research in men does not support these
claims,22 while the effect of androstenedione intake in
women has not been studied. Repeated use of an-
drostenedione supplements poses significant health
risks including decreased high-density lipoprotein
(HDL, the “healthy” cholesterol) levels and increased
cardiovascular disease risk; increased risk of prostate
cancer and pancreatic cancer; baldness; and gyneco-
mastia in men.22 While androstenedione is not banned
by Major League Baseball, the National Basketball As-
sociation, or the National Hockey League, it is banned
by the WADA and the International Olympic Commit-
tee (IOC), the National Collegiate Athletic Association
(NCAA), and the National Football League. The FDA
has also banned the sale of androstenedione in the
United States.

Similar to androstenedione, dehydroepiandros-
terone (DHEA) is a precursor to testosterone. Despite
claims of promoting youthfulness, virility, and en-
hanced strength, research consistently shows that it
does not affect strength, lean body mass, or athletic
performance.23 DHEA is banned by the WADA. 

Hormones

Some athletes turn to hormones to gain an unfair ath-
letic advantage. From erythropoesis-stimulating hor-
mones, which lead to increased red blood cell production
and consequently increased oxygen-carrying capacity, to
growth hormones and sex hormones that boost testos-
terone levels, most hormone supplements are strictly
banned and should be avoided by all athletes.

Diuretics

Diuretics are medications or substances that lead to
increased water loss. Athletes trying to make weight
frequently abuse diuretics. Again, use of these sub-
stances is strictly prohibited by the WADA.
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Stimulants

A stimulant is a substance that activates the central
nervous system and sympathetic nervous system. It in-
creases heart rate, cardiac output, and glucose avail-
ability, and may even suppress appetite. In addition to
their potential performance-enhancing attributes, stim-
ulants also can have serious and significant side effects.
With the exception of caffeine, the WADA prohibits
stimulant use during competition.

Caffeine
Caffeine is now found in soap, lip balm, and chewing
gum in addition to coffee, tea, chocolate, and 60 plus
other plants and artificially injected foods and drinks.
Countless caffeine-loaded products promise to enhance
performance and stimulate the metabolism. Caffeine’s
potent ability to ward off sleep, improve athletic per-
formance, decrease pain and fatigue, boost memory,
and enhance mood24 makes it America’s drug of choice.
Over 90% of Americans admit to regular caffeine use,25

and 20% to 30% consume 600 milligrams (equivalent
to about 6 cups of coffee) or more each day.24

Caffeine rapidly enters the bloodstream and within
a short 40 to 60 minutes reaches all organs of the
body, causing physiological changes that last for up to 
6 hours.26 Due to its lipophilic or “fat-loving” chemical
structure, caffeine easily crosses the blood-brain barrier,
the brain’s security system aimed to prevent water-
soluble toxins from damaging the all-important organ.
To a nerve cell, caffeine resembles adenosine, a molecule
that slows down the nervous system, dilates blood ves-
sels, and allows sleep. The nerve’s adenosine receptor
cannot tell the difference between the two molecules, so
caffeine and adenosine compete for receptor binding.
When caffeine wins, an exaggerated stress response takes
hold. The cell activity speeds up, the brain’s blood vessels
constrict, and neuron firing increases. The pituitary gland
responds to the increased activity by sending a message
to the adrenal glands to produce adrenaline, the “fight or
flight” hormone. Pupils and breathing tubes dilate. Heart
rate increases. Blood flow shunts to the muscles. Blood
pressure rises. Muscles contract. The liver releases extra
glucose into the bloodstream to fuel the “fight or flight”
response, thus sparing muscle glycogen stores.2

Given the physiological response to caffeine, it comes
as no surprise that the research findings on caffeine are
so consistent and clear: caffeine enhances athletic per-
formance. Caffeine sustains or improves exercise per-
formance, maximizes effort at 85% VO2 max in cyclists,
and quickens speed in an endurance event.26 Perceived
exertion decreases and high intensity efforts seem less
taxing.24 Contrary to popular opinion, research suggests
that caffeine use combined with exercise does not cause
negative effects like water-electrolyte imbalances, hyper-
thermia, or reduced exercise-heat tolerance.24 Athletes
are taking note— nearly 70% of athletes in one study re-
ported regular caffeine use.26 The NCAA and the IOC
allow intake of the ubiquitous and relatively harmless

substance up to an approximately 800 milligram dose
(cut-offs are based on caffeine amounts in urine test-
ing). Notably, most research studying the ergogenic 
potential of caffeine has used dosages around 400 to
600 milligrams in capsule form, though benefits have
been seen at doses as low as 250 milligrams.26

Here’s the catch: performance-enhancing benefits of
caffeine are stronger in nonusers (<50 mg/day) than
regular users (>300 mg/day).27 That’s because the brain
adapts to chronic caffeine use by producing more adeno-
sine receptors for adenosine binding. Caffeine’s effects
are lessened and the same dose produces fewer desirable
physiological changes. In a chronically sleep-deprived,
high-achieving culture, a common response to increased
caffeine tolerance is consumption of more caffeine.
While the extra caffeine binds up the newly created
adenosine receptors, the brain gets back to work increas-
ing receptor production. As the dose continues to in-
crease in pursuit of the invigorating caffeine jolt, risk of
severe consequences multiply. In addition to its toxicity
at high doses, when combined with other substances
like alcohol, ephedrine, or anti-inflammatory medica-
tions, even moderate caffeine use can be dangerous.

On top of tolerance, chronic caffeine use contributes
to high blood pressure, high blood sugar, decreased bone
density in women, jittery nerves, sleeplessness, and for
many, withdrawal symptoms after a brief respite from
the stimulant including headache, irritability, increased
fatigue, drowsiness, decreased alertness, difficulty con-
centrating, and decreased energy and activity levels.26

Proteins and Amino Acids

Proteins and amino acids are among the most popular
and commonly used supplements.

Whey and Casein
Two forms of commonly supplemented proteins include
the milk proteins whey and casein. Whey is the liquid
remaining after the milk has been curdled and strained.
There are three varieties of whey: whey protein powder,
whey protein concentrate, and whey protein isolate, 
all of which provide high levels of the essential and
branched-chain amino acids, vitamins, and minerals.
Whey powder is 11% to 15% protein and is used as an
additive in many food products. Whey concentrate is
25% to 89% protein, whereas whey isolate is more than
90% protein. Both are commonly used in dietary sup-
plements. It should be noted that while the isolate form
is nearly pure whey, some of the proteins can be lost dur-
ing the manufacturing process. Unlike the other whey
forms, the isolate is lactose-free. Whey contains high lev-
els of the amino acids that play an important role in mus-
cle hypertrophy. It is also rapidly digested and absorbed,
and effectively stimulates muscle protein synthesis.

Casein, which gives milk its white color, accounts
for 70% to 80% of milk’s protein. Casein possesses a
property that allows the protein to provide a sustained
slow release of amino acids into the bloodstream,
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sometimes lasting for hours. Some studies suggest that
combining casein and whey may produce the greatest
muscular strength improvements after an intensive 
resistance-training program.28

Amino Acids
Branched-chain amino acids (leucine, isoleucine, and va-
line) play important roles in muscle building. Some re-
searchers have found that following exercise the
branched-chain amino acids, especially leucine, increase
the rate of protein synthesis and decrease the rate of pro-
tein catabolism.29 The supplement industry has been
quick to respond; leucine supplements are widely avail-
able in health food stores, with a cost upwards of $50 per
container. However, because the research findings are 

inconsistent and little is known about the safety of these
products, the Academy of Nutrition and Dietetics advises
against individual amino acid supplementation and pro-
tein supplementation overall.30 Arginine and aspartate/
aspartic acid are additional frequently supplemented
amino acids, but supplementation is likely unnecessary
to achieve the purported benefits. It may be that food
sources of these proteins and amino acids provide the
same effect for a small fraction of the cost. Table 10-8
highlights readily available amino acid supplements.

Creatine
A large body of research has proven creatine (sold as cre-
atine monohydrate) effective in building muscle mass, es-
pecially when combined with intensive strength training.
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Table 10-8. Readily Available Amino Acid Supplements23,48,49

AMINO ERGOGENIC EFFICACY OF 
ACID CLASSIFICATION FUNCTION DESCRIPTION SUPPLEMENTATION

Alanine 
(and Dipeptide 
Carnosine)

Valine

Leucine

Isoleucine

Arginine

Aspartic 
Acid/
Aspartate

Attenuates fall in
blood pH during high-
intensity exercise,
leading to increased
capability to perform
strenuous exercise

After exercise, shown to
increase rate of protein
synthesis and decrease
protein catabolism, 
especially leucine

Could enhance mus-
cle gain from resist-
ance training but
effect may be minimal
in athletes who al-
ready eat enough pro-
tein; supplementation
unnecessary for most

Supplementation 
increased time to 
exhaustion when 
combined with as-
paragine in rat studies
but results not con-
firmed in human study
of triathletes

Buffer

Branched-chain amino acid

Branched-chain amino acid

Branched-chain amino acid

Formed in urea cycle, essen-
tial for nitric oxide signaling
pathway; necessary for crea-
tine formation; may stimu-
late growth hormone and
recovery of muscle after 
exercise

Easily converted to oxaloac-
etate intermediary of citric
acid cycle

Nonessential

Essential

Essential

Essential

Nonessential

Nonessential

Combines with 
histidine to form
carnosine; syn-
thesis of carnitine 
dependent on
availability of ala-
nine; increases
muscle buffering
capacity

Stimulates pro-
tein synthesis in
muscle

Stimulates pro-
tein synthesis in
muscle

Stimulates pro-
tein synthesis in
muscle

Facilitates vasodi-
lation as nitrous
oxide precursor
and improved
muscle strength as
substrate for crea-
tine formation

Glucose 
production
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Creatine, a derivative of three amino acids and a source
of rapid energy, is stored in the muscles in small amounts.
With creatine loading or supplementation, athletes in-
crease muscle stores of the energy-containing com-
pound, which then can be used to provide an extra boost
for a high-intensity weight-lifting session. Studies sup-
port that ingestion of a relatively high dose of creatine
(20 to 30 grams per day for up to 2 weeks) increases
muscle creatine stores by 10% to 30% and can boost
muscle strength by about 10% when compared with re-
sistance training alone.31,32 Because creatine is a natural
substance that is produced by the body, it is not included
on any doping lists. It has limited known side effects,
with some anecdotal reports of muscle cramping and
liver metabolism, although the research has not con-
firmed these findings.32 People with potential risk of
renal dysfunction, such as those with diabetes, hyperten-
sion, and decreased kidney function, should not use cre-
atine unless its use is advised or cleared by a physician.
Anyone who uses creatine on a long-term basis should
undergo routine monitoring by a physician.

Other Popular Ergogenic Aids

Several other categories of ergogenic aids show promise
in their ability to boost athletic performance without
major safety risks. For example, sodium bicarbonate
and sodium citrate effectively buffer the metabolic aci-
dosis that occurs with intense physical activity. Conse-
quently, these substances help to reduce or delay the
fatigue associated with lactate-induced acidosis. 
Nitrates also show promise in their ability to reduce the
oxygen cost of physical activity. These and other 
potential performance-enhancing supplements are 
described in Table 10-9. This chapter’s Evaluating the
Evidence describes the evolving research surrounding
the performance-enhancing capabilities of beetroot
juice, a natural nitrate-containing compound. 

S P E E D  B U M P
3. Describe the product claims, efficacy, and safety

of the most commonly used dietary supplements
for weight loss, health, and performance. 
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Table 10-8. Readily Available Amino Acid Supplements23,48,49—cont’d
AMINO ERGOGENIC EFFICACY OF 
ACID CLASSIFICATION FUNCTION DESCRIPTION SUPPLEMENTATION

Glutamic 
Acid/
Glutamine

Cysteine

No evidence of efficacy
when used alone but
significant improve-
ments when combined
with carbohydrate or
other amino acids

May be beneficial due
to its ability to increase
levels of glutathione

Many metabolic roles; ex -
citatory neurotransmitter;
food flavoring “umami”

Essential for glutathione
synthesis (important antioxi-
dant in cellular signaling)

Nonessential

Essential 
(in infants and
those with
chronic 
disease)

Increases athletic
performance

Increases exercise
performance  

EVALUATING THE EVIDENCE

Boost Athletic Performance With a Big Gulp of Beetroot Juice?

A group of British researchers may have discovered the next popular all-natural, performance-enhancing—vegetable?
Lead author Katherine Lansley and her mentor Andrew Jones’ research team at the University of Exeter have been
conducting a series of experiments looking at the impact of beetroot juice on exercise performance.

In one study, the researchers gave a group of competitive male cyclists either 16 ounces of beetroot juice 
or 16 ounces of a nitrate-free placebo beetroot juice about 2.5 hours before completing a 4-kilometer or a 
16.1-kilometer timed trial. Two to 3 days later, each athlete completed the workout again, this time with a 
different drink-distance combination. In all, each of the athletes completed four trials with 2 to 3 days separat-
ing the workouts. Once the times were tallied, the researchers found that beetroot juice improved trial time by
about 2% to 3% in both the short- (lasting about 5 minutes) and longer-distance (lasting about 30 minutes)
trials when compared to the nitrate-free placebo.35

The authors credit the nitrate in beetroot juice for the improved performance. The thinking is that the body 
converts high levels of inorganic nitrate (found in high levels in beets as well as most green leafy vegetables) into 

Continued
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EVALUATING THE EVIDENCE—cont’d

bioactive nitrite. (Blood nitrite levels more than doubled in the beetroot juice group compared to the 
placebo group in the study of cyclists.) The body converts the nitrite to nitric oxide. Nitric oxide is

well known to improve vasodilation and blood flow in vessels. This could provide a mechanism for decreased oxy-
gen cost of exercise and thus increased athletic performance. 

This research team also looked at the effects of beetroot juice on blood pressure; mitochondrial oxidative 
capacity, a marker of how efficiently and effectively the body converts food to fuel; and physiological responses,
such as how much oxygen is required to fuel walking and moderate- to high-intensity running, and how long a 
participant could exercise before exhaustion. The researchers found that participants who consumed the beetroot
juice had lower blood pressure and lower oxygen cost of exercise. In fact, walkers had a significant 12% to 14% 
decrease in the amount of oxygen needed. The authors point out that this could have significant implications for
improving exercise capacity in people who suffer from certain cardiovascular and pulmonary diseases. The partici-
pants also had decreased overall maximal oxygen consumption (VO2 max), but this was compensated for with an
increased time to exhaustion.36

1. What are some limitations to the studies cited?
2. What are the benefits and risks of beetroot juice supplementation?
3. Is this research compelling enough for you to want to try to beetroot juice in an effort to improve 

performance? Why or why not?
4. What would you tell your clients about beetroot juice?

Sidebar: What’s in a Beet?

Beetroot juice is the blended, liquefied version 
of the beet. While the taste might take a little 
getting used to (for best results, most raw food
connoisseurs recommend a 4:1 dilution with
the juice of other, preferably sweeter, vegeta-
bles and fruits), the juice from this vegetable is

packed with a nutritional punch and a long list
of health benefits including increased perform-
ance, decreased blood pressure, and overall im-
proved cardiovascular health.37 (Note: Eating
beets or drinking beetroot juice may cause
urine to turn pink).

Nutritional Content of Beets

Nutrient 100 g of raw beet (approx. 11/2 to 2” diameter beets or 4 oz of juice)

Calories

Carbohydrate

Sugars

Dietary fiber

Protein

Fat

Potassium

Folate

Vitamin B6

Vitamin C

Iron

Magnesium

Phosphorus

Source: USDA Nutrient Database.

43

10 g

7 g

3 g

2 g

0 g

325 mg (7%)

27%

5%

6%

0.8 mg (6%)

23 mg (6%)

40 mg (6%)
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Table 10-9. Performance-Enhancing Supplements 37,47,49,50

CLAIM EFFECTIVENESS SAFETY

Used Most By Strength/Power Athletes

Androstenedione

Beta Hydroxymethyl 
Butyrate

Bovine Colostrum

Branched-Chain 
Amino Acids

Chromium 
Picolinate

Conjugated 
Linoleic Acid (CLA)

Creatine

Dehydroepiandrosterone 
(DHEA)

Gamma Oryzanol

Glutamine

May increase
risk of cardio-
vascular dis-
ease, cancer,
baldness, and
gynecomastia
(development
of breast tissue)

Short-term 
supplementa-
tion appears
safe

No safety 
information

Uncertain

Safety uncertain

Possibly safe

Appears safe

Possibly safe 
for short-term
use, and possi-
bly unsafe for
long-term use

Possibly safe

Possibly safe

Promotes muscle size and
strength

Increases muscle size and
strength and decreases muscle
damage and soreness associated
with resistance training

Contains growth factors that 
mediate protein synthesis

Increases the rate of protein syn-
thesis and decreases protein
breakdown following exercise

Increases muscle mass, decreases
fat mass, and improves blood
glucose and cholesterol

Reduces body fat and builds
muscle

Improves athletic performance
for high-intensity exercise, 
especially when combined with
resistance training

Enhances muscle strength and
lean body mass

Increases testosterone levels in
the body leading to muscle and
strength gains, improved recov-
ery time, and decreased body fat

Taking the amino acid after in-
tense exercise decreases muscle
breakdown after intense activity

No more effective
than resistance
training alone

May slightly en-
hance strength-
training adaptations
in untrained ath-
letes and negligibly
in trained athletes

Limited studies, 
but may provide 
ergogenic benefits

Unlikely to provide
benefit

No benefit

Not effective to
build muscle mass;
possibly effective to
reduce body fat

Consistently 
provides benefit

Consistently pro-
vides NO benefit

Not effective

No evidence of effi-
cacy when used
alone but signifi-
cant improvements
when combined
with carbohydrate
or other amino
acids

Continued
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Table 10-9. Performance-Enhancing Supplements Continued37,47,49,50—cont’d
CLAIM EFFECTIVENESS SAFETY

Human Growth 
Hormone (HGH)

Protein Powder 
(whey, casein, 
certain amino acids)

Ribose

Steroids 

Vanadium/Vanadyl 
Sulfate

Used Most By Endurance Athletes

Bee Pollen

Caffeine

Coenzyme Q10

Cytochrome C

Dihydroxyacetone

Ginseng

Dangerous,
banned, illegal

Appears safe

Appears safe,
even at high
doses

Dangerous,
banned, and 
illegal

Toxicity at high
doses

Generally safe,
though may 
induce anaphy-
laxis in individ-
uals allergic 
to bees

May develop
dependency,
toxic at very
high doses

Appears safe,
some research
suggests use
could increase
muscle damage
in response to
exercise

Possibly safe

Probably safe

Easily contami-
nated, nonstan-
dardized
ingredients

Increases muscle mass, strength,
and power; enhances fat loss

Increases strength, increases
muscle growth 

Increases the rate of ATP resyn-
thesis and the speed of recovery
following high-intensity exercise

Increases muscle mass and
strength

Increases muscle definition by
making muscle look fuller and
larger due to insulin-like proper-
ties which shuttle increased glu-
cose for glycogen storage and
amino acids into the muscle cell

Its combination of nutrients, 
including saccharides, amino
acids, vitamins, and minerals 
enhances endurance and
strength performance

Improves athletic capacity and
performance

Enhances exercise capacity, im-
proves athletic performance, and
protects against oxidative muscle
damage, due to its antioxidant
properties

Increases maximum oxygen-
carrying capacity, reduces lac-
tate, and increases anaerobic
threshold

When combined with pyruvate
(then known as DHAP), can in-
crease time to exhaustion during
endurance activities

Increases stamina, immune
function, and ability to adapt 
to training stressors

Effective

Provides benefit 

Little published 
evidence to suggest
benefit

Effective

No evidence for
benefit

Not effective

Effective

Equivocal research
findings with 
some studies show-
ing worsened 
performance; likely
ineffective

Not effective

Not effective

No evidence to 
support
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Table 10-9. Performance-Enhancing Supplements Continued37,47,49,50—cont’d
CLAIM EFFECTIVENESS SAFETY

Glycerol

L-carnitine

Medium Chain 
Triglycerides

Nitrates

Pyruvate

Sodium Tablets

Sodium Bicarbonate 
and Sodium Citrate

Sports Drinks, Gels, Bars

Banned by
IOC/WADA.
Many side ef-
fects including
nausea, light-
headedness, and
GI symptoms

Safe at most
doses. May
cause nausea,
vomiting, ab-
dominal cramps,
diarrhea, and a
“fishy” body
odor at higher
doses (about 
3 g/d)

May cause GI
distress and
cramping

Nitric oxide-
induced vasodi-
lation could
lead to a drop in
blood pressure

Appears safe

May cause 
diarrhea or
cramping

May contribute
to GI upset

Safe

Improves performance by 
decreasing risk of heat stress
through “hyperhydration” 
before exercise

Increases rates of carbohydrate
and fatty acid oxidation and thus
increases energy available for 
exercise

Providing a ready source of eas-
ily metabolized fatty acids; spares
glycogen and thus improves 
endurance capacity

Reduces oxygen cost of activity
and could improve exercise 
performance

No plausible ergogenic mecha-
nism, but marketed to improve
athletic performance and 
enhance weight loss

Prevents hyponatremia during
prolonged endurance activities
by supplying sodium

By buffering metabolic acidosis,
reduces or delays onset of fatigue
during strenuous exercise

Improves endurance and re-
duces fatigue by replenishing
carbohydrate stores, replacing
electrolytes, and supplying 
fluid

Uncertain 
effectiveness

20 years of re-
search finds no
consistent evidence
for benefit to ath-
letic performance 

No evidence to 
support claims

Studies to date 
support claims

No scientific basis as
ergogenic aid

Effective

Effective, especially
at optimal amounts
of 0.3 g/kg body
weight

Effective

SCOPE OF PRACTICE

Health professionals play an important role in helping to
inform and educate athletes and the general population
about supplements. While health professionals should
not specifically endorse or recommend any supplement,
they can help clients collect the right information to

make their own informed decision, with the help of their
physician or dietitian, when appropriate. 

Evaluating Supplements

Developing an approach to learning about and evalu-
ating supplements will not only be useful to share
with clients so that they can do their own research on
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supplements, but is also useful for health professionals
to inform their own opinions and views on supple-
ments that are readily available in the marketplace.

Understand the Claim
The first step to evaluating a supplement is to under-
stand the claim. Why do people take the supplement?
What does the supplement manufacturer state or
imply that the supplement will do? Many supple-
ments promise multiple benefits. Which is the most
compelling or relevant claim for the goal the client is
trying to achieve? Start this process by going directly
to the source. How do supplement manufacturers
market the product? Go to the manufacturer’s web-
site or carefully read the supplement packaging and
insert.

Assess the Credibility
A quick Web search will reveal many credible web-
sites along with many more sites with marginal qual-
ity and a hidden (or sometimes overt) agenda.
Generally, the Office of Dietary Supplements (www
.ods.od.nih.gov), the National Center for Complemen-
tary and Alternative Medicine (www.nccam.nih.gov),
and the Food and Drug Administration (www.FDA
.gov) offer unbiased information to understand the
validity of claims as well as risks and benefits from
taking supplements. Because the sites are credible and
in the public domain, health professionals can freely dis-
tribute and share the information contained on these
sites.

Assess the Relevance
After gaining an understanding of the product claims
and their validity, consider whether or not the claims
are relevant to the specific situation. For example, it
may not make sense for an endurance athlete who does
not do any resistance training to take a creatine supple-
ment, as creatine builds muscle strength and hypertro-
phy only when combined with intensive strength
training. Vitamin C supplements would not be neces-
sary for a person who already consumes a diet that is
rich in vitamin C, as excess intake of water-soluble vi-
tamins is excreted in the urine (and at very high doses,
vitamin C can cause harmful effects such as bladder ir-
ritation and kidney stones).

On the other hand, certain populations may benefit
substantially from supplementation. For example, indi-
viduals who severely restrict intake of certain food
groups, such as vegans; some people with celiac disease
or gluten intolerance on a gluten-free diet; or individuals
on a very low calorie diet, may be advised by a physician
to take vitamin and mineral supplements to avoid nu-
trient deficiencies. The Centers for Disease Control and
Prevention recommends that all women of childbearing
age who could become pregnant take a folic acid sup-
plement to prevent neural tube defects in a developing
fetus. Elderly people with poor dietary intake or illness

may need supplementation to prevent deficiency and
improve overall health. Excessive alcohol intake and 
alcoholism contribute to vitamin deficiency due to inad-
equate dietary intake and compromised vitamin absorp-
tion. Often, vitamin supplementation is necessary to
prevent serious disability in people with alcoholism. A
client’s personal physician can be an excellent resource
to help determine when and if supplementation is 
advised.

Evaluate the Safety
Supplements are not closely regulated by the federal
government; therefore, ensuring supplement safety is
primarily the responsibility of the product manufacturer.
Government intervention occurs only once significant
harm has been established, clearly too late for those peo-
ple who already have been harmed by a supplement.
Prior to taking a supplement, consumers should be
aware of the safety record of the particular product.
Safety information is available on the government web-
sites mentioned previously. Individuals who spend a
large portion of their time discussing supplements may
consider a subscription to the Natural Medicines Compre-
hensive Database (www.naturaldatabase.com), a resource
that provides credible evidence-based information on
many commonly used supplements. 

Athletes should also check the Dietary Supplements
Label Database (www.dietarysupplements.nlm.nih.gov)
for a complete listing of known ingredients in specific
supplements and U.S. Pharmacopeia (www.usp.org),
ConsumerLab.com (www.consumerlab.com), or NSF
International (www.nsf.org) to determine supplement
compliance with FDA and professional regulatory body
rules, such as WADA, NCAA, IOC, and United States
Olympic Committee (USOC), or USA Track & Field, as
applicable. 

Evaluate the Risks Versus Benefits
Some dietary, weight loss, and ergogenic supplements
may provide benefit, while others may cause harm, in-
cluding severe disability or death. Many times the risk
or benefit of a supplement depends in large part on
certain individual factors like age, health status, diet,
and effects of other medications and supplements.
Clients scheduled for surgery should also be aware that
certain supplements can cause complications before,
during, or after surgery. For example, a 2001 study in
the Journal of the American Medical Association of eight
commonly used supplements (echinacea, ephedra,
garlic, gingko, ginseng, kava, St. John’s wort, and va-
lerian) attributed the supplement use to increased risk
of bleeding, cardiovascular instability, hypoglycemia,
and alterations in metabolism of anesthetic agents and
other drugs used during surgery.33 The best person to
help a client evaluate the risks and benefits of supple-
ment use is the primary care physician (or surgeon for
those undergoing surgery), or in some cases a regis-
tered dietitian. If a client is seriously considering taking
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supplements, a referral to a qualified heath provider is
in order. 

Consider Possible Drug, Supplement, 
and Nutrient Interactions
Many supplements interact with each other and with
medications. Clients and their physicians should 
seriously evaluate these possible interactions prior 
to starting a supplement. Some common medication/
supplement interactions are listed in Box 10-2. Clients
should also be reminded to be forthright with their
physician in discussing any supplement use, as many
doctors may not specifically ask about or consider 
existing supplement use when making medication
recommendations.

Make an Informed Decision
After gathering all of the available information about
a supplement, a client can decide whether or not 
to use it. Ideally, this situation will be based on a
thoughtful analysis and discussion with a qualified
health professional. While health professionals play an
important role in helping a client to gather the infor-
mation to make this decision, health professionals who
are not a physician or registered dietitian should not
specifically recommend or advise a client to take a
supplement. Not only does this fall outside the scope
of practice and put the health professional at legal
risk, but it may also put the client at increased risk
for a negative effect and compromise the profes-
sional-client relationship.

Continuously Evaluate the Need (or Lack 
of Need) for Supplementation
If a client begins to take a supplement, the plan for the
duration of supplementation should not be indefinite.

The process of evaluating the need for supplementation
should help a client to have a specific purpose for tak-
ing the supplement and a predetermined (though pos-
sibly flexible) duration of supplementation. The health
professional should periodically check in with the client
to understand the client’s plan and when it is time to
stop a supplement. Of course, supplements should be
stopped sooner than planned if negative side effects
occur.

Clients should understand that the process to eval-
uate the safety and efficacy of a supplement by neces-
sity must be much more thorough and comprehensive
than the process of understanding a medication be-
cause the government regulations for medications are
much more strict and comprehensive. 

The Bottom Line

Ultimately, while health professionals play an impor-
tant role in helping clients to understand the risks and
potential benefits of supplements, no matter how harm-
less a supplement seems, health professionals who are not reg-
istered dietitians or physicians should never recommend
supplements to clients. Not only is it outside the scope of prac-
tice, but recommending supplements without a full medical
history and physical exam is dangerous (see Communica-
tion Strategies).  

S P E E D  B U M P
4. Define the scope of practice for allied health pro-

fessionals with regard to the recommendation and
sale of dietary supplements.
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Box 10-2. Examples of Drug Interactions with Dietary Supplementsa

St. John’s Wort (Hypericum perforatum): This
herb is considered an inducer of liver enzymes,
which means it can reduce the concentration of
medications in the blood. St. John’s wort can re-
duce the blood level of digoxin (Lanoxin), which
is used to treat heart failure and atrial fibrillation
(irregular, fast heartbeat); the cholesterol-lower-
ing drug lovastatin (Mevacor, Altocor); and the
erectile dysfunction drug sildenafil (Viagra).

Vitamin E: Taking vitamin E with a blood-thinning
medication such as Coumadin (warfarin) can 
increase anti-clotting activity and may cause an
increased risk of bleeding.

Ginseng: This herb can interfere with the bleeding ef-
fects of Coumadin (warfarin). In addition, ginseng

can enhance the bleeding effects of heparin, as-
pirin, and nonsteroidal anti-inflammatory drugs
such as ibuprofen, naproxen, and ketoprofen.
Combining ginseng with MAO inhibitors such as
Nardil (phenelzine) or Parnate (tranylcypromine)
may cause headache, trouble sleeping, nervous-
ness, and hyperactivity.

Ginkgo Biloba: High doses of the herb ginkgo
biloba could decrease the effectiveness of anti-
convulsant therapy in patients taking the follow-
ing medications to control seizures: Tegretol,
Equetro, or Carbatrol (carbamazepine), and 
Depakote (valproic acid).

a. Food and Drug Administration. www.fda.gov/forconsumers/consumerupdates/ucm096386.htm#supplements.
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COMMUNICATION STRATEGIES

Discussing Supplements

Health professionals work with both athletes and the general population—many of whom will be taking, have tried,
or are considering trying a vitamin, herbal, or ergogenic supplement. These encounters provide a valuable oppor-
tunity to share information with clients about supplements. However, allied health professionals must also be
careful not to step outside their scope of practice.

1. Working together with a partner, make a list of five scenarios in which an allied health professional may be in
the position to discuss supplements. For each scenario, develop an acceptable response and an unaccept-
able response to the situation.  For example, an acceptable response to a client who is considering creatine
supplementation could be, “Some studies have shown that creatine supplementation improves athletic 
performance.” An unacceptable response would be, “Creatine supplementation works. You should try it.”

2. What is the difference between an acceptable and an unacceptable response?
3. Choose two of the scenarios to role play. Each student should have the opportunity to role play as both

a client and a health professional. What challenges did you face? What insights did you gain from the
simulation?

KEY POINTS SUMMARY
1. Supplements are not closely regulated by the

federal government and should be used with
extreme caution.

2. The existing legislation, including the Dietary
Supplement and Health Education Act (DSHEA)
and the Current Good Manufacturing Practices
(CGMPs), dictate the government’s approach to
supplements. The DSHEA outlines supplement
production, marketing, and safety guidelines.
CGMPs assure that dietary supplements are 
consistently produced and of acceptable quality.
Other more stringent laws have been proposed,
but as of the publication of this text, have not
been passed.

3. Many people use supplements with claims of
weight loss. The safety and efficacy of these sup-
plements are poorly understood. Health profes-
sionals should be aware of the commonly used
weight loss supplements, their claims, efficacy,
and safety.

4. Whole foods provide the majority of vitamins
and minerals needed for optimal health. Most
supplements that aim to improve health do
not provide benefit beyond a wholesome, 
balanced eating plan. However, many people
do not consume adequate amounts of nutrients
such as vitamin D and DHA/omega-3 fatty
acids and folic acid in pregnant women, sug-
gesting that in some cases, supplementation
may be beneficial.

5. Herbal supplements are plant-derived sub-
stances used for medicinal purposes. Like other
supplements, they are not closely regulated and
safety and purity are not certain. 

6. Many of the most profitable supplements 
include those that boast enhanced athletic 
performance for strength/power athletes, 
endurance athletes, or both. Despite the large
revenue they generate, only a select few sup-
plements have strong evidence to support 
their efficacy (and safety).

7. Many supplements that have proven effective
are also toxic, dangerous, and banned (such as
anabolic steroids). Other banned substances
such as androstenedione and DHEA do not
provide rapid muscle gains. An alarming num-
ber of athletes use the illegal substances to gain
a competitive edge. This is referred to as dop-
ing. Some athletes have been expelled from
their sports for inadvertent doping, consuming
a banned substance added without their
knowledge to a legal supplement or food.

8. In addition to steroids, some athletes also use
illegal hormones, diuretics, and stimulants to
improve performance.

9. Caffeine is an allowed (to a certain level) stim-
ulant that is proven effective in improving ath-
letic performance. It can be toxic at high levels.

10. Some protein supplements such as whey pro-
tein powder may facilitate increased athletic
performance and improved muscle mass. 
However, others, such as individual amino acid
supplements, probably do not provide much
additional benefit beyond a balanced protein-
sufficient eating plan.

11. Creatine supplementation when combined with
intense exercise training improves muscle mass.
It is generally considered to be safe, though
clients should not begin creatine supplementa-
tion without first discussing this with a physician. 
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12. Consumers and health professionals should 
develop a systematic approach to evaluating
supplements. Be sure to understand the claim,
assess the credibility and relevance, evaluate
the safety and risks versus benefits, consider
possible interactions, make an informed deci-
sion, and continuously evaluate the need (or
lack of need) to use a supplement.

13. Health professionals should be keenly aware 
of their scope of practice when discussing
sports nutrition with clients, especially in the
case of discussing supplements. Health profes-
sionals who are not physicians or registered 
dietitians should not recommend that a client
begin a supplement. Rather, the client should
first discuss this with the appropriate licensed,
qualified professional.

PRACTICAL APPLICATIONS

1. Jack’s new personal training client, Alexi, is a
strong believer in the practice of vitamin supple-
mentation. After reviewing her 3-day food
diary, which includes her supplement schedule,
Jack noted that Alexi is taking megadoses of 
vitamin A and niacin. Which of the following
statements would be the most appropriate for
Jack to make in addressing Alexi regarding her
supplementation practice? 
A. “After looking at your food diary, I realized

that you are taking megadoses of certain vita-
mins. I advise you to stop taking supplements
immediately and improve your diet by eating
more whole grains, fruits, and vegetables.” 

B. “Your food diary revealed that you are taking
an amount of vitamins that could potentially
lead to health problems. I encourage you to
adopt a well-balanced, nutrient-dense diet
and discuss your supplementation habits 
with your physician.” 

C. “I realize that you feel strongly about taking
your vitamin supplements, but as we have
discussed before, you really shouldn’t need 
to take any supplements if you’re eating a
well-balanced diet.” 

D. “Unfortunately, we are going to have to post-
pone our training sessions until you discuss
your vitamin supplementation practices with
your physician.” 

2. After several months of sticking to his exercise
program, Mark informs his personal trainer that
he is pleased with his progress and would like to
enhance his rate of muscle building by incorpo-
rating creatine supplementation into his current
program. From the personal trainer’s perspec-
tive, which of the following responses to Mark’s
inquiry about creatine is the most appropriate? 
A. “While some research shows that creatine

may enhance muscular performance, it

would be best for you to discuss supplemen-
tation with your physician prior to taking it.” 

B. “Taking creatine supplements is a good strat-
egy as long as you follow the dosage instruc-
tions carefully and monitor yourself for any
unwanted symptoms.” 

C. “Try taking 3 grams of creatine per day for
approximately 1 month. If you experience
any gastrointestinal discomfort, decrease the
dose and contact your physician.” 

D. “Inform your physician that I recommend
you start a creatine supplementation program
and let me know if he or she advises any 
precautions or limitations for you.” 

3. Ben has just purchased a daily multivitamin sup-
plement per the recommendation of his physician.
The label on the bottle carries the United States
Pharmacopeia (USP) seal. What does the USP seal
mean as it relates to the product in the bottle?
A. This vitamin supplement is regulated by the

federal government.
B. The dietary supplement manufacturer chose

to subject this product to USP testing and 
successfully passed the test. 

C. The health claims made in the promotion of
the product are guaranteed by the manufac-
turer to produce the desired effects.

D. This product is safe and effective for use by
all populations.

4. Which of the following dietary supplementation
practices is best supported by evidence from 
scientific research?
A. Multivitamin supplementation in older

women to reduce their risk for heart disease
B. Vitamin C supplementation in men and

women to decrease premature mortality
C. Vitamin D supplementation in men and

women to improve health and decrease 
morbidity

D. Folic acid supplementation in pregnant
women to reduce risk of birth defects

5. Which of the following dietary supplements has
been associated with numerous health benefits
including decreased risk of heart disease, im-
proved brain development in fetuses and young
children, and reduced disability from mental 
illnesses such as depression?
A. Soy protein
B. Botanicals
C. Omega-3 essential fatty acids
D. Iron

6. Which of the following substances easily crosses
the blood-brain barrier and produces the “fight
or flight” response?
A. Creatine
B. Caffeine
C. Diuretics
D. Amino acids
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7. Which of the following statements about
weight-loss supplements is true?
A. The manufacturer’s claims are largely 

unsubstantiated and the supplements are
poorly regulated. 

B. Thermogenic weight-loss supplements alter
metabolism in a way that causes the body 
to use more energy.

C. Herbal weight-loss substances are generally
recognized as safe and are effective at pro-
moting body-fat reduction.

D. Weight-loss supplements approved by the
United States Pharmacopeia (USP) are less
likely to interfere with other medications.

8. Mitch is a competitive wrestler who was re-
cently disqualified from participation because
he had tested positive for the banned substance,
ephedrine. Mitch denies all claims of using an
ergogenic aid to enhance performance. Upon
further evaluation, Mitch discovered that, with-
out his knowledge, a weight-loss supplement he
was taking contained Ma Huang, which is an-
other name for ephedrine. Mitch’s case is an 
example of:
A. Cross contamination
B. Illegal supplementation
C. Blatant violation
D. Inadvertent doping

9. Which of the following ergogenic aids has
been shown to perform as claimed?
A. Ginseng
B. Coenzyme Q10
C. Caffeine
D. Chromium picolinate

10. In general, which of the following health-care
professionals is the most qualified to help a
consumer evaluate the risks and benefits of
supplement use relative to individual needs?
A. Primary care physician
B. Registered nurse
C. Nurse practitioner
D. Nutritionist

Case 1 Scott, the Professional
Triathlete
Scott is a 29-year-old professional triathlete. He is 6′2″
and 170 pounds (BMI 21.8 kg/m2). Triathlon season is
underway and Scott has intensified his training to
compete in the Kona Ironman Triathlon.  
1. On the initial intake interview, Scott shares that he

takes several supplements. He says that he takes
iron supplements to prevent nutritional deficiency
given his rigorous endurance training, a multivitamin

to ensure adequate nutrient intake, caffeine to
help improve performance, and glutamine 
because all of his colleagues swear by it. 
a. What is your approach to a client who takes 

a supplement to prevent or treat nutritional 
deficiency?

b. If Scott asks you what you think about the use of
multivitamins to provide a more convenient form
of nutrients, what will you tell him?

c. What are a few important considerations for
clients taking supplements to improve athletic
performance?

d. What is your response to a client taking a 
supplement because “everyone else is doing it”?

2. Scott tells you that he is planning to try an 
ergogenic supplement, but before he takes it he
wants to be certain that this supplement is safe
and effective. What process might you recom-
mend that he undertake to get information on 
the safety and efficacy of the supplement? How 
is this process different from the process he might
take to understand the safety and efficacy of a
medication prescribed by his physician?

Now, choose a supplement that you are inter-
ested in learning more about. Research whether it
is considered to be safe and effective. (Go through
the process you would recommend to this client).
What did you find? 

Case 2 Eric, the Recreational
Bodybuilder
Eric is a 31-year-old competitive bodybuilder. He 
participates in bodybuilding competitions in the fall
and trains the rest of the year. He is 5′11″ and weighs
184 pounds. He currently is in summer training. Eric
tells you that he takes several performance-enhancing
supplements including creatine androstenedione 
and L-arginine. 
1. Eric takes 30 grams of creatine per day. He says

that while this is working for him, he is thinking
about increasing his intake to 45 grams of creatine
per day. He asks if you think the increased dosage
will lead to further enhanced performance.

Health professionals are often asked to 
comment on the usefulness of taking various 
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supplements. What is the scope of practice related
to nutrition advice in your state? Describe several
ways you may talk about supplements with your
clients while staying within your scope of practice.
Describe how you might answer Eric’s question.

Refer to the Commission on Dietetic Registra-
tion website (www.cdrnet.org) to get started.

2. Several of your clients take L-arginine supplements
to boost muscular strength before workouts. To learn
more about this supplement, you look at the supple-
ment nutrition label and ingredient list on several 
L-arginine supplements. Below is an example label:

chapter, were there any supplements that seemed
appealing to you? Why or why not? Do you think
you will try any of the supplements described? 

2. You were recently offered a job working at a pop-
ular gym in town. During your tour and interview
of the facility, you notice that the gym sells a vari-
ety of supplements. How do you feel about this?
What questions would you ask your potential 
employer? How would this affect your decision, 
if at all, whether or not to work at the gym?

Supplement Facts
Serving Size: 10 Grams (1 Level Scoop)
Servings Per Container: 30

Amount Per Serving %DV*

Calories
Total Carbohydrate
Total Fat

Vitamin C (as ascorbic acid)
Vitamin D (as cholecalciferol)
Vitamin K (as phytonadione)
Vitamin B6 (as pyridoxine hcl)
Folate (Folic Acid)
Vitamin B12 (as cyanocobalamin)
Magnesium Citrate
Chromium Aminonicotinate

100%
625%
25%

100%
100%
250%

5%
167%

60 mg
2,500 IU
20 mcg

2 mg
400 mcg
15 mcg
20 mg

200 mcg

5
1 g
0 g

L-Arginine
L-Citrulline
Resveratrol
Astaxanthin (Haematococcus pluvialis)

**
**
**
**

5,000 mg
1,000 mg

100 mg
8 mg

* % Daily Value based on a 2,000 calorie diet.
** Daily Value not established.

Other Ingredients: Citric Acid, Natural Flavors, Vegetable
Juice Color, Tricalcium Phosphate, Stevia.

0%
0%

a. How is this label different from the nutrition label
on foods?

b. What information on the label could be a potential
source of concern? 

TRAIN YOURSELF
1. Do you take or have you ever taken any supple-

ments? If yes, why did you take the supplement?
Did you experience any beneficial or harmful 
effect from the supplement? What is your current
opinion of the supplement?
If you have never taken any supplements, have
you ever considered taking a supplement? Why
did you decide not to take it? While reviewing this
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K E Y  T E R M S

11.3 Explain how a health professional might help to coach

a client to achieve an improved body composition.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

11.1 Describe the procedures, benefits, uses, and limita-

tions of indirect, direct, and reference methods of 

assessing body composition.

11.2 Outline the process of a nutrition assessment and

explain which components are within and outside

the health professional’s scope of practice.

air displacement plethysmography (ADP) (brand
name is BodPod) A device that uses the displacement
of air to measure body volume and density; compare
to hydrostatic weighing which uses the displacement
of water to estimate body composition.

android obesity Excess weight distributed mostly in
the hips and thighs (“pear shape”).

bioelectrical impedance analysis An indirect measure
of body composition that measures the conduction of
current through muscle and fat, and inserts data into a
predictive equation to estimate fat mass and lean mass.

body composition The proportion of fat and lean mass.
body density Calculated by dividing body weight by

body volume; an intermediary to convert circumfer-
ence measurements to body fat percentage.

body mass index Weight in kilograms divided by height
in meters squared; a proxy for measurement of body
composition.

certified specialist in sports dietetics Working as a
registered dietitian for a minimum of 2 years applying
evidence-based nutrition knowledge in exercise and
sports and having received a passing score on a
board-certifying exam. They assess, educate, and
counsel athletes and active individuals. They design,
implement, and manage safe and effective nutrition
strategies that enhance lifelong health, fitness, and
optimal performance (definition from the Commis-
sion on Dietetic Registration, www.cdrnet.org).

decisional balance The weighing of pros and cons
when considering a behavior change.

dual-energy x-ray absorptiometry (DXA) A method
of body composition assessment that maps the bone

density, fat mass, and fat-free tissue mass using two
low-dose x-rays from different sources that measure
bone and soft tissue mass simultaneously.

ectomorph Body type characterized by thinness with lean
muscles, fast metabolism, and difficulty gaining weight.

empathic statements Statements that express an 
attempt to understand what another person is 
experiencing.

endomorph Body type characterized by a slow metab-
olism and propensity to gain fat.

essential fat The fat required for normal body function-
ing including that of the brain, nerves, heart, lungs,
and liver; typically 3% to 5% in men and 10% to 
15% in women.

field methods Techniques health professionals 
commonly use to measure body composition. 

food frequency questionnaire A method used to iden-
tify typical eating habits, which is composed of a check-
list of foods and beverages with a section for the client
to mark how often each of the listed foods are eaten.

food record A written report of all of the foods consumed
in a pre-defined period of time, usually 3 days with at
least 1 weekend day. Also includes the time of day,
mood, and level of hunger when consuming each food.

gravitational sport A sport in which the force of grav-
ity combined with an athlete’s body mass impacts
performance; examples include long-distance 
running, road cycling, and ski jumping.

gynoid obesity Excess weight distributed mostly in 
the abdomen (“apple shape”).

health history questionnaire A form that aims to gather
information about an individual’s past medical history
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and family history to assess a client’s health risk and de-
termine need for evaluation by a medical professional.

Health Insurance Portability and Accountability
Act (HIPAA) Federal legislation that requires express
written permission from a patient or client authorizing
sharing of health information among health profes-
sionals and institutions.

health screening A systematic assessment of a client’s
health history and risk factors to identify clients who
may require evaluation by other health professionals
before beginning a nutrition or activity program.

hydrostatic weighing Also known as underwater
weighing and hydrodensitometry; measures body
composition by comparing the weight of a person in
water and on land.

indirect calorimetry A noninvasive study that estimates
energy needs based on the use of oxygen and produc-
tion of carbon dioxide.

laboratory methods Techniques to measure body
composition, generally in a research or laboratory 
setting; methods include hydrodensitometry, air 
displacement plethysmography, isotope dilution, 
and dual-energy x-ray absorptiometry

mesomorph Body type characterized by an athletic 
and muscular physique.

multi-component model A reference method of as-
sessing body composition that bases an estimate of
fat and lean mass on measurements from several
methods; the four-component equation is the leading
reference method. The variables include body vol-
ume, total body water, bone mineral, and body mass.

near-infrared interactance Estimates body composi-
tion using the optical densities of skin, fat, and lean
tissue as an infrared light probe is reflected off bone
and back to the probe.

nonessential fat Triglycerides and other fatty tissue
stored in muscle, around vital organs, and within 
subcutaneous tissue.

nutrition assessment Evaluation of nutrition status and
nutritional needs.

power-to-weight ratio The amount of force generated
divided by body mass, or force adjusted by weight; 
a high ratio especially benefits athletic performance 
in gravitational sports like long-distance running and
road cycling. 

rapport Relationship of trust and respect.
reference methods The most accurate, but least 

practical, methods used to measure body composition; 

infrequently used in practice or in research studies 
of body composition; includes CT scan, MRI, and
multi-component models.

registered dietitian A health professional with special-
ized training in nutrition who has completed the 
minimum requirements for the credential including 
a bachelor degree, completion of an accredited 
program in nutrition and 1,200 hours of an approved
supervised internship in nutrition, and passed a 
national examination. The registered dietitian is an 
expert in nutrition and is qualified to provide individu-
alized nutrition assessment and recommendations,
and to provide medical nutrition therapy.

reliability The reproducibility of a measure.
resting energy expenditure (REE) The number of calo-

ries expended at rest to maintain normal vital function.
Also referred to as resting metabolic rate (RMR).

screening tool A test that is useful in identifying nearly
all people who have a condition, but that typically has
a high “false positive” rate in that not everyone who
tests “positive” actually has the condition. 

skinfold calipers A hand-held device used to measure
in millimeters the thickness of subcutaneous fat at
standardized locations in the body.

somatotype Body type.
stages of change Also known as transtheoretical

model, a theory of behavior change which posits
that people progress through a series of stages as
they ready themselves to make a behavioral change,
such as modification to nutrition or physical activity
behaviors.

SuperTracker An online tool from the U.S. Department
of Agriculture that can be used to track, analyze, and
evaluate nutrition and physical activity.

three-dimensional photonic scanning Uses a low-
power laser light and digital cameras to rapidly pro-
duce a 3-D digital model of the human body, which is
used to approximate lean and fat mass.

24-hour recall A method of gaining information about
a client’s eating habits by asking for detailed informa-
tion about the foods and drinks the client consumed
in the 24 hours prior to the consultation.

validity The accuracy of a measure.
waist-to-hip ratio Waist circumference divided 

by hip circumference; a number greater than or
equal to 1.0 confers increased health risk; a ratio 
of 0.9 or less in men and 0.8 or less in women is
considered safe.
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INTRODUCTION

Retired NBA Hall-of-Fame athlete Charles Barkley pre-
vailed on the basketball court. Small for a power forward
at 6’6” and 252 pounds, Barkley still dominated his op-
ponents, becoming only the fourth NBA player to accu-
mulate 20,000 points, 10,000 rebounds, and 4,000 assists.
At the elite level of an NBA star with unlimited access to
myriad premier coaches, sports dietitians, athletic trainers,
chefs, and other health professionals and supporters,
Barkley maintained a high level of fitness and nutrition
to match his level of intense exercise and athletic per-
formance. But after his retirement, with a minimal fitness
routine and dietary habits that no longer matched his nu-
tritional needs, Barkley publicly battled a rapidly changing
body composition and gained over 100 pounds. 

Barkley provides an example of an athlete who strug-
gled to apply his understanding of nutrition and body
composition to making healthful nutritional choices to
match nutritional needs. Many athletes of all levels suf-
fer from suboptimal nutrition knowledge and significant
difficulties in translating nutrition information into a
healthy and appropriate eating plan. Qualified  health
professionals can help to fill the gap and prepare athletes
to make smart nutritional choices, not only to fuel peak
athletic performance, but also to maintain a healthy
lifestyle at all levels of physical fitness. 

NUTRITION AND BODY COMPOSITION
COACHING AND HEALTH PROFESSIONALS

While elite athletes may have access to sports dietitians
to help them develop a meal plan that is in perfect
alignment with their fitness program, many amateur
and recreational athletes either do not have access to
or may not have the resources to afford the individu-
alized and specialized attention of these professionals.
In other cases, athletes work with a registered dieti-
tian who is board certified in sports dietetics, but still
rely on other  health professionals to provide nutrition
information, tips, and resources. In either case, wide-
spread access to credible nutrition information and
knowledge prepares athletes not only for peak athletic
performance but also to make healthful nutrition
choices, set and achieve body composition goals, and
fuel a healthy and active lifestyle. 

In many cases an athlete strives to optimize nutri-
tion to directly improve performance and also to im-
prove or modify body composition, an important
predictor of athletic success for many sports. By being
prepared to include body composition assessment, ed-
ucation, and coaching in a conversation or consultation
related to nutrition, a health professional provides the
athlete a valuable service and further links the critical
components of optimal athletic performance: fitness
training with strategic fueling and hydration.

In some cases an athlete will require comprehensive,
individualized assessment and consultation to meet nu-
tritional needs, achieve body composition goals, help
manage an underlying medical or nutritional disorder,
or receive treatment or therapy for an eating or exercise
disorder. There may be many additional situations in
which the athlete’s needs are best met through consul-
tation or in collaboration with another health profes-
sional, such as a registered dietitian, physician, or
mental health professional. A health professional can
identify those clients who require specialized attention
or referrals through an initial health screening. Health
screening is the systematic assessment of the client’s
health history and risk factors to identify clients who
may require evaluation by other health professionals
before beginning a nutrition or activity program. The
Communication Strategies feature and Figure 11-1 pro-
vide an overview of the health screening as well as a
sample health history questionnaire to help guide
health professionals through the initial interview.

Regardless of the profession chosen, it is essential for
a health professional to be able to recognize when a
client’s interests are best met with the services of a spe-
cially trained and qualified professional. Common sit-
uations in which a referral is indicated—and to whom
these athletes should be referred—are highlighted in
Table 11-1. While a client may initially require referral
to a physician or registered dietitian, in many cases the
client may only require a one-time evaluation or con-
sultation and then be referred back to the health pro-
fessional. Other times, the client may require ongoing
assessment or treatment before he or she is cleared 
to participate in sports or follow a general nutrition
plan. Prior to initiating referrals to other  health pro-
fessionals, it is essential to ask a client to sign a Health 
Insurance Portability and Accountability Act
(HIPAA) release form, which provides authorization to
share certain health information. A sample form is in-
cluded in Figure 11-2. If this form is not available, or 
if a client declines to sign it, the health professional 
can verbally recommend to the client to see his or her
primary care physician and arrange for follow-up once
the client has documented clearance from the health
provider.

S P E E D  B U M P
1. List the essential components of the initial inter-

view.
2. Describe the importance of health screening.
3. List several situations in which a client should be

referred to another health professional.

BODY COMPOSITION ASSESSMENT

The nutritional goals and objectives for many athletes
and recreational exercisers are directly tied to weight
management and optimization of body composition.
Whether the athlete’s goal is to lose weight in general,
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CONFIDENTIAL
Health, Nutrition, and Fitness Questionnaire

Age DateName
Email

Gender
Phone number

Thank you for your time and for sharing this information. It will be used to help develop a plan that will best meet your needs and help
you to achieve your goals.

Other
Is there any other information you think I should know? Please use this space.

Weight History
18. What would you like to do with your weight? lose maintain gain
19. What was your lowest weight in the past five years?               Your highest?
20. What is your current weight?               What is your height?

12. Has anyone in your immediate family been diagnosed with any of the following? If yes, please describe

Medical Information

9. When was the last time you visited your physician?

11. Do you have or has your doctor or another licensed health-care professional told you that you have any of the following conditions?

7. How would you describe your health? Excellent FairGood Poor

Chronic sinus condition
Cigarette smoker
Crohn’s disease
Depression
Diabetes
Disordered eating
Intestinal problems
Gastroesophageal
reflux (GERD)
High blood
pressure/hypertension
High cholesterol

Hyper/hypothyroidism
Insomnia
Intestinal problems
Irritable bowel syndrome
Osteoporosis
Polycystic ovary disease
Currently pregnant or
<3 months post-partum
Skin problems. Describe:

Surgeries. Describe:

Past injuries. Describe:

Describe any other health
conditions you have, or for
which you take medication:

Allergies
(specify:                      )
Amenorrhea or
absence of menstrual
period >3 months
Anemia
Anxiety
Arthritis
Asthma
Cancer
Cardiovascular disease
Celiac disease

8. Are you taking any prescription or over-the-counter medications or dietary herbs or supplements? NoYes
If yes, please list the medications and state the reason for taking:

10. Do I have permission to communicate with your physician? NoYes If yes, please state your physician’s name and contact
phone number. (See HIPPA release form.)

Relationship (e.g., father) Age of diagnosis Relationship (e.g., father) Age of diagnosis
Heart disease
High cholesterol
High blood pressure

Cancer
Diabetes
Osteoporosis

Nutrition History

15. Who purchases and prepares your food?

13. Have you ever followed a modified diet to manage a health condition? NoYes If yes, please describe:

NoYesWas the diet prescribed by a physician?

14. Do you follow a specialized diet (low carb, gluten-free, vegan, etc)? NoYes If yes, please describe the diet and reasons
for following:

Physical Activity History
NoYes16. Are you currently physically active?

17. Please list your favorite physical activites or sports in which you participate or compete, and the level of competition (if applicable):

minutes of cardiovascular activity,                times per week
minutes of strength or resistance training,                times per week
minutes of flexibility training,                times per week

If yes, please describe:

Health Goals

4. Please check the box that best describes how ready you are to make changes to your lifestyle to achieve these goals:

5. On a scale of 1-10, how important is this change to you?
6. On a scale of 1-10, how confident are you that you will achieve this change?

1. Please describe your major health, nutrition, and/or fitness goals:

2. What are the two to three biggest barriers to achieving these goals?

3. What are the two to three greatest strengths that will help you to achieve these goals?

Do not believe I need to change
Will make changes soon

Would like to intensify changes
Made changes, but relapsed

Would like to change, but don’t think that I can
Recently started to make changes (past 6 months)

Figure 11-1. Health history questionnaire.
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COMMUNICATION STRATEGIES

The Initial Interview and the Health History Questionnaire

The initial interview provides a health professional an opportunity to build rapport with clients. Similar to working
with athletes in other roles of allied health, to be effective in helping an athlete to achieve nutrition and body com-
position goals it is essential to have a trusting relationship with the client. A health professional can begin to build
rapport with a client from the start of the initial interview with a warm welcome and use of active listening tech-
niques including use of open-ended questions, reflections, affirmations, summarizing, and empathic statements. 

After the initial introductions and greetings, the health professional may ask the client  to complete a health his-
tory questionnaire (Fig. 11-1). Alternatively, the client may have received and completed the questionnaire prior to
the initial meeting. In either case, the initial interview should include discussion of the questionnaire to identify
health risks, such as body composition and nutrition assessment, goal setting, and health education that may re-
quire evaluation by another health professional prior to initiating the nutrition coaching. In addition to the health
history, the questionnaire in Figure 11-1 also asks nutrition, physical activity, and behavioral questions to better un-
derstand the client’s motivation for seeking help. A “yes” answer to any of the medical or family history questions
should warrant further evaluation by a physician.

■ CLASSROOM EXERCISE 
In groups of two, conduct a mock initial intake with one student role-playing the nutrition coach and the other
role-playing the athlete seeking nutrition consultation. Include an initial phase of rapport-building, discussion of
the health history questionnaire, and an overview of the body composition and nutrition assessment process.

Table 11-1. Making Referrals
CONCERN REFER TO . . .

Requests comprehensive individualized sports 
nutrition program for optimal athletic performance

Demonstrates signs or symptoms of an eating 
disorder

Any significant underlying medical condition such 
as cardiovascular problems, hypertension, kidney 
disease, diabetes, arthritis, gastrointestinal problems

Takes multiple medications or supplements or is 
considering starting new supplement

Pregnant or lactating

Recent injury and would like nutrition plan to 
enhance healing and recovery

Child, adolescent, or adult with obesity

Registered dietitian who is a board-certified
specialist in sports dietetics (CSSD)

Primary care physician, mental health specialist,
registered dietitian with focus in eating disorders

Primary care physician

Primary care physician, registered dietitian

Primary care physician, registered dietitian

Primary care physician, registered dietitian

Primary care physician

lose body fat, gain muscle mass, or maintain current
weight, a discussion of body composition and goal set-
ting to achieve realistic ideals is an important component
of the fitness and nutrition plan for nearly all athletes.
Many health professionals of varying backgrounds use
body composition assessment to gain baseline informa-
tion on a client’s current weight status. Though body
composition is only one marker of fitness—the others
being cardiovascular endurance, muscle strength and
endurance, and flexibility—it is generally the most con-
venient to assess (though not always the most accurate)
and the most relevant to many clients (but not all of

them). Box 11-1 highlights a few situations in which a
discussion of body composition may best be deferred to
a later date or skipped altogether.

Understanding Body Composition

Body composition refers to a person’s proportion of 
fat; lean tissue, such as bone, muscle, and connective
tissue; and water. Fat mass includes essential fat, the
fat required for normal body functioning including 
that of the brain, nerves, heart, lungs, and liver; and
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nonessential fat, primarily triglycerides which are
stored in muscle tissue (intramuscular triglycerides),
around vital organs (visceral fat), and within subcuta-
neous tissue (adipose tissue). Essential body fat ranges
from 3% to 5% for men and 12% to 14% for women.1

Women have higher essential fat requirements than
men to support menstrual function, childbearing, and
lactation. Table 11-2 highlights approximate age- and
gender-specific body composition norms.

Body composition is determined by both modifiable
and nonmodifiable factors. Modifiable factors include
a person’s fitness training regimen and dietary habits.
Nonmodifiable factors include gender, age, ethnicity,
somatotype (body type), and distribution of type 
1 versus type 2 muscle fibers. The three somatotypes—
mesomorph, endomorph, and ectomorph—and
the sports in which each body type is likely to dominate
are described in Box 11-2. Most people express some
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Authorization to Share Health Information

nutrition intake
body composition assessment results
nutrition and body composition goals

nutrition concerns
medication and supplement use
any information deemed necessary to
improve health or athletic performance

eating behaviors

With the following individual or organization:
(Insert name, address, and phone number of individual or organization with whom the information will be shared)

I, (client’s name), authorize

(allied health professional’s name) to share the following information:

Athlete’s signature: Date:

This consent will be revoked on:

If no date is listed, it will be revoked in one year of the date of signature.

Figure 11-2. Sample HIPAA release form.

Box 11-1. When Body Composition Assessment Is Best Deferred

Most clients benefit from assessment of baseline
body composition to help inform goals and provide
a marker by which to judge success. However, in
some cases the discussion and measurement of
body composition may best be deferred to a later
date. Health professionals should consider these 
potential scenarios when considering body compo-
sition assessment and coaching with clients, and
make an informed decision as to whether or not 
to proceed.
• The severely obese client who is new to exer-

cise. Many obese clients already know that their
body composition is above the normal range. 
An initial detailed body composition assessment
may not provide them with productive and
meaningful information. Once the client has
achieved considerable success, such as by 

improved health markers, decreased clothes size,
and/or improved self-confidence, he or she may
welcome a discussion of body composition and
baseline measurement.

• A client struggling with an eating or exercise dis-
order or a client who perseverates about a num-
ber on a scale may be harmed more than helped
by providing an extensive body composition eval-
uation. After the client has developed a healthier
relationship with food and body image, body
composition assessment may be a useful tool.

• Limited experience or confidence of assessor or
questionable quality or reliability of the body
composition assessment tool. In most cases, forgo-
ing body composition assessment is more produc-
tive for the client than engaging in the assessment
when the results may be significantly skewed.
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Table 11-2. Percent Body Fat Norms for Men and Women
CLASSIFICATION MEN WOMEN

12–18 20–40 40–60 60–80 12–18 20–40 40–60 60–80
years years years years years years years years

Very lean 
(95–99%)

Excellent 
(80–90%)

Good-Fair 
(40–75%)

Poor 
(<40%)

Norms presented are based on body composition values collected from the Cooper Institute. Percentiles indicate the percentage of the pop-
ulation with a higher proportion of body fat. Values are approximate. Classification and table adapted from American College of Sports
Medicine Guidelines for Exercise Testing and Prescription (2010)1 and Laurson, KR et al. (2011) Amer J Prev Med; 41(4S2):S87-S92.2

8–9%

9–11%

14–22%

>22%

4–10 %

8–15%

16–21%

>21%

9–14%

15–19%

20–25%

>25%

11–16%

17–20%

21–25%

>25%

12–18%

15–23%

19–28%

>28%

10–14%

15–17%

17–25%

>25%

13–17%

17–23%

21–30%

>30%

14–17%

20–24%

25–32%

>33%

Box 11-2. Somatotypes and Sports Performance

Three somatotypes—ectomorph, endomorph, and
mesomorph—have been well described. The meso-
morph body type is most conducive to athletic per-
formance given the high metabolism, low body fat,
and propensity to gain muscle. The average person

encompasses a hybrid of the three types, so that an
individual’s body type falls along a continuum. While
body type is genetically determined to an extent,
with conscientious training and nutrition an athlete
can train to achieve his or her full genetic potential. 

BODY TYPE SPORTS

Mesomorph

Mesomorph

• Sports challenges: Medium structure and height
limits performance in sports that require very
large or tall build such as football lineman or 
basketball forward or center

• Sports strengths: Agility and speed; gain muscle 
easily; easy to lose and gain weight

• Ideal sports: Power sports such as sprinting, mid-
distance swimming, most team sports; gravitational
sports that emphasize high strength-to-weight ratio
such as distance running, cycling, triathlon,
weightlifting

Continued

2955_Ch11_220-252  10/10/14  12:48 PM  Page 229



230 SECTION 3: EVALUATION OF NUTRITIONAL STATUS

Ectomorph

Endomorph

• Sports challenges: Limited ability to gain mass re-
stricts performance in power or strength sports

• Sports strengths: Lean and thin enhances perform-
ance in gravitational sports

• Ideal sports: Distance running, ultra-endurance
events, aesthetic sports

• Sports challenges: Agility and speed, sustained
weight-bearing cardiovascular activities such as
running; lose conditioning quickly once
training/activity ceases

• Sports strengths: Strong, large lung capacity
• Ideal sports: Power lifting, football lineman,

wrestling

combination of the somatotypes, such as endomorph-
mesomorph or ectomorph-mesomorph. Somatotype is
genetically determined; however, a strategic fitness
training and nutrition program can help an athlete to
optimize genetic potential.

Many elite athletes—especially those who engage in
endurance, aesthetic, and gravitational sports such

as long-distance running, road cycling, and ski jump-
ing—have very low levels of body fat (Table 11-3). For
these sports, a low weight, high muscle density, and low
level of body fat contribute to a high power-to-weight
ratio and improved performance. Other athletes, such
as bodybuilders, strive for a high weight, high muscle
density, and a low level of body fat to generate maximal

Box 11-2. Somatotypes and Sports Performance—cont’d
BODY TYPE SPORTS

Ectomorph

Endomorph
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muscular force. Athletes who compete in sports with
specific weight requirements, such as wrestling, weight
lifting, lightweight rowing, and many disciplines within
martial arts, focus intensely on optimizing muscle mass
and minimizing fat mass to achieve that weight. For
athletes, the genetically determined components of
body composition undoubtedly contribute to their suc-
cess, but their attention to modifiable dietary habits and
activity enable them to excel. 

S P E E D  B U M P
4. Describe the major determinant of an individual’s

body composition.

Assessment Methods

Assessment of body composition by an appropriately
trained and qualified professional provides useful in-
formation about health risk and a baseline to assess
progress. Several field methods to measure body
composition are currently used in practice, each with
its own strengths and limitations. While these methods
are the most practical, they also have the highest mar-
gin of error. Though more reliable than field methods,
laboratory methods for assessing body composition
tend to be more expensive and less accessible to the av-
erage athlete. The results attained using both field and
laboratory methods are judged against reference
methods to establish reliability and validity.2

Field Methods
Field methods are the body composition assessment
methods most familiar to the majority of recreational
and competitive athletes. The field methods include
tools typically used for population screening, such as
height and weight tables and body mass index, as well
as the more informative tools of girth measurement,
skinfolds, and bioelectrical impedance analysis.
Height and Weight Tables. Height and weight tables his-
torically were the measures used to determine whether
a person was classified as underweight, normal weight,
or overweight based on weight, height, and frame size.
They were initially developed in the 1940s by the
MetLife Insurance Company to estimate the life ex-
pectancy for life insurance applicants. Currently, the
height and weight tables are rarely used in practice and
have largely been replaced by measurement of body
mass index.
Body Mass Index. Body mass index (BMI) estimates
a person’s body composition by evaluating weight (in
kilograms) divided by height (in meters) squared.
BMI is a measure based exclusively on height and
weight and does not assess fat mass, lean mass, or
water weight. It is commonly evaluated in physician’s
offices and by other health-care providers to charac-
terize a person as underweight (BMI <18.5), normal
weight (BMI 18.5 to <25), overweight (BMI ≥25), or
obese (BMI ≥30). While it is a useful screening tool
to approximate body fat and better understand a person’s
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health risk related to weight, it may falsely categorize
certain individuals, especially those with high muscle
mass (e.g., many athletes) and those with low weight
but high fat mass (e.g., many older adults). Evaluat-
ing the Evidence highlights how body weight and
body mass index are not necessarily correlated with
fat mass. 

EVALUATING THE 
EVIDENCE

The Relationship of BMI and
Body Fatness Among Elite 
Female Athletes

The Study 
Klungland Torstveit, M. and Sundgot-Borgen, J (2012).
“Are under- and overweight female elite athletes thin
and fat? A controlled study.” Medicine & Science in
Sports & Exercise, 44, 5, 949-957.21

Purpose
Compare BMI classification with body composition
measured with dual-energy x-ray absorptiometry
(DEXA) in elite female athletes and nonathletic
controls.

Population and Methods 
Norwegian females aged 13 to 39 years. A total of
186 elite athletes representing 46 sports and 145
controls participated in all three phases of the study
(questionnaire, body composition measurement,
and clinical interview). 

The authors compared BMI and body composi-
tion of athletes and controls. They also compared
body composition of athletes in technical sports,
weight class sports, ball game sports, power sports,
and gravitational sports. Results are summarized in
the following table.

2%

0%

0%

0%

6.7%

58.8%

50%

97.1%

DEXA BODY
FAT 12% DXA BODY
(EXTREMELY FAT ≥33%
LEAN) (OBESE)

Athletes
BMI 18.5–24.9 
kg/m2
BMI ≥25 
kg/m2

Controls
BMI 18.5–24.9 
kg/m2

BMI ≥25 
kg/m2

Continued
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Table 11-3. Body Mass Index
NORMAL OVERWEIGHT OBESE

BMI

HEIGHT 
(INCHES) BODY WEIGHT (POUNDS)

58

59

60

61

62

63

64

65

66

67

68

70

71

72

73

74

75

76

20

96

99

102

106

109

113

116

120

124

127

131

139

143

147

151

155

160

164

21

100

104

107

111

115

118

122

126

130

134

138

146

150

154

159

163

168

172

22

105

109

112

116

120

124

128

132

136

140

144

153

157

162

166

171

176

180

23

110

114

118

122

126

130

134

138

142

146

151

160

165

169

174

179

184

189

24

115

119

123

127

131

135

140

144

148

153

158

167

172

177

182

186

192

197

25

119

124

128

132

136

141

145

150

155

159

164

174

179

184

189

194

200

205

26

124

128

133

137

142

146

151

156

161

166

171

181

186

191

197

202

208

213

27

129

133

138

143

147

152

157

162

167

172

177

188

193

199

204

210

216

221

28

134

138

143

148

153

158

163

168

173

178

184

195

200

206

212

218

224

230

29

138

143

148

153

158

163

169

174

179

185

190

202

208

213

219

225

232

238

30

143

148

153

158

164

169

174

180

186

191

197

209

215

221

227

233

240

246

31

148

153

158

164

169

175

180

186

192

198

203

216

222

228

235

241

248

254

32

153

158

163

169

175

180

186

192

198

204

210

222

229

235

242

249

256

263

33

158

163

168

174

180

186

192

198

204

211

216

229

236

242

250

256

264

271

34

162

168

174

180

186

191

197

204

210

217

223

236

243

250

257

264

272

279

35

167

173

179

185

191

197

204

210

216

223

230

243

250

258

265

272

279

287

19

91

94

97

100

104

107

110

114

118

121

125

132

136

140

144

148

152

156

Adapted from Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults: The Evidence Report.

EVALUATING THE 
EVIDENCE—cont’d

Authors’ Stated Conclusion 
“Our data show BMI is not a valid measure for as-
sessing or monitoring body composition in elite 
female athletes, and it should be used carefully in
female nonathletes.”

Critical Thinking Questions
1. In your own words, summarize the inten-

tion of this study.
2. If you were to conduct this study, what

would be your hypothesis?
3. Explain—as if you were discussing with

your neighbor or a lay person—the results
from this study.

4. The authors conclude that BMI is not valid
in athletes and limited in nonathletes. Ex-
plain why you agree or disagree with these
findings.

5. List several potential limitations to this study.

Girth Measurements. Girth measurements are a useful
tool for both recreational exercisers and elite athletes. For
recreational exercisers, girth measurements are a mini-
mally invasive approach to evaluate body size at various
locations and monitor changes, especially in the waist
and hips, where fat deposition is most likely to fluctuate.
For elite athletes, circumference measurements may be
most useful to identify body areas that are underdevel-
oped or overdeveloped, or to evaluate the effect of a
training regimen on body size. To be useful, girth mea -
surements must be collected using precise anatomical
landmarks (Fig. 11-3). Apply the measuring tape lightly
to the skin surface; the tape should be taut but not tight.
Make duplicate measurements and calculate an average
for reporting.

Circumference measures can be used to approximate
body fat percentage. First, the values are used to calcu-
late body density, which then is converted to body fat
percentage. A regression equation to do this is shown in
Box 11-3. The margin of error is about 2.5% to 4% for
most people.3,4 Measurements of very thin, very mus-
cular, or very obese individuals substantially increase
margins of error.

The waist and hip measurements can be used to cal-
culate a waist-to-hip ratio (waist circumference/hip
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EXTREME OBESITY

BODY WEIGHT (POUNDS)

36

172

178

184

190

196

203

209

216

223

230

236

250

257

265

272

280

287

295

37

177

183

189

195

202

208

215

222

229

236

243

257

265

272

280

287

295

304

38

181

188

194

201

207

214

221

228

235

242

249

264

272

279

288

295

303

312

39

186

193

199

206

213

220

227

234

241

249

256

271

279

287

295

303

311

320

40

191

198

204

211

218

225

232

240

247

255

262

278

286

294

302

311

319

328

41

196

203

209

217

224

231

238

246

253

261

269

285

293

302

310

319

327

336

42

201

208

215

222

229

237

244

252

260

268

276

292

301

309

318

326

335

344

43

205

212

220

227

235

242

250

258

266

274

282

299

308

316

325

334

343

353

44

210

217

225

232

240

248

256

264

272

280

289

306

315

324

333

342

351

361

45

215

222

230

238

246

254

262

270

278

287

295

313

322

331

340

350

359

369

46

220

227

235

243

251

259

267

276

284

293

302

320

329

338

348

358

367

377

47

224

232

240

248

256

265

273

282

291

299

308

327

338

346

355

365

375

385

48

229

237

245

254

262

270

279

288

297

306

315

334

343

353

363

373

383

394

49

234

242

250

259

267

278

285

294

303

312

322

341

351

361

371

381

391

402

50

239

247

255

264

273

282

291

300

309

319

328

348

358

368

378

389

399

410

51

244

252

261

269

278

287

296

306

315

325

335

355

365

375

386

396

407

418

52

248

257

266

275

284

293

302

312

322

331

341

362

372

383

393

404

415

426

53

253

262

271

280

289

299

308

318

328

338

348

369

379

390

401

412

423

435

54

258

267

276

285

295

304

314

324

334

344

354

376

386

397

408

420

431

443

circumference). Individuals with a ratio greater than
1.0 are at increased risk for cardiovascular disease and
health problems. This is indicative of increased abdom-
inal obesity (gynoid obesity or “apple shape”) as com-
pared to android obesity (“pear shape”) in which
more fat is deposited in the hips and thighs. A waist-
to-hip ratio of 0.9 or less in men and 0.8 or less in
women is considered “safe,” though health risk is ele-
vated for obese individuals in general.5

Skinfold Measurements. Skinfold measurements ap-
proximate body fat by measuring the amount of sub-
cutaneous fat in various locations throughout the body.
The thickness of the subcutaneous fat is measured to
the nearest 1 millimeter with skinfold calipers. This
method assumes that subcutaneous fat composition 
reflects internal fat composition. 

The U.S. Olympic Committee advocates measure-
ment of seven skinfold sites: abdomen, biceps, ante-
rior thigh, medial calf, subscapular, supraspinale, and
triceps, measured according to the standards set forth
by the International Society for the Advancement of
Kinanthropometry (ISAK).6,7 A bullet-point overview
of the standards is highlighted in Box 11-4. Figures
11-4 through 11-11 provide descriptions for measure-
ment of each of the seven standard sites as well as

chest measurement, which is not included in the
seven-site recommendations but is frequently mea -
sured in the field. Health professionals working with
elite athletes should become familiar with, and adhere
to, these standards.

In practice, most health professionals use the three-
site method: measuring chest, thigh, and abdomen in
men and triceps, thigh, and supraspinale in women.
While skinfold measurements can be entered into 
a prediction equation to estimate body fat, the esti-
mates are prone to error. In fact, more than 100 such
equations have been developed with only three
deemed reliable for use in athletes.8 Box 11-5 pro-
vides the commonly adapted Jackson-Pollock three-
site equation. Though rates of error have the potential
to be high, when assessors are trained and the retest
measurements are obtained by the same individuals,
the results can be meaningful and measurement error
is about 3% to 3.5%.2

In addition to using skinfold measurement to estimate
body fat, the sum of skinfold of the seven sites can be
used as a marker to assess progress within a training pro-
gram or to compare to age, gender, and sport norms. Ul-
timately, due to the low expense and convenience of this
method, skinfold measurement is one of the methods of
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Figure 11-3. Circumference measurement landmarks.
A. Waist circumference measurement is taken at the
narrowest part of the torso. B. Abdominal circumfer-
ence measurement is taken at the level of the navel. 
C. Iliac circumference measurement is taken level with
the iliac crests. D. Hip circumference measurement is
taken at the location with the largest circumference of
the gluteals.

A

B
C

D

Box 11-3. Converting Circumference
Measurements to Body Fat Percentage

1. Calculate body density (BD)
For women:
BD = 1.168297 – (2.824 × [MD3]10-3 × ab-
domen circumference (cm)) + (1.22098 × 10-5

× abdomen circumference (cm)2)  –
[MD4](7.33128 × 10-4 × hip circumference
(cm)) + (5.10477 × 10-4 × height (cm)) –
2.16161 × 10-4 × age)
For men:
BD = 1.21142 + (8.5x10-4 × weight (kg)) – (5.0
× 10-4 × iliac (cm)) – (6.1 × 10-4 × hip circum-
ference (cm)) – (1.38 × 10-3 × abdomen cir-
cumference (cm))

2. Convert BD to percent fat
Percent fat = (495/BD) – 450

body and into the foot. An accurate BIA reading relies
heavily on adequate hydration status, among a variety
of other factors highlighted in Box 11-6. Prerequisites for
accurate BIA reporting may make the method unrea-
sonable for highly competitive or elite athletes. When
the corrective predictive equation is selected and the
established protocol is followed, accuracy of BIA is
similar to skinfold measurement with a standard error
of about 3.5%.2

While most of the research evaluating the accuracy
of BIA has been conducted on the standard BIA
equipment, other less-expensive forms of BIA are
available, including a scale-only and a hand-held de-
vice. These devices generally are not reliable due to
their inability to differentiate between body types or
provide consistent results. 

Laboratory Methods
In addition to the body composition methods described
above, which are used most frequently in practice, sev-
eral other methods with lower rates of error are used
as laboratory methods, mostly in research studies and
in large medical centers or other facilities with financial
support and access to resources.
Hydrostatic Weighing. Hydrostatic weighing was
until recently considered the gold standard in the eval-
uation of body composition. This is the reference
method against which many of the field methods have
been judged in the scientific literature. With this
method, the athlete, who is seated in a chair attached
to a scale, is submerged in a tank of water. Body density
is calculated by assessing the relationship of the per-
son’s weight on land with his or her weight in water.
The method is most accurate when underwater weight
is taken after a complete expiration. Total body water—
comprising about 50% to 70% of the human body,
about 70% to 80% of muscle mass, and 10% to 20%
of fat mass—is used to estimate fat mass and fat-free
mass. Figure 11-13 demonstrates a typical hydrostatic
weighing device.
Air Displacement Plethysmography (BodPod). Air dis-
placement plethysmography (ADP) uses whole
body air displacement to measure body volume and
density. In comparison to hydrostatic weighing, ADP 
is quick and suitable for a broader range of people.
However, its results are affected by moisture in hair or
skin, clothing (participants are instructed to wear
swimwear), and ambient air temperature and humid-
ity. ADP tends to underestimate total body fat, espe-
cially for lean athletes.2 Figure 11-14 shows a picture
of the ADP, under the brand name BodPod.
Dual-Energy X-Ray Absorptiometry. Dual-energy 
x-ray absorptiometry (DXA) scanning has emerged as
the premier method for assessing body composition. Ini-
tially developed to measure bone density (and commonly
prescribed by the physician for this purpose in older fe-
male athletes and women with signs of the female athlete
triad), the full-body x-ray maps the bone density, fat mass,
and fat-free tissue mass using two low-dose x-rays from

estimating body fat composition most often used in prac-
tice. Health professionals planning to measure body
composition with clients should consider undergoing in-
person training to increase accuracy and reliability of
measures and, consequently, usefulness of results.
Bioelectrical Impedance Analysis. Relying on a complex
mathematical formulation translating the conduction
of an electrical current through muscle (fast) com-
pared with fat (slower), bioelectrical impedance
analysis (BIA) provides a digital report of lean body
tissue (Fig. 11-12). The most reliable BIA machine re-
quires that a wrist and ankle electrode be placed on
the participant. The participant remains still while the
electrical current passes from the wrist through the
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Box 11-4. Standard Procedure for Obtaining Skinfold Measurements

1. Take all measurements on the right side of 
the body.

2. Carefully identify landmarks and mark location
of measurement.

3. Advise the client to relax muscles at the 
measurement site.

4. Grasp the skinfold firmly between the left thumb
and index finger, which should be approximately 
8 cm apart on a line perpendicular to long axis of
the skinfold.

5. Lift the skinfold 1 cm and place caliper jaws 
perpendicular to the fold and approximately 
1 cm below the thumb and index finger. Do 
not release the skinfold while taking the 

measurement. Slowly close jaws on skinfold.
Take skinfold measurement approximately 
4 seconds after the pressure is released.

6. Take a minimum of two measurements at each site.
If values differ by more than 10%, take additional
measures until two recorded measures are within
10%. It is preferable to rotate measurement sites
and then repeat measurements, rather than taking
two measurements consecutively at the same site.

7. Do not measure skinfolds immediately after exer-
cise, as fluid shifts to the skin will compromise 
accuracy. 

8. Provide results as a range rather than a specific
number.

Figure 11-4. Triceps skinfold measurement. Vertical fold
posterior midline of upper arm halfway between
acromion process and olecranon process.
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Figure 11-5. Subscapular skinfold measurement.
Horizontal fold 2 cm from the undermost tip of the 
inferior angle of the scapula.

Rodriguez NR, Di Marco NM, Langley S. American College of Sports Medicine position stand. Nutrition and athletic performance. Med Sci
Sports Exerc. March 2009;41(3):709-731. 

American College of Sports Medicine. Thompson WR, Gordon NF, Pescatello LS. ACSM’s Guidelines for Exercise Testing and Prescription. 8th ed.
Philadelphia: Lippincott, Williams & Wilkins; 2010.

different sources that measure bone and soft tissue mass
simultaneously (Fig. 11-15). At the conclusion of the
study, the participant receives a printout of regional body
fat distribution and overall muscle mass and fat mass
characterization, such as that provided in Figure 11-16.

DXA is particularly appealing for athletes because it
is quick and requires minimal preparation (unlike
many of the other body composition assessment meth-
ods, it is not affected by water fluctuations). However,
DXA scanning may not be accurate for especially lean
athletes with a very high muscle mass. For example,
DXA scanning in one study of very lean athletes esti-
mated a negative amount of torso fat, which clearly is
inaccurate and impossible.9

While DXA is reasonably accurate with a margin of
error of 2% to 3%, 2 individuals should not undergo
DXA scanning repeatedly due to the radiation (though
small), as well as the inability of DXA scanning to detect
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Figure 11-8. Anterior thigh skinfold measurement. 
Horizontal fold at midpoint of distance between 
inguinal fold and anterior surface of patella.

Figure 11-7. Abdominal skinfold measurement. Vertical
fold 2 cm to the right of the umbilicus.

Box 11-5. Estimating Body Composition From Skinfold Measurements: 
The Jackson-Pollock Equations

Numerous prediction equations aim to translate the
sum of skinfold measurements into an estimate of
body composition. While the initial equations were
based on the sum of all seven measurements, the
following equations for men and women include
just three measurement sites to facilitate practicality
of measurement without sacrificing validity.
For men:23

Body density (BD) = 1.109380 – 8.267 × 10-4 

(sum of chest, abdomen, and thigh (mm)) + 1.6 ×

10-6 (sum of chest, abdomen, and thigh (mm))2 –
2.574 × 10-4 (age (yrs)) 
For women:24

Body density (BD) = 1.0994921 – 9.929 × 10-4 

(sum of triceps, suprailiac, thigh (mm)) + 2.3 × 10-6

(sum of triceps, suprailiac, thigh (mm))2 – 1.392 ×
10-4 (age) 
% Body fat = [4.95/BD – 4.5] × 100
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Figure 11-6. Bicep skinfold measurement. Vertical fold an-
terior midline of upper arm over the mid-belly of bicep.

small changes in body composition over time.2 The high
cost and availability of the machine also limit the clinical
use of DXA.
Near-Infrared Interactance. Developed by the U.S. De-
partment of Agriculture to measure the fat content

of beef and pork following slaughter, near-infrared
interactance records the optical densities of skin,
fat, and lean tissue as an infrared light probe is re-
flected off bone and back to the probe (Fig. 11-17).
The method has been adapted for use in humans to
predict body fat percentages. The data collected is en-
tered into a prediction equation based on the athlete’s
height, weight, frame size, and level of activity. This
method is not widely used due to its high rate of error
and its sensitivity to probe pressure, skin color, and
hydration status. 
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Figure 11-9. A. Supraspinale skinfold measurement. 
B. Vertical fold at the intersection of the line from the
underarm to the anterior iliac spine and from the top of
the iliac crest to the umbilicus.

Figure 11-10. Calf skinfold measurement. Midline of medial
aspect of calf muscle at the level of greatest girth.
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Three-Dimensional Photonic Scanning. Emerging as a pop-
ular and relatively new method of measuring body com-
position, three-dimensional photonic scanning uses
a low-power laser light and digital cameras to rapidly pro-
duce a 3-D digital model of the human body, which is
then used to approximate lean and fat mass (Fig. 11-18).
For accurate assessment, participants must wear tight-
fitting clothing. This may be a limiting factor with use for
overweight or body-conscious participants, though the
requirement is unlikely to impede assessment of most
athletes. This method is limited by access to equipment
and limited research evaluating its precision and validity.

A

B

A

B

Figure 11-11. A. Chest skinfold. Not routinely measured as
part of the seven-site assessment, but is frequently used in
the three-site method to estimate body density in men. 
B. Men: one-half the distance between anterior axillary
fold and nipple; women: one-third the distance between
anterior axillary fold and nipple.
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Ultrasound. Ultrasound is a fairly inexpensive, portable,
and safe radiological method for collecting body compo-
sition information (Fig. 11-19). With this method, an ul-
trasound probe is passed over the same anatomical sites
that are used for estimating body composition with skin-
fold calipers. When the ultrasound waves penetrate tis-
sue, the wave reflections vary for fat mass, lean mass, and
bone. The high-resolution ultrasound image allows the
technician to measure the subcutaneous fat tissue, similar
as to what is done with skinfold calipers. This information
can be entered into a regression equation to estimate body
fat percentage or the site measurements can be used in-
dividually as a baseline or to monitor changes in response
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Figure 11-12. Bioelectrical impedance analysis.

Box 11-6. Prerequisites for Accurate
Assessment of Body Composition Based
on BIA

• BIA is an indirect measurement of body compo-
sition. As such, it relies on predictive equations
to estimate fat mass and lean mass. To attain ac-
curate readings, the appropriate validated pre-
dictive equation should be selected based on the
client’s gender, age, and body type.

• Fluid imbalances such as dehydration and over-
hydration may skew results. For accurate mea -
surements, athletes must be well-hydrated. To
assure appropriate hydration, the following
protocol has been established for accurate
measurement of BIA:
• No alcohol 24 to 48 hours before assessment
• Avoid intense exercise 6 to 12 hours before 

assessment
• Avoid eating or drinking 4 hours before the

assessment (especially coffee, tea, soda, or
other caffeine-containing beverages) 

• Empty bladder 30 minutes before assessment
• Avoid diuretics 7 days before assessment, if pos-

sible. Clients should not withhold prescribed
medications for purpose of preparation for BIA
measurement.

0

12

Figure 11-13. Hydrostatic weighing.

Figure 11-14. The BodPod.

to a training program. As an emerging method for the 
assessment of body composition, standard protocols 
for using ultrasound to estimate total body fat composi-
tion are not yet available. However, given this method’s
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Height/Weight:
Sex/Ethnic:

71.0 in./171.0 lbs.
Male/White

Measured:
Analyzed:

9/13/2014
9/13/2014

10:09:35 AM (8.60)
10:15:36 AM (8.60)

Total Body Tissue Quantitation

Comments:

Composition Reference: Total
40%

30%

20%

10%

0%
20 30 40 50 60 70 80 90 100

90
50
10
2

T
is

su
e 

(%
fa

t)

C
entile

Age (years)

Composition Trend: Total

Trend: Total

20000

15000

10000

5000
40 41 42 43 44 45 46 47 48

71000
70000
69000
68000
67000
66000
65000

Lean (g) [G
ray]Fa

t (
g)

 [W
hi

te
]

Age (years)

Measured
Date

9/13/2014
6/16/2014
5/12/2014
3/31/2014
1/17/2010
8/2/2009
5/10/2009

Age
(years)

46.6
46.4
46.3
46.2
42.0
41.5
41.3

Tissue
(%fat)

7.9
12.6
15.4
20.7
14.8
11.8
15.8

Tissue
(g)

75,581
77,929
79,009
83,119
81,206
80,176
78,913

Fat
(g)

5,993
9,788

12,204
17,222
12,048
9,444

12,442

Lean
(g)

69,588
68,141
66,805
65,898
69,158
70,732
66,471

BMC
(g)

3,178
3,239
3,276
3,352
3,335
3,342
3,379

Fat free
(g)

72,766
71,380
70,081
69,250
72,493
74,074
69,850

Centile2,3

0
2
7

35
8
2

11

T.mass
(kg)

78.8
81.2
82.3
86.5
84.5
83.5
82.3

Region
(%fat)

7.6
12.1
14.8
19.9
14.3
11.3
15.1

Trend: Fat Distribution
Measured
Date

9/13/2014
6/16/2014
5/12/2014
3/31/2014
1/17/2010
8/2/2009
5/10/2009

Age
(years)

46.6
46.4
46.3
46.2
42.0
41.5
41.3

Android
(%fat)

7.1
13.0
17.8
27.0
16.8
11.0
15.9

Gynoid
(%fat)

12.9
17.9
21.9
25.5
22.1
18.3
23.3

A/G
ratio

0.55
0.72
0.81
1.06
0.76
0.60
0.68

Total body
(%fat)

7.9
12.6
15.4
20.7
14.8
11.8
15.8

10 18.5 25 30 40

72 133 179 215 287

Underweight Normal Overweight Obesity

World Health Organization BMI Classification
Body Mass Index (BMI) = 23.8

Weight (lbs.) for height = 71.0 in.

Figure 11-15. DXA scan.

Figure 11-16. A DXA report.

accuracy and the trend toward more user-friendly and
portable ultrasound methods, this research method may
ultimately become widely used in practice.

Reference Methods
Reference methods for measuring body composition
are of interest to health professionals primarily to un-
derstand the methods by which the field and research
tests are based and compared. 

Multi-Component Models. The recommended refer-
ence method for estimation of body composition is the
multi-component model, which has a margin of error
within 1% to 2%.2 Multi-component models are not a
measurement technique, but rather a way of assessing
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body composition based on other measurement tech-
niques. The four-component equation is the leading ref-
erence method. The variables include body volume, total
body water, bone mineral, and body mass. The compo-
nents are measured with methods such as DXA scanning
and hydrostatic weighing. The technical errors from the
methods are lower than when the individual methods
are used as the sole source for estimating body composi-
tion. While multi-component models have a high level
of accuracy, they are expensive and time consuming,
making them impractical for everyday use.
MRI and CT Scan. Magnetic resonance imaging (MRI)
scanning is a highly accurate and extremely expensive
method of gaining detailed information typically regard-
ing the composition of a specific area or organ of the
human body. MRI utilizes a powerful magnet to recreate
a three-dimensional image in a substantial amount of
detail, which far exceeds that produced from ultrasound
or x-ray computed tomography (CT) scanning. While it
can be used to assess the composition of the entire body,

such an extensive degree of imaging is impractical. Fur-
ther, evaluation of MRI measurements requires highly
trained and skilled professionals, further limiting its
widespread adoption. MRI does not generate an ionizing
radiation. Similar to MRI, CT scans also provide high res-
olution internal images. Though less costly than MRI,
CT scans are expensive and impose a large amount of
ionizing radiation, limiting their practicality.

Body Composition Monitoring and Ideal
Body Weight

Most body composition assessment methods preclude
frequent monitoring due to a relatively high margin of
error and generally slow changes in body composition.
As a proxy, health professionals can calculate an ideal
body weight based on body composition goals. This cal-
culation assumes that the athlete retains or gains mus-
cle mass and that all weight lost comes from fat. In
order for this to be a true assumption, athletes must
engage in a strength or resistance training program to
maintain muscle mass. The equation to calculate ideal
body weight is highlighted in Box 11-7.

Ultimately, providing body composition assessment
for recreational, competitive, and elite athletes can play
an important role in identifying baseline characteristics
and providing a basis for goal setting. The athlete can
then make modifications to both a fitness and nutrition
program to improve body composition and ultimately
benefit performance and health.

S P E E D  B U M P
5. Describe the advantages and disadvantages of the

field tests, laboratory methods, and reference
methods to measure body composition. 

6. Outline reference norms for body fat levels for
men and women. 

7. Describe the importance of body composition for
various types of sports.
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Figure 11-17. Near infrared interactance.

Photogrammetry (TC2) Laser (Hamamatsu) Ultrasound (Intellifit)

Figure 11-18. 3-D photonic scanning.
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NUTRITION ASSESSMENT

An evaluation of a client’s typical nutrition habits pro-
vides useful information as the athlete endeavors to
achieve body composition and fitness goals. Many

athletes recognize the importance of nutrition in op-
timizing performance and overall health, and would
like to improve their nutritional status. However, con-
trary to the common belief that athletes are well-
informed about nutrition, the baseline nutritional
knowledge among athletes—and many of the health
professionals who provide them with nutrition infor-
mation—is relatively low (see Myths and Misconcep-
tions). Health professionals can provide a valuable
service to athletes by understanding the fundamentals
of sports nutrition and effectively translating that 
information into practical strategies while staying
within the health professional’s scope of practice. One
way to do this is through the appropriate use of nu-
tritional assessment tools and nutrition coaching.

Nutrition assessment has historically been de-
fined as the evaluation of an individual’s nutritional
status and unique nutritional needs, and has been the
domain of the registered dietitian. However, nutrition
assessment tools can be utilized by many health pro-
fessionals to help clients best understand their nutri-
tional behaviors without providing an individualized
assessment of nutritional status or crossing outside
professional scope of practice and potentially causing
harm to the client or exposing the health professional
to unanticipated legal liability. Health professionals
who are very interested in providing detailed and in-
dividualized nutrition assessment and recommenda-
tions may consider pursuing credentials as registered
dietitians and, potentially, certified specialists in
sports dietetics (Box 11-8 highlights the requisite
training for each).

The Commission on Dietetic Registration provides a
link to the legislation dictating nutrition-related scope of
practice for each state (www.cdrnet.org). While rules
vary by state, it is generally accepted that it is within the
scope of practice of the allied health professional to use
government tools and guidelines, published position 
papers, and research studies and published texts to pro-
vide clients with nutrition information. The tools out-
lined below are contained within these domains. Each is 
described in turn, along with an explanation of their 
potential use for allied health professionals.

Estimating Caloric Needs

The health professional can help a client determine esti-
mated caloric needs and compare the estimated needs
with the approximate calories that the client consumes in
a typical day based on the dietary log. Determination of
resting energy expenditure (REE), or the number of
calories needed to fuel vital functions, is most accurately
determined in the laboratory with indirect calorimetry.
Indirect calorimetry is a noninvasive study that estimates
energy needs based on the use of oxygen and production
of carbon dioxide. Because this method is expensive and
impractical for most people, indirect calorimetry is infre-
quently used in practice. Instead, several equations are
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Figure 11-19. Ultrasound to measure body composition.

Box 11-7. Calculating Ideal Body Weight
Based on Body Composition

Athletes can estimate ideal body weight based on 
a percentage of desired body fat. Then, instead of
frequently monitoring body composition, the ath-
lete can aim for a body weight goal. Once that goal
is achieved, body composition can be reassessed 
to see how well actual body composition approxi-
mates the goal body composition. In order for this
equation to be accurate, an athlete needs to en-
gage in a regular resistance training program to re-
tain muscle mass during weight loss. This assumes
that the athlete is trying to lose weight and would
like to retain an equal amount of lean mass. 

Ideal body weight (IBW) = lean body
weight/(1 – desired body fat percentage
(decimal)) Example. A hockey player re-
cently had a body composition assessment
completed. He weighed 165 pounds of
which 15% was body fat and 85% was lean
mass. His desired body fat is 12%. How
much weight will he need to lose to achieve
this goal, assuming that all weight lost
comes from fat?
IBW = 140.25/(1 – .12) = 159 pounds
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available to determine calorie needs. The most commonly
used equations are highlighted in Box 11-9. Based on a
systematic review of several methods to estimate energy
needs, the Mifflin-St. Jeor equation is the most accurate
estimation of REE for the majority of adults.10

Once the REE is calculated, the value should be
multiplied by an activity factor to account for the 
individual’s level of daily exercise. The end result is an
estimate of the client’s total daily needs, with a margin
of error of about 10%.10

Attaining a Diet History

Attaining a diet history not only provides the health
professional with baseline nutritional information
about the client’s typical eating habits, it also provides
clients with insight into their own behaviors that they
may not have considered previously. The health pro-
fessional and client can use the information obtained
from a diet history to better understand the types of
foods eaten and the factors that influence intake, assess
the quality of a client’s nutritional habits, and evaluate
how well the client’s typical eating habits compare with
an ideal diet. In some cases, the health professional
may initiate the process of attaining a diet history and
recognize that, to best meet the client’s needs, referral
to a registered dietitian is necessary. Situations in which
referral clearly is indicated are included in Box 11-10.
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Myths and Misconceptions
Athletes are Natural Nutrition Experts
The Myth 
Athletes know a lot about nutrition.

The Logic
By the very nature of their impressive physical feats
and lean physiques, athletes certainly know how to
strategically fuel for optimal performance.

The Science
As articulately stated in a New York Times article 
by researcher David Nieman, a professor of health
and exercise science at Appalachian State University,
in reference to vegan ultramarathoner Scott Jurek
and whether athletes should become vegan: “He’s a
great guy—opinionated, sure, but he’s been very suc-
cessful as a racer, so he can have opinions. But run-
ners always think they have inside information on
nutrition. They don’t. It’s my duty as a scientist to
separate out the hype from what’s been validated.”  

Nieman continues, “What we know is that
when it comes to endurance performance, it’s all
about the fuel, primarily carbohydrates, and you
can get sufficient carbohydrates whether you’re a
vegetarian or a meat eater—unless you follow a 

really goofy diet, which some people do. It’s possi-
ble to eat a lousy vegetarian diet, just as you as can
eat a lousy meat-based diet.”

While it is true that athletes are interested in
nutrition and often are the ones setting nutrition
trends, they do not always make nutrition choices
that are in alignment with solid scientific evidence.

For example, one study of coaches, athletic
trainers, strength and conditioning specialists, and
NCAA Division I, II, and III athletes that was pub-
lished in the Journal of Athletic Training found that
91% of athletes, 64% of coaches, 29% of athletic
trainers, and 17% of strength and conditioning
specialists had inadequate nutrition knowledge.25

Topics assessed included micronutrients and
macronutrients, supplements and performance,
weight management and eating disorders, and hy-
dration. The authors concluded that athletes and
coaches especially had low levels of nutrition
knowledge and that nutrition programming should
be integrated into the curriculum for athletic train-
ers and strength and conditioning specialists given
the frequency with which athletes rely on them
for nutrition information.25

Several commonly used tools to attain a diet history
include the 24-hour recall, food frequency ques-
tionnaire, and food record. These tools are best used
in combination with an exercise and training log when
working with active clients. 

24-Hour Recall 
The 24-hour recall is a method of gaining information
about a client’s eating habits by asking for detailed in-
formation about the foods and drinks the client con-
sumed in the 24 hours prior to the consultation. While
this method is not the most accurate method of obtain-
ing nutrition information, it provides the health profes-
sional with insight into a client’s typical eating patterns,
including types of foods and drinks consumed, snacking,
and meal-skipping, and time of day in which most food
is consumed.

Food Frequency Questionnaire
The food frequency questionnaire is a multi-paged list of
different foods or food types and the client is asked to in-
dicate how often each of the foods is consumed on a daily,
weekly, or monthly basis. This method is frequently used
in population-based research studies, such as the National
Health and Nutrition Examination Survey (NHANES) to
characterize typical intake. While it provides useful infor-
mation into typical eating patterns, it can be overbearing
for a health professional to use effectively in practice due
to the large amount of information obtained.
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Food Record
The food record is the most frequently used method of
dietary assessment. To gain the most accurate nutrition
information, a client should keep, at the minimum, a
3-day record including 1 weekend day and 2 “typical”
weekdays.  A “typical” day is one that most resembles
the client’s usual routine. The client should be in-
structed to record everything consumed—both food
and beverages—down to the measurement in cups and
ounces, if possible. While this is a tedious process, and
the client may modify intake so as to avoid having to
record an extra snack or second serving, the detailed
and specific information improves the value of the food
log. Clients who eat out frequently should investigate
if the restaurant supplies nutrition information on re-
quest. A growing number of chains make this informa-
tion readily available. In addition to tracking what they
eat, it is also helpful for clients to record what time of
day, where they were when eating, what kind of mood
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Box 11-8. The Path to Becoming a
Registered Dietitian and Certified
Specialist in Sports Dietetics

HOW TO BECOME A REGISTERED
DIETITIAN
Required qualifications to become a registered dieti-
tian from the Commission on Dietetic Registration
(www.cdrnet.org):
To take the certifying examination to become a reg-
istered dietitian, applicants must meet the following
academic and supervised practice requirements:
Academic Requirements 
• Minimum of bachelor’s degree
• Completion of an accredited didactic program in

dietetics. A listing of acceptable programs is avail-
able at www.eatright.org/becomeanRDorDTR

Supervised Practice Requirements
• Completion of accredited dietetic internship

program which consists of a minimum of 
1,200 hours of supervised practice, OR

• Completion of an accredited coordinated program
through integration of didactic instruction with a
minimum of 1,200 hours of supervised practice

HOW TO BECOME A BOARD-CERTIFIED
SPECIALIST IN SPORTS DIETETICS
Required qualifications to become a certified spe-
cialist in sports dietetics from the Commission on
Dietetic Registration (www.cdrnet.org):
• Current Registered Dietitian (RD) status
• Maintenance of the RD status for a minimum of

2 years
• Documentation of 1,500 hours of specialty 

practice experience as an RD 
• Pass a written multiple choice exam

Box 11-9. Calculating Energy Needs

Several equations are used in practice to estimate
resting energy expenditure (REE). The REE is
then multiplied by an activity factor to approxi-
mate daily energy needs to maintain weight. The
equations for the methods most commonly used
in practice are included below.

Harris Benedict26

For men: REE = 66 + 13.7 × wt(kg) + 
5 × ht(cm) – 6.8 × age (yrs)
For women: REE = 655 + 9.6 × wt(kg) +1.8 ×
ht(cm) – 4.7 × age

Mifflin St. Jeor*,27

For men: REE = 9.99 × wt (kg) + 
6.25 × ht (cm) – 4.92 × age (yrs) + 5
For women: REE = 9.99 × wt (kg) + 6.25 × ht
(cm) – 4.92 × age (yrs) – 161

Owen28,29

For men: REE = 879 + (10.2 × wt (kg))
For women: REE = 795 + (7.18 × wt (kg))
World Health Organization/Food and
Agriculture Organization/United Nations
University30

The REE should be multiplied by an activity factor
of 1.6 – 2.4 for the following equations.
Gender and Age Equation (BW in kg)
Males, 10–18 years REE = (17.5 × BW) + 651
Males, 19–30 years REE = (15.3 × BW) + 679
Males, 31–60 years REE = (11.6 × BW) + 879
Females, 10–18 years REE = (12.2 × BW) + 749
Females, 19–30 years REE = (14.7 × BW) + 496
Females, 31–60 years REE = (8.7 × BW) + 29

Dietary Reference Intakes31

For men: REE = 662 – 9.53 × age (yrs) + PA ×
(15.91 × wt (kg) + 539.6 × ht (meters))
For women: REE = 354 – 6.91 × age (yrs) + 
PA × (9.36 × wt (kg) + 726 × ht (meters))
PA = physical activity factor

Physical Activity Factor6

Unless otherwise included in the equation, the
REE should be multiplied by an activity factor to
estimate daily energy needs to maintain weight.
1.0–1.39 Sedentary, typical daily living activities

(e.g., household tasks, walking to bus).
1.4–1.59 Low active, typical daily living activities

plus 30–60 minutes of daily moderate activity
(e.g., walking at 5–7 km/h).

1.6–1.89 Active, typical daily living activities plus
60 minutes of daily moderate activity.

1.9–2.5 Very active, typical daily activities plus at
least 60 minutes of daily moderate activity plus
an additional 60 minutes of vigorous activity
or 120 minutes of moderate activity.

*most accurate10
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they were in, and how hungry they were on a scale of 1
(ravenous) to 10 (completely full to the point of dis-
comfort). This additional information will help to iden-
tify patterns of non-hunger-related eating and other
opportunities to improve intake. A sample food record
form is included in Box 11-11. 

While health professionals may choose to use their
own tools and forms to collect dietary information, 
the federal government provides resources at www.
choosemyplate.gov that not only collect the essential
information but also provide an assessment of the food
intake based on how well it conforms to the Dietary
Guidelines for Americans. For example, the online 
SuperTracker provides tools to estimate calorie needs
and to track, analyze, and evaluate nutrition and phys-
ical activity (www.supertracker.usda.gov) (Fig. 11-20).

By using a government-endorsed tool such as the
SuperTracker, the health professional provides a client

with a valuable service but stays within the scope of
practice of a health professional who is not a licensed
nutritionist or registered dietitian. Those health profes-
sionals who choose to use their own forms or nutrient
analysis databases or programs should avoid diagnosing
vitamin or nutrient deficiencies, prescribing supplements
or other nutritional regimens, or advising clients of a
specific nutrition plan in response to data collected.
Rather, the  health professional can use the forms as a
tool to help a client recognize areas of potential im-
provement or concerns based on the Dietary Guidelines
for Americans or position statements such as the position
of the American College of Sports Medicine and the
American Dietetic Association (now known as the
Academy of Nutrition and Dietetics) Position Statement
on Nutrition and Athletic Performance.6 (The posi-
tion statement is available free of charge through the
Academy of Nutrition and Dietetics website (www.
eatright.org). The details of this position statement also
are described in Chapters 7, 8, and 9). 

Comparing Needs to Present Intake

The athlete’s nutritional goals form the basis for com-
paring needs to present intake. If the client would
like to follow a generally healthy eating plan that
conforms to the DRIs and other general nutritional
standards, the MyPlate recommendations and analy-
sis available from www.supertracker.usda.gov pro-
vide excellent tools to help evaluate how a person’s
typical eating plan compares to the Dietary Guidelines
for Americans. If the client would like to use a different
eating plan as the standard, the athlete should com-
pare the dietary recommendations from that eating
plan with actual intake. The “ideal” eating plan
should be healthy overall and an eating approach
that the client will be able to follow. Health profes-
sionals should exercise caution when helping an 
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Box 11-10. When to Refer to a Registered
Dietitian

• Specific, individualized meal plans which fall
outside the recommendations of the Dietary
Guidelines for Americans or MyPlate.

• Chronic health problem or taking prescription
medications, dietary supplements, or over-the-
counter medications to control a chronic health
problem. Examples include cardiovascular dis-
ease, hypertension, hyperlipidemia, diabetes,
eating disorder, anemia, osteoporosis.

• Post-operative nutrition.
• Unexpected or unexplainable weight loss or

weight gain.
• Nutrition-related situation which the allied

health professional feels is outside his or her
level of training or expertise.

Box 11-11. A Sample Food Log

APPROX HUNGER OTHER 
TIME FOOD EATEN AMOUNT CALORIES RATING EMOTIONS ACTIVITIES
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athlete to conform to a nongovernment-endorsed
eating plan, as this may cross into the scope of a reg-
istered dietitian. 

BODY COMPOSITION AND NUTRITION
COACHING

Body composition and nutrition assessment tools help
to form the basis upon which an athlete develops goals
and accompanying actionable strategies to achieve
those goals. In the case of an elite athlete, these assess-
ments and strategies may be undertaken and devel-
oped by a multidisciplinary team of allied health
professionals. For competitive or recreational athletes
who do not have access to a multitude of experts, a sin-
gle  health professional such as an athletic trainer, per-
sonal trainer, sports coach or registered dietitian may
help the athlete to set and achieve body composition
and nutrition goals. 

After completing the initial assessment and compar-
ing estimated body composition and dietary habits with
ideals, the health professional can adopt the role of
coach to help the athlete set and achieve goals. In some
cases, one of the most important steps the health pro-
fessional can take to help the athlete is referral to a reg-
istered dietitian, physician, or specialist. For example,
after body composition assessment and nutrition eval-
uation it may become clear that an athlete engaging in
a weight-conscious sport may have an unsafely low
body fat percentage and eating patterns that are alarm-
ing for disordered eating. This athlete is at increased risk
for female athlete triad and other health complications
and should be immediately referred to a physician and
registered dietitian for evaluation. See Chapters 4, 9,
and 15 for more information on the female athlete
triad.

For those clients who do not require referral to an-
other expert, the important next step after body com-
position and nutrition evaluation is to begin the
coaching process. This includes assessing the athlete’s
readiness to change, goal setting (including develop-
ment of an action plan), and ongoing health education
and follow up.

S P E E D  B U M P
8. Describe the common tools used to collect 

nutrition information.
9. Describe several benefits of providing nutrition

and body composition coaching to clients.
10. List three actions related to nutrition coaching

that are within the scope of practice of an allied
health professional.

11. List three actions related to nutrition coaching
that are outside the scope of practice of an al-
lied health professional. Note the type of health
professional best qualified to help the clients in
those scenarios. 

Readiness to Change 

Whether a client’s goals are related to weight loss or
muscle gain, optimal athletic performance, improved
health status, or management of disease, athletes rec-
ognize that improvements in exercise and nutrition
are essential to achieve success. The challenge is that
making changes to long-standing, ingrained behaviors
requires more than knowledge. It demands significant
changes in the way a person lives, from how he or she
responds to cues of hunger and fullness, to the mental
self-talk that either supports or impedes a person’s ef-
forts to start or complete a workout. An exercise or
nutrition program will not be successful without a be-
havioral assessment and plan to ensure that the client
follows the agreed upon changes to activity and diet.
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This can only happen if the client is psychologically
ready to make changes.

Stages of Change
The stages of change, or transtheoretical model of 
behavior change, initially was described in an effort to
increase the effectiveness of smoking cessation pro-
grams.11 Over the years, this model has gained accept-
ance as a useful model of behavior change across many
disciplines, including weight management. The model
consists of several constructs, of which the stages of
change is the most well-known.

The stages-of-change construct acknowledges that
behavior change is a process that develops over time.
The stages are based on a client’s readiness to change
and the anticipated or actual changes that are already
in place. A client may progress through the stages lin-
early, waver between stages, or progress then relapse.

The precontemplative stage occurs when a person does
not believe there is a problem and does not anticipate
making any changes in the foreseeable future. This is a
person who would benefit from educational informa-
tion about the value of health behavior changes, but
who would not be receptive to a fitness training or nu-
trition coaching program. Indications that a person is
in the precontemplative stage include comments such
as, “My doctor made me see you,” “I don’t understand
why I am here,” “I am not interested in making any
changes,” or “I don’t think that changes in my nutrition
will affect my sports performance.” People in this stage
may have unsuccessfully attempted changes in the
past, do not believe they can successfully make
changes, or do not believe that changes are necessary.

The contemplative stage occurs when a person believes
that change is necessary and plans to take action within
the next 6 months. A person in this stage believes that
the benefits of change outweigh the drawbacks, but is
acutely aware of the downsides of change and is not
ready to commit to an intervention. This weighing of
the pros and cons is commonly referred to as deci-
sional balance. A person may remain in this stage for
months to years. A prospective client in the contempla-
tive stage may not be willing to commit to a program
that is scheduled to begin soon, but may be receptive to
receiving information about a program planned for the
future. An athlete in this stage may state, “I want to im-
prove my game, but I don’t think I can spend any more
time on this sport than I already do.” 

Motivational interviewing (MI) is particularly effec-
tive communication in this stage when most clients feel
some ambivalence about change. MI is a collaborative
communication strategy in which a coach uses listen-
ing skills including open-ended questions, reflections,
affirmations, and summarizing to help a client identify
his or her own strengths and motivation to change. MI
generally follows a sequence of engaging, evoking, fo-
cusing, and planning.33 Health professionals who will
be doing a lot of coaching are advised to become very
familiar with MI to achieve best results with clients. 

The preparation stage occurs when a person intends
to take action in the immediate future, typically within
the next month. This person may have already made
significant changes within the past year and may have
plans to initiate change, such as joining a health club,
discussing weight with a physician, training for a phys-
ical event such as a 5K, or seeking out the services of a
fitness trainer or nutrition coach. A person in this stage
is an ideal client and will benefit most from a well-
designed program.

The action stage describes individuals who have made
and maintained substantial lifestyle changes within the
past 6 months. These individuals have overcome signif-
icant obstacles and barriers to change. An example may
be a novice runner who recently began running three
mornings per week with a friend with the goal to “get
in shape.” A client in the action stage is at highest risk
for beginning a program but struggling to make a per-
manent change, as many fitness and nutrition programs
are short-lived, with adherence progressively decreasing
over the first several months after initiation. 

The maintenance stage describes individuals who have
committed to a significant behavioral change for longer
than 6 months. At this stage, relapses occur less fre-
quently, though they still occur at a rate greater than
7% until change has been maintained for 5 years. In-
dividuals in maintenance have high self-efficacy that
they can maintain the positive change and rely less fre-
quently on processes of change (see below) than individ-
uals in the earlier stages of change.

Processes of Change
The processes of change refer to the tools that people
both knowingly and unknowingly use to progress
through the stages of change. An awareness of these
processes is useful for health professionals aiming to
help ready someone to make a change and also to ad-
here to behavioral changes. While many processes
exist, the following 10 have received the most support
in studies of the model.12

1. Consciousness raising involves increasing aware-
ness of the benefits of change and the potential
harms of inaction. This is most useful for people
in the precontemplative and contemplative
stages of change. 

2. Dramatic relief describes implementation of emo-
tionally moving testimony, documentary, or role
playing to increase motivation to make change. 

3. Self-reevaluation prompts persons to envision
themselves both with and without the un-
healthy behavior. For example, a health profes-
sional may use this technique to help a college
athlete who makes unhealthy food choices in
the dorm cafeteria to envision herself overeating
high-sugar, high-salt meals; how she feels after-
wards; and how it affects her performance, and
then envision herself choosing healthier options
and the resulting benefits.

246 SECTION 3: EVALUATION OF NUTRITIONAL STATUS

2955_Ch11_220-252  10/10/14  12:48 PM  Page 246



4. Environmental reevaluation prompts clients to
consider how their behaviors affect the people
around them. For example, this method may
ask an athlete how he feels his behavior affects
his teammates or his family members.

5. Helping relationships or social support greatly en-
hance success with behavior change. A health
professional can help to improve social sup-
ports for a client through rapport building, fol-
low-up calls and e-mails, and buddy systems.

6. Contingency management offers rewards for
making planned behavioral changes. Contin-
gency contracts, positive reinforcements, and
group recognition all are powerful motivators
for most people. Importantly, food rewards
typically do more harm than good for children
and for people trying to manage their weight. 

7. Social liberation relies on the power of peer
influence and changing societal norms and
policies to induce behavioral change. Several
research studies support that people are
more likely to make healthful (or unhealth-
ful) behavioral changes when they associate
with peers who practice those behaviors.13-16

More emerging evidence suggests that large-
scale policy changes and changes to the built
environment improve nutrition habits and
support physical activity.17-19

8. Self-liberation, also known as willpower, 
employs making a commitment to change
and acting on that commitment. A public 
assertion of this commitment (such as a dec-
laration to family members or a Facebook
post or Tweet) can help enhance adherence. 
However, an undue reliance on willpower 
to achieve lasting change can be counter -
productive.

9. Counterconditioning, or behavioral substitu-
tion, refers to substitution of healthier 
behaviors for less healthy ones. For example,
a person who always drinks a regular soda
when he gets home from work might replace
it with a glass of lemon water or unsweet-
ened iced tea.

10. Stimulus control. A health professional can
help clients reduce cues for undesirable be-
havior and increase cues for desirable behav-
ior through stimulus control. For example,
an allied health professional may advise an
athlete striving to lose weight to keep junk
food out of the pantry and stock up on fruits
and vegetables, dissociate from friends and
colleagues with destructive eating habits and
attitudes, make an effort to spend more time
with active and healthy individuals, and eat
small well-planned meals throughout the
day to avoid a starvation binge or stop at 
the closest vending machine or fast-food
restaurant.

Goal Setting

Athletes can begin to tackle their most challenging
health struggles with goal setting. “SMART” (specific,
measurable, attainable, relevant, and time-bound) nu-
trition and physical activity goals help set the stage for
success by transforming vague visions into a specific
plan for a healthier lifestyle.

• S—specific. “What exactly do you hope to
achieve?”

• M—measurable. “How will you know if you got
there?” 

• A—attainable. “Is this a goal you believe you can
realistically achieve with a moderate amount of
effort?” 

• R—relevant. “When you achieve this goal, how
will you feel?” Clients should choose a goal that
is really meaningful to them so that they feel a
sense of pride and accomplishment when they
achieve the goal. 

• T—time-bound. “When do you want to achieve
this goal?” Encourage clients to set a specific
date by which the goal will be realized.

Short-term process-centered goals can also be very 
effective to help a client celebrate smaller successes
more frequently. Process-centered goals are the 
steps that lead to achieving an outcome-centered goal.
For example, if a client has a goal to lose 5 pounds
(an outcome-centered goal), smaller process-cen-
tered goals, such as replacing after-dinner pie with 
a piece of fruit or walking for 20 minutes every 
day, would help get him or her closer to the weight
loss goal. 

Health Education

An important function of a nutrition coach is to pro-
vide health education to clients, when appropriate. For
adult learners, the most effective health education
does not come from lectures, PowerPoint presenta-
tions, or study guides—the standard teaching fare in
elementary, high school, and college classrooms. Adult
learners are more likely to retain and act upon infor-
mation when the information is presented in a way
that is highly relevant, based on prior experiences,
practical, and perceived to be important.20 For exam-
ple, while a child might memorize or learn something
esoteric because the information is necessary to pass a
test written by an authority figure, adult learners re-
tain new information that is deemed by them (rather
than an authority figure) to be important and useful
for their daily lives. 

A nutrition coach who understands the essentials
of adult learning will experience increased success in
helping clients learn, retain, and apply new informa-
tion to their everyday lives. Box 11-12 highlights sev-
eral tools a nutrition coach can use to provide health
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education for adult learners while staying within the
scope of practice of an unlicensed nutrition expert.
Importantly, the coach should be sensitive to how the
sharing of information may be received by the client.
Generally, the health professional should attain the
client’s permission before providing information or
advice. Permission is generally attained in one of
three ways: implied after the client asks the coach a
specific question; explicit through the coach asking
for permission; or, in cases when the client may ben-
efit from information, but may not necessarily want
to hear it, with a couching statement such as “I’m not
sure if this will make a difference or not, but. . . ” This
autonomy-respecting language helps to support the
client making a sustainable change.33

Arranging for Follow-Up

The context in which an allied health professional—who
may come from fields as diverse as coaching, physical
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therapy, personal training, athletic training, massage
therapy, or dietetics—helps an athlete improve nutrition
or body composition varies considerably. As such, the
most appropriate method to follow up with an athlete’s
nutrition and body composition goals, challenges, and
successes also will vary. In any case, the allied health
professional should regularly follow up or check in with
the athlete to assess progress toward goals and provide
continual information and reassurance to help the ath-
lete be successful. This could be in the form of individual
consultation and follow-up visits, ongoing workshops,
electronic or online communication, or other modes of
communication.

S P E E D  B U M P
12. Describe how understanding a client’s readiness to

change may impact nutrition recommendations.
13. Summarize adult learning theory and how it may

be applied in body composition and nutrition
coaching.

14. Outline a prototypical initial nutrition consultation.

Box 11-12. Tools for Nutrition Coaching

Many tools are readily accessible to help provide ef-
fective health and nutrition education to athletes
while staying within the scope of practice of a health
professional. 
Dietary Guidelines for Americans: Every 5 years,
the USDA releases the federal government’s best
recommendations for how to eat a healthy diet.
Generally more than 100 pages in length, the
guidelines offer a great deal of information that
can be parlayed into weekly e-mail tips, social
media posts, client handouts, or any of a number
of ways to provide clients with information in an
easy-to-digest and remember format.
Food Diary: The food diary is more than a tool for
a client to record intake. It also provides a client di-
rect insight into eating behaviors. The mere act of
maintaining a food log influences the dietary
choices a person makes, making it a very effective
strategy for inducing behavior change even in the
absence of direct advice to the client.
Recipes: Athletes may struggle to consistently pre-
pare healthy meals or develop new ways to meet
their nutritional needs. Sharing recipes that are
healthy and appropriate for the athlete offers a

practical approach to making it easier for the client
to achieve his or her nutrition or body composition
goals.
Demonstrations and Cooking Demos: Hands-on
demonstrations and brief cooking demos turn vague
pieces of nutritional information into easy-to-
remember and useful strategies to achieve goals. For
example, telling a client to “eat carbohydrates and
protein” after exercise for optimal recovery is forget-
table. Providing several examples of healthy snacks
that meet the recommended intakes is not only
memorable, but also much more likely to influence
future dietary choices. 
Position Statements and Research Studies:
Health professionals rely heavily on position state-
ments and research studies which highlight what
works and what does not in achieving nutrition or
body composition goals. Athletes generally are very
interested in the newest nutrition advances and
findings. Sharing brief recaps of these studies helps
athletes to stay informed, helps to counter the large
amount of circulating nutrition misinformation,
and increases the credibility of the allied health
professional.
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KEY POINTS SUMMARY
1. Health professionals with knowledge of nutrition

and nutrition coaching provide a valuable asset
to athletes and active adults who would like nu-
trition information but do not have access to or
resources to afford individualized consultations
with a registered dietitian. With this said, health
professionals must practice within their scope of
practice and initiate referrals to other health pro-
fessionals, when appropriate. Being able to iden-
tify when referral is necessary and who would
be most helpful to meet the client’s needs is an
important skill of a health professional.

2. The initial interview with a client includes time
devoted to building rapport as well as time spent
reviewing a client’s health history and potential
indications for referral. The initial interview is also
a good time to discuss body composition and nu-
trition assessment tools and decide whether the
use of specific tools will be beneficial for the client.

3. Body composition refers to a person’s propor-
tion of fat; lean tissue such as bone, muscle, and
connective tissue; and water. Fat mass includes
essential fat (about 3% to 5% for men and 12%
to14% for women) and nonessential fat. Body
composition is determined by modifiable factors
such as physical activity and nutrition, and non-
modifiable factors such as gender, age, ethnicity,
and somatotype. Athletes can train to maximize
their genetically determined potential through
strategic athletic training and nutrition.

4. Body composition plays an important role in
athletic performance, especially for athletes
who engage in gravitational, weight-based,
and aesthetic sports. The body composition as-
sessment can help to develop goals for target
weight, evaluate effects of training and nutri-
tion intake, develop a baseline from which to
monitor progress of a nutrition and fitness
program, and identify athletes who may be at
increased health risk either due to too much
body fat or not enough body fat. 

5. Many methods are used in practice to monitor
body composition. The most commonly used
field methods include BMI, circumference, skin-
fold measurements, and BIA. Hydrostatic weigh-
ing and DXA scans are the most commonly used
laboratory methods to monitor body composi-
tion. Manufacturers are currently developing
products to bridge from the laboratory standards
to methods that may be more feasible in practice.
Two of these products include air displacement
plethysmography, or the BodPod, and ultrasound
techniques.

6. Body composition assessment is prone to error.
Health professionals should be careful to fol-
low protocols, undergo training, and interpret

results cautiously. All results should be
shared with the client as a range based on
the method’s margin of error rather than a
precise number.

7. Indirect calorimetry is the most accurate
method to estimate resting energy expendi-
ture. Due to cost and convenience factors, it 
is rarely used in practice. Several equations 
are commonly used to estimate calorie needs.
The most accurate of these methods is the 
Mifflin-St. Jeor equation.

8. Attaining a diet history is an important step
to help athletes achieve nutrition and per-
formance goals. The health professional and
client can use the information obtained from
a diet history to better understand the types
of foods eaten and the factors that influence
intake, assess the quality of a client’s nutri-
tional habits, and evaluate how well the
client’s typical eating habits compare with an
ideal diet. In some cases, the  health profes-
sional may initiate the process of assessing
diet history and recognize that, to best meet
the client’s needs, referral to a registered die-
titian is necessary.

9. Several tools are available to collect nutrition
information including 24-hour recall, food
frequency questionnaire, and food logs. The
USDA offers an online tool, the SuperTracker,
to track, analyze, and evaluate nutrition and
physical activity. 

10. After completing the initial assessment and
comparing estimated body composition and
dietary habits with ideals, the health profes-
sional can adopt the role of coach to help the
athlete set and achieve goals. This includes as-
sessing the athlete’s readiness to change, goal
setting (including development of an action
plan), gaining proficiency in motivational in-
terviewing, and ongoing health education and
follow up.

PRACTICAL APPLICATIONS

1. Which of the following sport-specific attributes
are MOST likely associated with endomorphs?
A. Performance in gravitational sports
B. Agility and speed
C. Strength and lung capacity
D. Leanness and quickness

2. An athlete with a body mass index of 26.3 is
classified as _______________. 
A. normal weight 
B. overweight 
C. obese 
D. morbidly obese 
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3. Which of the following is NOT a means of
measuring an individual’s body-fat percentage? 
A. Hydrostatic weighing 
B. Skinfold measurements 
C. Bioelectrical impedance 
D. Body mass index

4. Which method of determining body composition
is currently considered the premier method? 
A. Hydrostatic weighing 
B. Bioelectrical impedance analysis 
C. Duel energy x-ray absorptiometry 
D. Near-infrared interactance 

5. Which method of body-composition assessment
was initially developed to measure bone mineral
content? 
A. Bioelectrical impedance 
B. Dual energy x-ray absorptiometry 
C. Air displacement plethysmography 
D. Near-infrared interactance 

6. Air displacement plethysmography is a varia-
tion of which other method of body-composi-
tion assessment, in that it uses whole-body air
displacement instead of water to measure body
volume and density? 
A. Near-infrared interactance 
B. Body mass index 
C. Skinfold measurements 
D. Hydrostatic weighing 

7. Bone, connective tissues, and internal organs
are all included as part of a body’s __________. 
A. essential fat 
B. nonessential fat 
C. lean tissue
D. visceral tissue

8. A discussion designed to help an athlete
weigh the pros and cons of making a behav-
ioral change would be most effective during
which stage of the transtheoretical model of
behavioral change? 
A. Precontemplative
B. Contemplative
C. Action 
D. Maintenance

9. Which of the following is an element of
SMART goal setting? 
A. Meaningful 
B. Action-oriented 
C. Relevant 
D. Simple

10. An athlete in which stage of the transtheoreti-
cal model of behavioral change is most likely
to exhibit characteristics of having high levels
of self-efficacy? 
A. Action 
B. Preparation 
C. Contemplative 
D. Maintenance

Case 1 Kate, the Marathon Runner
Kate is an experienced 22-year-old marathon runner.
She has been training for the Boston Marathon. On
your initial meeting with Kate she was 5′6″ and
weighed 126 pounds. Now she is 114 pounds. 

Body Composition and Nutrition Assessment
1. What is Kate’s BMI? What does this mean?
2. If you were to conduct body composition assess-

ment with Kate, what method would you choose?
Why? Compare and contrast this method with 
another field method.

3. Kate tells you her doctor referred her to get a DXA
scan. Explain how the DXA scan works. Why do
you think her doctor referred her for this scan?
What findings would you expect to see for Kate?

4. Using the Mifflin-St. Jeor equation, calculate Kate’s
approximate calorie needs.

5. Visit www.supertracker.usda.gov and enter Kate’s
age, height, weight, and physical activity to esti-
mate daily calorie needs. This program uses the
DRI method of calculating energy needs. State the
result and compare it to the result obtained from
the Mifflin-St. Jeor equation. Which method
would you use?

Body Composition and Nutrition Coaching
1. You ask Kate to complete a dietary log through the

MyPlate SuperTracker at www.supertracker.usda
.gov. She provides you with the 2,400-calorie
plan the SuperTracker produced. She also tells you
that the program alerted her that she is under-
weight and asked her if she wanted a plan to
maintain or gain weight. She tells you that she said
“maintain weight” but asks you what you think.
a. Print out a 2,400-calorie plan from SuperTracker.

Explain why you agree or disagree whether or not
this would be a good plan for Kate.

b. Explain how you would respond to Kate’s 
question about her weight.

Case 2 Susan, the Middle-Age
Overweight Hiker
Susan is a 55-year-old overweight teacher who has
struggled with obesity since childhood. After her 
best friend suffered a debilitating heart attack, she
decided to change her lifestyle and achieve a 
healthier weight. As part of her fitness program, 
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she is training to hike the Grand Canyon with her 
17-year-old daughter and a guide. She is 5′2″ and
weighed 180 pounds (BMI 32.9 kg/m2) at the onset
of her training program, which she started about 
2 months ago. Susan says that she has lost 10 pounds
in the past 2 months and would like to make further
changes to her fitness regimen and eating behaviors
to continue to lose weight and keep it off. 

While Susan has worked with you to improve her
fitness and informally has asked nutrition questions,
she says that she now would like to hire you to provide
her with one health coaching session per week at least
for the next month.

The Initial Consultation
1. Outline the approach you would take with Susan

as part of the initial health coach consultation.
2. You complete a body composition assessment for

Susan using BIA and find that she has a body fat
percentage of 30% to 34%. 
a. Using the average of 32%, what is her current

lean body weight?
b. If Susan achieves her goal body composition of

28%, how much will she weigh (assuming all
weight lost comes from fat)?

TRAIN YOURSELF
1. What is your BMI and BMI classification? Do you

think that this accurately approximates your over-
all body composition?

2. Have you ever had a body composition assess-
ment? If yes, describe your experience and
thoughts. If not, would you want to have a body
composition assessment? Which method do you
find most appealing? Why?

3. Using the SuperTracker program at www.super-
tracker.usda.gov, do the following:
a. Determine your daily calorie needs.
b. Keep a 3-day food and activity log and enter your

intake and activity into the SuperTracker program.
c. Print out the analysis of your eating plan.
d. How different is your typical intake from the

SuperTracker recommendations?
e. For 1 day, aim to follow the SuperTracker calorie

and food group recommendations. 
Describe your experience.
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K E Y  T E R M S

12.6 Explain how the hormones ghrelin, peptide YY, lep-

tin, insulin, and adiponectin affect hunger and satiety.

12.7 List five health conditions that result from obesity.

12.8 Define and describe the term metabolically healthy

obesity.

12.9 Provide a list of five tips to offer athletes who would

like to gain weight or muscle mass.

12.10 Define what it means to adopt a healthy lifestyle.

12.11 Describe what factors increase the likelihood of

sustained weight loss maintenance.

12.12 Provide a list of five tips to offer athletes who

would like to lose weight or muscle mass.

LEARNING OBJECTIVES
After studying this chapter the reader should be able to:

12.1 Describe the concept of energy balance.

12.2 List the factors that affect an individual’s ability to

maintain weight.

12.3 Describe how the determinants of energy balance

change with aging.

12.4 List the major physical activity recommendations

of the federal government’s Physical Activity

Guidelines.

12.5 Describe how the prevalence of obesity has

changed over the past 20 years and list several rea-

sons for the increase.

adiponectin A hormone produced by fat cells; it in-
creases insulin sensitivity and stimulates fat break-
down. Low levels may contribute to an increased risk
for insulin resistance and diabetes.

android body type “Apple shaped”; body tends to
carry excess fat around the abdomen. 

caloric deficit The net expenditure of calories created
when calories expended exceed calories consumed. 

energy balance The relationship of calories consumed
with calories expended.

energy expenditure The amount of calories burned by
the body in a 24-hour period.

gastric bypass A weight-loss procedure in which a sur-
geon reduces the stomach to about the size of an egg
and then reattaches it to the small intestine, thereby
“bypassing” most of the stomach.

ghrelin The “hunger hormone”; a hormone released by
the stomach in response to low energy levels in the
body, which signals hunger.

gynoid body type “Pear shaped”; body tends to carry
excess fat around the hips and thighs.

insulin A hormone secreted by the pancreas that is 
required for the transport of glucose from blood into
tissues.

leptin A hormone produced by adipose tissue that sup-
presses appetite and increases energy expenditure;

levels increase with increased fat storage. Obesity is
associated with leptin resistance.

lifestyle changes Changes made to daily routines or
habits; in this instance, changes are made to create 
a healthier lifestyle.

motivational interviewing A collaborative communi-
cation technique in which the client and coach work
together to help the client develop a plan of action 
for behavior change.

negative energy balance When fewer calories are
consumed than expended; leads to weight loss.

neutral energy balance When the number of calo-
ries consumed is equal to the number of calories 
expended.

peptide YY (PYY) An appetite suppressant released by
the small intestine.

phytochemicals A variety of compounds found in
plants that may have potential health benefits in 
humans.

positive energy balance When more calories are 
consumed than expended; leads to weight gain.

satiety A feeling of being fully satisfied, when there is 
no longer a desire to eat.

waist circumference Abdominal girth measured at 
the level of the umbilicus; values >40 inches (102 cm)
in men and ≥35 inches (89 cm) in women are strong
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indicators of abdominal obesity and associated with
an increased health risk. 

waist-to-hip ratio (WHR) A measure for determining
health risk due to the site of fat storage.  Calculated by
dividing the ratio of abdominal girth (waist measure-
ment) by the hip measurement.

CALCULATIONS
Body mass index = weight (kilograms)/ height (meters)2

1 pound of fat = 3,500 calories 

Desired body weight = Lean body weight/(1 – desired
body fat percentage)

INTRODUCTION

“I get tired of people who say, ‘It’s simple, just eat less
and move more,’” said Tara Parker-Pope, the creator
and writer of “Well,” a New York Times health blog and
a woman with long-standing weight struggles. “We
don’t do dieters any favors by telling them that it’s easy
and simple.”1

Parker-Pope’s statement came in response to a highly
personal piece she wrote for the New York Times Maga-
zine, aptly titled “The Fat Trap.”2 The piece highlights
the struggles of the millions of people attempting—
mostly unsuccessfully—to lose and keep off significant
amounts of weight. Parker-Pope tells the story of study
participants who lost significant amounts of weight only
to find themselves hungry, preoccupied with food, and
hovering closer to their start weight only 1 year later.
She describes her mother, a constant yo-yo dieter, who,
as she was dying, was refused donation of her body 
to a local medical school due to her obesity. She high-
lights the plight of a formerly obese woman who main-
tains her 135-pound weight loss with a daily dose of
120 minutes of bicycle riding, water aerobics, and ellip-
tical training. 

Parker-Pope shows readers that weight loss is a long-
term commitment, that obesity is not simply a reflec-
tion of a lack of “willpower,” and that prevention of
overweight and creating a healthier environment that
does not reward unhealthy nutrition and activity be-
haviors may offer the best chance to improve the
health of Americans. While written for the general
population, the piece highlights many of the concepts
health professionals must master to most effectively
help athletes and the general population achieve their
weight-management goals. These are the concepts dis-
cussed in detail in this chapter. 

With about 25% of men and 40% of women on a
diet at any given time,3 60 billion dollars spent each
year on weight-loss products,4 and the devastating
health consequences resulting from excess weight and
obesity, efforts to control weight and body size perme-
ate the everyday lives of most Americans and most ath-
letes. Even the minority of people who are satisfied
with their current weight still may struggle to balance
calories consumed with calories expended to avoid 
tipping the scale in either direction.

WEIGHT MANAGEMENT

The concept of weight plays an important role in the
work of the health professional whose job is to help
clients achieve optimal health and performance. In its
Weight Management position statement, the Academy
of Nutrition and Dietetics recommends that a discus-
sion of weight management include:

• Prevention of weight gain
• Improvement in physical and emotional health
• Weight loss attained through changes in nutri-

tion habits and physical activity
• Overall improvement in nutrition, exercise, and

other behaviors.5

The definition may also be expanded to include gain
in lean muscle mass through modified nutrition and
physical activity.

ENERGY BALANCE

A person’s success at controlling weight depends on
the concept of energy balance, the relationship of
calories consumed with calories expended (Fig. 12-1).
When the number of “calories in” equals “calories
out,” a person is in neutral energy balance. When
“calories in” is greater than “calories out,” an individ-
ual is in positive energy balance. Positive energy
balance is necessary during times of growth such as in
infancy, childhood, and pregnancy. An athlete who is
trying to gain muscle mass might also be in positive
energy balance. With these exceptions, positive energy
balance results in unnecessary weight gain. When
“calories in” is less than “calories out,” an individual
is in negative energy balance. Negative energy bal-
ance is necessary for weight loss. 

Calories consumed include all of the calories eaten
in a 24-hour period. Determining this number depends
mostly upon keeping a good record of food intake.
Calorie, or energy, expenditure is generally more diffi-
cult to determine. This value includes not only the
number of calories burned with structured exercise but
also the calories necessary for physiological processes
such as breathing, blood circulation, temperature reg-
ulation, food digestion and absorption, and the activities
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Figure 12-1. Energy balance.

of daily life. These factors are described in more detail
in Chapter 11, along with various methods that health
professionals may use to approximate an individual’s
daily caloric needs for weight maintenance and infor-
mation on how to estimate a client’s caloric expenditure.

While in the short term changes in caloric intake or
expenditure are unlikely to cause significant changes
in weight, chronic positive energy balance eventually
contributes to overweight and obesity, while repeated
negative energy balance leads to weight loss, and po-
tentially, underweight. Mostly out of convenience and
some scientific evidence that body mass index (BMI),
a measure of height and weight (weight in kilograms
divided by height in meters squared), provides a rea-
sonably accurate estimate of body fatness,6 health pro-
fessionals use BMI to classify underweight, normal
weight, overweight, and obesity (Table 12-1). However,
if it is suspected that BMI has misclassified someone,
for instance a bodybuilder who has gained muscle mass
but is classified as overweight, the use of other methods
to verify body composition is recommended. (For more
information on BMI and other methods used to assess
body composition, see Chapter 11.)

S P E E D  B U M P  
1. Describe the concept of energy balance.

NEUTRAL ENERGY BALANCE AND WEIGHT
MAINTENANCE STRATEGIES FOR EXERCISE
AND TRAINING

Neutral energy balance occurs when calories consumed
equal calories expended. Neutral energy balance is es-
sential to maintain current weight. Although the con-
cept seems simple, many people struggle to maintain
weight. This is exemplified by obesity trends: 30% of
children are overweight or obese, while 67% of adults
are overweight or obese.7,8 That means that, over time,
a lot of “normal” weight adolescents and teenagers 
become overweight adults. Whether due to a drop 
in metabolism or inattention to nutrition and physical
activity, with each passing year, most people gain
weight. 

The National Health and Nutrition Examination Sur-
vey (NHANES) follow-up study found that among
adults 25 to 44 years old, men gained about 3.4% of
their body weight each 10-year interval; women gained
5.2% per 10 years.9 This means that the typical normal-
weight 6′0″ and 170-pound 25-year-old man would
likely end up an overweight 182-pound 45-year-old.
The average 120-pound 25-year-old woman can expect
to weigh about 133 pounds by the time she is 45. Some
research suggests that susceptibility to permanent
weight gain seems to be highest during adolescence,
pregnancy, and midlife in women and the period after
marriage in men.10 For most, weight gain does not end
in middle age. A study conducted by the Centers for
Disease Control and Prevention found that adults over
age 60 were more likely to be obese than younger
adults.11 This may be due to a decades-long slow and
steady loss of muscle mass and gain of fat, which trans-
lates to a decrease in the amount of calories burned.
While this slowdown of metabolism can be responsible
for weight gain, other contributors include: (1) lower
levels of physical activity, (2) eating too many calories,
(3) certain medications, and (4) unhealthy habits,
such as lack of sleep and skipping breakfast. A study

Table 12-1. BMI Classification of Weight
CLASSIFICATION BMI

Underweight

Normal Weight

Overweight

Obesity
Mild (Stage I)
Moderate (Stage II)
Severe/Morbid (Stage III)

<18.5 kg/m2

18.5–24.9 kg/m2

25–29.9 kg/m2

≥30 kg/m2

30–34.9 kg/m2

35–39.9 kg/m2

>40 kg/m2
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evaluating total energy expenditure (TEE)—the sum of
calories burned from the basal metabolic rate (metabo-
lism), the energy required to digest and absorb food,
and physical activity—confirmed what most people al-
ready know: energy expenditure decreases with age.12

This reality is widely accepted and is even built in to
formulas that estimate resting energy expenditure.
While a small decrease in daily energy expenditure is
probably inevitable, with a committed fitness program
and eating low-calorie, nutrient-dense foods like veg-
etables and lean proteins, adults (i.e., anyone over 
20 years old) can avoid the average weight gain due to
the slowing of metabolism. No matter what age, the
key to weight maintenance over time is to control
caloric intake and emphasize exercise. Athletes, and
most anyone interested in maintaining a healthy
weight, should be encouraged to use feelings of hunger
and fullness to help guide their intake. 

Strength training and muscle building are essential
to maintain metabolically active muscle mass, and reg-
ular cardiovascular physical activity is essential to
maintain a high level of energy expenditure to help
prevent increased fat mass. For optimal health, and for
weight management, the U.S. Department of Health
and Human Services’ Physical Activity Guidelines recom-
mend the following:13

• Children and adolescents should perform 
60 minutes (1 hour) or more of physical activity
daily. These activities should be fun, appropriate
for their age, and varied.

• Adults should avoid inactivity. Some physical
activity is better than none, and adults who par-
ticipate in any amount of physical activity gain
some health benefits. 

• For substantial health benefits, adults should
engage in at least 150 minutes (2 hours and 
30 minutes) a week of moderate-intensity, or 
75 minutes (1 hour and 15 minutes) a week of
vigorous intensity aerobic physical activity, or
an equivalent combination of moderate- and
vigorous-intensity aerobic activity. Aerobic 
activity should be performed in episodes of at
least 10 minutes, and preferably, it should be
spread throughout the week. 

• For additional and more extensive health bene-
fits, adults should increase their aerobic physical
activity to 300 minutes (5 hours) a week of
moderate intensity, or 150 minutes a week of
vigorous intensity aerobic physical activity, or
an equivalent combination of moderate- and
vigorous-intensity activity. Additional health
benefits are gained by engaging in physical 
activity beyond this amount. 

• Adults should also do muscle-strengthening 
activities that are moderate or high intensity
and involve all major muscle groups on 2 or
more days a week, as these activities provide 
additional health benefits. 

S P E E D  B U M P
2. List the factors that affect a client’s ability to main-

tain weight.
3. Describe how the determinants of energy balance

change with aging.
4. List the major physical activity recommendations

of the federal government’s Physical Activity
Guidelines.

POSITIVE ENERGY BALANCE

When more calories are consumed than expended, a per-
son is in “positive energy balance” and will gain weight.
During certain stages of life, such as infancy, childhood,
and pregnancy, positive energy balance is essential for
normal growth. However, chronic positive energy bal-
ance ultimately leads to overweight and obesity.

Overweight and Obesity

Overweight and obesity are worldwide health prob-
lems with about 1.4 billion people age 20 years or older
being overweight and approximately 500 million of
them obese.14 About one-third of U.S. adults meet BMI
criteria for obesity (BMI >30) and over two-thirds are
overweight (BMI >25).7 The rates of obesity vary by
geographic region, with the highest prevalence in the
Southeastern United States. A few states have fewer
than one in five obese citizens, but for most states the
numbers more commonly hover near 30%, according
to data from the Centers for Disease Control and Pre-
vention.15 Figure 12-2 illustrates the surge in obesity
levels over 20 years from 1990 to 2010, when obesity
prevalence rates began to stabilize. 

The obesity prevalence estimates rely exclusively 
on BMI to categorize weight. While not perfect, BMI
is a well-established method of estimating body fatness.
BMI is not a measure of body fat directly; however,
BMI has been correlated to direct body fat measures
such as underwater weighing and dual energy x-ray
absorptiometry.16,17 BMI may overestimate fat in
muscular individuals, such as a football player who is
“overweight” but not “overfat,” and it may underesti-
mate fat in others with normal weight but a high per-
centage of body fat compared to muscle, such as many
elderly people (see Evaluating the Evidence). Still, it
offers a good idea of whether or not to be concerned
about a client’s weight based on whether the client is
categorized as underweight, normal, overweight, or
obese.6

In adults, BMI ranges are set: any adult with a BMI
greater than 25 is considered overweight and those
with a BMI over 30 are considered obese. Children,
however, are continually growing and experience
growth spurts at certain ages; for example, a typical
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child will have a decrease in BMI around 4 years and
then progressively increase throughout childhood.
Thus, children’s BMIs are plotted on an age- and gen-
der-appropriate growth chart, and their BMI percentile
is determined from that. For example, consider Dave,
a 10-year-old male (his growth chart is shown in 
Fig. 12-3). He is 4′10″ and 110 pounds. His BMI is 23,
which puts him in the 96th percentile. That means he
weighs more than 96% of all children of the same age
and gender, based on 1976 norms. (The BMI percentiles
are based on the distribution of children’s weights in
1976. Presently, considerably more than 5% of children
have a BMI percentile >95%). According to these norms,
Dave would be considered “obese.”

Causes of Overweight and Obesity
While physiologically obesity results simply from long-
standing positive energy balance in which more calories
are consumed than are expended, many variables affect
the equation. For example, obesity tends to run in fam-
ilies—partly due to genetic factors and a predisposition
to store fat, and partly due to social factors and eating
and activity habits. Genetic factors may also affect where
body fat accumulates and subsequent health risks. Waist
circumference and waist-to-hip ratio (WHR) meas-
urements are simple ways to assess fat distribution.

Many studies have reported fat storage primarily in the
abdomen (android, or “apple shape”) compared to fat
storage in the hips and thighs (gynoid, or “pear shape”),
which is characterized by a lower waist to hip ratio
(WHR), contributes to significantly higher rates of hy-
pertension, diabetes, elevated triglycerides, and coronary
artery disease.18 However, a large-scale and rigorous
study of over 200,000 people in 17 countries found that
BMI, waist circumference, and WHR are equally reliable
in predicting cardiovascular disease risk, suggesting that
carrying too much weight—regardless of where it is
stored—negatively impacts heart health.19

The Physiology of Obesity
The human body is well equipped to recognize and re-
spond when the body needs food for energy and suste-
nance (hunger) and when it has had enough (satiety).
On the simplest level, a grumbling stomach signals it is
time to eat; however, the physiology of hunger and sati-
ety is intricate and complex. The hypothalamus part of
the brain is in constant communication with the gas-
trointestinal system and the body’s fat stores to regulate
food intake. Two intestinal hormones are responsible for
hunger and satiety signals. Ghrelin, also known as the
hunger hormone, is released by the stomach when the
stomach is empty. Ghrelin is responsible for stimulating
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the neurons in the hypothalamus, which triggers the
feeling of hunger. Peptide YY (PYY) is an appetite sup-
pressant released by the small intestine whenever food
is present in the gut. After a meal, ghrelin levels decrease
and PYY increases. The increase in blood sugar that re-
sults after a meal triggers the pancreas to secrete insulin,
which, among other functions, suppresses appetite.

Through this system, the body has mechanisms and
processes to maintain a healthy weight. The hormone
leptin, which is produced by adipose (fat) cells, is re-
sponsible for signaling feelings of satiety. However, a per-
son who ignores the signals of satiety and continues to
eat is bound to gain weight and fat stores. The chronically
elevated insulin levels stimulate increased fat storage.
This extra fat is metabolically active and also influences
intake. When energy stored in fat is depleted, the leptin
level decreases. The decrease in leptin signals to the brain
to eat more (Fig. 12-4). It is worth noting that individuals
above the 95th percentile actually have elevated leptin
levels circulating in the blood. However, their body has
built up a resistance to leptin, which continues the 
vicious cycle of eating and never feeling satisfied.20

Another hormone that plays an important role in
weight control is adiponectin, which is produced by
fat cells. Its major functions are to increase insulin sen-
sitivity and stimulate fat breakdown. Overweight and
obese people tend to have lower levels of adiponectin,
which may contribute to an increased risk for insulin
resistance and diabetes.

The hormonal interactions that determine hunger
and satiety also affect a person’s ability to successfully
maintain weight loss. In a small study of 50 over-
weight and obese individuals, the participants lost a
sizeable amount of weight on a very low-calorie diet.
In response to the weight loss, levels of the hunger and
satiety hormones adjusted in an intense effort to re-
turn to the baseline weight. Ghrelin levels surged 
to 20% above normal levels, leading to increased feel-
ings of hunger, while PYY and leptin levels dropped,
causing decreased feelings of satiety and slowing me-
tabolism. Other hormones that affect hunger and me-
tabolism also deviated from baseline levels. When the
researchers followed up 1 year later, the hormone lev-
els and the participants’ subjective feelings of hunger
were still elevated.21 These persistent and counterpro-
ductive hormonal changes may help explain why it is
so difficult for people who lose weight to maintain the
weight loss, even with significant lifestyle changes.

Consequences of Obesity
Obesity affects every organ of the body, leading to 
serious complications including heart disease, hyper-
tension, type 2 diabetes, respiratory disease, gallstones,
osteoarthritis and other musculoskeletal disorders, so-
cial marginalization, discrimination, depression and
other mental health disorders, and early death. Given
its potentially devastating consequences, many re-
searchers predict that obesity will be responsible for an
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EVALUATING THE EVIDENCE

Is BMI a Good Measure of Fatness in Elite Athletes? A Look at the NFL

Professional football players are recognized for their massive body habitus and are often used as an example of
“overweight” but not necessarily “overfat” athletes. Interested in the actual rates of BMI-defined overweight and
obesity in the National Football League (NFL), researchers from the University of North Carolina carried out a study
evaluating the BMIs of NFL players.71 The researchers scoured the heights and weights of the football players as
listed on the NFL website and calculated BMIs of 2,168 players.

Based on this study, an equal percentage of NFL players were of normal weight as were morbidly obese. The
percentage of NFL players with a BMI of 30 or greater was more than double the percentage among 20- to 
39-year-old men in a nationally representative sample. The study found that cornerback-defensive backs had 
the lowest mean BMI (26.8 [SD, 1.2]) and guards had the highest mean BMI (38.2 [SD, 2.1]). 

Shortly after the study was released, the NFL issued a press release saying the study was irrelevant, mostly 
because it relied on BMI to classify obesity. 

1. What are three strengths and three weaknesses of the study?
2. List three ways the authors might have strengthened the research design.
3. Explain why you agree or disagree with the following statement: “BMI is a good indicator of body fat 

percentage in football players.”
4. Likely in response to the study described above, the NFL funded a study to evaluate the health risk pro-

files of players, which was published in the Journal of the American Medical Association. The authors con-
cluded that “compared with a sample of healthy young-adult men, a sample of substantially larger NFL
players had a lower prevalence of impaired fasting glucose, less reported smoking, a similar prevalence of
dyslipidemia, and a higher prevalence of hypertension. Increased size measured by BMI was associated
with increased CVD risk factors in this combined population.”72

What do you make of these findings? 
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Body mass index-for-age percentiles:
Boys, 2 to 20 years
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A 10-year-old boy with a 
BMI of 18 would be in the 
healthy weight category 
(5th percentile to less 
than 85th percentile).

A 10-year-old boy with a 
BMI of 21 would be in the 
overweight category (85th 
to less than 95th 
percentile).

A 10-year-old boy with
a BMI of 23 would be in 
the obese category (95th 
percentile or greater).

A 10-year-old boy with a 
BMI of 13 would be in the 
underweight category 
(less than 5th percentile).

Figure 12-3. Dave’s growth chart. Adapted from Body Mass Index-for-Age Percentiles: Boys, 2 to 20 Years, 
Centers for Disease Control and Prevention.

Ghrelin (�), released
by the stomach when
it is empty, triggers
the feeling of hunger.

Leptin (�), produced by
adipose (fat) cells, signals
feelings of satiety. Leptin
levels decrease as fat levels
decrease, signaling the
brain to eat more.

PYY (�), released by the
small intestine after food is
consumed, suppresses the
appetite. PYY levels increase
as ghrelin levels decrease.

Insulin (�), secreted by
the pancreas when blood
sugar levels rise following
a meal, suppresses
appetite.

� Indicates that hormone
 acts to suppress appetite

� Indicates that hormone
 acts to increase appetite

KEY

Figure 12-4. Hormonal control of appetite.
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overall decrease in quality of life in the 21st century.22,23

Obesity also contributes about $147 billion per year to
health-care spending, which is about 9 cents of every
health-care dollar.24

Obesity and Fitness 
Despite the harmful health consequences associated
with obesity, a number of studies have suggested that
certain individuals appear to have a more benign or
“metabolically healthy” obesity. This type of obesity is
characterized by an absence of major cardiovascular
risk factors often associated with excess weight in-
cluding high blood pressure, high triglycerides, insulin
resistance, impaired fasting glucose or diabetes, low
HDL cholesterol, and high C-reactive protein, which
is a marker of inflammation. In short-term studies 
it appeared as though these “metabolically healthy”
obese individuals may not have increased risk of car-
diovascular disease.25-27 However, subsequent re-
search, including a meta-analysis of peer-reviewed
studies on the topic, found that even metabolically
healthy obese individuals are at increased risk for all-
cause mortality and cardiovascular events (though the
risk is not increased for metabolically healthy over-
weight individuals).76

In studies that evaluated fitness levels, researchers
found that obese individuals who attain a high level of
fitness—even if they remain obese—seem to avert many
of the harmful health consequences of carrying too
much weight, at least in the short term.28-31 Some stud-
ies have suggested “fat but fit” adults appear to be at no
increased risk for cardiovascular disease or death com-
pared to normal-weight and fit adults.28,32 (The meta-
analysis noted above was unable to analyze the role of
physical activity due to inconsistent measurement crite-
ria among studies.) In studies that have compared “fat
but fit” adults with “unfat and unfit” adults, the heavier
adults appear to be at decreased risk of death.28,32 How-
ever, most obese adults are not fit. A study of 4,675
adults aged 20 to 49 found that only 9% of obese indi-
viduals who completed a submaximal exercise test had
high fitness, whereas 17% of overweight and 30% of
normal-weight individuals had high fitness.33

The epidemic of inactivity and poor fitness levels in
the United States and other developed countries results
from a variety of factors including the ready availability
and promotion of high-calorie, low-nutrient-dense
foods; emotional eating; and decreased daily physical
activity. Most large-scale studies evaluating the rela-
tionship of weight and negative health outcomes do
not rigorously evaluate or control for overall fitness
level. As a result, when translating research into policy,
the role of fitness in health is underemphasized in
many policy recommendations and public health
guidelines—even though fitness may be a more impor-
tant marker of health than body size. Ultimately, a
commitment to a regular exercise program will cer-
tainly improve fitness and thus mediate health risks—
regardless of the amount of resulting weight loss.

Weight Gain and Athletes

While most people do not want to gain weight, some
athletes and underweight individuals may need to gain
weight for optimal performance and health. Many ath-
letes strive to increase lean mass and strength. Ade-
quate caloric consumption and strength training are
essential to building muscle. Gains in lean mass may
be most feasible for athletes during the off-season
when overall caloric expenditure is lower and the ath-
lete has more time to devote to strength training. Dur-
ing the heavy training season, athletes may have
difficulty eating enough calories to gain weight and also
have to balance high protein intake, which is essential
for muscle building, with high carbohydrate intake,
which is important for optimal endurance and peak
performance for many sports.

The optimal approach to weight gain has not been
as well studied as strategies for weight loss. A 1- to 
2-pound weight gain per week created through a 500
to 1,000 calorie increase per day is probably safe and
effective. Athletes can create this positive caloric bal-
ance by consuming higher-caloric foods, larger portion
sizes, and more frequent meals. Health professionals
should emphasize to athletes striving to gain weight
that the quality of calories consumed is as important
as the quantity of calories consumed. Lean proteins,
nuts and legumes, fatty fish and other foods high 
in polyunsaturated fat, olive oil and other foods high
in monounsaturated fat, and low-fat dairy products
provide rich sources of calories and health benefit.
Table 12-2 lists healthy, calorically dense snacks to pro-
mote weight gain.

S P E E D  B U M P
5. Describe how the prevalence of obesity has

changed over the past 20 years and list several
reasons for the increase.

6. Explain how the hormones ghrelin, peptide YY,
leptin, insulin, and adiponectin affect hunger and
satiety.

7. List five health conditions that result from obesity.
8. Define and describe the concept and scientific evi-

dence related to metabolically healthy obesity.
9. Provide a list of five tips to offer athletes who

would like to gain weight or muscle mass.

NEGATIVE ENERGY BALANCE

When fewer calories are consumed than are expended,
an individual is in “negative energy balance” and will
lose weight. This typically results from eating less
(providing fewer “calories in”) or increasing energy
expenditure. Calorie intake may be decreased by a
conscious effort to eat fewer calories or through de-
creased nutrient absorption (as occurs with some
weight-loss medications and some health conditions).

262 SECTION 4: SPORTS NUTRITION FOR SPECIAL POPULATIONS

2955_Ch12_253-279  08/10/14  12:02 PM  Page 262



Increased calorie expenditure is most often achieved
through increased physical activity or increased meta-
bolic rate as a result of increased lean, highly meta-
bolically active tissue. On rare occasions, increased
energy expenditure may result from abnormal health
conditions that cause a surge in metabolic rate, such
as cancer, high fever, severe burns, or certain other
ailments. 

Fad diets have long tried to manipulate the compo-
nents of the energy balance equation in creative ways
to promote a negative energy balance, with limited 

degrees of short-term success. All fad diets promise big
weight loss and all of them use negative energy balance
to achieve results. However, most individuals find it
challenging to maintain the eating pattern espoused by
the fad diet in the long term and find that they regain
any weight lost on the diet.

One popular, but ineffective, fad diet that claimed to
create a negative energy balance while eating mass
portions of a limited number of foods was the “negative
calorie diet” or “catabolic diet” described in Myths and
Misconceptions.
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Table 12-2. Healthy, Calorically Dense Snacks for Healthy Weight Gain
SNACK PORTION SIZE CALORIES

Dried fruit

Mixed nuts

Granola

Peanut butter sandwich

Fruit smoothie

Avocado

Nonfat plain Greek yogurt

Whole wheat pasta with olive oil

Tuna salad sandwich

Banana with peanut butter

Part-skim mozzarella string cheese

Source: http://ndb.nal.usda.gov/ndb/foods/list and www.choosemyplate.gov/SuperTracker/foodtracker.aspx

80

170

600

325

260

240

100

290

300

290

70

1/4 cup

1 oz

1 cup

2 T. peanut butter 
2 regular slices bread (52 g)

16 oz

1 cup cubes

6 oz

1 cup cooked pasta
1 T. olive oil

3 oz tuna salad
2 regular slices bread (52 g)

1 medium
2 T. peanut butter

1 oz

Myths and Misconceptions

Catabolic Foods Promote Weight Loss
The Myth 
Certain “catabolic foods” promote weight loss.
Catabolic foods are foods that purportedly require
more calories to chew, digest, and absorb than are
contained within the food itself.

The Logic
Some foods are so “low calorie” that it takes more
energy to eat them than they contain, thus creat-
ing a negative energy balance and weight loss.

The Science
Proponents of catabolic diets encourage dieters to
eat all the celery, grapefruit, apples, and other
“negative calorie” foods they want, to ensure 
quick weight loss. 

While it is true that metabolism is increased
after eating—known as the thermic effect of
food—this caloric expenditure is relatively small,
and no study has ever demonstrated, regardless 
of the dietary composition of the food, that more
calories are used to metabolize a food than the
number of calories the food contains. Ultimately,
there is no scientific research in support of a 
catabolic diet or the existence of any “negative
calorie” foods.  

That is not to say clients will not lose weight on
a catabolic diet. While a client will not burn more
calories eating a food than the number of calories
the food contains, he or she can and should in-
clude low-calorie foods in a healthy eating plan 
to help keep weight-loss efforts on track.  
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Approaches to Weight Loss

While many people may have goals to lose a substantial
amount of weight, even a 5% to 10% weight loss can
improve health and decrease many of the risks associ-
ated with overweight and obesity.34 There are four 
approaches to weight loss: lifestyle changes, which
include eating less and exercising more; behavioral
modification; medications; and surgery. All of the ap-
proaches attempt to manipulate calorie intake and
calorie expenditure. 

Lifestyle Changes: Nutrition and Exercise
To successfully lose a sizeable amount of weight, a
client needs to be committed to significant long-term
lifestyle changes. The goal is to create a caloric deficit
so that fewer calories are eaten than are expended.
With about 3,500 calories in a pound, a 500- to 1,000-
calorie deficit each day through decreased food intake
and increased physical activity leads to about a 1- to
2-pound weight loss per week (Box 12-1). By making
relatively minor lifestyle changes such as drinking
water rather than a 20-ounce bottle of soda (250
calories) and taking a 45-minute, 2.5-mile walk each
day (about 250 calories), a client could lose a few
pounds. But after a few weeks or months and several
pounds later, continued weight loss becomes much
more difficult. While predicting weight loss based on
the equation of 3,500 calories per pound is useful
early in weight loss, as an individual loses weight,
metabolism (and thus energy expenditure) changes
and the equation becomes less accurate and overpre-
dicts weight loss. 

A group of scientists at the National Institutes 
of Health developed a mathematical model to more 

accurately account for these metabolic changes. They
approximate that for every 10-calorie decrease in in-
take, the average overweight adult will lose about 
1 pound, with half of the weight lost by 1 year and
95% of the weight change by 3 years.35 For example,
a woman who decreased her daily caloric consumption
from 2,200 calories to 2,000 calories would lose about
10 pounds by 1 year of the lowered caloric intake, and
about 10 more pounds by the end of 3 years. If she had
created a 500-kilocalorie deficit each day, she would
lose 25 pounds in the first year and about 25 more
pounds by the end of 3 years. Box 12-2 describes a
weight-loss simulator based on this research.

The American Heart Association, American College
of Cardiology, and the Obesity Society published a
comprehensive guideline on the management of obe-
sity, including nutritional considerations. Following are
highlights from this report:

• Dietary approaches to weight loss may include
(1) prescription of a 1,200–1,500 kcal/day for
women and 1,500–1,800 kcal/day eating plan for
men, with calorie level adjustments made based
on body weight. [The dietary prescription should
come from a physician or registered dietitian; diet
prescription is outside the scope of most allied
health professionals]; (2) prescription of an 
eating plan that will create a 500-750kcal/day
energy deficit; or (3) prescription of an evidence-
based eating plan that restricts certain food 
(such as high-carbohydrate foods, low-fiber
foods, or high-fat foods) in order to create a
caloric deficit.

• A comprehensive weight management program
should include behavioral therapy in addition to
dietary and activity changes. The best programs
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Box 12-1. Doing the Math: 3,500 Calories Equals One Pound

A savvy client poses the following concern: “I keep
seeing the number 3,500 kilocalories for a pound of
fat. But if you convert pounds to grams (1,000 grams
= 2.2 pounds), 454 grams = 1 pound and there are
9 calories per gram of fat, then 454 × 9 kilocalories
= 4,086 kilocalories. This does not add up to 
3,500 calories in a pound.”

It is true that 1 pound of fat is 454 grams fat, but
it is not stored as 100% lipid. Rather, it is approxi-
mately 90% lipid and 10% to 15% water. So, one
pound of “fat” is approximately 400 grams of 
lipid × 9 calories/gram = 3,600 calories/pound. To 
make it simple, the value is commonly rounded 
to 3,500 calories per gram of fat. Of course, this
equation supposes that weight loss is all fat and no
muscle. In order for that to be the case, a client has
to exercise (especially resistance training) to main-
tain muscle mass. Otherwise, about one-fourth of
each pound lost will come from muscle.

What if a client is trying to gain muscle mass?
The number of calories in a pound of muscle is 
remarkably similar to the number of calories 
in a pound of fat, but for different reasons. 
Muscle is made up of approximately 22% protein,
70% water, and 8% carbohydrates and fats.
Therefore, 1 pound of muscle is approximately
100 grams of protein, or 400 calories from protein
(454 g/pound × 0.22 = 100 grams × 4 kcals/gram).
While this is a small number of calories, studies
have shown that the additional energy necessary
to build the small amount of carbohydrate and
fat components of muscle and convert consumed
protein into muscle (as fat cannot be converted
into protein) requires about 8 calories per gram.73

Because there are 454 grams in 1 pound, this
turns out to be 3,600 calories (454 g × 8 kcal/
gram = 3,632 kcal).
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last at least 6 months and include a weight
maintenance intervention afterwards. The
weight loss maintenance intervention should
include monthly or more frequent contact and
an emphasis on physical activity, regular body
weight monitoring, and consumption of a 
reduced-calorie diet.

• Adherence to a very low calorie diet (<800 kcal
per day) results in significant weight loss and
varying degrees of weight loss maintenance.
However, this type of diet is contraindicated for
certain populations and should only be followed
under the supervision of a physician and/or reg-
istered dietitian due to the rapid weight loss and
potential for complications.77

In its position statement on adult weight manage-
ment, the Academy of Nutrition and Dietetics advises
these additional considerations:5

• Consumption of a low-carbohydrate diet is associ-
ated with increased weight and fat loss compared
to low-fat diets in the first 6 months, but these
differences are not sustained at 1 year. Individuals
with osteoporosis, kidney disease, or increased
low-density lipoprotein should avoid diets with
<35% of kilocalories from carbohydrate.

• A low-glycemic index diet is not recommended
for weight loss or weight maintenance since 
evidence is insufficient to demonstrate its effec-
tiveness. However, in order to maintain a
healthy weight, one should consume complex
carbohydrates, many of which are categorized
as low-glycemic index foods, such as oatmeal,
pumpernickel bread, grapefruits, strawberries
and oranges, and plain yogurt.

• Attention to portion control results in decreased
energy intake and weight loss.

• Total caloric intake should be distributed in four
to five meals and snacks throughout the day,
with greater consumption during the day com-
pared with the evening.

• For individuals who have difficulty with selec-
tion and/or portion control, substituting one to
two meals or snacks with meal replacement bars
or drinks is a successful weight loss and weight
maintenance strategy.

Since publication of these recommendations, it also
has become clear that a change such as reducing or
eliminating consumption of sugar-sweetened bever-
ages such as sodas, sports drinks, and juices will reduce
the prevalence of obesity and type 2 diabetes.78

The American College of Sports Medicine (ACSM)
undertook a similar analysis to identify the factors most
critical for weight loss, with similar recommendations.
In regards to physical activity, the ACSM recommends
that overweight and obese individuals gradually in-
crease exercise duration to150 to 250 minutes per week
of moderate intensity activity for improved health and
to prevent weight regain.36 For long-term weight loss,
physical activity should exceed 250 minutes per week.36

Resistance training does not enhance weight loss but
helps to increase fat-free mass and preserve lean muscle
mass during weight loss.36

Popular Diets
The best diet for weight loss is a source of contentious
debate. From extremely low-fat diets and diets that se-
verely limit carbohydrate intake, to meal replacements
and strict calorie counting, each method has its follow-
ers. Every diet also has people who have failed to
achieve their weight-loss goals. 

A meta-analysis of 48 randomized controlled tri-
als, the gold standard in research design, compared 
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Box 12-2. A Weight-Loss Simulator

Scientists at the National Institutes of Health devel-
oped an online simulation to help determine how
long and how much change in physical activity 
and caloric intake is necessary to achieve various
weight-loss goals (for background on this simula-
tion, see “A Mathematical Challenge to Obesity,” 
by Claudia Dreifus, New York Times, May 14, 2012,
available at www.nytimes.com/2012/05/15/
science/a-mathematical-challenge-to-obesity.html).
You can access the simulator at www.bwsimula-
tor.niddk.nih.gov. 

Based on this simulation, a 30-year-old female
weighing 150 pounds (~68 kg) and measuring 5′4″
tall (~162.6 cm) who is classified in the “light work
physical activity level, active leisure time physical
activity level” could achieve a weight goal of 
130 pounds (~59.1 kg) in 20 weeks (140 days).  

The simulator divides weight change into two
stages: weight change phase and weight maintenance

phase. It shows that an individual needs to consume
fewer calories to lose weight than to maintain weight
loss. The calories are lower in the beginning to expe-
dite the weight loss, and the calories during the
maintenance phase are what are required to main-
tain the goal weight.  If the maintenance calories
were consumed the entire period, it would take
longer to lose the desired amount of weight.

The scientists who developed this simulation are
adamant that the commonly held belief that “there
are 3,500 calories in a pound” is false. These scien-
tists disagree because the data they have compiled
indicate that the body changes as a person loses
weight. They also found that “the fatter you get,
the easier it is to gain weight. An extra 10 calories 
a day puts more weight onto an obese person than
on a thinner one.” 

2955_Ch12_253-279  08/10/14  12:02 PM  Page 265



low-carbohydrate (Atkins, South Beach, Zone), mod-
erate-macronutrient (Biggest Loser, Jenny Craig, Nu-
trisystem, Volumetrics, Weight Watchers), and low-fat
(Ornish, Rosemary Conley) diets. The low-carbohy-
drate diets resulted in the greatest weight loss at 
6 months (8.73 kg [19.2 lbs]), and the low-fat diets had
the greatest weight loss at 12 months (7.25 kg [16 lbs]).
However, the differences between the diets were mar-
ginal.37 The moderate amount of weight lost reflects
how people struggle to stick to rigid dietary restric-
tions, though it is worth noting that even a 5% to
10% weight loss confers significant health benefits.38

A study of 60,000 male and female participants of
Jenny Craig, a commercial weight-loss program, found
that those who followed the program for 1 year lost
16% of their body weight. But only 6.6% of the origi-
nal dieters continued with the program for that long.39

Another study found that people who replaced a meal
each day with a 100- to 300-calorie substitute, such as
a nutrition bar or formulated milk shake meal, main-
tained a substantial (8.4% ± 0.8%) weight loss at 
4 years.40 As Dansinger et al.41 concluded after a 1-year
randomized trial to assess the adherence rate and 
effectiveness of Atkins, Ornish, Weight Watchers, and
the Zone diets, it does not matter what diet a person
chooses as long as he or she can stick to it. However,
this is a lot more difficult than it sounds.

The health professional can guide the client consid-
ering a new diet plan to critically evaluate whether or
not a particular diet is a good choice. The client should
be able to answer the following questions:

• How does the diet cut calories? In order for any diet
to work, calories consumed need to be less than
calories expended. Remember, it requires at least
a 3,500-calorie deficit to lose 1 pound of fat. That
is, if a client wants to lose about a pound per
week, he or she needs to eat less and exercise
more so that the net calorie balance is about 
500 calories less per day than it is currently. Note
that the rate of weight loss will slow over time.

• What is the nutrient density of the diet? The best
diets will advocate at least nine servings daily of
a variety of fruits and vegetables—low-calorie
foods that provide most of the body’s needed 
vitamins, minerals, and phytochemicals. Phy-
tochemicals have been linked to decreasing the
risk of infection and chronic diseases such as 
hypertension, stroke, and certain cancers.42,43

Fiber-containing whole grains and calcium-rich
low-fat dairy products should also be encour-
aged. If the diet relies primarily on a supple-
ment to assure sufficient vitamins and minerals,
it probably is not the healthiest choice.

• Does the diet advocate exercise? Nutrition is only
one component in making a long-term lifestyle
change. Exercise not only speeds weight loss by
increasing caloric deficit, but is also essential in
keeping the weight off.  

• Does it make sense? Some diet plans make claims
that oftentimes are based primarily on personal
testimony. From promises to lose 10 or more
pounds in the first 2 weeks of a diet, to the pro-
motion of supplements that supposedly speed
weight loss, diets are marketed as so easy and
effective that they are irresistible—at first. But
weight that is lost quickly is regained quickly. 
A client is most likely to be successful in losing
weight and maintaining the weight loss if he or
she aims for slow and steady weight loss with
sustainable lifestyle changes.

• Where is the evidence? Research studies can be a
rich source of information on the effectiveness
and safety of different diets. When assessing re-
search results, it is important to note the study
limitations in addition to the results. For exam-
ple, most of the diet research has been on obese
middle-aged men and women. Thus, the results
may not apply to younger people or those who
are simply trying to lose 5 or 10 pounds but are
not obese. Also, most diet studies were con-
ducted over the course of 1 year or less.  There-
fore, the differences between the diets or the
apparent benefits may not hold true for the 
long term.

• Does it meet individual needs? The client’s health
status and other individual factors must be con-
sidered when choosing a diet plan. If a client
has a history of significant medical illness, such
as (but not limited to) diabetes or heart disease,
he or she should talk with his or her physician
before starting a diet or exercise regimen.

• How much does it cost? While a client may initially
be able to afford an expensive weight-loss pro-
gram, he or she may not be able to sustain the
cost for an extended period of time. Help him 
or her plan ahead and assess his or her readiness
to change and commit to a program before
making huge lifestyle adjustments and financial
sacrifices.

• What kind of social support does the client have?
Social support is key to successful weight loss. If
a diet requires that a client eat a different food
than the rest of the family, it is unlikely that he
or she will be successful on the diet. If a client’s
family is not supportive and committed to help-
ing him or her make the healthy change, he 
or she will probably struggle. 

• How easy is it to adhere to the diet? Long-term 
adherence to a program (i.e., lifestyle change) 
is the most important factor for lifelong weight-
loss success. It is not necessary to select a spe-
cific diet to achieve long-term weight loss;
rather, individuals need to consume fewer calo-
ries from healthy food choices they like and are
more likely to continue eating. Regardless of the
weight-loss plan, most diets modestly reduce
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body weight and cardiovascular risk factors, but
people who adhere to the diet over the long
term have greater weight loss and risk factor 
reductions.41 The problem is that most dieters
struggle to adhere to restrictive eating plans. A
landmark study conducted by the National Insti-
tutes of Health found that most dieters had re-
gained one-third to two-thirds of the weight lost
within 1 year, and within 5 years dieters had 
regained almost all of the lost weight.44 About
one-third to two-thirds of dieters regain more
weight than they initially lose.45 This reiterates
the key point: permanent lifestyle change is 
essential for successful weight loss and 
subsequent improved health.

Table 12-3 provides a summary of the strengths and
weaknesses of some of the most popular and most
studied diets.

Behavioral Management 
Legendary football coach Vince Lombardi famously
(and in the case of weight loss, incorrectly) said: “The
difference between a successful person and others is
not a lack of strength, not a lack of knowledge, but
rather a lack of will.” Dieters have long relied on
willpower to adhere to short-term weight-loss plans.
Consequently, when the pounds failed to melt away or

were regained when the dieter resumed his or her nor-
mal eating and exercise patterns, many attributed the
failure to a lack of willpower.

Long-term weight-loss success is more likely to occur
by committing to permanent lifestyle changes including
balanced and healthy nutrition choices (to control caloric
intake), regular physical activity (to maximize caloric ex-
penditure), and behavioral change (to facilitate adher-
ence to nutrition and activity goals).  

Of course, most people already know they should
eat right and exercise. Following are several simple be-
havioral changes that may help clients turn knowledge
into action and at the same time minimize reliance on
willpower for weight-loss success.

• Avoid tempting situations (also known as “stimulus
control”). Clients may benefit from reducing cues
for undesirable behaviors and increasing cues for
desirable behaviors. For example, a client might
remove junk food from the pantry and stock up
on fruits and vegetables, dissociate from friends
and colleagues with unhelpful eating and exer-
cise habits and attitudes, make an effort to spend
more time with active and healthy individuals,
and eat small well-planned meals throughout the
day to help avoid excessive eating or an un-
planned stop at a vending machine or fast-food
restaurant. To reduce psychological cues to eat

Chapter 12: Weight Management and Energy Balance 267

Table 12-3. An Overview of Several Popular Diets
DIET STRENGTHS WEAKNESSES

South Beach

Atkins

Weight Watchers

NutriSystem

Jenny Craig

The Zone

Restrictive first phase
Encourages too much initial 
weight loss
Poorly studied

Nutritionally deficient (too much satu-
rated fat, not enough fiber and fruits)
Poor long-term adherence

Appeals to a specific audience
Too costly for some
Counselors not health professionals

Requires prepackaged foods
Expensive
Not conducive to long-term adherence
Has not been studied

Expensive
Dependence on prepackaged food
Counselors not health professionals
Has not been studied

Poor long-term adherence
Restricts many nutrient-dense foods

Differentiates “good” and “bad” 
carbohydrates and fats

Overall healthy after the first phase

Good short-term results
Recipes simple to prepare

Good variety of foods
Behavioral support
Lots of education
Not too restrictive

Food preparation easy to follow
Serving sizes prepackaged

Good nutritional value
Behavioral support

Lower in saturated fat than Atkins
Recipes simple to prepare
Effective in short term
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(such as boredom, habit, stress, or emotional 
distress), a client may  restrict eating to the
kitchen or dining room table. 

• Self-monitor. One of the strongest predictors of
successful and maintained lifestyle change is
monitoring dietary intake.46 While it can be 
tedious to keep a daily food log, this practice is
highly effective. Clients may benefit from keep-
ing a food log for at least 3 days including 
1 weekend day. The log should list the type 
and amount of food eaten, complete with 
calories, time of intake, hunger ratings, emo-
tions, and activities at the time of eating. 
Keeping a record of physical activity including
activity, duration, and intensity is equally im-
portant. This exercise helps to identify strengths
and weaknesses that otherwise might have gone
unchecked and determine where formerly 
forbidden foods might fit in moderation.

• Set SMART goals. SMART (specific, measurable,
achievable, results driven, and time bound) nu-
trition and physical activity goals help set the
stage for weight-loss success by transforming
vague visions of thinness into a specific plan for a
healthier lifestyle.  An example of a SMART goal
might be: “I would like to lose 5 pounds in the
next 2 months. I will do this by exercising for 
30 minutes 3 days per week and limiting dessert
to one time each week.” A client can increase
chances of success by posting visible reminders 
of the weight, dietary, or fitness goals.

• Practice behavioral substitution. Many people turn
to food when bored or stressed. Encourage
clients to tune into signs of hunger and fullness.
One strategy might include asking themselves,
“Am I hungry?” before opening the refrigerator
or pantry door.  

• Retrain the brain—and taste buds. If clients commit
to eating a healthy, well-balanced diet that in-
cludes portion-controlled servings of a few of
their favorite foods, deprivation and cravings
are minimized. Over time the fat- and sugar-
filled foods that were once so desirable may lose
much of their allure.

Losing the Last 10 Pounds: A Marathon Analogy
Despite the most intensive physical activity regimen,
nutrition changes, or behavioral rewiring, many people
struggle to achieve their weight-loss goals, in large part
because of the exceedingly difficult task of losing the
last few pounds. A useful analogy when considering
the challenges of trying to lose significant amounts of
weight is to compare weight loss to competing in a
marathon: 

1. A marathon is 26.2 miles. An untrained and un-
prepared runner will “hit the wall” early on,
most likely before the halfway mark, and will
most likely fail to finish the race either because
of mentally giving up or physically becoming in-

jured. A novice runner who has trained well
will be ready to quit around mile 20 when car-
bohydrate sources of energy are depleted and
the fat becomes the primary energy source,
when the ongoing stress and impact of running
leads to muscle and joint pains, and when the
race becomes very uncomfortable. But this per-
son will endure and finish the race. A highly
trained experienced marathoner will keep a
steady pace throughout the long run and will
finish the race at the top of the pack for age and
gender. This performance is a direct result of a
committed and well-designed physical training
and mental toughness.

Weight-loss application: Any client who is try-
ing to lose significant amounts of weight has to
practice persistence and patience. The client
must have a realistic weight-loss plan with the
full recognition that it takes time to lose weight.
The lifestyle changes need to be ingrained and
permanent—even a small deviance from the
plan can derail weight loss and not only prevent
future loss but also may lead to regaining the
weight. This does not mean that a person trying
to lose weight will never get to eat a piece of
chocolate cake again. What it does mean is that
chocolate cake needs to be built into the plan.
Adopting a fad diet will not lead to long-term
weight-loss success. For example, people who
adopt very low-carbohydrate diets boast of sig-
nificant early weight loss, but after a year’s time,
they are no better off than people who tried a
different approach. The early weight loss was
mostly water (and not fat) and the long-term
outcome is dramatically slowed weight loss due
to poor adherence to the eating plan. To perma-
nently lose weight, an individual has to lose
slowly and steadily through lifestyle changes
that are maintained day in and day out, just as
an athlete might train for a marathon by run-
ning 4 days per week for 18 weeks as he or she
builds up to race day. 

2. Our ancestors were capable of running long dis-
tances when hunting such animals as antelopes
and gazelles. However, because we no longer
have to hunt for our food, our bodies have to be
trained, fed healthfully, and properly hydrated
to run long distances such as marathons. To il-
lustrate, in 2010 a Belgian man ran a marathon
for every day of the year—365 marathons in as
many days. 

Weight-loss application: The human body does
not prefer to be on a diet. Everyone has a steady-
state weight that the body tries very hard to
maintain. When a person gains weight above
that steady state, the body attempts to increase
caloric expenditure. When a person loses a sub-
stantial amount of weight, the body attempts to
gain weight to get back to the steady state. This is
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part of the reason why losing the last few pounds
becomes increasingly difficult. While a client is
trying to lose more weight, the body may resist
by decreasing metabolism and increasing hunger.
With permanent and effective nutrition and
physical activity strategies, a client can achieve a
new steady state. Following are tips to share with
clients struggling to lose weight:
• Change up the endurance routine. The goal is to

burn more calories. A client can do this with-
out increasing the amount of time spent on
cardiovascular exercise by increasing the in-
tensity. Otherwise, the client will need to in-
crease the amount of time committed to
cardiovascular exercise, whether that’s
adding 15 or 20 minutes to a current routine
or increasing the number of days per week.

• Strength train at least twice per week. Muscle mass
is directly proportional to metabolism, and
thus calories burned. People who have a large
muscle mass burn more calories and can more
easily lose weight when they control caloric
intake than those who have low muscle
masses. When a client loses considerable
weight, about a quarter of the weight loss
comes from muscle if strength training is not
included in the workout routine. This helps
explain why the last few pounds are so hard to
lose. The metabolism has slowed down and,
therefore, the client burns fewer calories at
rest because every pound of lean muscle mass
burns about 6 calories per day. While that may
not sound like much, if a client lost 20 pounds
of fat and kept all of his or her muscle mass,
the 5 pounds of muscle mass kept (versus
what might be lost without a resistance train-
ing program) would help him or her lose
about 3 extra pounds. A client can maintain
muscle mass while continuing to lose weight
by committing to a resistance training routine.

• Eat less. To successfully lose weight, a client
needs to make significant dietary changes.
Assess the client’s approximate daily caloric
intake and then help the client devise strate-
gies to cut an additional 250 calories per day
(provided that will still keep the client at a
healthy calorie level and not at risk for nutri-
ent deficiencies). If the client eats 250 calories
less per day and does not make any changes
to his or her exercise regimen, he or she will
lose those last 10 pounds over the course of
the next 5 to 6 months.

Somewhere around 40% of women and 25% 
of men are trying to lose weight at any given time.3

Some are successful initially, but most are unable to
lose and keep off the weight. Losing weight is difficult.
Keeping it off requires a constant effort. To achieve and
maintain weight loss, a client must commit to making 
permanent changes. A client can slowly and steadily

progress toward his or her goal with each of the small
decisions he or she makes every day—such as taking
the stairs instead of the elevator or going for the fresh
apple instead of the apple pie. For many clients, being
the first one done is not necessarily the goal, rather it
is about having the strength, endurance, and mental
toughness to successfully cross that finish line.

While health professionals may be well-versed in
the nutrition, activity, and behavioral strategies neces-
sary for successful weight loss, many may have diffi-
culty translating information into an effective coaching
approach. One approach that has gained increasing sci-
entific support is motivational interviewing (see
Communication Strategies).

Despite the highest quality intervention, superior
motivation and desire, and implementation of agreed
upon nutrition and physical activity improvements,
many people will still struggle to achieve and maintain
weight loss. In some of these cases, a client will desire
medical or surgical weight-loss intervention. These
forms of obesity therapy should always be initiated
under the supervision of a physician, with the health
professional taking a supportive role in close consulta-
tion with the treating doctor and bariatric team.

Pharmacological Approaches to Weight Loss
While pills are never a remedy for an unhealthy lifestyle,
medications may be beneficial for obese clients and cer-
tain overweight clients with one or more weight-related
disorders. Research suggests that overweight or obese
people who eat healthfully, exercise regularly, and take
a weight-loss medication lose more weight than those
who use the drug alone or lifestyle treatment alone at 
1 year.47

The two most well-studied weight-loss medications
are sibutramine and orlistat.  Sibutramine (Meridia)
works by decreasing appetite. It costs approximately
$100 per month, and on average leads to a 10-pound
weight loss,48 or 4% of body weight, after 1 year.49

Sibutramine is available by prescription only. Orlistat
(Xenical, Alli) blocks fat absorption. While orlistat was
once available by prescription only, Alli may now be
purchased over the counter. Weight loss is modest,
about 6 pounds after 1 year,48 and the cost reaches ap-
proximately $170 per month for the prescription ver-
sion.  The side effects are a significant impediment to
continued use.

In 2012, lorcaserin and Qsymia became the first new
FDA-approved weight-loss drugs in over 13 years. Lor-
caserin (Belviq) binds to cell receptors in the brain, such
as the hypothalamus, that help control appetite through
satiety. Two clinical drug trials found that lorcaserin’s
weight-loss-promoting effects are modest—about 5.8%
body weight in 1 year (participants in the placebo group
lost 2.5%). But, a sizeable number of people taking 
the drug experienced these weight improvements—
47% compared to just 23% in the placebo group.49

Qsymia is the combination of two older medications:
phentermine, an appetite suppressant and a stimulant,
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COMMUNICATION STRATEGIES

Motivational Interviewing

Imagine that you have accepted a job as a health education coordinator for a large university-affiliated wellness
center. One of your responsibilities includes providing individualized one-on-one health coaching to clients. While
you thoroughly enjoy your work, you have become frustrated by the lack of progress in your overweight clients 
trying to lose weight. 

Eager to learn the most effective coaching strategies to inspire permanent lifestyle change and subsequent
weight loss, you decide to do some research on effective interviewing approaches. You find a review article that
evaluates the role of a technique referred to as motivational interviewing in the treatment of obesity. Motivational
interviewing is a collaborative communication technique in which the client and coach work together to help the
client develop a plan of action for behavior change. Through open-ended questions, reflective listening, affirma-
tions, and summarizing, the coach explores a client’s ambivalence about change and helps the client to recognize
his or her own strengths and motivation for change. 74 The coach provides information and education only when
asked or provided permission by the client. This is in contrast to the traditional counseling technique in which the
counselor provides advice and the client is supposed to listen and follow the counselor’s advice. 

The research article states that after reviewing and analyzing a total of 3,535 scientific articles, of which 11 were
randomized controlled trials that included quantitative data analysis, the data confirmed that motivational inter-
viewing leads to a significant improvement in body mass index in overweight and obese patients. The authors 
conclude that motivational interviewing enhances weight loss.75 Impressed by the data, you prepare to practice
motivational interviewing. You do more research on the technique and read that motivational interviewing is
rooted in at least five basic components:

1. Ask Open-Ended Questions. Open-ended questions allow for deeper conversation and for the client 
to share his or her stories. Clients do most of the talking while the counselor listens and responds with 
reflective or summary statements. Sample questions might include, “What will be the biggest challenges
in making this change?” or “Why is this time different?”

2. Elicit “Change Talk.” This technique asks clients to identify reasons for wanting to change. This helps clients
and counselors address discrepancies between what the client states he or she would like to 
do and what he or she actually does (e.g., the client states he or she would like to lose weight but then
continues to eat a high-calorie diet). Sample questions might include, “What changes would you like to
make?”  or “How will your life be different from changes you make today?”

3. Explore Importance and Confidence. These questions help the client to articulate how important the 
desired change is to him or her and how confident he or she is that the goal will be achieved. Questions
might include, “On a scale of 1 to 10, how confident are you that you can make this change?” and “Why
did you choose [x] number, instead of [x-1] number?”

4. Practice Reflective Listening and Summarizing. Reflective listening involves carefully listening to the client
and then guessing at the meaning of what the client said. For example, a coach might say, “You are highly
motivated to change but think that it is going to be very difficult.” This technique helps the client to iden-
tify the need for change, anticipated challenges, and how to overcome them. Summarizing statements
are longer reflections, which may link different pieces of the conversation or provide a recap of a notable
portion of the discussion.

5. Affirm. Affirming statements voice support and confidence in the client’s commitment to behavior change.
For example, “Your idea to take the stairs instead of the elevator will provide you with great health benefit
and help you achieve your weight-loss goal. I have a lot of confidence that you are going to be successful.”

Before using the technique with your clients, you ask a colleague to do a mock session with you so that you can get
some practice and work out any major difficulties. 

CLASSROOM EXERCISE 
Together with a classmate, role play the client or the coach during a motivational interviewing session. Then
switch roles.

1. What did you like best about this exercise?
2. What was the most challenging aspect of this exercise?
3. On a scale of 1–10, how likely are you to use this technique with your clients?
4. On a scale of 1–10, how confident are you that you will be able to successfully implement this technique?

What could help you to feel more confident in your ability?
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and topiramate, which is classically used to control
seizures and headache. (Its physiological role in weight
loss is unclear.) The combination appears to contribute
to a 10% weight loss when combined with improved
nutrition and exercise, and 62% of treated individuals
lost 5% of body weight by 1 year compared to 20% in
the placebo group.49 In clinical trials, the drug also de-
creased blood pressure and diabetes risk, but it may 
increase heart rate and risk of birth defects when taken
by pregnant women. Each of the FDA-approved weight-
loss drugs carries significant potential side effects,50 such
as sleeplessness, and increased heart rate and blood
pressure, which a client should discuss with a physician
prior to beginning treatment. 

In 2014 contrave, a combination of the antidepres-
sant buproprion and naltrexone, a drug used to help
treat alcohol and opiate dependence, was approved by
the FDA. 

Many non-FDA approved herbals and supplements
claim to contribute to weight loss with varying degrees
of safety and success (as described in Chapter 10). A
medical professional should monitor any client who is
considering taking a weight-loss medication.

Surgical Approaches to Weight Loss
When dietary, lifestyle, and pharmacological ap-
proaches aren’t effective, some people may benefit from
weight-loss surgery. According to 2001 National Insti-
tutes of Health Guidelines, ideal candidates are severely
obese (BMI >40) or obese (BMI >35) with other high-
risk conditions, such as diabetes, sleep apnea, or life-
threatening cardiopulmonary problems; an “acceptable”
operative risk determined by age, degree of obesity, and
other pre-existing medical conditions; previously un-
successful at weight loss with a program integrating
diet, exercise, behavior modification, and psychological
support; and carefully selected by a multidisciplinary
team who have medical, surgical, psychiatric, and nu-
tritional expertise.51 Weight-loss surgery is not recom-
mended for the overweight or mildly obese person who
is trying to lose 20 or 30 pounds. Furthermore, only
those patients who are committed to permanent lifestyle
changes—including regular physical activity and a
healthy diet—are considered good candidates for sur-
gery.51 Given advances in bariatric surgery over the past
25 years since publication of the NIH guidelines, scien-
tists have urged the NIH to update the guidelines.79 As
of this writing, the NIH has not done so.

Gastric bypass, a procedure in which a surgeon re-
duces the stomach to approximately the size of an egg
and then reattaches it to the small intestine, is the most
common weight-loss surgery. During the surgery, most
of the stomach and about 2 feet of the small intestine
are stapled shut, or bypassed. This procedure leads to
weight loss for two reasons. First, the small stomach
pouch cannot hold very much food, so caloric intake is
dramatically reduced. Second, the majority of nutrient
absorption occurs in the small intestine; by bypassing
2 feet of the small intestine, fewer calories and nutri-

ents are absorbed. On average, patients lose 62% of
their excess body weight52 and maintain a weight loss
of about 16.1% during the 10-year period following
surgery53 in addition to achieving an improvement 
in a variety of other health indicators such as blood
pressure, cholesterol, insulin sensitivity, and quality 
of sleep.52,54 In fact, bariatric surgery is associated with
drastic improvement in blood glucose levels in obese 
individuals with diabetes compared with medical man-
agement alone55 and a reduced number of cardiovas-
cular deaths and events such as heart attack and
stroke.56 One study of nearly 10,000 patients who had
undergone gastric bypass surgery concluded that sur-
gery significantly reduced mortality, especially from
deaths related to diabetes, heart disease, and cancer.57

Of course, surgery is never without risks. People who
undergo bypass surgery are more likely to die from
causes not related to disease.57 One of every 200 people
who has bypass surgery dies as a result of the proce-
dure;52 another 20 experience major morbidity such as
infections, bleeding, nutritional deficiencies, blood
clots, respiratory failure, and bowel obstruction.58

Weight Loss Maintenance
While there is some utility in imposing dietary or ac-
tivity changes upon people or measuring the effect of
a medication or surgical procedure, perhaps the most
practical way to learn what works is to ask the people
who have successfully lost, and kept off, large amounts
of weight. The National Weight Control Registry (NWCR)
(www.nwcr.ws), a database that tracks more than 5,000
people who have lost at least 30 pounds and maintained
the loss for at least 1 year, has uncovered an abundance
of tips to help people lose weight and keep it off. Results
from several observational research studies further
highlight what works and what does not. Following are
10 insights to share with clients:

1. Control portions. Successful “losers” control por-
tions. In fact, research suggests portion control
is the greatest predictor of successful weight
loss.59 Help clients control portions by teaching
them to read nutrition labels, carefully mea -
sure out servings, eat only one helping, use
smaller serving dishes, and resist the urge to
“clean their plate.”

2. Be mindful. Encourage clients to eat when hungry
and stop when full. That means paying attention
to everything they eat. Ask: Do you eat when
you’re bored, stressed, sad, tired, and sometimes
even when you’re full? Emotional eating can
wreak havoc on a well-planned weight-
management program. Clients should ask 
themselves “why” before heading to the pantry.

3. Exercise. Over 94% of participants in the National
Weight Control Registry increased physical 
activity in order to lose weight.54 In fact, many
reported walking for at least 1 hour per day. 
And for those who kept the weight off, exercise
was crucial. People who dropped their fitness
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program regained weight.60 This is mainly attrib-
uted to the reality that as people lose weight, a
proportion of each pound comes from muscle.
That slows down metabolism and makes it diffi-
cult to keep the weight off. While walking and
other cardiovascular exercise is important for
burning calories, a resistance training program
preserves lean tissue and metabolic rate.

4. Check the scale. While it is not advisable to become
obsessive about weight, people who maintain
their weight loss keep tabs on the scale, weighing
themselves at least once per week.61 This way
they are able to identify small weight increases 
in time to take appropriate corrective action.

5. Eat breakfast. Seventy-eight percent of NWCR
participants eat breakfast daily; only 4% never
do.62 Research suggests that breakfast eaters
weigh less and suffer from fewer chronic dis-
eases than non-breakfast eaters.63

6. Monitor intake. One of the strongest predictors of
successful and maintained lifestyle change is
monitoring dietary intake.46 While tedious,
keeping a food log is a highly effective and
proven strategy (the details of how to keep a
food log are described in Chapter 11). 

7. Minimize screen time. Screen time in front of the
television, computer, smartphone, or tablet is
usually spent: (1) being completely sedentary
and thus expending minimal amounts of calories,
and (2) eating. Successful NWCR “losers” watch
less than 10 hours of television per week.64

8. Do not cheat. People who do not consistently give
themselves a day or two off to cheat are 1.5 times
more likely to maintain their weight loss.65

Encourage clients to adopt a healthy lifestyle
that they can stick with so they do not often feel
compelling urges to unwittingly sabotage their
weight-management success.  

9. Strengthen social support networks. The healthiness
of close peers significantly impacts a person’s
ability to lose weight and keep it off. A study of
12,000 people followed over 30 years concluded
that “obesity appears to spread through social
ties.”66 That is, obese people tend to have obese
friends. Pairs of friends and siblings of the same
sex seem to have the most profound effect. The
study authors suspect the spread of obesity has
to do with an individual’s general perception 
of the social norms regarding the acceptability 
of obesity. The logic works like this: “If my best
friend and my sister are both obese, and I love
and admire them all the same, then maybe it’s
not so bad that I gain a few pounds.” While this
study was not conducted on participants in the
National Weight Control Registry, the results 
are striking and worth including in this discus-
sion of successful approaches to weight-loss
maintenance. Clients can reverse this psycholog-
ical phenomenon by spending time with peers
who engage in healthful eating and activity 

habits. Or, clients can be the driving force for
healthful changes by inviting friends to work
out at the gym or go for a bike ride to stay or
get fit.

10. Encourage optimism. Research suggests that 
people who are optimistic, that is, they have
perceived control, positive expectations, em-
powerment, a fighting spirit, and lack of 
helplessness, are more successful at changing
behaviors and losing weight.46

Beyond Individual Responsibility: Large-Scale
Strategies to Combat the U.S. Weight Problem
While individuals are responsible for their behaviors,
community- and policy-level factors can greatly in-
fluence eating and activity patterns. In 2012, the In-
stitute of Medicine released “Accelerating Progress
in Obesity Prevention: Solving the Weight of the Na-
tion.”67 In the report, the authors outlined several
goals that, if implemented collectively, would make
significant strides in obesity prevention. The goals 
included:

1. Make physical activity an integral and routine
part of daily life by enhancing the built environ-
ment; providing and supporting community
programs designed to increase physical activity;
adopting physical activity requirements for 
licensed child care providers; and providing 
support for the science and practice of physical
activity.

2. Create food and beverage environments that en-
sure that healthy food and beverage options are
the routine, easy choice by adopting policies and
implementing practices that reduce overcon-
sumption of sugar-sweetened beverages; increas-
ing the availability of lower-calorie and healthier
food and beverage choices for children in restau-
rants; utilizing strong nutritional standards for all
foods and beverages sold or provided through
the government and ensuring the healthy op-
tions are readily available; introducing, modify-
ing, and utilizing health-promoting food and
beverage retailing and distribution policies; and
broadening the examination and development 
of U.S. agriculture policy and research to include
implications for the American diet.

3. Transform messages about physical activity and
nutrition by developing and supporting a sus-
tained, targeted physical activity and nutrition
social marketing program; implementing com-
mon standards for marketing food and bever-
ages to children and adolescents; ensuring
consistent nutrition labeling for the front of
packages, retail store shelves, and menus and
menu boards that encourage healthy choices;
and adopting consistent nutrition education
policies for federal programs with nutrition 
education components.

4. Expand the roles of health-care providers, 
insurers, and employers by providing standardized
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care and advocating for healthy community
environments; ensuring coverage of, access to,
and incentive for routine obesity prevention,
screening, diagnosis, and treatment; encourag-
ing active living and healthy eating at work;
and encouraging healthy weight gain during
pregnancy and breastfeeding, and promoting
breastfeeding-friendly environments.

5. Make schools a national focal point by requiring
quality physical education and opportunities 
for physical activity at schools; ensuring strong
nutritional standards for all foods and beverages
sold or provided through schools; and ensuring
food literacy, including skill development, in
schools.

Chapter 5 describes potential large-scale strategies to
put some of the recommendations into action. Health
professionals entering the field at this time have an op-
portunity to shape their client interactions and commu-
nities to promote these ideals and create a healthier
community where clients can live, work, and play.

Weight Loss and Athletes

Athletes across many sports and levels of competition
strive to achieve weight-management goals. Like the
general population, athletes benefit from making health-
ful nutrition and exercise changes to create a caloric
deficit. However, unlike the general population, athletes
experience other pressures, such as the need for appro-
priate nutrient intake to optimize performance, reliance

on adequate hydration and fluid intake for performance
as well as safety, and, in certain sports, requirements to
achieve a particular weight or body composition to
compete successfully. Competitive athletes with specific
weight-management and performance goals may ben-
efit from consultation with a registered dietitian who is
a Certified Specialist in Sports Dietetics. This dietitian
can provide the athlete an individualized nutrition plan
to optimize nutrient needs for athletic performance
while also creating a caloric deficit for safe weight loss.
This consultation is especially important for athletes
who seem overly concerned or attentive to body com-
position or weight and who may be at risk for an eating
disorder. Eating disorders are discussed in more detail
in Chapter 15.

Athletes who want to lose weight should lose 
no more than 1 to 2 pounds per week, not to exceed
approximately 1.5% of body weight. Weight lost more
rapidly may indicate dehydration or other unsafe
weight-loss practices, such as self-deprivation, self-
starvation, or disordered eating. These harmful practices
negatively affect performance and health. Athletes 
in weight-conscious sports such as wrestling, boxing,
dance, and gymnastics are at highest risk of adopting
unsafe weight-loss practices. In response to the tragic
deaths of three college wrestlers who died from com-
plications of excessive weight loss while trying to reach
a lower weight class, the National Federation of State
High School Associations imposed strict regulations on
weight loss in wrestlers. (These standards are described
in Box 12-3).
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Box 12-3. Weight-Loss Standards for Wrestlers

Already-lean wrestlers bundled in sweat suits,
fleece hats, and winter coats jogging up and down
the school halls panting and soaked in sweat, des-
perate to lose the last few ounces before the weekly
weigh-in used to be an expected winter-season sce-
nario in high schools across the country.

It was not until 2004, several years after the
deaths of three collegiate wrestlers, that the Na-
tional Collegiate Athletic Association and a year
later the National Federation of State High School
Associations, addressed unsafe weight practices
among wrestlers. Now wrestlers must undergo a
preseason evaluation to identify a safe weight and
body fat percentage. If they weigh in at less than
their minimal safe weight, they are automatically
disqualified from competition. 

The high school rules, which apply to 
18,000 schools and approximately 13 million 
students in all 50 states and the District of 
Columbia, follow this procedure:
1. All wrestlers must undergo an initial assessment

during which body composition is measured no
longer than 6 weeks prior to the beginning of
practice.

2. Male wrestlers must have at least 7% body fat;
female wrestlers must have at least 12%. If at the
initial assessment the athlete’s body weight is less
than the minimum, the athlete must receive
medical clearance to participate. That athlete may
not wrestle at a weight lower than the weight at
initial assessment.

3. Prior to body fat measurement, athletes must have
their urine checked. If the result is a specific grav-
ity greater than 1.025 (a sign of dehydration), the
athlete must wait 24 hours before being retested.
Body fat percentage is measured with skinfold
calipers by a trained and certified assessor. 

4. The minimum wrestling weight corresponds to
that weight at which the athlete would have ei-
ther 7% or 12% body fat, for males or females,
respectively. If this minimum weight is between
two weight classes, the wrestler’s minimum
weight class will be the higher weight.

5. Athletes may not lose more than 1.5% of their
weight per week.

6. The lowest weight class for wrestlers is 
106 pounds (up from 103 pounds prior to the
2012-2013 season).
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Unlike the well-researched and accepted guideline
that an individual should lose no more than 1 to 
2 pounds per week, body fat percentage loss is not as
well studied and no official guidelines have been pub-
lished. Most methods of measuring body fat (such as
calipers and bioelectrical impedance analysis) are prone
to measurement error, and detection of small changes
in body fat percentage is just as likely due to this error
as an actual change in body fat. Thus, it is best to wait
2 to 3 months to recheck body composition to see if a
client has made progress.

Weight loss alone will not necessarily lead to large
decreases in body fat, as weight loss without exercise
will lead to decreases in lean mass as well. The most 
effective way to lose body fat is to eat a healthy, por-
tion-controlled diet; engage in regular cardiovascular
exercise; and develop a consistent resistance training
program to build lean mass. Assuming a client engages
in regular resistance training, and all the weight lost
comes from the fat, the following formula predicts how
much weight a client should lose in order to achieve
an ideal body fat percentage: 

Desired body weight = Lean body weight/
(1 − desired body fat percentage) 

Desired body weight = how much the client will
weigh when he or she achieves desired body fat
percentage

Lean body weight = how many pounds of lean tis-
sue the client currently has (to know this, the
client needs to have had a body composition 
assessment)

Desired body fat percentage = the goal body fat
percentage (in decimal form)

For example, Angela weighs 120 pounds and has
25% body fat (30 lbs fat, 90 lbs lean). Her goal is to have
20% body fat. How much weight will she need to lose
(assuming all of the weight loss comes from fat)?

Desired body weight = 90/(1 – 0.20) = 113 pounds
So, she would need to lose 7 pounds to achieve

her goal (120 – 113 = 7).
Ideal body fat percentage is different for men com-

pared to women, as women require a higher body fat

percentage in order to maintain menstruation and the
ability to have children (see Chapter 11). 

The National Athletic Trainers’ Association recom-
mends that the best time to strive to optimize weight
and body composition is during the preparatory phase
of sport conditioning, during the off-season.68 During
the competitive season focus should be on optimizing
sport performance at the highest level of fitness. 

Underweight and Health

Approximately 2% of Americans are underweight,
defined as 15% to 20% or more below accepted
weight standards, or as a BMI less than 18.5.69 Un-
derweight generally results from one or more of sev-
eral potential scenarios, including: (1) inadequate
intake to meet caloric needs; (2) excessive activity,
which may occur with some athletes; (3) ineffective
food absorption and digestion; (4) a disease that in-
creases metabolic rate and energy needs, such as cancer
or hyperthyroidism; and (5) psychological stress or
depression. 

Underweight is associated with increased morbidity
and mortality compared to normal weight individu-
als.70 Health professionals should consider referring 
an underweight client to a medical professional who
can help to determine the underlying cause of under-
weight and whether medical or psychological inter-
vention is necessary. After the initial evaluation, allied
health professionals may offer several suggestions on
how to healthfully gain weight (see Table 12-2). Con-
cerns of underweight among older adults are de-
scribed in Chapter 13, and concerns for clients with
signs and symptoms of eating disorders are described
in Chapter 15.

S P E E D  B U M P
10. Define what it means to adopt a healthy

lifestyle.
11. Describe what factors increase the likelihood of

sustained weight-loss maintenance.
12. Provide a list of five tips to offer athletes who

would like to lose weight or muscle mass.
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CHAPTER SUMMARY
Overall, many people, including the general popula-
tion, recreational athletes, and collegiate and profes-
sional athletes, struggle to achieve or maintain an
“ideal” weight. The health professional plays an impor-
tant role in helping a client to identify effective strate-
gies to optimize health and achieve healthy weight
goals.

KEY POINTS SUMMARY
1. Energy balance is the relationship of calories

consumed and calories expended. A positive 
energy balance occurs when more calories are
consumed than expended. A negative energy

balance occurs when more calories are ex-
pended than consumed. A neutral energy 
balance occurs when calories consumed equal
calories expended.

2. Body Mass Index (BMI) is a measure of height
and weight (weight in kilograms divided by
height in meters squared), and provides an 
estimate of body fatness. 

3. Any adult with a BMI greater than 25 is consid-
ered “overweight” and those with a BMI over 30
are considered “obese.”

4. Factors affecting a client’s ability to maintain his
or her weight include a decline in metabolism,
which often occurs with aging, and attention to
nutrition and physical activity.

2955_Ch12_253-279  08/10/14  12:02 PM  Page 274



Chapter 12: Weight Management and Energy Balance 275

5. As metabolism decreases with aging, so do 
energy needs. Increasing energy expenditure
through exercise and controlling caloric intake
can help offset this decline in metabolism.

6. Strength training and muscle building are es-
sential to maintain metabolically active muscle
mass, and regular cardiovascular physical activ-
ity is essential to maintain a high level of en-
ergy expenditure and prevent increased fat
mass. The U.S. Department of Health and
Human Services provides Physical Activity Guide-
lines to achieve both.

7. Ghrelin, the “hunger hormone,” signals hunger
to the brain.  Leptin, insulin, and peptide YY
signal feelings of satiety and suppress appetite.
Adiponectin is another hormone that plays a
role in weight control. In obese individuals,
leptin and insulin are elevated, and the cells 
in the body are no longer responsive to these
hormones.

8. Obesity can lead to many serious health risk
factors including heart disease, hypertension,
type 2 diabetes, respiratory disease, gallstones,
osteoarthritis and other musculoskeletal disor-
ders, social marginalization, discrimination, de-
pression and other mental health disorders, and
early death.

9. Certain obese individuals appear to have a
more metabolically healthy obesity, character-
ized by the lack of other cardiovascular risk fac-
tors often associated with excess weight.  Some
research suggests this may be due to these indi-
viduals maintaining a high level of fitness.

10. Safe rates of weight gain have not been rigorously
studied, but 1 to 2 pounds per week with 500 to
1,000 additional calories per day from quality
food sources is probably an acceptable rate.

11. There are four approaches to weight loss:
lifestyle changes, behavioral modification, 
medications, and surgery.

12. The following factors help clients choose the
diet that is right for them: How does the diet
cut calories? What is the nutrient density of the
diet? Does the diet advocate exercise? Does it
make sense? Where is the evidence? Does it
meet individual needs? How much does it cost?
What kind of social support does the client
have? How easy is it to adhere to the diet?

13. The following are 10 insights for successful
weight loss maintenance: (1) control portions; 
(2) be mindful; (3) exercise; (4) check the scale;
(5) eat breakfast; (6) monitor intake; (7) mini-
mize screen time; (8) do not cheat; (9) strengthen
support networks; (10) encourage optimism.

14. Competitive athletes may be under tremendous
pressure to attain a particular weight.  Those
with specific weight management and perfor -
mance goals may benefit from consultation
with a registered dietitian who is a Certified
Specialist in Sports Dietetics.

15. An underweight individual is defined as being
15% to 20% or more below accepted weight
standards, or having a BMI less than 18.5.69

PRACTICAL APPLICATIONS

1. Jennifer is 5′7″ and weighs 190 pounds. What is
her BMI?
A. 19 kg/m2

B. 25 kg/m2

C. 30 kg/m2

D.35 kg/m2

2. Over the past year, Cynthia has gained 15 pounds.
Assuming this weight gain is the result of excess
energy intake, how many total extra calories has
Cynthia consumed beyond her body’s average
daily needs to create the added weight over the
past year?
A. 35,000 calories
B. 46,500 calories
C. 52,500 calories
D. 60,000 calories

3. Christina is a 60-year-old woman who weighs
190 pounds (86 kg) and has an estimated body
fat of 36%. Her goal is to reduce her body fat to
23%. What will her corresponding body weight
be when she reaches her goal of 23% body fat,
assuming all weight loss is from fat?
A. 138 pounds
B. 148 pounds
C. 158 pounds
D. 168 pounds

4. Follow-up assessments show that a female client
with whom you have been working has lost 
5 pounds (2.3 kg), but has seen little change in
her body composition. Her current exercise rou-
tine consists of walking for 40 minutes, 4 days per
week. What modification would be MOST impor-
tant to improve body composition at this time?
A. Add resistance training 2 to 3 days per week

to maintain lean body mass and resting meta-
bolic rate.

B. Increase cardiorespiratory exercise intensity
to increase caloric expenditure so that she
will lose more weight.

C. Decrease caloric intake by 200 kilocalories
per day to facilitate greater fat loss.

D. Increase protein consumption to maintain
lean body mass while losing weight.

5. A client tells you in his initial interview that he
would like to lose 40 pounds (18.2 kg) in 
2 months. What is a more realistic timeframe
for this weight to be lost safely and effectively?
A. 10 weeks
B. 14 weeks
C. 17 weeks
D. 20 weeks
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6. A new client with whom you are working
wants to lose 30 pounds (13.6 kg) in 20 weeks.
She has already decreased her caloric intake
from 2,000 to 1,500 kilocalories per day. At
least how many additional kilocalories would
she have to expend through exercise per week
to meet her goal?
A. 1,000 kilocalories per week
B. 1,750 kilocalories per week
C. 2,750 kilocalories per week
D. 3,500 kilocalories per week

7. Which of the following statements is a SMART
goal?
A. “I will reach my goals by working 2 days per

week with a personal trainer.” 
B. “I will run a marathon in 14 weeks by 

running 2 miles (3.2 km) this week and 
increasing the mileage of my long run by 
2 miles (3.2 km) each week.”

C. “I will decrease my blood pressure by losing
10% of my body weight.”

D. “I will lose 15 pounds (7 kg) in 3 months by
lifting weights 2 days per week, taking three
group exercise classes per week, and switch-
ing from regular to diet sodas.”

8. You are working with a client who would like to
lose 30 pounds (13.6 kg) in the next 20 weeks.
What minimum daily caloric deficit would be
needed to achieve this goal?
A. 500
B. 750
C. 875
D. 1,000

9. Which of the following is an example of an
open-ended question? 
A. “What do you hope to achieve from an 

exercise program?” 
B. “Do you enjoy exercising?” 
C. “Are you more interested in weight training

or flexibility training?” 
D. “Have you had success in previous exercise

programs?” 

10. During the initial interview, your client claims,
“I want to lose all my excess weight within a
month or two.” Which of the following re-
sponses represents the most realistic approach
for helping this client? 
A. Work with the client to determine activities

that will best fit his or her objectives. 
B. Find out the client’s preferences, exercise

history, and motivational readiness for
change. 

C. Structure appropriate exercise expectations
at the beginning of your time together. 

D. Provide regular feedback that is specific and
relevant to the client.  

Case 1 Susan, the Middle-Age
Overweight Hiker
Susan is a 55-year-old overweight teacher who is
training to hike the Grand Canyon with her 17-year-old
daughter and a guide. She is 5′2″ and 180 pounds (BMI
32.9 kg/m2) with a body fat percentage of 32%. She
says that she would like to do the hike to spend time
with her daughter and to begin a weight-loss program.
She tells you that ultimately she would like to get
down to her pre-wedding size of 130 pounds.
1. What questions would you ask Susan to better

understand her goals and assess her likelihood of
success?

2. Put together a weight-loss plan for Susan through
increased physical activity and decreased caloric
intake. Susan requires about 1,800 calories per
day to maintain her current weight.
a. How much of a caloric deficit does Susan need to

create to meet her weight-loss goals? Provide ex-
amples of how she might meet this caloric deficit.

b. How long would it take Susan to lose the desired
amount of weight if she decreases her caloric 
intake by 300 calories per day?

c. How long would it take Susan to lose the desired
amount of weight if she decreases her caloric 
intake by 300 calories per day and increases 
her physical activity by 200 calories per day?

3. You do a body composition assessment and find
that Susan has 30% body fat. Assuming that she
engages in a consistent resistance-training pro-
gram and all of the weight lost comes from fat,
how much body fat will she have if she success-
fully loses 25 pounds?

4. What physiological changes will occur when Susan
loses weight that will make it difficult for her 
to maintain the weight loss?

5. What advice would you provide Susan in her 
efforts to maintain her weight loss?

Case 2 Eric, the Recreational
Bodybuilder
Eric is a 31-year-old competitive bodybuilder. He 
participates in bodybuilding competitions in the fall
and trains the rest of the year. He is 5′11″ and weighs
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184 pounds (14% fat, 86% lean muscle mass). He tells
you that he would like to gain 5 pounds of muscle in
the next 3 months.
1. What questions would you ask Eric to better 

understand his goals, and assess his likelihood of
success in achieving his goal?

2. What would be some nutritional and exercise
considerations to help Eric gain muscle mass (and
not fat)?

3. If all of Eric’s 5-pound increase is muscle, what will
be his body fat percentage when he achieves his
weight-gain goal? 

TRAIN YOURSELF
1. What are your weight-management goals? (Lose,

gain, maintain?) What efforts do you make each
day to achieve these goals? What could you do
differently?

2. Develop a short-term SMART goal to help you
achieve your long-term goal described in the 
previous question.
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bone age A determination of the maturation of the
bones in relation to chronological age used as a
marker to assess further growth potential; assessed 
by x-ray.

empty calories Calories that provide little to no nutri-
tional value; also referred to as SoFAS (solid fats and
added sugar) in the Dietary Guidelines for Americans.

energy drinks Beverages containing caffeine or other
supplements in addition to carbohydrates; potential
risks outweigh benefits in children. 

epiphyses Growth plates; closure signifies the cessa-
tion of further linear growth.

iron deficiency A type of anemia caused by inade-
quate intake of iron that leads to decreased oxygen-
carrying capacity due to decreased production of
iron-requiring, oxygen-carrying hemoglobin.

iron depletion A state of decreased body stores of iron
but normal levels of iron in the red blood cells; if not
corrected, progresses to iron-deficiency anemia.

master athletes Adult competitive athletes ranging 
in age from 30 to over 85 years.

nutrient density An indicator of nutritional value of a
food based on the levels of vitamins and minerals
compared with the number of calories.

older adult Defined by the Older Americans Act as a 
person older than 60 years.

peak growth velocity The period in early adolescence
in which a child experiences the fastest rate of growth.

pregnancy-induced anemia The low red blood cell
count that occurs during pregnancy due to increased
blood volume and lag in increased red blood cell pro-
duction; a normal phenomenon.

sarcopenia “Muscle wasting” or a decrease in muscle
mass and strength.

sarcopenic obesity Decline in skeletal muscle and
strength combined with excess body fat, which is
common during older adulthood.

sports drinks Beverages containing carbohydrates, 
protein, or electrolytes.

successful aging Maintenance of low disease risk and
cognitive and physical function.
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After studying this chapter, the reader should be able to:

13.1 List at least three special considerations when work-

ing with youth athletes.

13.2 Describe the role of sports and energy drinks in 
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INTRODUCTION

Elite athletes range from the teenaged Olympian to the
centenarian challenging the limits of the human body.
Consider the following examples:

• First introduced to the sport at the age of 2, and
competitive before age 7, legendary golfer Tiger
Woods achieved high levels of athletic success
throughout high school, college, and his profes-
sional career. Other elite athletes such as deco-
rated swimmer Michael Phelps and NBA star
Lebron James experienced similar successes
throughout childhood and adolescence. 

• Olympic marathon runners Paula Radcliffe and
Kara Goucher trained strenuously together
throughout their pregnancies. Radcliffe previously
won the New York City Marathon just 10 months
after giving birth to her first child. Goucher went
on to place 11th in the marathon in the 2012
Summer Olympics, despite a season off and less
than 2 years after the birth of her daughter.  

• Fauja Singh of London drew attention when 
he became the first centenarian to finish a
marathon. At 100 years old he completed the
26.2-mile 2011 Toronto course in slightly over 
8 hours to earn his place in the Guinness Book
of World Records. This marked his eighth
marathon; the first of which he ran at 89 years
old. Eighty-year-old Ed Whitlock finished the
same marathon in 3:15:54—a Boston-marathon
qualifying time for someone half his age. 

Though competitive and recreational athletes may
not achieve the same level of physical performance as
these elite athletes, at all life stages physical activity, ex-
ercise, and sports play a major role in optimizing health
and quality of life. As is the case for healthy and active
adults, optimal nutrition and optimal fitness are closely
related for athletes across the lifespan. However, a well-
balanced eating plan to fuel activity and maintain or
improve fitness extends beyond universal dietary rec-
ommendations. That is especially the case for active
children and adolescents, pregnant and breastfeeding
women, and older adults. 

YOUTH ATHLETES

Over 7,500,000 adolescents participate in high school
sports,1 and millions more elementary-school aged
children engage in organized sports. Active children
have unique nutritional and fitness needs to maintain
health and optimize sports performance. 

Nutrition Considerations for 
Active Children and Adolescents

Nutritional intake for active children must be adequate
to supply the calories and nutrients needed for basic

physiological functions, to fuel exercise, and to provide
for growth and maturation. 

Growth
After about 2 years of age until puberty, children tend
to follow a constant genetically determined percentile
curve on the growth chart (Figs. 13-1 and 13-2).
Growth occurs at a rate of about 2.5 inches per year
throughout childhood until early adolescence when
preteens achieve a peak growth velocity of about 
4 inches per year. The growth spurt starts at about 9 to
10 years in girls and peaks around 11.5 to 12 years.
Peak growth velocity typically occurs about 1.5 years
before menarche; at the time of first menarche a female
is within 1 to 2 inches of adult height. The male growth
spurt generally starts at 11 and peaks around 13.5 years.
Growth continues into mid-adolescence for females
and well into late adolescence for most males. Closure
of the epiphyses, or growth plates, marks the end of
linear growth. When necessary, a child or adolescent’s
future growth potential can be evaluated with an x-ray
of the epiphyses of the wrist and interpretation by a 
radiologist to determine bone age. Notably, adoles-
cents whose parents were “late bloomers” may show a
decrease in growth rate in early adolescence, which
may not peak until 16 years. One can predict a child’s
adult height based on the height of a child’s mother
and father. A female will grow to be about the (height
of the mother (inches)) plus (father (inches) – 5 inches)
divided by two (plus or minus 10%). A male will grow
to be about the (height of the mother (inches) plus 5
inches) plus father (inches)) divided by two (plus or
minus 10 percent). 

Many environmental factors influence whether a
child achieves full genetic growth potential. For exam-
ple, while moderate levels of physical activity benefit
growth, intensive physical training during childhood
can negatively impact growth. Athletes who are most
affected are those who engage in intensive training
more than 18 hours per week and who restrict or limit
calories, such as gymnasts.2 In fact, though other sports
such as swimming, rowing, wrestling, track and field,
and tennis demand prolonged hours of intense train-
ing, research suggests that the growth potential for
gymnasts is most compromised, especially for male
gymnasts.2 Elite youth athletes are not the only chil-
dren at risk for growth delays. Research suggests that
overweight females who go through puberty early due
to the effects of excess weight may also be at risk for
decreased adult height,3 though the same does not ap-
pear to be true for boys.4

Measured height and weight parameters can be used
to calculate a child’s body mass index (BMI), which can
then be plotted on a BMI growth chart to assess
whether a child is underweight, normal weight, over-
weight, or obese. In adults, BMI ranges are set: any
adult with a BMI greater than 25 is considered over-
weight and those with a BMI over 30 are considered
obese. Because children are continually growing and
experience spurts at certain ages (e.g., a typical child
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Figure 13-1. Girls, 2–20 years growth chart. Source: Developed by the National Center for Health Statistics
in collaboration with the National Center for Chronic Disease Prevention and Health Promotion (2000). 

will have a decrease in BMI around 4 years and then
progressively increase throughout childhood), BMI is
plotted on an age- and gender-appropriate growth
chart. A BMI below 10% is underweight, 10% to 84%
is normal weight, 85% to 94% is overweight, and
greater than 95% is obese. Even if a child is considered
to have a normal BMI, a rapid change in trajectory
across percentile lines is cause for alarm and may trig-
ger further investigation into the cause of the change.
The BMI curves for females and males ages 2 to 20 are
included in Figures 13-3 and 13-4.

Low BMI in children and adolescents can be due
to genetic factors and a predisposition to be small or,
especially in preadolescent and adolescent girls (but
certainly not limited to them), a restriction of calo-
ries. This can happen on the part of the child in re-
sponse to perceived increased weight. Or, it can occur
accidentally in some cases, such as in very active chil-
dren who do not eat enough to support physical de-
mands. A child identified as underweight would
benefit from referral to the pediatrician for further
evaluation.
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Figure 13-2. Boys, 2–20 years growth chart. Source: Developed by the National Center for Health 
Statistics in collaboration with the National Center for Chronic Disease Prevention and Health Promotion (2000). 

A disproportionate number of children have a BMI
greater than the 85th percentile. (The percentile
norms are based on the distribution of children in
1976, when only 15% of children exceeded the 85th
percentile. Now over one-third of children are classi-
fied as overweight or obese.5) Resulting from poor nu-
trition habits and low levels of physical activity,
childhood overweight and obesity negatively affect
nearly every organ of the body, causing complications
as varied as asthma and sleep apnea to gallstones, liver
dysfunction, bone fractures, and infertility in girls.6

Many complications of obesity that are common in
adults—such as impaired fasting glucose and type 2 di-
abetes, high blood pressure, abnormal cholesterol, and
metabolic syndrome—are present in obese children.7

In fact, a study of severely obese 2- to 18-year-olds in
the Netherlands found that two-thirds of the children
already had at least one of the following cardiovascular
risk factors: high blood pressure, high LDL or “bad”
cholesterol, low HDL or “good” cholesterol, high total
cholesterol, high triglycerides, high fasting blood sugar,
or type 2 diabetes.8 These findings are on track with
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Figure 13-3. Girls, 2–20 years BMI chart. Source: Developed by the National Center for Health Statistics in
collaboration with the National Center for Chronic Disease Prevention and Health Promotion (2000). 

U.S. data from the National Health and Nutrition Ex-
amination Survey (NHANES) showing that about half
of overweight teens and two-thirds of obese teens have
at least one risk factor for cardiovascular disease. For
nearly 25% of the American teens surveyed, including
those at a normal weight, that risk factor is increased
fasting glucose or type 2 diabetes.9 If current trends
continue, researchers predict that the average boy born
in the year 2000 has a 33% chance of developing 
diabetes in his lifetime, while the average girl has a
39% chance.10

In addition to the severe health consequences from
obesity, an obese child is more likely to be teased, bullied,
and socially isolated than normal-weight peers. A review
spanning over 130 research articles evaluating the asso-
ciation of childhood obesity with mental health and well-
ness found that obese children have increased rates of
depression and anxiety, low self-esteem, body dissatis-
faction, disordered eating, unhealthy weight control
practices, counterproductive dietary restraint, and emo-
tional distress.11 The authors propose that weight-based
stigmatization and teasing along with preoccupation with
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Figure 13-4. Boys, 2–20 years BMI chart. Source: Developed by the National Center for Health Statistics in
collaboration with the National Center for Chronic Disease Prevention and Health Promotion (2000).

weight and size serve as the major mediators in the 
development of these mental health concern.11

Health professionals who work with youth athletes
may consider including outreach to children who are
not currently active but who may find sports and ath-
letic participation enjoyable and beneficial. More infor-
mation on childhood obesity and how to help solve the
epidemic of childhood obesity is included in Commu-
nication Strategies. 

While BMI is a commonly used method of approx-
imating body composition, as with adults, health 

professionals may consider direct measurement 
of body composition with bioelectrical impedance
analysis or skinfold measurements. Skinfold mea -
surement is the method commonly employed by
school districts to measure body composition as part
of their fitness assessment, though schools have the
option to use other methods instead (highlighted in
Box 13-1). If these methods are used, norms for chil-
dren are available at www.fitnessgram.net. For more
information on body composition assessment, see
Chapter 11.
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COMMUNICATION STRATEGIES

Childhood Obesity

It is well known that the United States faces a childhood obesity epidemic. In fact, 81% of respondents in a poll on
the topic considered childhood obesity a serious problem; two-thirds believed the problem is getting worse (cited
in Hassink et al., 2011). 

A Surge in Childhood Obesity—and Now Stabilization? 
Obesity prevalence among children has increased from 5% in the 1960s to about 17% currently. 5 Black girls and
boys (24%), Hispanic boys (23%),5 and children from lower-income communities with little access to healthy
foods and physical activity opportunities suffer the highest rates.71 Following the rapid increases in rates of obesity
over the past 30 years, the latest estimates have shown stabilization for all age groups except for teenage males,
who continue to gain. 5 The stabilization may be due at least in part to the increased attention and awareness sur-
rounding obesity, including initiatives such as the Let’s Move campaign. Still, despite the widespread attention,
obesity rates have not yet decreased for children or adults,5,72 though some studies, such as one of Massachusetts
children, show some promise with a substantial decrease in rates of obesity for boys and girls. Notably, the de-
crease was substantially smaller for the low-income children.73

As with adults, behavior-based weight loss and subsequent weight maintenance prove to be extremely 
challenging for children. In fact, obesity in childhood, especially among older children and those with the highest
BMIs, is likely to persist into adulthood.74 Social marginalization, type 2 diabetes, cardiovascular disease, and 
myriad other morbidities are real threats for overweight children during childhood and into adulthood.7

Making Changes
Alarmed by these sobering statistics, stakeholders—including health professionals from a variety of disciplines—
have responded with the development of numerous policies, programs, and interventions aimed to prevent child-
hood obesity. A Cochrane Review highlighted several areas which may help to prevent childhood obesity,
especially for children ages 6 to 12 years.75 Many of these areas are perfectly suited targets of interventions and
programs that could be designed by health professionals. 

The specific recommendations provided in the review include:
• School curriculum that includes healthy eating, physical activity, and body image 
• Increased sessions for physical activity and the development of fundamental movement skills throughout

the school week   
• Improvements in nutritional quality of the food supply in schools
• Environments and cultural practices that support children eating healthier foods and being active

throughout each day
• Support for teachers and other staff to implement health promotion strategies and activities (e.g., profes-

sional development, capacity-building activities)    
• Parent support and home activities that encourage children to be more active, eat more nutritious foods,

and spend less time in screen-based activities
While it is not easy to attain a healthier weight, with the right tools and support, children are more successful

than their adult counterparts. By improving nutrition habits and increasing physical activity, many children can
avert the harmful consequences of obesity to achieve and maintain a healthy weight. But the intervention must
begin as soon as possible. The earlier a child is identified as overweight or obese and lifestyle changes are initiated,
the more likely the child will achieve a healthier weight and enter adulthood without the burden of obesity.76

Prompt
You have decided that you would like to take a more active role in your community in addressing the epidemic 
of childhood obesity. Choose one of the recommendations to prevent childhood obesity that is outlined in the
Cochrane Review.

1. Describe how you might offer your services or develop a program to address that particular recom-
mendation.

2. Detail your approach to identifying stakeholders and reaching out to them for their involvement.
3. Describe several ways in which effective communication would be necessary for your proposed program

to be successful.
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General Nutrition Recommendations 
for Children and Adolescents
The Dietary Guidelines for Americans (www.dietaryguide-
lines.gov) recommend that, similar to adults, children
eat a diet rich in fruits, vegetables, whole grains, low-
fat and nonfat dairy products, beans, fish, and lean
meat.12 Specifically, the guidelines  and joint recom-
mendations from the American Heart Association and
the American Academy of Pediatrics13 recommend that
families choose:

• Mostly whole grains as opposed to refined sug-
ars. Brown bread, brown rice, and brown pasta
provide more nutrients than the more heavily
processed white versions. Cereal should be high
in fiber and low in sugar. 

• Ample nutrient-dense dark green and orange
vegetables, such as broccoli and carrots, rather
than disproportionate amounts of starchy veg-
etables, such as white potatoes and corn, which
contain fewer vitamins and minerals. A general
rule of thumb is, the more colorful the veg-
etable, the more nutrients it contains. 

• A variety of fruits, preferably from whole food
sources, as opposed to fruit juices. While the di-
etary guidelines still consider 100% juice as a
serving of fruit, the sugar in juice usually out-
weighs the benefit from the fruit. Even though
the sugar in 100% juice is fructose—a natural
fruit sugar—it takes about three apples to make
an 8-ounce glass of juice. That is more apple
than a child would typically eat in a day and the
juice does not contain the healthy fiber found in

the skin. Children should limit juice to no more
than 4 ounces per day.

• Oils in moderation, with an emphasis on mono-
or polyunsaturated fats instead of trans or satu-
rated fats. While fats are calorie dense, some fats
are heart healthy, particularly polyunsaturated
fats such as the omega-3 fatty acids contained in
salmon, tuna, walnuts, and a variety of fortified
products (such as milk and eggs) and other foods. 

• Low-fat or nonfat milk products in contrast to
regular whole milk products. Starting at the age
of 2 (and the age of 1 for children already over-
weight), all children should consume 2%, 1%,
or, preferably, skim milk. The higher-fat milk
contains more calories, saturated fat, and no 
additional nutritional value.

• Lean meat and bean products instead of higher-
fat meats, such as regular (75% to 80% lean)
ground beef or chicken with the skin. Lean
meats include the white meat from chicken
(breast and wings) and the leanest red meats
(typically round or loin). 

Table 13-1 provides a summary of the dietary guide-
lines for children. 

A wide gap exists between nutrition recommenda-
tions for children and what children eat. Compared to
the recent past, children and adolescents eat breakfast
less often, eat away from home more often, consume
a greater proportion of calories from snacks, eat more
fried and nutrient-poor foods, consume greater por-
tion sizes, eat fewer fruits and vegetables, ingest ex-
cess sodium, drink more sweetened beverages, and
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Box 13-1. The Presidential Youth Fitness Program

In response to prompting by the White House 2010
Task Force on Childhood Obesity to make fitness
assessment more health-based, fun, and educa-
tional for students, in 2012 the President’s Council
on Physical Fitness, Sports, and Nutrition updated
fitness standards for students. 

A measure of school-aged fitness, the voluntary
fitness tests have been administered to students every
year since 1966. Previously, students completed a
battery of fitness tests and performance was mea -
sured against age- and gender-determined norms. In
2012, the Fitnessgram was adopted. The Fitnessgram
is a tool developed by researchers at the Cooper Insti-
tute in Dallas, Texas, that evaluates performance
based on health-based standards. It includes assess-
ment in the four categories of fitness: cardiovascular
fitness, muscular strength and endurance, flexibility,
and body composition. The recommended method
for assessing body composition is with skinfold
calipers, but body mass index and bioelectrical 
impedance analysis are included as alternatives.

Instead of performance being compared to stan-
dardized norms, students are classified one of three
ways based on established age- and gender-appropriate
criteria: Healthy Fitness Zone, Needs Improvement—
Some Risk, or Needs Improvement—High Risk. Stu-
dents who score Healthy Fitness Zone in five out 
of six tests receive a Presidential Award of Fitness.
Those who do not score in the healthy zone receive
information and tools to improve fitness and 
incorporate more physical activity into their daily
routines. 

The hope is that the new classification system
will be easier for students and their parents to un-
derstand, and hopefully help to motivate children
to increase their level of physical activity and physi-
cal fitness. The Fitnessgram assessment standards
are also accompanied by a computer program that
schools can use to monitor and track progress for
individual students as well as by school. More in-
formation is available at www.presidentalyouthfit-
nessprogram.org and www.fitnessgram.net.
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consume fewer dairy products.14,15 As a result, children
and especially adolescents consume smaller amounts
of many nutrients, such as calcium and potassium,
than the recommended values.15

Children and their parents benefit from tips on how
to make healthy choices to support athletic perform-
ance. However, more so than the information, families
benefit from strategies that support them in teaching
their children how to eat healthfully (Box 13-2).

Youth Sports Nutrition

Youth athletes push themselves physically and men-
tally to achieve impressive levels of athletic perform-
ance. The high training loads create unique nutritional
demands. Children are not just “little adults” and the
rules of adult sports nutrition do not necessarily apply
to them.  

Energy Needs
A highly active youth athlete requires first and fore-
most an adequate number of calories to fuel not only
the strenuous exercise regimen but also to provide for

optimal growth and development. Athletes involved in
endurance sports, aesthetic sports like gymnastics and
cheerleading, and weight-class sports are at highest risk
of not consuming adequate calories. Typical energy
needs for children and adolescents are presented in
Table 13-2. Note that the calorie recommendations are
based on the needs of a sedentary child. Moderately ac-
tive children need up to 200 additional calories per day,
while very active children need 200 to 400 calories
more than the basic recommendations.16 The addi-
tional calories should come from nutrient-dense whole
grains, lean proteins, fruits, and vegetables.

The USDA’s Supertracker program (available at
www.supertracker.usda.gov) provides users with an in-
dividualized meal plan that can be used to help athletes
consume an optimally healthy diet including all of the
essential nutrients, such as iron and calcium, which are
deficient in many preteens and teens. This individual-
ized plan will be appropriate for most children, though
athletes who exercise more than 1 to 2 hours per day
may have higher calorie needs and should pay atten-
tion to their internal feelings of hunger and fullness to
guide their intake and inform their meal and snack
choices. 
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Table 13-1. Nutrition Needs for Children and Adolescents
1–3 YEARS 4–8 YEARS 9–13 YEARS 14–18 YEARS

Caloriesa

Female

Male

Milk/dairy

Lean meat/ 
beans/nuts/eggs

Female

Male

Fruits

Female

Male

Vegetables

Female

Male

Grains

Female

Male

a. Estimated calorie needs are based on a sedentary lifestyle. Increased physical activity will require additional calories: by 0–200 kcal/d
if moderately physically active and by 200–400 kcal/d if very physically active.

Source: Table adapted from Appendix 6, Appendix 7, and Appendix 8 of the Dietary Guidelines for Americans (2010); www.healthierus.gov/
dietaryguidelines.

1,800 

2,000–2,400

3 cups

6 oz

5 oz

6 oz

1.5 cups

2 cups

2.5 cups

3 cups

6 oz

7 oz

900–1,000

900–1,200

2 cups

2 oz

3 oz

1 cup

1 cup

1.5 cups

3 oz

1,400–1,600 

1,600–2,000 

3 cups

5 oz

6 oz

1.5 cups

2 cups

2.5 cups

5 oz

6 oz

1,200 

1,200–1,400 

2.5 cups

3 oz

4 oz

1.5 cups

1.5 cups

4 oz

5 oz
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Box 13-2. Strategies to Help Teach Families How to Implement the Dietary Guidelines

Most parents know what their children should eat,
but the challenge frequently arises in understand-
ing how to make that happen. The following strate-
gies are adapted from recommendations provided
by the American Academy of Pediatrics and the
American Heart Association.13

• Practice what is referred to as the division of respon-
sibility. That is, parents choose what foods are
available in the home and when the food can be
eaten. Children choose of the food that is offered,
what they will eat, and how much. With this ap-
proach, the parent has control over nutrient qual-
ity and snack and meal times while the child feels
a sense of control in choosing what to eat from
the food offered and also is able to use internal
feelings of hunger and fullness in deciding how
much to eat.

• Arrange for family meals. While the schedules for
families of youth athletes can often be very busy
and sometimes chaotic, committing to scheduling
family meals as frequently as possible provides

many benefits in determining the health and nu-
trition of a child’s food intake and provides an 
opportunity to strengthen the family bond.

• Teach children about food and healthful nutrition
by engaging them in choosing food at the grocery
store, preparing meals, and possibly through a
family garden, even if it is only a few herbs on 
a window sill. 

• Be a source of quality nutrition information and
actively counteract nutrition misinformation in
the media and through other sources. Teach chil-
dren and adolescents how to critically evaluate
advertisements and avoid purchases based 
exclusively on marketing or packaging tactics.

• Discuss nutrition preferences and goals with other
adults who provide food to the children such as
other family members, babysitters, carpool partici-
pants, after-school program leaders, and coaches.

• Serve as role models and lead by example.
• Promote and participate in regular daily physical

activity.

Table 13-2. Calorie Needs

The limit for empty calories is based on estimated calorie needs by age/gender group. Physical activity 
increases calorie needs, so those who are more physically active need more total calories and have a larger
limit for empty calories. The chart gives a general guide.

AGE AND GENDER ESTIMATED CALORIES FOR THOSE WHO ARE NOT PHYSICALLY ACTIVE

Total Daily Calorie Needsa Daily Limit for Empty Calories

Children 2–3 yrs

Children 4–8 yrs

Girls 9–13 yrs

Boys 9–13 yrs

Girls 14–18 yrs

Boys 14–18 yrs

Females 19–30 yrs

Males 19–30 yrs

Females 31–50 yrs

Males 31–50 yrs

Females 51+ yrs

Males 51+ yrs

a. These amounts are appropriate for individuals who get less than 30 minutes of moderate physical activity most days. Those who are
more active need more total calories and have a higher limit for empty calories. To find your personal total calorie needs and empty
calories limit, enter your information into My Daily Food Plan.

b. The limit for empty calories is higher for children 2 and 3 years old than it is for some older children, because younger children have
lower nutrient needs and smaller recommended intakes from the basic food groups. 

Source: Reproduced from www.choosemyplate.gov/weight-management-calories/calories/empty-calories-amount.html. 

1,000 

1,200–1,400

1,600 

1,800 

1,800 

2,200

2,000

2,400

1,800

2,200 

1,600 

2,000 

135b

120

120

160

160

265

260

330

160

265

120

260
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Macronutrient Considerations
Carbohydrates. While adults are advised to consume
a carbohydrate-rich food within 30 minutes of finish-
ing exercise for optimal recovery and to increase
overall protein intake to help rebuild muscles, nutri-
ent needs for children are less clear. The recom-
mended dietary allowance of carbohydrates for most
children is 130 grams per day.17 Ideally, athletes will
meet their needs from a diet rich in whole grains like
cereals, rice, pasta, fruits, and vegetables, and limited
in simple sugars. This recommended carbohydrate
amount is based on the body’s needs to provide glu-
cose for brain development and does not include the
needs for active children to replenish glucose stores.
Children metabolize sugars differently than adults
and it is not yet clear if and how much more carbo-
hydrates youth athletes need for optimal perform-
ance.18 Likewise, it is not well understood if children
involved in long-distance endurance events benefit
from carbohydrate loading the same way adults do.
Generally, most youth athletes will do well eating a
healthy, nutrient-dense diet that contains at least
50% of calories from carbohydrates.18

Protein. Children and adolescents experience peri-
ods of rapid growth, during which sufficient protein
intake is essential to support the maintenance and de-
velopment of lean body mass and other tissues. The
protein needs of children and adolescents are shown
in Table 13-3. Some evidence suggests that very active
children may have somewhat increased needs. For ex-
ample, a study of 14-year-old male soccer players
demonstrated that active adolescents require more
protein than their inactive counterparts.19 However,
most athletes spontaneously increase their caloric and
protein intake to meet these needs.20

Fat. Dietary fat intake provides energy for growth
and a source of the essential fatty acids: linoleic and
linolenic acids. Fat needs for youth athletes likely
parallel needs of inactive children, though limited re-
search is available to evaluate whether modifications
of fat intake influence athletic performance in youth
athletes. No minimal amount of fat is essential for ad-
equate nutrition, other than that which contains ad-
equate essential fatty acids to meet minimal needs
and which is necessary to ensure adequate protein,
calcium, magnesium, iron, zinc, chromium, vitamin B12,
and fat-soluble vitamin (A, D, E, K) intake. Given its
high caloric density (9 calories per gram compared to

4 calories per gram for carbohydrates and protein),
manipulation of fat intake provides a strategy to in-
crease or decrease caloric intake, depending on the
athlete’s needs. 

Micronutrient Considerations
Micronutrients serve similar functions in youth ath-
letes as they do in adult athletes (discussed in detail in
Chapter 4). Physical activity does not seem to substan-
tially increase needs for vitamins or minerals, other
than those minerals lost in large amounts in sweat,
such as sodium and chloride. An athlete’s nutritional
needs for these minerals beyond the DRI are based
heavily on extent of physical activity, amount of sweat
lost, and individual factors such as the concentration
of electrolytes in sweat (which tend to be lower in con-
centration in children and adolescents than in adults).
Unlike their sedentary counterparts, the majority of
youth athletes obtain sufficient amounts of vitamins
and minerals from their diets with two notable excep-
tions: calcium and iron.20

Sufficient calcium intake is essential for optimal
bone density and is especially important in adolescence
and early adulthood when peak bone density is at-
tained. Despite its importance, the average calcium in-
take for adolescent females is half of the recommended
1,200 milligrams per day.21 Low calcium intake during
adolescence contributes to suboptimal bone mineral-
ization and increased future risk for stress fractures and
osteoporosis.22

Iron plays a central role in the production of hemo-
globin, the molecule in the red blood cell that trans-
ports oxygen from the lungs to the working cells. It is
also an important component of myoglobin, the mole-
cule that stores oxygen in the muscle. Many biochem-
ical reactions, including many of those involved in
energy metabolism, require iron.

Iron consumed in the diet is used to meet current
needs or stored as ferritin. Inadequate iron intake in
the diet in combination with iron losses from urine,
sweat, stool, gastrointestinal bleeding, and hemolysis
resulting from intense exercise can deplete iron stores
and leave an athlete at risk for iron deficiency. Female
athletes are at further increased risk due to blood losses
with menstruation. 

While iron deficiency is not common, depleted iron
stores (as measured by low serum ferritin levels) is com-
mon, occurring in up to half of female adolescent ath-
letes.23,24 Endurance runners, swimmers, gymnasts,
volleyball players, basketball players, and tennis players
of both genders are at highest risk.23,24 While the effects
of iron depletion on performance may not be as pro-
nounced as that of iron deficiency, athletes should take
care to meet the RDA for iron of 18 milligrams per day.
Many adolescents, especially females, do not achieve this
level of intake and will benefit from nutritional coaching
to improve consumption of iron-rich foods such as red
meat, egg yolks, dark green leafy vegetables, oysters,
clams, beans, and iron-enriched grains. Excellent sources
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Table 13-3. Protein Needs of Children 
and Adolescents17

AGE PROTEIN (GRAMS/KG/DAY)

1–3 years

4–13 years

14–18 years

1.05

0.95

0.85
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of iron and the amount of iron contained in a typical
serving are shown in Chapter 4. Youth athletes may also
consider an evaluation by a physician to test for iron de-
pletion or deficiency and, when advised by a physician,
take iron supplementation.18

A table of the DRIs for micronutrients is shown in
Chapter 4.

Hydration
Driven to excel, many youth athletes push through
sports practices and games to the point of exhaustion.
While this physical exertion can benefit cardiovascular
fitness, a developing competitive spirit, and a child’s en-
joyment of the game, without appropriate attention to
hydration, youth athletes can suffer serious conse-
quences, especially when exercising in the heat.  

It is commonly taught that children have a more dif-
ficult time regulating body temperature than adults, es-
pecially in extreme environments like a hot and humid
summer day. Consequently, children are taught to pay
careful attention to consuming sufficient fluids. Fre-
quently sports drinks, energy drinks, and other fla-
vored beverages are the youth athlete’s drink of choice.
In one study, over 50% of adolescents used sports
drinks and 42% used energy drinks in the 2 weeks

preceding the survey.25 While in some cases sports
drinks (but not energy drinks) may provide benefits 
to youth athletes, in other cases the reliance on sweet-
ened beverages does little more than negate the health
benefits of exercise and contribute to the worldwide
problem of childhood obesity (see Evaluating the 
Evidence).

In an effort to avoid confusion and guide pediatricians,
coaches, parents, and youth fitness professionals, the
American Academy of Pediatrics (AAP) has published
two important articles related to optimal hydration for
youth athletes: one, a policy statement on heat stress and
exercise,26 and the other, a clinical report on sports drinks
and energy drinks for children and adolescents.27 Follow-
ing is a brief recap of the major conclusions and recom-
mendations from these reports: 

1. Contrary to previous thinking, children do not
have less effective ability to regulate body tem-
perature and tolerate high levels of physical 
exertion when exercising in the heat compared
to their adult counterparts as long as they main-
tain appropriate hydration. This conclusion is a
major departure from the previous caution that
children innately have a poor ability to regulate
body temperature. 
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EVALUATING THE EVIDENCE

When Do Sports Drinks Benefit Youth Athletes?

The American Academy of Pediatrics published a clinical report titled, “Sports Drinks and Energy Drinks 
for Children and Adolescents: Are They Appropriate?”27 (The full text of the article is available free of 
charge at www.pediatrics.aappublications.org). Table 13-4 is based on the information contained within 
the report. 

In deciding whether or not to implement findings from research studies, health professionals need to criti-
cally evaluate the research and decide whether or not the findings apply to individual clients. 

1. Based on the benefits and risks noted in Table 13-4, which children do you think are most likely to ben-
efit from sports drinks? Which children are most likely to be harmed by sports drinks?

2. In what situations do you think that the benefits of sports drinks outweigh the risks?
3. What information would you provide a mother who asks you whether or not she should encourage her

child to drink a sports drink?
4. Will this information change your practice in working with youth athletes? Why or why not?

Dental erosion

Excess calories/contribution to childhood obesity

Use tied with use of energy drinks

Displace water and milk

Table 13-4. The Benefits and Risks of Sports Drinks
BENEFITS OF SPORTS DRINKS RISKS OF SPORTS DRINKS

Rehydrate and replenish carbohydrates, 
electrolytes, and water lost during exercise

Contribute to improved athletic performance 
before, during, or after intensive exercise
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2. Proper hydration is essential for optimal health
and athletic performance. Thirst is generally a
good guide in determining intake. A more pre-
cise method of monitoring hydration status is to
weigh the child before and after exercise. The
goal is to avoid weight loss. If weighing is not
possible, the AAP suggests that consumption of
100 to 250 milliliters (approximately 3–8 oz)
every 20 minutes for 9- to 12-year-olds and up
to 1.0 to 1.5 liters (approximately 34–50 oz) per
hour for adolescents is sufficient to avoid dehy-
dration, as long as the athlete’s prehydration
status is good. Fluid needs may differ based on
heat and humidity, diet, medications, and illness
or chronic health conditions.

3. Most children and adolescents can safely partici-
pate in outdoor sports and other physically 
challenging endeavors in a variety of climates,
including warm to hot conditions. However, 
in addition to ensuring adequate hydration,
coaches, parents, and other supervising adults
need to ensure the children are allowed suffi-
cient recovery between workouts, same-day
training sessions, or rounds of sports competi-
tion; that they wear appropriate clothing, 
uniforms, and protective equipment (when nec-
essary) so as to not retain excessive heat; and
that the adults consider the child’s fitness level
and gradually (rather than abruptly) increase
exercise exertion.

4. Sports drinks play a role in ensuring appropriate
hydration and nutrition for optimal performance
in combination with water during intense and
prolonged exercise lasting more than 1 hour or
multiple strenuous workouts in a single day (more
on this in Box 13-3). However, consumption of
sports drinks for the average child engaged in rou-
tine physical activity or in place of water in the
lunchroom or at home can lead to excessive calo-
rie intake and increased risk of overweight and
dental problems. This has become an especially
widespread problem as sports drinks have replaced
soda in school vending machines and cafeterias.

5. Energy drinks—beverages containing caffeine or
other supplements in addition to carbohydrates—
should be avoided. While caffeine may provide
performance benefits for adults, its effects have
not been well studied in children. Furthermore,
it is difficult to know the true caffeine content
for many drinks. Some may contain as much 
as 500 milligrams, which is equivalent to about
14 cans of soda. A lethal dose of caffeine is
somewhere around 100 to 200 milligrams per
pound of body weight (thus, the impact of 
caffeine is most significant for younger and
lighter children), but caffeine toxicity can occur
at much smaller doses. The guidelines suggest
that parents, coaches, and schools should not
offer or allow children to drink energy drinks.
Energy drinks pose potential health risks due
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Box 13-3. Tips for Coaches: Optimizing Nutrition and Hydration for Preseason ‘Two-A-Days’ 26,77

Preseason training for many sports often consists of
two practices in one day. The sport in which this
practice is most likely to lead to problems is youth
football. The major concern is heat-related illness
and dehydration due to the high heat and humidity
during this time of year and the intense exercise. 

Here are a few tips from the American Academy
of Pediatrics, the American College of Sports Medi-
cine, and the Academy of Nutrition and Dietetics:
• Coaches, trainers, and athletes themselves need to

be well informed of the risks and hydration needs
of working out in a hot, humid environment.

• When athletes engage in vigorous physical activ-
ity in hot environments, trained personnel who
can identify and treat heat-related illness need to
be easily accessible.

• Athletes need the opportunity to safely adapt to
the intensity and heat through acclimatization, a
process that usually takes about 10 to 14 days of
gradually increasing intensity, heat, and equip-
ment use. 

• Fluid should be readily accessible and athletes
should be sure to stay well hydrated during 

activity. When repeated practices are held in 
the same day or during very intense or pro-
longed exercise, athletes should have access 
to sports drinks that are high in sodium (most
sports drinks do not contain a high enough 
concentration of sodium for optimal electrolyte
replenishment when there is a high rate of
sweat loss). 

• Exercise intensity should be modified during very
hot or humid days.

• Athletes should limit or avoid exercise if they are
currently ill or have recently suffered a febrile, 
diarrheal, or vomiting illness, as risk of dehydra-
tion is high.

• At least 2 hours or more are scheduled between
two-a-day practices in hot or humid weather to
allow for sufficient recovery and rehydration. 

• For serious athletes, consumption of a high-
carbohydrate snack (approximately 0.5 g/lb 
body weight) within 30 minutes of exercise and
then every 2 hours for 4 to 6 hours will help to
replenish glycogen stores.
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mostly to their stimulant (caffeine) content and
are never safe for children.

Working With Youth Athletes 

Children and adolescents face unique nutritional
challenges due to periods of rapid bone growth, other
maturational changes associated with the onset of
puberty, a dependence on adults to ensure their well-
being, and emerging independence as adolescents.
Adapting to these changes may be most pronounced
for youth athletes, especially those who engage in in-
tensive training or weight-conscious sports. Ultimately,
any health professional who works with children or
adolescent athletes should become knowledgeable
about the unique considerations for this population
and avoid treating children and adolescents as if they
are little adults.

S P E E D  B U M P
1. List at least three special considerations when

working with youth athletes.
2. Describe the role of sports and energy drinks in 

a youth athlete and a typical child’s hydration 
regimen.

NUTRITION FOR ACTIVE PREGNANT 
AND LACTATING WOMEN

The American College of Obstetricians and Gynecolo-
gists advises pregnant women to become or remain 
active during pregnancy.28 Pregnant women already
engaging in intensive activity such as running may
continue to do so throughout pregnancy.29 While be-
ginning an intensive exercise program during preg-
nancy probably is not advisable, starting a low- to
moderate-intensity program or maintaining an exercise
regimen throughout pregnancy and up until the birth
of a child is generally considered to be safe and advan-
tageous to both mother and developing infant. This is
especially the case as a growing number of women
struggle with excessive weight gain during pregnancy.
General recommendations and considerations related
to exercise during pregnancy are shown in Box 13-4. 

As with all athletes, optimal nutrition is essential to
fuel optimal performance. For pregnant women, it is
especially critical to provide both mother and infant the
necessary calories and nutrients needed for growth and
development. As a lactating woman returns to exercise
after giving birth to a child, attention to nutrition and
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Box 13-4. Exercise During Pregnancy

Exercise during pregnancy provides numerous ben-
efits to both expectant mothers and their fetuses.
For the mothers, exercise improves fitness, prevents
urinary incontinence and back pain, and lessens
swelling and constipation. It improves energy,
mood, and sleep; promotes muscle strength and 
endurance; helps to prevent risk of gestational 
diabetes; and promotes a faster labor.29,78 Further-
more, women who are more active during preg-
nancy are more likely to continue their commitment
to physical activity once their infants are born.78

Infants of exercising mothers tolerate the stress 
of labor better and are more alert and less 
irritable immediately after delivery. Exercise is 
not associated with decreased birth weight or
preterm delivery.78

Health professionals who work with pregnant
women should encourage them to discuss their
physical activity regimen and goals with their ob-
stetrician. Few absolute contraindications to exer-
cise during pregnancy exist; however, women at
high risk of complications should be identified early
and managed appropriately by their obstetrician.
Most sports can be continued during pregnancy,
but downhill skiing, contact sports (e.g., hockey,
basketball, and soccer), sports with increased risk 
of falling (e.g., gymnastics, water skiing, mountain
biking, and horseback riding), and scuba diving are
specifically discouraged by the American College 
of Obstetricians and Gynecologists.29

EXERCISE RECOMMENDATIONS
Exercise recommendations for women during preg-
nancy are based on the woman’s pre-pregnancy 
exercise regimen and gestational age, as shown in
Table 13-5.

All pregnant women should use their own 
feelings of comfort in guiding exercise during
pregnancy. Likewise, exercise should be termi-
nated immediately if a woman develops vaginal
bleeding, dizziness or feeling faint, increased
shortness of breath, chest pain, headache, muscle
weakness, calf pain or swelling, uterine contrac-
tions, decreased fetal movement, or leakage 
of fluid.29

NUTRITION AND HYDRATION
CONSIDERATIONS WHEN EXERCISING
DURING PREGNANCY
Pregnancy increases nutritional and fluid demands.
Further, women at risk of becoming overheated dur-
ing exercise, in particular those exercising at a very
high intensity or in hot and humid environments,
are at increased risk of fetal distress. To avoid nega-
tive effects of exercise, pregnant women should:
• Pay particular attention to hydration status and

ensure appropriate fluid intake.
• Consume increased calories to support physical ac-

tivity in addition to fetal growth. Avoid prolonged
periods of exercise without carbohydrate intake.

• Avoid exercise in hot, humid weather or when ill
with a fever.
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Table 13-5. Exercise Recommendations During Pregnancy28,78

GESTATIONAL AGE FREQUENCY INTENSITY (RPE)a TIME TYPE

Previously Sedentary, Overweight, or Obese

1–6 weeks

6–26 weeks

27–40 weeks

Throughout

Previously Healthy and Active

1–6 weeks

6–26 weeks

27–40 weeks

Throughout

a. RPE = rating of perceived exertion. This is a scale to monitor intensity based on the exerciser’s perception of intensity. The scale
ranges from 6–20, 6 = no exertion, 13–14 = somewhat hard, 15–16 = hard, 17–18 = very hard, 19 = extremely hard, 20 = maxi-
mal exertion.

Aerobic, large mus-
cle groups (e.g., 
stationary cycling,
swim, walk, jog)

Muscular 
strengthening

Aerobic, large mus-
cle groups (e.g.,
stationary cycling,
swim, walk, jog)

Muscular strength-
ening; avoid free
weights, do not lie
on back

Approx 30 min 
moderate or 60 min
light most days

Approx 45 min 
moderate or 90 min
light most days

Approx 30 min 
moderate or 60 min
light most days

8–10 exercises

Approx 45 min
moderate or 30 min
moderate-vigorous
most days 

Approx 60 min
moderate-vigorous
or 40 min vigorous
most days

Approx 30 min
moderate-vigorous
most days

8–10 exercises

Most, if not 
all (at least 
3–5 days per
week)

1–2 days

4–6 days per
week

1–2 days

12–15

15–16

13–14

1–2 sets

13–15

15–16

14–15

15–20 
repetitions
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hydration is necessary to support continued breastfeed-
ing and a smooth transition back into a regular, and
sometimes intensive, fitness training regimen.

Nutrition for Pregnancy

Good nutrition habits during pregnancy optimize ma-
ternal health and reduce the risk for some birth defects,
suboptimal fetal growth and development, and chronic
health problems in the developing child.30

The key components of a health-promoting lifestyle
during pregnancy include: 

• Appropriate physical activity. Pregnant women
should aim to incorporate at least 30 minutes 
or more of moderate-intensity physical activity

appropriate for pregnancy on most, if not all,
days of the week.30

• Consumption of a variety of foods and calories in 
accordance with the Dietary Guidelines for 
Americans. The USDA’s MyPlate and Super-
Tracker websites offer specialized guidance for
optimal nutrition for pregnant and lactating
women (www.choosemyplate.gov and www
.supertracker.usda.gov). In general, women do
not have increased caloric needs until the sec-
ond trimester, at which time needs increase by
about 300 calories per day. The typical woman
needs an additional 450 calories above baseline
in the third trimester.30 Notably, caloric needs
vary considerably among women, with one

Box 13-4. Exercise During Pregnancy—cont’d
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study finding a range of 25 calories to 800 calo-
ries more than pre-pregnancy.31

• Appropriate and timely vitamin and mineral intake
or supplementation. Pregnant women need 
600 �g of folic acid daily from fortified foods or
supplements in addition to food forms of folate
from a varied diet.30 Folic acid reduces the risk
of neural tube defects if taken prior to concep-
tion through the sixth week of pregnancy and
may reduce birth defects if taken later in preg-
nancy. Many pregnant women suffer from iron-
deficiency anemia and may benefit from iron
supplementation. The DRIs for pregnancy and
lactation are included in Chapter 4. Vitamins
and minerals that are needed in larger quanti-
ties during pregnancy and lactation are high-
lighted in Table 13-6. A woman considering
pregnancy should consult with her primary care
physician prior to becoming pregnant to discuss
vitamin and mineral supplement needs. If this is
not possible, a visit as soon as pregnancy is sus-
pected or confirmed is advisable.

• Avoidance of alcohol and tobacco. The Centers for
Disease Control and Prevention urges pregnant
women not to drink alcohol any time during
pregnancy. Alcohol passes readily through the

296 SECTION 4: SPORTS NUTRITION FOR SPECIAL POPULATIONS

placenta and can cause a variety of problems to
an exposed fetus including learning disabilities;
low IQ; poor judgment; problems with the
heart, kidney, or bones; and many others. Risks
of smoking during pregnancy include abnormal
implantation of the placenta, prematurity, 
miscarriage, certain birth defects (such as some
heart defects and cleft lip/palate), and sudden
infant death syndrome.32

• Safe food handling. Pregnant women and their 
fetuses are at higher risk of developing food-
borne illness and should take extra precautions
to prevent consumption of contaminated foods
by avoiding:
• Soft cheeses not made with pasteurized milk
• Deli meats, unless they have been reheated to

steaming hot
• Raw or unpasteurized milk or milk products,

raw eggs, raw or undercooked meat, unpas-
teurized juice, raw sprouts, and raw or un-
dercooked fish

• Cat litter boxes
• Handling pets when preparing foods
• Shark, swordfish, king mackerel, or tilefish.

Pregnant women can safely consume 
12 ounces or less of fish or shellfish per week,

Table 13-6. Nutrient Needs That Increase During Pregnancy and Lactation, Females 19–50 years
NUTRIENT NONPREGNANT PREGNANCY LACTATION

Carbohydrate (g/d)

Fiber (g/d) 

Linoleic acid (g/d)

Linolenic acid (g/d)

Protein (g/d)

Vitamin A (ug/d)

Vitamin D (ug/d)

Vitamin E (mg/d)

Vitamin K (ug/d)

Thiamin (mg/dl)

Riboflavin (mg/d)

Niacin (mg/d)

Pantothenic acid (mg/d)

Biotin (ug/d)

Vitamin B6 (mg/d)

Folate (ug/d)

Vitamin B12 (ug/d)

Vitamin C (mg/d)

Choline (mg/d)

Sodium (g/d)

210

29

13

1.3

71

1,300

(5)

19

(90)

1.4

1.6

17

7

35

2.0

500

2.8

120

550

(1.5)

175

28

13

1.4

71a

770

(5)

15

(90)

1.4

1.4

18

6

30

1.9

600

2.6

85

450

(1.5)

130

25

12

1.1

46

700

(5)b

15

(90)

1.1

1.1

14

5

30

1.3

400

2.4

75

425

(1.5)
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provided that it is low in mercury, such as
shrimp, canned light tuna, salmon, pollock,
and catfish. Consumption of albacore tuna
should be limited to 6 ounces or less per week.

Physiology of Pregnancy and Changes 
in Nutritional Needs
From implantation, a pregnant woman’s body adapts to
meet the demands of the developing embryo and create
the most favorable environment for a growing baby. In
fact, the function of nearly every organ system of the
body is affected by the pregnancy. The cardiovascular sys-
tem responds by working more efficiently and pumping
out more blood per beat to better supply tissues with
oxygen. Blood volume also increases drastically during
pregnancy. This causes the normal phenomena of preg-
nancy-induced anemia because the increase in red
blood cell production is not as rapid or complete as the
increase in blood volume. The rapid blood volume in-
crease that usually occurs near the end of the first
trimester is also responsible for the lightheadedness and
dizziness that some women may experience. Blood levels
return to normal near the end of the second trimester.

In an effort to rid the developing fetus of carbon
dioxide and provide the pregnant woman with suffi-
cient oxygen to add tissue mass to the uterus and
breasts, the pregnant woman breathes more deeply
and increases her respiratory rate slightly. The kidneys
must work harder to excrete fetal and maternal waste.

With the growing uterus applying pressure on the
bladder, the pregnant woman needs to urinate more
frequently. The gastrointestinal system undergoes the
most noticeable pregnancy-induced changes. These 
include increased appetite, nausea and vomiting, de-
creased motility and slowing of digestion, changes in
sense of taste, increased nutrient absorption, heartburn-
causing reflux, and constipation.

Many of the physiological changes associated with
pregnancy are due to a hormonal influx, with many
different hormones secreted throughout gestation. At
conception, the embryo begins producing human
chorionic gonadotropin. This hormone is thought to be
largely responsible for the early pregnancy changes
such as a missed period, morning sickness, and tender
breasts. Near the end of the first trimester, the placenta
begins taking over hormone production. Progesterone,
which is at its highest levels in the early months of
pregnancy, causes relaxation of smooth muscles and is
responsible for the stretching of the uterus as well as
many of the changes to the gastrointestinal system. It
also induces maternal fat deposition. Estrogen, which
rises sharply near the end of pregnancy, promotes the
growth and function of the uterus and is responsible
for fluid retention and swelling often experienced in
the third trimester.  Hormonal changes also help main-
tain nutrient flow to the fetus and promote mammary
development, which later becomes important for
breastfeeding.
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Table 13-6. Nutrient Needs That Increase During Pregnancy and Lactation, 
Females 19–50 years—cont’d

NUTRIENT NONPREGNANT PREGNANCY LACTATION

Potassium (g/d)

Chloride (mg/d)

Calcium (mg/d)

Phosphorus (mg/d)

Magnesium (mg/d)

Iron (mg/d)

Zinc (mg/d)

Selenium (ug/d)

Iodine (ug/d)

Copper (ug/d)

Manganese (mg/d)

Fluoride (mg/d)

Chromium (ug/d)

Molybdenum (ug/d)

Total water (L/D)

a. Increased protein needs during pregnancy are only for the second half of pregnancy. Needs are the same as nonpregnant women in
the first half.

b.( ) indicates that needs do not change during pregnancy or lactation.

5.1

(2.3)

(1,000)

(700)

310/320

9

12

70

290

1300

2.6

(3)

35

50

3.8

4.7

(2.3)

(1,000)

(700)

350–360

27

11

60

220

1000

2.0

(3)

30

50

3

4.7

(2.3)

(1,000)

(700)

310/320

18

8

55

150

900

1.8

(3)

25

45

2.7
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Beginning by about the fourth month of pregnancy,
maternal metabolism increases until it is 15% to 20%
above baseline by time of delivery.33 This leads to in-
creased hunger and caloric intake. Metabolism returns
to nonpregnant levels by 1 week postpartum if the
new mother does not breastfeed. The increase in
caloric intake is essential during pregnancy to meet all
of the changing needs of the various organ systems as
well as to provide adequate fuel and nutrition to the
developing fetus. Conscientious nutritional choices
during the 40 weeks of pregnancy help the woman’s
body function optimally to meet the increasing de-
mands of pregnancy and prepare for the birth of a
strong and healthy baby.  

General Nutrition Considerations
Pregnant women, especially those with unique nutri-
tional needs, such as competitive athletes or those with
underlying medical conditions, may benefit from con-
sultation with a registered dietitian or other qualified
professional to develop an individualized nutritional
care plan. But the fulfilling task of sharing nutrition in-
formation with pregnant women is not limited to li-
censed nutritionists. In fact,  health professionals from
a range of disciplines can help assure that pregnant
clients are aware of the major nutritional considera-
tions during pregnancy.

A first question that many women will ask is: “How
much weight should I gain?” The Institute of Medicine
(IOM) weight gain recommendations are shown in
Table 13-7. Too little weight gain often leads to low birth
weight, while too much is associated with macrosomia,
or excessive birth weight greater than about 9 pounds.
Excessive gestational weight gain is also associated with
childhood obesity in the infant (Box 13-5). Of total
weight gain, the fetus weighs about 7 to 8 pounds, the
placenta and amniotic fluid 3 to 4 pounds, tissue fluid
5 to 6 pounds, enlargement of the uterus 2 to 3 pounds,
and maternal fat stores 5 to 8 pounds. An obstetrician
will provide further information about healthful weight
gain as well as an individualized assessment of each
woman’s situation. 

While it is often said that a pregnant woman is “eat-
ing for two,” energy needs during pregnancy increase
by an average 300 calories per day from nonpregnant
needs throughout the second and third trimesters29

(see Myths and Misconceptions). Importantly, it is not
only the quantity of calories that must be increased, it
is also the quality of the foods that are eaten.  While an
occasional ice cream dessert or extra serving of a calorie-
dense side dish can be part of a healthful eating plan
when consumed in moderation, an overall balanced,
nutrient-dense, and healthy diet will assure adequate
intake of nutrients that are vital for a healthy preg-
nancy and growing baby.

A healthy nutrition plan in pregnancy begins with
eating small, frequent meals. Three meals are best re-
placed by five small meals per day including breakfast,
lunch, an afternoon snack, dinner, and a bedtime
snack. Pregnant women should avoid fasting (longer
than 13 hours) and never skip breakfast due to a risk
of ketosis, an increased acidity of the blood that can
lead to a heightened increased risk of preterm delivery.
Importantly, dieting is never healthy during pregnancy.
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Table 13-7. Pregnancy Weight Gain 
Recommendations87

PREPREGNANCY RECOMMENDED 
BMI WEIGHT GAIN

Underweight 
(BMI <18.5)

Normal weight 
(BMI 18.5–24.9)

Overweight 
(BMI 25–29.9)

Obese (BMI >30)

28–40 pounds 
(12.7–18.2 kg)

25–35 pounds 
(11.4–15.9 kg)

15–25 pounds 
(6.8–11.4 kg)

11–20 pounds 
(5–9.1kg)

Myths and Misconceptions
Pregnant Women Need to “Eat for Two”
The Myth 
Pregnant women need to nearly double their nu-
tritional intake—after all, they are eating for two!

The Logic
Nutritional needs during pregnancy increase
substantially to support the growth and devel-
opment of a growing fetus. Metabolic rate in-
creases, hunger increases, and micronutrient
needs increase. All of these increases should 
require a pronounced increase in caloric 
needs. Active women who are expending large
amounts of energy from exercise need to com-
pensate with large caloric intakes in order to
also support a growing fetus.

The Science
It is true that metabolic rate and caloric needs
increase with pregnancy. While the extent of
increase varies substantially among women,
the typical increased need is minimal in the
first trimester and from 300–450 calories there-
after.33 That is equivalent to a glass of milk and
a peanut butter sandwich. This increase is only
about 15% more than pre-pregnancy caloric
needs. Women who are very physically active
during pregnancy should be careful to monitor
weight to ensure appropriate weight gain, 
but many women overcompensate during
pregnancy, consuming many more calories
than the body needs for appropriate growth
and development.
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Box 13-5. Childhood Obesity That Begins at Conception

A growing body of research points to the role of the
prenatal environment on later health outcomes for
children, especially when it comes to the propensity
to gain weight. A retrospective study of 10,000 babies
found that risk of overweight by age seven was 48%
higher for babies whose mothers had excessive preg-
nancy weight gain, even after accounting for numer-
ous potential confounders.79 Other studies found
similar results for preschoolers80 and adolescents.81

The authors of these studies suggest several po-
tential explanations for the relationship between
excess pregnancy weight gain and childhood obe-
sity, but none are certain. To start, it may just be
that mothers who gain too much weight during
pregnancy share the same obesity-promoting ge-
netic make-up and dietary and activity preferences
as their children. While certainly this plays some
role, the relationship between too much preg-
nancy weight gain and childhood obesity holds
even for mothers who started pregnancy under-
weight or at a normal weight. In fact, the effects 
of excessive weight gain are most pronounced for
underweight mothers. It probably has a lot to do
with blood sugar, which tends to be elevated in
women who gain too much weight, whether or
not they end up developing gestational diabetes.
Glucose passes the placenta but insulin does not.
When the fetus experiences the elevated blood
sugar, the pancreas must secrete more insulin to
normalize blood sugar levels. Insulin itself is a
growth factor, causing a fetus to be larger. It also
may initiate a hormonal cascade which leads to 
increased appetite and weight gain in childhood,
adolescence, and adulthood. 

TAKING ACTION
Both an expecting mother and her developing baby
can benefit from lifestyle changes the mother
makes during pregnancy.
Curb Excessive Weight Gain
Perhaps the most important action a pregnant
woman can take is to optimize her nutrition and
physical activity to avoid excessive weight gain. 
A pregnant woman needs about 300 extra calories
to support a developing baby—a little less in the
first trimester and more in the third. An expecting
mother should let hunger be her guide in deter-
mining how much to eat, but she should also keep
an eye on the scale to prevent excessive weight
gain. If she is gaining too little or too much, she
should pay careful attention to her nutrition and
physical activity habits. 

The research to date is insufficient to guide 
obstetricians and expecting women with proven

strategies to prevent excessive weight gain.82

Women may be most likely to gain an appropriate
amount of weight by following the basic principles
for weight management for the general population:
balance calories in with calories out. This comes
from a well thought-out nutrition and activity plan.

Food Choices
For optimal maternal health and growth of the
baby, the federal government recommends an indi-
vidualized Daily Food Plan for Moms (check out
www.choosemyplate.gov or www.supertracker
.usda.gov). The following general guidelines should
set the stage for a healthy pregnancy and appropri-
ate weight gain:
• Eat five small meals per day including breakfast,

lunch, an afternoon snack, dinner, and a bedtime
snack. 

• Focus on fruits, vegetables, whole grains, and
high-calcium foods to meet micronutrient (vita-
min and mineral) needs. Most obstetricians also
recommend a prenatal vitamin with folic acid.

• Meet increased protein needs through a varied diet
high in nutrient-dense foods and lean proteins.

• Eat low-mercury fatty fish twice per week. Some
research suggests that fish oils (omega-3s) may
enhance pregnancy duration and improve the
baby’s later cognitive, visual, and cardiovascular
development. 

• Leave a little room to satisfy cravings, but try to
limit “empty” calories (food without much nutri-
tional value).

Physical Activity
The American College of Obstetricians and Gynecol-
ogists (ACOG) recommends that otherwise healthy
pregnant women engage in at least 30 minutes of
moderate-intensity exercise on most if not all days
of the week.83 To expound on these guidelines,
ACOG endorsed clarification presented by Zavorksy
and Longo which was published simultaneously in
the journals Sports Medicine84 and Obstetrics and 
Gynecology85. 

A woman who is physically active during her
pregnancy may improve the cardiovascular health
of her baby as well as improve her own health 
and well-being. According to one study, babies of
mothers who were physically active had lower
heart rates and greater heart rate variability at 
36 weeks’ gestation86.

While mass efforts are underway to shape the
nutrition and activity behaviors of school-age chil-
dren, the most successful interventions to optimize
maternal and child health may be the ones that
start at conception. 
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While an abundance of fruits, vegetables, whole
grains, and high-calcium foods are key throughout
pregnancy, other nutrition recommendations are best
understood in the context of the stage of fetal growth
and development, which by convention is divided into
pregnancy trimesters and postpartum lactation.

The First Trimester (Weeks 0–12)
Hormonal changes in early pregnancy cause nausea,
vomiting, fatigue, stress, and other discomforts in the
first trimester for many pregnant women. For the baby,
the first trimester is the most critical period for future
health. It marks the time of implantation, organ devel-
opment, and rapid growth. It is when good nutrition is
paramount and, for many, especially for those women
plagued by relentless morning sickness, nearly impos-
sible. Weight gain may be nonexistent or up to about 
1 pound per month in the first trimester.

Assuring Adequate Nutrient Intake: The Best Foods and
the Prenatal Vitamin as Insurance. While maintaining op-
timal nutrition through healthful food choices such as
fruits, vegetables, dairy products, and whole grains is
ideal, when this is not guaranteed, the CDC advocates
that the most important goal for a future mother early
in the first trimester (and ideally long before conception)
is to take a prenatal vitamin every day (see www.cdc
.gov/ncbddd/folicacid for more information). Among a
variety of other nutrients, a prenatal vitamin should
contain at least 400 mcg of folic acid. Adequate folic acid
intake prevents about 60% of neural tube defects like
spina bifida and anencephaly, which are devastating
neurological abnormalities that result from an improp-
erly formed spinal cord.34 The vitamin prevents the de-
fects if initiated by the first several weeks of pregnancy,
as the neural tube closes within 3 weeks of conception.
Generous consumption of dark green, leafy vegetables;
fortified cereals; and fruits like oranges and strawberries
may provide enough folate, but a prenatal vitamin elim-
inates the guesswork and assures sufficient intake.
While a fairly simple and inexpensive insurance policy
against severe neurological defects, according to CDC
data only 40% of women of child-bearing age take the
supplement (www.cdc.gov/folicacid). Importantly, ve-
gans should also consider a vitamin B12 supplement or
ensure adequate intake through fortified foods, as a de-
ficiency in this vitamin can also contribute to neural
tube defects.

Iron is another important component of the prena-
tal vitamin. The Centers for Disease Control and Pre-
vention recommend that all pregnant women take a
low-dose iron supplement containing 30 milligrams
per day, as many women have difficulty maintaining
iron stores during pregnancy.35 Though it has not been
well-established that all women need an iron supple-
ment, supplementation is generally not associated
with health risks and it helps women to maintain iron
stores during pregnancy. Very athletic women, espe-
cially those who engage in extensive endurance train-
ing during pregnancy, may be at highest risk for iron

deficiency. Pregnant women should aim to get the rec-
ommended 27 milligrams of iron per day from food
sources and supplementation, in consultation with
their physician. Excellent food sources of iron include
lean red meat, fish, poultry, beans, dried fruits, and
iron-fortified cereals. Consumption of vitamin C with
iron increases iron absorption. The vitamin C can be
in the form of food or a supplement. 

Calcium intake is also important throughout preg-
nancy. The developing fetus builds its bones through
available calcium in the maternal bloodstream. In the
fetus, calcium is also used to conduct nerve impulses
and build a strong heart and muscles. Similar to other
nutrients, the fetus receives access to circulating nutri-
ents first. If calcium intake is not adequate, maternal
bone strength is at risk. Because calcium absorption is
increased during pregnancy, calcium needs in pregnant
women are similar to nonpregnant women—about
1,000 to 1,200 milligrams per day—the equivalent of
about three to four glasses of milk per day. Adequate
calcium intake may also help prevent pregnancy-
induced high blood pressure and preeclampsia.36 Suf-
ficient calcium intake is best gained through food
sources such as dairy products, fortified foods and
juices, and cooked spinach or broccoli. However, if nec-
essary, a calcium supplement may also help to meet
needs. Vitamin D intake is also important as it aids in
calcium absorption.

Prenatal vitamins also provide other vitamins and
minerals important in early pregnancy.  However, the
vitamin should act more as “insurance” than as the pri-
mary source of nutrition. In some cases it is also possi-
ble to have too much of a good thing.  For instance,
consumption of greater than 10,000 IU of vitamin A in
early pregnancy can cause birth defects. Health profes-
sionals should encourage pregnant women to discuss
supplement needs with their obstetrician.

Substances Potentially Harmful in the First Trimester.
A precaution throughout pregnancy and especially
during the first trimester when the baby’s organs de-
velop is to avoid alcohol consumption. Certainly, many
women do not know that they are pregnant from the
first day of conception and may have had a glass of
wine or beer early in the pregnancy. Most research sug-
gests that this will not cause serious birth defects, and
in fact, in the first 2 weeks following conception, many
defects are “all or none,” meaning that the fetus will
either miscarry or develop normally.37 However, risks
increase substantially depending upon the amount of
alcohol consumed, and no safe level of alcohol con-
sumption during pregnancy has been established. 
Because alcohol-induced problems such as mental 
retardation, learning disabilities, and fetal alcohol 
syndrome and its associated birth defects are entirely
preventable with abstinence, and it is unknown at
what amount of alcohol intake damage occurs, alcohol
should be avoided entirely throughout pregnancy.38

Caffeine is also a potentially dangerous substance
during pregnancy, particularly at high doses. Caffeine
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readily crosses the placenta (which develops at the end
of the first trimester) and can affect fetal heart rate and
breathing. Caffeine is hypothesized to cause an increase
in risk of miscarriage, sudden infant death syndrome,
low birth weight, and possibly congenital anomalies or
birth defects at very high doses. However, a Cochrane
Review evaluating the available randomized controlled
trials determined that there is insufficient high-quality
research to determine whether or not caffeine has an
effect on pregnancy outcome.39 A subsequent observa-
tional study of 60,000 pregnancies over a period of 
10 years found no link between caffeine and preterm
birth, but it did find a link between caffeine intake and
decreased birth weight. A child expected to weigh about
8 pounds who was exposed to caffeine weighed three-
quarters of an ounce to an ounce less in birth weight
for each 100 milligrams of average daily caffeine intake
from all sources by the mother.40 While the research is
inconclusive and no one fully understands the true risks
of caffeine consumption, most experts recommend lim-
iting caffeine consumption to no more than two cups
of coffee or six cans of soda per day (200 mg).41

The Second Trimester (Weeks 13–26)
Often known as the “honeymoon” of pregnancy, many
women feel better and develop somewhat of a vora-
cious appetite during the second trimester. While this is
true for many women, it is not uncommon for the first
trimester symptoms such as morning sickness and fa-
tigue to long outlast the crossover from week 12 to
week 13. For the majority of women who do experi-
ence relief, the second trimester provides an opportune
time to commit or recommit to an exercise program. By
week 20, most women will become visibly pregnant.

Second trimester weight gain is about 1 pound per
week, though actual gain varies considerably among
women. This is a period of rapid fetal growth leading to
increased maternal nutritional needs of about 300 calo-
ries per day. Protein is especially important to help in
the development and growth of the fetus’ vital organs.
In fact, protein needs increase from about 46 grams pre-
pregnancy to about 70 grams during pregnancy.17 The
second trimester also may be a good time for women to
increase omega-3 fatty acid intake either from foods
(such as salmon or other fatty fishes) or a DHA supple-
ment. Research suggests that fish oils may enhance
pregnancy duration and improve the baby’s later cog-
nitive, visual, and cardiovascular development, and 
reduce allergic disease.42

Pregnant women are encouraged to meet increased
nutritional needs through a varied diet high in nutrient-
dense foods such as fruits, vegetables, whole grains,
and lean proteins.  Food cravings can also manifest dur-
ing this time. Many believe that cravings may signify a
nutrient deficiency. For example, craving meat may
function to increase iron intake, whereas craving non-
food substances such as dirt and paper may be a sign
of generalized malnutrition that needs medical atten-
tion. More typical cravings may be for ice cream or fast

food. While these indulgences are acceptable in mod-
eration, pregnant women are encouraged to meet in-
creased caloric needs through healthful foods and also
be aware that energy needs do not increase that sub-
stantially during pregnancy. Excess calories consumed
beyond those needed will be readily stored as fat.

The Third Trimester (Weeks 27–40)
The nutritional needs of the fetus are most pronounced
during the third trimester. Approximately 50% to 70%
of the calories required by the fetus are derived from
glucose, 20% from protein, and the remaining from 
fat. In order to maximize glucose availability to the
fetus, the maternal energy source is primarily fat.33

During this trimester it is especially important to con-
sume carbohydrates regularly throughout the day to
provide an adequate supply of glucose to the fetus.
Weight gain is about 1 pound per week. By the end of
the third trimester, total weight gain should be in ac-
cordance with the IOM recommendations shown in
Table 13-6.

Nutrition for Lactation

Prior to a child’s birth, most women will decide whether
they plan to breastfeed. Breastfeeding provides optimal
nutrition and health protection for the first 6 months 
of life. From 6 to 12 months, breastfeeding combined
with the gradual introduction of solid foods is optimal.
Breastfeeding is nature’s perfect source of nutrition for
a newborn, providing the ideal nutrient mix, increased
protection against a variety of infections, increased
bonding, higher IQ, stronger bones, and many other
benefits.43 All mothers who are motivated and capable
to breastfeed are highly encouraged to do so, not only
for the significant benefits to the child, but also for ma-
ternal benefits, which include accelerated postpartum
weight loss, decreased risk of breast and ovarian cancer,
increased bonding, and decreased cost, among other
maternal benefits.43

Women who breastfeed require approximately 500
additional calories per day for weight maintenance.43

Thus, breastfeeding generally quickens postpartum
weight loss. Health professionals can help women re-
turn to pre-pregnancy weight by reinforcing the posi-
tive nutrition changes made during pregnancy, such as
increased fruit, vegetable, and whole-grain consump-
tion. Referral to a registered dietitian may be warranted
if the woman requests or requires more extensive nu-
tritional intervention such as meal planning. Also,
health professionals should facilitate entry or re-entry
into a regular physical-activity program.

Special Considerations for 
Pregnant and Lactating Athletes

Recommendations for optimal nutrition during preg-
nancy and lactation generally apply to athletes. To date,
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no organizations have published position statements or
practice guidelines specifically related to nutrition for
pregnant and lactating athletes. However, several con-
siderations are worthy of special mention, as athletes
may be at higher risk for inadequate intakes or other
potential undesirable outcomes.

• Energy intake. Endurance athletes and other ath-
letes who expend large amounts of energy dur-
ing training should pay particular attention to
energy intake and ensure appropriate weight
gain. Athletes who engage in aesthetic sports or
who may otherwise consider energy restriction
should be advised against dieting or caloric re-
striction. Athletes who have concerns about 
ensuring adequate caloric intake should seek
consultation from a nutrition professional who
will help to develop a healthful nutrition plan
during pregnancy.

• Nutrient intake. Female athletes are at increased
risk of certain nutritional deficiencies com-
pared to the general population, especially 
calcium and iron. Pregnant women also are at
increased risk of inadequate calcium and iron
intake, vitamin B12 in vegans, and folic acid.
Due to the “double risk,” pregnant athletes
should pay particularly careful attention to
meet needs for calcium and iron, as well as
other nutrients of special importance during
pregnancy.

• Caffeine and supplements. Because the effects of
many ergogenic supplements on a developing
fetus are unknown, pregnant athletes should
avoid taking supplements, other than the stan-
dard vitamins mentioned above, in the quanti-
ties recommended by the CDC or a personal
obstetrician. Large doses of caffeine, while 
potentially beneficial for athletic performance,
may be detrimental to a developing fetus. Lac-
tating women should also pay careful attention
to supplement intake as some pass into breast
milk and may induce undesirable effects in 
the infant.

• Breast milk production. A lactating athlete faces
unique challenges in maintaining breastfeeding
in the midst of a strenuous training program. 
In order to maintain adequate milk supply, the
athlete should pay special attention to hydra-
tion status and ensuring appropriate water and
other liquid intake during training as well as
throughout the day. While each woman will
find a solution that works best with her sched-
ule, frequent breastfeeding or pumping also
supports continued milk production. Athletes
who will engage in a prolonged training work-
out or competition will benefit from breastfeed-
ing and pumping immediately prior to exercise
to minimize risk of engorgement and leakage
during training.

S P E E D  B U M P
3. List the nutrients that require increased intake 

during pregnancy and lactation. Among those, 
describe which ones are most likely to be 
suboptimal in pregnant and lactating athletes.

4. Explain why and how much caloric needs change
during pregnancy and lactation. 

NUTRITION IN AGING

Optimal nutrition choices are important for successful
aging, which Rowe and Kahn initially defined as “the
ability to maintain a low risk of disease, high mental
and physical function, and active engagement in life.”44

While nearly 80% of older adults have one chronic dis-
ease or disability and half have at least two (www.cdc
.gov/aging), attention to nutrition and activity and
avoidance of smoking play a significant role in staving
off illness and disease and keeping older adults healthy,
independent, and in their homes. In fact, older adults
who eat a diet high in vegetables, fruits, whole grains,
poultry, fish, and low-fat dairy products have increased
quality and quantity of life.45 Eating patterns such as
the DASH diet and Mediterranean diet are particularly
beneficial for older adults.46

Nutrition for Older Adults

One in eight Americans is an older adult, defined 
by the Older Americans Act as a person older than 
60 years.47 The main goal for older adults, based on
Healthy People 2020 is to “improve the health, function
and quality of life.”48 Two major ways to help achieve
that objective include physical activity and attention to
healthful nutrition. 

An ideal eating pattern for older adults closely re-
sembles an ideal eating pattern for the general adult
population with a few notable exceptions and consid-
erations, which are depicted in the My Plate for Older
Adults icon developed by Tuft University’s Jean Mayer
USDA Human Nutrition Research Center on Aging.49

As demonstrated in the icon, on the whole, older adults
need to pay particular attention to fluid intake, afford-
able and easy-to-prepare food, and physical activity.
The DRIs provide nutrient recommendations for older
adults in categories from 51 to 70 years and greater
than 70 years, though actual needs may vary consid-
erably among individuals. The DRIs are shown in
Chapter 4.

A study that assessed the nutritional intake of older
adults and various physical and mental health out-
comes found that older adults who ate a diet high 
in vegetables, fruits, whole grains, poultry, fish, and
low-fat dairy products had superior nutritional status,
quality of life, and longevity.45 Unfortunately, many
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potential barriers may impede an older adult’s ability
to achieve dietary goals. These barriers include use of
multiple medications, each with varying nutritional
interactions and restrictions and diet-altering side 
effects; economic hardships; changes in mental func-
tioning; physiological changes in smell, taste, chewing,
swallowing, digestion, and absorption; and social iso-
lation. A health professional who helps an older adult
develop a physical activity program or improve nutri-
tional intake must take these factors into consideration
when providing information and making recommen-
dations. These challenges are most pronounced in 
individuals older than 85 years.

Calorie Needs
Energy needs decrease with age.50 Basal metabolic rate,
which accounts for about 50% to 70% of total energy
expenditure, is thought to decrease about 1% to 
2% per decade after age 20 such that daily energy ex-
penditure decreases about 150 calories per decade.50

The decline is probably due in large part to decreased
physical activity and subsequent decreased muscle
mass (which is highly metabolically active) and in-
creased fat mass (which is relatively metabolically 
inactive). Some studies have also found that, even
when controlling for fat-free mass, basal metabolic rate
is 5% lower in older adults compared with younger
adults.50 It is not clear why, but some researchers spec-
ulate that it may be due to an unavoidable loss of very
metabolically active organ tissue or a decreased meta-
bolic rate within muscle tissues. Decline seems to be
most rapid after age 40 in men and 50 in women.50

Though declining muscle mass is expected with 
advancing age, older adults who maintain a strenuous
physical activity regimen that includes some resistance
training may be able to maintain muscle mass and min-
imize the decrease in metabolic rate.

Caloric intake and appetite decrease with age; how-
ever, many older adults are overweight or obese be-
cause the age-related decrease in physical activity and
metabolic rate is often more pronounced than reduced
caloric intake. This scenario leads to a positive energy
balance and weight gain.

Micronutrient Needs
Though caloric needs decrease with age, many nutrient
needs stay the same or increase.17, 51-54 Thus, in order
to consume appropriate amounts of needed nutrients
without exceeding calorie needs, older adults need to
increase the nutrient density of their diets, eating
more lower-calorie nutrient-packed foods like fruits
and vegetables and eating fewer foods that contain very
little nutrition and a large number of calories, such as
many desserts and snacks. Many older adults suffer
from inadequate nutrient intake, especially calcium;
zinc; iron; vitamins A, D, E, and K; potassium; B vita-
mins; and fiber.55,56 Older adults are at particularly high
risk of vitamin B12 insufficiency or deficiency.57

Macronutrient Needs
The typical older adult requires a minimum of approx-
imately 130 grams per day of carbohydrates.17 Active
older adults may have increased needs. High-fiber
fruits, vegetables, and whole grains are an excellent
source of carbohydrates for older adults. These foods
are high in nutrients and the fiber provides additional
benefits of improved glycemic control, gastric motility,
and reduced LDL cholesterol. The recommended fiber
intake is 30 grams for men and 21 grams for women
over age 50.17

Protein needs for most older adults are similar to
that of the general population—about 0.8 grams per
kilogram of body weight.17 Very active older adults
probably have increased needs. While protein intake
may play some role in attenuating sarcopenia, “muscle
wasting,” or a decrease in muscle mass and strength—
the research to date is inconclusive. It affects up to 40%
of adults older than 60 years, and 50% of those older
than75 years.58 While multiple factors contribute to
sarcopenia, the most pronounced is decreased physical
activity and poor nutrition.59 Sarcopenia is associated
with the increased burden of chronic disease, increased
frailty, functional dependence, and death.41 Sarcopenia
can be offset with a physical activity regimen. 

The Academy of Nutrition and Dietetics (AND) sug-
gests that intake “moderately greater” than the RDA
may enhance protein anabolism and reduce age-
related decrease in muscle mass.46 Other experts advise
an intake of 1.0 to 1.6 grams per kilogram per day for
healthy older adults.60 Some evidence suggests that a
protein intake of approximately 30 grams per meal is
ideal for optimal muscle synthesis.61

Essential fatty acid needs for older adults mirror
that of younger adults. Otherwise, fat intake 
should be based on individual needs and weight-
management goals. 

Fluids and Hydration
The risk of dehydration is pronounced in older adults,
especially those older than 85 years or living in insti-
tutionalized settings. Many factors compromise hydra-
tion status in older adults. The sensation of thirst
decreases with age. The kidneys become less effective
at concentrating urine, leading to unnecessary water
loss in urine. Medication side effects and interactions
interfere with appropriate hydration. Consequently,
unless prompted, many older adults may not achieve
the adequate intake for fluids, an amount intended to
replace normal daily losses and prevent dehydration.
Provision of sufficient fluids is especially critical for 
exercising older adults who have additional exercise-
related fluid losses.

Body Composition
Sarcopenic obesity, the decline in skeletal muscle
and strength combined with excess body fat, is com-
mon during older adulthood.59,60,62 This combination 
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increases disability, morbidity, and mortality.59 Health
professionals working with older adults should screen
for sarcopenic obesity and develop programs to im-
prove muscle mass and weight status. The AND ad-
vises using multiple assessment methods when
measuring body composition in older adults, includ-
ing current weight and weight change, waist-to-hip
ratio and waist circumference, BMI, and body com-
position.46 The history of weight change is particu-
larly important, as studies suggest that older adults
who had gained more than 20 pounds, lost more
than 10 pounds, weight cycled, or unintentionally
lost more than 5% to 10% of body weight over 3 to
5 years had decreased physical function.46 A multi-
disciplinary team of health professionals including, at
the minimum, a nutrition specialist, exercise profes-
sional, and physician should work closely together
when developing a weight-management program for
an older adult. 

Physical Activity and Older Adults

The benefits of physical activity in older adults are
pronounced: decreased risk of chronic and degener-
ative disease, improved heart health, better cognitive
function, decreased obesity, decreased risk of frac-
ture, improved sleep quality, and overall increased
mood and quality of life.46 Regular physical activity
can also benefit nutritional status by improving
caloric and nutrient intake.63 Progressive resistance
training decreases risk of sarcopenia and improves
protein efficiency.64 To achieve these benefits, the
U.S. Department of Health and Human Services’
Physical Activity Guidelines for Americans (www.health
.gov/paguidelines) recommend that older adults:

• Engage in at least 150 minutes per week of
moderate-intensity, or 75 minutes per week 
of vigorous-intensity physical activity, or an
equivalent combination of moderate- and vig-
orous-intensity physical activity. Aerobic exer-
cise episodes should occur in bouts of at least
10 minutes spread throughout the week. For
additional benefits, adults should increase 
aerobic exercise to 300 minutes per week of
moderate intensity or 150 minutes per week 
of vigorous intensity. If these goals are not 
possible due to health limitations, older adults
should engage in as much activity as abilities
and conditions allow.

• Do muscle-strengthening exercises that are
moderate or high intensity and involve all 
major muscle groups on 2 or more days a week. 

• Do exercises that help to maintain or improve
balance, if at risk of falling.

• Engage in activity with an appropriate level 
of effort to match level of fitness.

Despite these recommendations, only 5% of adults
engage in 30 minutes of physical activity per day, with
rates even lower among the oldest adults.12

Special Considerations for Master Athletes

Master athletes refer to competitive athletes ranging
from about 30 to 85 years, though most of the special
considerations for master athletes described below 
relate to the older masters, aged 60 and older. Com-
pared to their sedentary peers, master athletes experi-
ence a variety of health benefits from their sport
participation including increased muscle mass, im-
proved physical and cognitive functioning, and de-
creased risk of chronic illness, falls, and early death.46

However, compared to their younger counterparts,
master athletes also face unique fitness and nutritional
challenges. For optimal fitness and nutrition, master
athletes need to be more conscientious and strategic in
developing training regimens and nutrition programs
to offset the reality that athletic performance declines
with age across all sports.65

Nutritional factors play an important role in off-
setting an age-related fitness decline. One study of
master swimmers (“young” masters defined as 30 to
60 years, while “older” masters were 61 to 85 years)
attributed performance decline to an increase in the
energy cost of swimming as well as a decrease in
available metabolic power.65,66 A follow-up study
found that the energy cost of swimming increased by
about 0.75% per year.66 Another study of strength
training in cyclists found that the deficit in metabolic
power may be overcome with an intensive strength-
training program. In this study, nine master en-
durance athletes with an average age of 51.5 years
and eight young endurance athletes with an average
age of 25.6 years engaged in a 3-week quadriceps
strength training program. After the 3 weeks, the
master athletes had a substantial improvement in
strength and cycling efficiency. In fact, the improve-
ment was so pronounced that it negated all previous
differences in strength and efficiency among the mas-
ter and younger athletes.67

Taken together, these studies help to highlight the
importance of nutrition in ensuring a high level of ath-
letic performance for older athletes. First, sufficient
caloric intake is essential to provide a high level of 
energy availability to meet the increased age-related
energy demands of strenuous exercise. Furthermore,
optimal protein intake provides the amino acids neces-
sary to induce muscle protein hypertrophy in response
to resistance training. Some studies suggest that older
adult athletes may require a protein intake of 1.6 grams
per kilogram per day to optimize the hypertrophic 
response to resistance training.64
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When master athletes optimize nutritional intake
and engage in an exercise program that includes 
resistance training, they end up with higher caloric
intake and lower weight and leaner body composi-
tion than their inactive peers. As one author noted,
this is an example of a phenomena of “eat more,
weigh less.”68

Overall, active older adults require increased calo-
ries, protein, fluids, and micronutrients compared to
their age-matched peers. When athletes meet these
needs, performance benefits.62 Studies of master ath-
letes suggest that most follow an appropriate eating
plan, though many still do not attain the recommended
levels of vitamin D, vitamin E, folic acid, calcium, mag-
nesium, and zinc.69

Ultimately, the general sports nutrition principles
that apply to younger athletes also apply to older
adults, though modifications may be necessary based
on the individual athlete’s health status, motivation
and cognitive function, and access to resources. For
older adults, the benefits of physical activity in combi-
nation with healthful and strategic nutrition extend 
far beyond improvement in athletic performance to 
increased quality and quantity of life.

S P E E D  B U M P
5. List several nutrition considerations when working

with older adults.
6. Describe several unique nutritional needs for 

master athletes.
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CHAPTER SUMMARY
Health professions who work with active children,
pregnant and lactating women, and older adults are
well advised to gain familiarity with the unique nutri-
tional needs of these special populations.

KEY POINTS SUMMARY
1. Children have unique nutritional needs. 

One major consideration is that, unlike adults, 
children undergo periods of rapid growth 
and development. To achieve their full growth 
potential, many environmental factors must 
be optimized, including appropriate nutrition,
physical activity, maintenance of a healthy
weight, and adequate sleep. 

2. Allied health professionals, parents, and pedia-
tricians can monitor a child’s growth through
the use of growth charts. Growth charts can also
be used to monitor BMI to ensure a child is at a
normal weight for height, or to rapidly identify
a child who is at risk for too little or too much
weight gain and growth. 

3. Youth athletes who engage in intensive physi-
cal training more than 18 hours per week, 
restrict caloric intake, or participate in weight-
conscious sports are at highest risk of impaired
growth.

4. There is currently a worldwide epidemic 
of childhood obesity due primarily to decreases
in physical activity and poor nutrition habits.
The health consequences of childhood obesity
are severe. The treatment includes increased
physical activity and improved nutrition 
intake to more closely align with the Dietary
Guidelines for Americans for children and 
adolescents. These are two areas where health
professionals can work closely with children
and their parents and make a substantial 
impact.

5. Youth athletes are not just “little adults.” Youth
athletes require sufficient calories and protein 
to support growth and maturation as well as
athletic performance. Children are more suscep-
tible than adults to heat illness in the face of de-
hydration, thus, adequate hydration takes on
critical importance, especially for athletes exer-
cising in the heat and humidity.

6. Sports drinks provide benefit to youth athletes
engaging in prolonged activity or who partici-
pate in multiple practices or competitions in 
1 day. However, sports drinks are not appropri-
ate for routine hydration. Energy drinks are
never safe or recommended for children.

7. The benefits of physical activity during pregnancy
outweigh the risks for most women. Women 
already engaged in a vigorous exercise regimen
prior to pregnancy often may continue through-
out pregnancy, depending on how they feel and
the recommendation of their obstetrician.

8. Optimal nutrition during pregnancy is essential
to support the growth and development of the
mother and fetus as well as athletic perform-
ance. Needs for most nutrients increase during
pregnancy. Caloric needs increase by about 
300 calories per day, though the amount differs
considerably among women. Women should
aim to meet increased caloric needs through
healthful and nutrient-dense foods. Women
may also benefit from a prenatal vitamin con-
taining folic acid and iron. The use of supple-
mentation and nutritional needs should be
discussed with an obstetrician.

9. Normal weight women are advised to gain 25 to
35 pounds throughout pregnancy, with the ma-
jority of weight gain in the late-second and third
trimesters. Underweight women should gain 
28 to 40 pounds, overweight women 15 to 
20 pounds, and obese women 11 to 20 pounds.
Many women gain too much weight during
pregnancy. Elite athletes may be at risk for not
gaining enough weight. Importantly, dieting is
not safe during pregnancy.
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10. A healthy eating plan during pregnancy in-
cludes: small, frequent meals; avoiding fasting
(longer than 13 hours); daily breakfast; and an
abundance of whole grains, fruits, vegetables,
and foods high in calcium and iron.

11. Increased nutritional needs extend beyond
pregnancy for breastfeeding mothers. Calorie
needs increase by about 500 calories per day
beyond baseline. Nutrient needs are also in-
creased compared to baseline and pregnancy.

12. Pregnant and lactating female athletes should
avoid high intakes of caffeine beyond about
200 milligrams per day. Supplement use other
than a prenatal vitamin and nutritional supple-
mentation advised by a physician is strongly
discouraged.

13. Physical activity and healthful nutrition play
key roles in successful aging. While calorie
needs decrease for older adults, due in large
part to loss of muscle mass (sarcopenia) and
basal metabolic rate, nutrient needs increase or
stay the same. Thus, older adults require a
more nutrient-dense eating plan than their
younger counterparts.

14. The Tufts MyPlate for Older Adults icon pro-
vides nutrition guidance specifically for older
adults. It emphasizes nutrient-dense foods that
are easy to prepare, convenient, affordable,
low in sodium, and easy to chew and digest. 
It also includes recommendations for physical
activity and attention to adequate hydration.

15. Master athletes benefit from optimal nutri-
tional intake to offset age-related declines in
performance. Attention to calorie and protein
intake in combination with resistance training
may help minimize decreases in lean muscle
mass. 

PRACTICAL APPLICATIONS

1. Jacqueline and Jonathan are 10-year-old identi-
cal twins. Which of the following statements is
most accurate about the twins’ rate of growth
throughout their teenage years?
A. Jacqueline will reach her maximum growth

height before Jonathan.
B. Jonathan will reach his maximum growth

height before Jacqueline.
C. Jacqueline’s growth spurt will start in about

3.5 years.
D. Jonathan’s growth spurt has most likely 

already begun.

2. Which of the following types of high-level, elite
athletes is at the highest risk for suffering from
growth delays?
A. Female rowers
B. Male wrestlers
C. Male gymnasts
D. Female track and field athletes

3. Which of the following youth groups has shown
a continued increase in the rate of obesity, while
other groups have shown stabilization in the
obesity rate in recent years?
A. Adolescent females
B. Preadolescent males
C. Teenage females
D. Teenage males

4. Ryder is a moderately active child who partici-
pates in physical activities such as soccer, gym-
nastics, and skateboarding most days of the
week. How many additional daily calories does
Ryder need to consume above those recom-
mended for sedentary children to maintain 
his active lifestyle?
A. 50 calories
B. 100 calories
C. 150 calories
D. 200 calories

5. Which of the following statements is true re-
garding optimum hydration in youth athletes?
A. Children innately have a poor ability to 

regulate body temperature.
B. Thirst is generally a good guide in determin-

ing fluid intake.
C. Sports drinks for the average child engaged in

routine physical activity are recommended.
D. Energy drinks are appropriate for children

older than 12 years of age.

6. Dianne is nearing the end of her first trimester
of her first pregnancy. She often feels light-
headed and dizzy and is concerned that these
symptoms could be abnormal. Her physician 
assures her that what she is experiencing is the
result of a normal pregnancy-related condition
called _______________.
A. pregnancy-induced anemia
B. gestational syncope
C. pregnancy-associated hypotension
D. gestational blood reduction

7. Samantha is newly pregnant and has concerns
about the amount of caffeine she consumes. 
She enjoys drinking two cups of coffee in the
morning and two caffeine-containing diet sodas
in the afternoon. Which of the following re-
sponses would be an appropriate recommenda-
tion for Samantha as she continues through 
her pregnancy?
A. Maintain current caffeine consumption, but

do not increase it by any amount.
B. Do not worry about caffeine consumption 

because the evidence suggests it has no effect
on pregnancy outcomes.

C. Reduce current consumption by one cup of
coffee.

D. Limit coffee intake to two cups and replace
sodas with noncaffeinated beverages.
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8. Charlene is a new mother who has chosen to
breastfeed her infant. She is also an avid run-
ner and after her 6-week postpartum doctor’s
visit she was cleared to start pursuing her run-
ning program more vigorously. Excluding the
amount needed to fuel her running endeavors,
approximately how many additional daily
calories does Charlene need to consume in
order to maintain her weight and provide 
adequate breast milk for her baby?
A. 300 calories
B. 400 calories
C. 500 calories
D. 600 calories

9. Which of the following statements is true re-
garding older adults and weight gain?
A. Both caloric intake and appetite increase

with age.
B. Age-related decreases in physical activity

and metabolic rate are often the cause of
added weight.

C. Increased body weight in old age is associ-
ated with a higher metabolic rate.

D. Maintaining an exercise program prevents
age-related metabolic-rate reductions.

10. Which of the following responses represents
the term used to describe the decline in skele-
tal muscle and strength combined with excess
body fat common during older adulthood?
A. Geriatric morphology
B. Age-related atrophy
C. Sarcopenic obesity 
D. Older adult adiposity

Case 1 Brian, the High School
Basketball Player
Brian is a 15-year-old high school basketball player. He
is 6'2" and 180 pounds. He would like to play college
basketball.
1. Brian asks you if you think that he is going to grow

any taller. 
a. What information would you need to answer this

question?
b. Seeing an opportunity to provide health education,

you offer Brian several suggestions on how to opti-
mize his growth potential. What do you tell him?

2. Brian shares that he is excited to graduate from
high school in 2 years and go to college away from
home. He asks what you think are the three most
important pieces of nutrition information for a
college athlete that he should remember when he
is on his own. What do you tell him?

Case 2 Kate, the Marathon
Runner
Kate is an experienced 22-year-old marathon runner
who recently achieved her goal of qualifying for the
Boston Marathon. Over the course of her training she
struggled with disordered eating and weight loss and
adopted a vegetarian diet. Her current BMI is 19. She
shares that she interested in becoming pregnant in the
next several months and asks how this might affect her
training and nutritional needs. 
1. Describe how nutritional needs change during preg-

nancy. How do these changes differ for athletes?
2. Kate shares that she is very nervous about becom-

ing pregnant and gaining weight. She expresses
doubts that she will ever get her body “back.” 
a. How much weight should Kate gain during her

pregnancy?
b. How do you respond to Kate’s concern?

Case 3 Adele, the Active
Octogenarian
Adele is an 85-year-old woman who recently moved
to a retirement community to start fresh after her hus-
band died. She has maintained her 3-day per week ex-
ercise regimen for the past 10 months. She especially
enjoys meeting her friends for water aerobics and
going to breakfast afterwards. Adele shares that she is
having difficulty eating healthfully because she doesn’t
feel like cooking for just herself and often finds herself
snacking on processed foods or not eating at all.
1. What unique nutritional challenges do older adults

face?
2. Compare and contrast MyPlate for Older Adults

with MyPlate for the general population.
3. What tips might you provide Adele to help im-

prove her nutrition? Relate at least one tip to her
physical activity regimen.

TRAIN YOURSELF
Choose one period of time in your life when you either
had special nutritional needs or challenges or antici-
pate that you will have special nutritional needs or
challenges (e.g., as an overweight child, a teenager 
who subsisted on a poorly balanced diet, a competitive
athlete engaging in large amounts of activity and a
sporadic schedule, during pregnancy, as a parent at-
tempting to feed children a healthy and balanced diet,
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or as an older adult with limited resources available to
prepare meals).
1. Identify your selected life stage and explain why you

chose this life stage. 
2. Outline three to four major nutritional and/or physi-

cal activity considerations or challenges you experi-
enced or might anticipate experiencing during this
life stage. For each consideration, list one to two
strategies you would use to try to optimize nutrition
and physical activity during this period of time. Try
to integrate the knowledge that you have gained
from this chapter for the life stage that you selected.

3. How does the process of imagining yourself in this
particular situation affect the type of information
and advice you might provide your clients?    
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K E Y  T E R M S

acute illness Sudden onset of a time-limited ailment.
bone remodeling The continual process of bone 

resorption and bone formation.
DASH eating plan Dietary Approaches to Stop Hyper-

tension; an eating plan that is high in fruits and 
vegetables and low in sodium; it has been found to 
reduce blood pressure in people with hypertension 
as well as provide countless other benefits.

exercise immunology The study of the effects of 
exercise on the immune response.

exercise-related transient abdominal pain (ETAP)
Abdominal pain of uncertain etiology that occurs 
during physical exercise; more common in novice 
athletes and individuals who have rapidly increased
exercise intensity or duration.

flavonoid Antioxidant found naturally in many fruits and
vegetables.

functional foods Defined by the Academy of Nutrition
and Dietetics as any whole, fortified, enriched, or 
enhanced food that has a potentially beneficial effect
on human health beyond basic nutrition.

immunonutritional support The use of nutrient intake
or supplementation to attenuate immune changes and
inflammation following intensive exercise or injury.

insulin resistance The cells respond inefficiently or 
ineffectively to insulin.

medical nutrition therapy Nutritional assessment,
one-on-one counseling, and therapy intended to 
treat a specific illness or disease; should only be 
administered by a registered dietitian. 

open window of impaired immunity A period of time
lasting 3 to 72 hours in which athletes who engage in
intensive training are at particularly increased risk of
infection.

osteopenia A condition in which bone density is lower
than normal; a precursor to osteoporosis.

osteoporosis Weakening of the bones, which can lead to
bone fracture of the hip, spine, and other skeletal sites.

probiotics Bacteria that can be consumed in foods or
supplements that help the body maintain a healthy
balance of gut organisms.

quercetin A flavonoid that may help to protect from 
illness and enhance healing from injury.
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14.4 Describe the role of the health professional in the

nutritional management of clients who suffer from

chronic illness.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

14.1 Describe nutritional factors that influence risk of

acute illness.

14.2 Describe nutritional factors that mediate recovery

from acute illness or injury.

14.3 List and describe several chronic diseases that may

afflict athletes and the general nutritional principles

to consider for each disease.

INTRODUCTION

Sixty-three-year-old marathoner Colon Terrell of Raleigh,
North Carolina, seemed an unlikely victim of heart dis-
ease. Despite being a former marathoner and living 
a relatively healthy lifestyle, Terrell suffered a severe
myocardial infarction in February 2009. Doctors re-
ported a 95% to 100% blockage in several of his coro-
nary arteries, resulting in open heart bypass surgery. Just
3.5 years after his catastrophic illness, Terrell completed
a 3,275-mile trek across the United States from the Cape

Hatteras lighthouse in North Carolina to the Santa Mon-
ica Pier in California to celebrate his survival and to raise
awareness and funds to fight heart disease.

Athletes often pride themselves on their focus and
attention to good health. While it is true that athletes
and active individuals benefit from a strengthened im-
mune system and decreased risk for many acute and
chronic illnesses, even the most elite athlete will at
some point suffer from an acute illness or injury and
its impact and implications on physical training and
nutrition (see Myths and Misconceptions). In the
most devastating situations, an athlete may suffer a
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catastrophic event or receive a diagnosis of a life-
altering chronic illness requiring significant changes
to nutrition and activity patterns. A health profes-
sional can be an important source of information and
support to help athletes prevent, manage, and over-
come these life events.

NUTRITION FOR ATHLETES 
WITH ACUTE ILLNESS OR INJURY

An athlete who suffers from an unexpected illness or
injury will require change to nutrition patterns to meet
new nutritional needs and promote healing.

Acute Illness

Acute illness is defined as the sudden onset of a time-
limited ailment such as a viral or bacterial infection.
Athletes who engage in very high-intensity exercise are
at increased risk of mild infections, while athletes who
engage in moderate-intensity exercise are afforded a
protective effect against common illnesses.1 This differ-
ence is based on the effects of exercise on the immune
response.

Acute Illness and the Immune Response
The growing interest in understanding the relation-
ship between exercise, illness, and immune function
led to the formation of a relatively new scientific
field—exercise immunology—and the publication
of over 2,000 research articles on the topic. In an ef-
fort to summarize the literature and provide guidance
to exercise professionals, the International Society of
Exercise and Immunology published a comprehensive
two-part position statement. The major conclusions
of these papers2,3 and other pertinent research, in-
cluding their nutritional implications, are highlighted
here.

The existing research is inconclusive as to whether
exercise-induced changes in immune function affect
disease susceptibility or severity. However, levels of im-
mune cells—namely, B cells, T cells, and immunoglob-
ulin A (IgA)—decline in athletes engaging in long
periods of intensified training, thus potentially increas-
ing susceptibility to acute infection. Athletes are most
likely to maintain immune health by starting a pro-
gram of low to moderate intensity and volume and
gradually increasing training volume and loads, includ-
ing cross training, ensuring sufficient rest and recovery,
and staying attuned to signs of overtraining. These
signs include irritability and lack of concentration, 
fatigue, increased and poorly healing injuries, frequent
upper respiratory illnesses, difficulty sleeping, poor 
appetite, increased resting heart rate, and menstrual 
irregularities in women. Periods of training in which
risk of illness is particularly high include intensive
training weeks, the taper prior to competition, and dur-
ing competition.2

Elite athletes experience an open window of im-
paired immunity that lasts between 3 and 72 hours.
It is the period of time following a strenuous workout
(such as a marathon, ultramarathon, or very heavy
training) in which susceptibility to illness is highest due
to a suppression of immune cells.

When an athlete becomes ill, careful attention
should be paid to when to return to exercise and to
what extent. Due to the increased risk of dehydration,
athletes suffering from an acute illness accompanied by
fever should refrain from exercise until the fever has
defervesced (been reduced). Otherwise, no strict criteria
exist, though it may be prudent for athletes suffering a
minor illness to decrease the intensity of training and
avoid very strenuous exercise.

Myths and Misconceptions
An Athlete Who Looks 
Healthy Is Healthy
The Myth 
An athlete who looks healthy is healthy.

The Logic
Athletes develop fit bodies in response to the 
intense physical training and attention to nu-
trition required to excel in a sport. It seems
logical that this high level of fitness would
translate into a high level of health. Therefore,
these fit bodies must be immune to chronic 
disease and illness, especially diseases such 
as cardiovascular disease, hypertension, and 
diabetes, which are heavily associated with
lifestyle factors.

The Science
It is hard to tell from the outside how healthy 
a person’s body is on the inside. Some of 
the leanest and most fit appearing female 
endurance athletes suffer from the female 
athlete triad (disordered eating, amenorrhea,
and osteoporosis). Other athletes who have
high caloric needs to maintain weight during
training may choose unhealthy foods to meet
those calorie needs, thus increasing levels of
LDL cholesterol and increasing risk for cardio-
vascular disease. Still other athletes have over-
come the odds and excelled at a sport despite 
a chronic disease such as type 1 diabetes or 
inflammatory bowel disease. Ultimately, a 
person’s level of health cannot be determined
solely from outward appearance or fitness 
regimen. This is evidenced by the opening 
case story of Colon Terrell, an apparently fit
and healthy marathon-running man in his 
sixties who, without warning, suffered a life-
threatening heart attack.

2955_Ch14_312-329  08/10/14  6:10 PM  Page 314



Nutritional Implications 
Active individuals involved in moderate-intensity ex-
ercise do not benefit from nutritional supplementation
to reduce susceptibility to illness.2 After all, moderate-
intensity exercise is associated with enhanced immune
function. A well-balanced and varied diet is sufficient
to promote optimal immune function. On the other
hand, competitive and elite athletes engaging in inten-
sive physical training may benefit from nutritional
strategies to boost immune function during periods of
increased physical stress. Likewise, athletes who have
suffered an injury may benefit from an enhanced im-
mune response to quicken recovery and return to play
(discussed later in this chapter). The use of nutrients 
to attenuate immune changes and inflammation fol-
lowing intensive exercise or injury is referred to as 
immunonutritional support. The understanding of
the impact of nutrients on immune function is in its in-
fancy. To date only two nutrition interventions have
received scientific support: carbohydrate intake and in-
take of the flavonoid quercetin.1 Carbohydrates help
to lessen the immune response to strenuous exercise
by decreasing blood levels of stress hormones and 

cytokines. Quercetin is a flavonoid found naturally in
fruits, vegetables, and some grains. It is also readily
available as a supplement (the form in which it has
been studied most as it relates to exercise and immune
function). 

Notably, the expert committee of the International
Society of Exercise and Immunology does not believe
that sufficient evidence exists to support the common
teaching that vitamin C protects from acute illness.1

However, this is a topic of ongoing and intensive eval-
uation (see Evaluating the Evidence). The scientific un-
derstanding of the role of many supplements such as
branched chain amino acids (BCAAs), probiotics, and
bovine colostrum in the immune response is limited. It
is possible that as research evolves many of those sup-
plements considered to not be helpful may ultimately
be found to enhance the immune response. Athletes at
high risk of compromised immune function or who
have suffered a recent injury or undergone surgery
should discuss the use of supplements to promote heal-
ing with their physician or sports dietitian who can
help the athlete to weigh the evidence and research,
benefits, and harms.
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EVALUATING THE EVIDENCE

Can Vitamin C Supplementation Prevent and Treat the Common Cold?

One study of ultraendurance triathletes found that 60% took vitamin and mineral supplements. The most 
commonly used supplement was vitamin C, which was consumed by 97.5% of supplement users. The reason 
the athletes most often cited for taking the supplement was to prevent cold symptoms.1

Ever since vitamin C was first isolated in the 1930s, people have believed that it may be effective in the 
prevention or treatment of respiratory viral infections. This view was supported in the 1970s when Nobel 
Laureate Linus Pauling supported these conclusions based on a series of randomized trials. Vitamin C 
supplements are widely available and promoted as important in the prevention and treatment of wintertime
colds. But do they work?

Researchers at the Cochrane Review set out to answer this question.2 The abstract of the article presenting their
conclusions follows:

Background: Vitamin C (ascorbic acid) in preventing and treating the common cold has been a subject of 
controversy for 60 years.
Objectives: To discover whether oral doses of 0.2 grams per day or more of vitamin C reduce the incidence, 
duration, or severity of the common cold when used as continuous prophylaxis (regularly every day) or as therapy
after onset of symptoms.
Search strategy: We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane 
Library 2010, issue 1) which contains the Acute Respiratory Infections Group’s Specialised Register, MEDLINE
(2006 to February 2010) and EMBASE (2006 to February 2010).
Selection criteria: We excluded trials if a dose less than 0.2 grams per day of vitamin C was used, or if there was
no placebo comparison. We did not restrict to randomised controlled trials (RCTs).
Data collection and analysis: Two reviewers independently extracted data. “Incidence” of colds during prophy-
laxis was assessed as the proportion of participants experiencing one or more colds during the study period. 
“Duration” was the mean days of illness of cold episodes.
Main results: Twenty-nine trial comparisons involving 11,306 participants contributed to the meta-analysis on
the risk ratio (RR) of developing a cold while taking prophylactic (preventive) vitamin C. In the general community
trials, involving 10,708 participants, the pooled RR was 0.97 (95% confidence interval (CI) 0.94 to 1.00). Five 

Continued
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Injury

Athletes are at high risk for musculoskeletal and other ex-
ercise- or sport-induced injuries. While athletes employ
a variety of tactics to hasten healing such as ice, massage,
and acupuncture, one often overlooked variable is the
role of nutrition in healing. 

Certainly, nutritional needs change for an injured
athlete. As physical activity level diminishes, caloric
and macronutrient needs also decrease, though they
remain elevated above sedentary rates due to in-
creased energy and protein required to support healing.
Injuries that require immobilization lead to muscle
protein atrophy, regardless of the amount of protein
consumed in the diet. This is due to the resistance of
immobilized muscle to the anabolic effects of amino
acids and other nutrients. There is some evidence
that intake of the branched chain amino acids, in par-
ticular leucine, may help to offset the immobilization-
induced muscle atrophy.4,5 Regardless of whether 
or not it prevents muscle atrophy, sufficient protein

intake is essential to promote wound and fracture
healing, if present. 

Several investigators have evaluated a potential
role of creatine supplementation in the attenuation 
of immobility-associated muscle loss with equivocal
results. One study measured the concentration of
GLUT4 protein content during immobilization in ath-
letes who were and were not supplemented with 
creatine. GLUT4 is the insulin-dependent glucose
transporter. Increased concentrations promote in-
creased muscle glycogen storage. The authors found
that GLUT4 protein content decreased less in the sup-
plemented group compared to placebo and was up-
regulated during rehabilitation.6 Similarly, another
study found that supplementation during 2 weeks 
of lower-limb casting provided no improvement in
muscle strength after the cast was removed; however,
strength improved more during rehabilitation in the
participants who had used creatine supplementation.7

Yet another study found no effect of supplementa-
tion after total knee arthroplasty in individuals with 
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EVALUATING THE EVIDENCE—cont’d

trials involving a total of 598 marathon runners, skiers, and soldiers on subarctic exercises yielded a 
pooled RR of 0.48 (95% CI 0.35 to 0.64).a

Twenty-nine trial comparisons examined the effect of prophylactic vitamin C on common cold duration
(9,649 episodes). In adults, the duration of colds was reduced by 8% (3% to 12%), and in children by 13% (6% to
21%). The severity of colds was significantly reduced in the prophylaxis trials.

Seven trial comparisons examined the effect of therapeutic vitamin C (3,249 episodes). No consistent differ-
ences from the placebo group were seen in the duration or severity of colds.

Authors’ conclusions: The failure of vitamin C supplementation to reduce the incidence of colds in the general
population indicates that routine prophylaxis is not justified. Vitamin C could be useful for people exposed to
brief periods of severe physical exercise. While the prophylaxis trials have consistently shown that vitamin C 
reduces the duration and alleviates the symptoms of colds, this was not replicated in the few therapeutic trials
that have been carried out. Further therapeutic RCTs are warranted.

1. Based on this systematic review, do you feel that the triathletes are justified in taking the vitamin C 
supplements? Explain why or why not. 

2. How would you describe the findings of this review to a recreational athlete who asked you if he or she
should take vitamin C to prevent a cold?

3. Research is constantly evolving. Likely many further studies evaluating the relationship of vitamin C 
in the prevention and treatment of colds in athletes have been conducted since the publication of 
this trial. 
a. Using www.pubmed.gov, find the abstract of another scientific article addressing this topic. Include its

citation here.
b. Describe the findings of this study and how they might be relevant to clients with whom you work.

a. The authors of this study used the measure relative risk (RR) to determine the role of vitamin C supplementation in reducing the inci-
dence of colds in the population. Relative risk describes the ratio of the probability of an event happening in the intervention group ver-
sus a control group. For this study, the relative risk is the ratio of the probability of a participant given vitamin C supplementation to catch
a cold versus a participant not given vitamin C supplementation. An RR of 1 means there is no difference in risk between the intervention
and control group. An RR of less than 1 means that the event is less likely to occur in the intervention group than the control group. An
RR of greater than 1 means that the event is more likely to occur in the intervention group than the control group. The 95% confidence
interval (CI) helps to indicate the reliability of a measure. If the CI contains the value “1,” there is not a statistically significant difference
between the two groups.
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osteoarthritis.8 In contrast, a study of upper extremity
immobilization in otherwise healthy young men found
that creatine supplementation preserved muscle mass
and strength.9 In all, this is an area of interesting 
research without conclusive findings to be applied in
practice.

The role of the essential fatty acids in promotion
of healing after injury is a topic of active research.
Omega-3 fatty acids are well known to possess potent
anti-inflammatory effects, theoretically lending a role
in improved healing after injury or with illness. They
may also play a role in reducing immobilization-
associated muscle atrophy, though the research sup-
porting this is mixed and so far has been limited to
studies in rodents10,11 and sarcopenia (loss of muscle
and function related to aging) in the elderly.12 Recent
evidence suggests that omega-6 fatty acids—found in
high amounts in flaxseed, canola, and soybean oils
and green leaves—may also provide anti-inflammatory
benefits,13 though their role in healing after injury or
illness is unknown. 

Several micronutrients such as vitamins E and C,
glutamine, and N-3 PUFAs (fish oil) have been hypoth-
esized to play a role in reducing the inflammatory 
response that can result from illness and acute injury;
however, compelling scientific evidence supporting the
majority of the nutritional interventions is lacking. 
Ultimately, while a nutrient-dense and varied diet is rec-
ommended to ensure adequate intake of the vitamins

and minerals necessary for healing, supplementation is
generally not necessary.14

S P E E D  B U M P
1. Describe nutritional factors that influence risk 

of acute illness and strategies athletes should 
use to maintain immune health.

2. Describe nutritional factors that are thought to
mediate recovery from acute illness or injury.

NUTRITION FOR ATHLETES 
WITH CHRONIC DISEASE

Health professionals can be a trusted source of nutrition
information for athletes who are concerned about, at
risk for, or who have a chronic illness (see Communi-
cation Strategies). With the rapid increase in chronic
diseases among Americans, a growing number of ath-
letes also face these conditions. While it is essential that
health professionals are aware of general nutrition 
recommendations for the treatment and prevention of
the most common illnesses, it is clearly outside the
scope of practice of most health professionals to provide 
nutrition advice or recommendations on how to use
nutrition to manage these conditions. This is known as
medical nutrition therapy and is the domain of the
registered dietitian. 
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COMMUNICATION STRATEGIES

Promoting Health Literacy

Clients often rely on information shared by health professionals to make decisions about their health. However,
miscommunication and misunderstanding frequently interfere with health communication. A report of the Insti-
tute of Medicine noted that adults with lower levels of health literacy have less knowledge about their medical
condition and treatment, worse health status, less understanding and use of preventive services, and higher rates
of hospitalization.1 Adults who are older, less educated, poor, minorities, and non-native English speakers tend to
have the lowest levels of health literacy.1

The Centers for Disease Control and Prevention recommend the following 10 tips to improve health literacy:2

1. Do not assume understanding. Pilot test health education materials with the target audience prior to
widespread dissemination.

2. Know your audience. Develop materials based on what you learn. A one-size-fits-all approach is not 
effective.

3. Engage the target audience in the development and implementation of health education materials. Ask
for feedback on communication effectiveness and ease of understanding.

4. Evaluate whether or not your target audience has been able to effectively learn and apply the shared 
information. Ask the audience to restate or demonstrate what they have learned.

5. Aim for simplicity. Limit teaching sessions or materials to no more than three to four main messages. 
Give only the necessary information, unless the client asks for further details.

6. Provide a list of resources for further information.
7. Collaborate with other health professionals and community members who know and understand the 

target audience well.
8. Avoid jargon. Consider the client’s culture and language, and speak at the appropriate level.

Continued
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Gastrointestinal Disorders

Over 33 million people visit a physician with the chief
complaint of gastrointestinal (GI) symptoms each year.1

Though most athletes have at some point during train-
ing or competition experienced GI distress, a sizeable
subgroup of these individuals suffer from a chronic, po-
tentially debilitating gastrointestinal disorder such as
gastroesophageal reflux disease (GERD) and other
upper GI tract anomalies, irritable bowel syndrome
(IBS), celiac disease, and inflammatory bowel disease
(IBD). In these cases, attention to appropriate nutrition
for training and competition not only improves per-
formance but also helps mitigate symptoms such as
heartburn, diarrhea, constipation, and crampy or col-
icky abdominal pain.

Upper GI Disorders and Gastroesophageal
Reflux Disease (GERD) 
Upper GI complaints are exceedingly common in ath-
letes, especially athletes who engage in intense activity
and anaerobic sports. The most common chronic upper
GI disorder is GERD, but shorter-lived ailments such as
nausea, vomiting, gastritis, peptic ulcers, GI bleeding,
and exercise-related transient abdominal pain
(ETAP)—a condition especially prevalent in novice ath-
letes and those increasing the intensity of their training—
are also common.15 Upper GI symptoms likely result
from a combination of mechanical stressors, reduced
blood flow to the GI system, and neuroendocrine-induced
changes such as relaxation of the lower esophageal
sphincter and excess acid production in the stomach.15

Frequent use of nonsteroidal anti-inflammatory drugs
(NSAIDs) also contributes to GI symptoms, especially
gastritis (Box 14-1).

GERD results from stomach acids being transferred
into the esophagus due to relaxation of the sphincter
that separates the esophagus from the highly acidic
stomach contents. Characteristic signs of GERD include
chest pain that worsens after lying down, difficulty
swallowing, coughing and wheezing, and regurgitation
of sour tasting food. Athletes, people who are obese,
and those who smoke experience a greater risk of 

developing the aggravating disease. Typically, smoking,
alcohol, coffee and other caffeinated beverages, choco-
late, citrus fruits, and fatty foods exacerbate GERD.
Treatment includes avoiding the foods mentioned
above, use of over-the-counter antacids, eating smaller
meals, sitting upright for 2 to 3 hours after a meal, and
engaging in exercise if weight loss is needed.16

Athletes suffering from upper GI symptoms may
start with dietary and lifestyle changes to reduce symp-
toms, including alteration in pre- and during-exercise
fluid and nutrition intake, consistent training, and
avoidance of foods that make symptoms worse, and
avoiding eating within 3 hours of bedtime. Importantly,
individuals with upper GI symptoms or GERD should
seek medical treatment promptly if they experience
unexplained weight loss, difficulty swallowing, or if the
symptoms return multiple times per week, are not re-
lieved by over-the-counter antacids, or cause them to
wake up at night.17 Athletes should discuss these and
any other concerning symptoms with their physician,
who may undertake further evaluation and testing to
understand the underlying disease process.

Irritable Bowel Syndrome
The most prevalent gastrointestinal disorder is irritable
bowel syndrome (IBS), a poorly understood disorder
of the large intestine that causes recurrent abdominal
pain, bloating, discomfort, and changes in the fre-
quency and consistency of bowel movements. Young
women are most often the victims of IBS, though it
can be diagnosed in both genders at any age. While
the pathology of IBS is unknown, many experts 
believe that it is a manifestation of a hypersensitive 
GI tract that is easily pained and stimulated, causing
excess bloating, gas, and cramping after minor assaults,
such as the physical burden of digesting a large and
bulky meal.

IBS is called a syndrome rather than a disease because
a cluster of symptoms that typically occur together de-
fines the disorder. For instance, in order to diagnose
someone as having IBS, he or she must have pain or dis-
comfort 3 days per month for the past 3 months and two
of the following three symptoms: relief of pain with
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COMMUNICATION STRATEGIES—cont’d

9. Evaluate your environment. How comfortable and welcoming is the setting? How conducive is it
to understanding clear health messages?

10. Make improved health literacy a personal and professional priority.

Identify a topic related to health literacy of interest to you (e.g., how to identify credible websites, under-
standing nutrition or supplement labels, effective use of social media to share health information,
choosing a health professional, choosing healthy foods while grocery shopping). Following the 10 steps
outlined by the CDC above, put together a brief handout, blog post, demonstration, or other format of
your choice to provide health education on your chosen topic.
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defecation, looser or more frequent stools, and harder
or less frequent stools.18 Symptoms are often worsened
by large meals; some medicines; emotional upsets; and
certain foods such as milk products, chocolate, alcohol,
caffeine, carbonated drinks, and fatty foods. High-fiber
foods like broccoli, apples, and whole grain breads can
make IBS better by softening the stool and relieving con-
stipation. Research suggests (but has not proven) that
probiotics—live microbial organisms in some foodstuffs
such as yogurt—may help with IBS18,19 (Box 14-2).
While it is unclear what specifically causes the illness,

for many people minimizing stress through regular 
exercise is an effective component to a treatment plan.20

Celiac Disease
Nearly 1% of the population suffers from celiac disease;
for unknown reasons the prevalence appears to be in-
creasing slightly.21 Celiac disease is characterized by an
autoimmune rejection of gluten-containing foods.
Gluten is a protein compound made up of two proteins
called gliadin and glutenin that is found joined with
starch in the grains wheat, rye, and barley.  For people
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Box 14-1. Exploring the Role of Prophylactic Ibuprofen With Exercise: Does It Help or Hurt?

Many competitive endurance athletes use ibupro-
fen and nonsteroidal anti-inflammatory drugs
(NSAIDs). Despite their widespread use, NSAIDs
may do athletes more harm than good, especially
when the drugs become a regular part of an 
athlete’s routine. 

NSAIDs work by inhibiting the production 
of prostaglandins. Prostaglandins are chemicals
made by the kidneys in response to stress and in-
flammation and are at least partly responsible for
the swelling and pain associated with strenuous
exercise. Prostaglandins also play an important
role in maintaining blood flow to the kidneys dur-
ing exercise. Athletes take NSAIDs before a race in
hopes of blocking prostaglandin production and
thus preventing subsequent muscle pain and 
soreness. Several researchers have attempted to
prove the validity of this reasoning with equivocal
results.1 For example, in one study ibuprofen
taken before and after exercise lessened muscle
damage.2 In another, ibuprofen taken before 
45 minutes of downhill running and every 6 hours
for the 3 days following exercise had no effect on
inflammation or muscle soreness.3 Overall, it is
not clear whether or not NSAIDs help decrease
pain during and after exercise. Researchers do
agree that NSAID use does not improve athletic
performance.1

NSAID use before exercise may increase exer-
cise-related health risks. By blocking prostaglandin
function, blood flow to the kidneys during exercise
is lessened and the kidneys may not be able to
function optimally. Some researchers postulate that
NSAID use leads to decreased free water clearance
by the kidneys, contributing to asymptomatic hy-
ponatremia (low blood salt concentration) during
prolonged endurance events. For example, an 
observational study of 330 athletes in the 2004
New Zealand Ironman Triathlon found that the 
six athletes who became hyponatremic had all used
NSAIDs before the race. NSAID use was also associ-
ated with worse kidney function immediately fol-
lowing the race.4 Another study found that NSAID

use increased the risk and severity of exercise-induced
GI disturbances, including small intestinal injury
and gut barrier dysfunction.5

Nieman et al.38 evaluated the role of NSAIDs 
on race time, perceived exertion during the race,
delayed onset muscle soreness, and markers of 
inflammation in ultramarathoners participating in
the 160-kilometer Western States Endurance Run.
Researchers divided runners into two groups: one
group of 29 runners took 600 milligrams of ibupro-
fen the day before the race and 1,200 milligrams
the day of the race; the other group of 25 controls
avoided ibuprofen and all other medications. No-
tably, the runners who used NSAIDs had elevated
markers of inflammation after the race. There was
no significant difference in race times, perceived
exertion, or muscle soreness. Another important
risk from NSAID use during a grueling endurance
event is that the analgesic may mask the pain from
a serious injury.  

Long-term use of NSAIDs may cause several 
adverse effects. To start, blocking the natural in-
flammatory response to exercise interferes with 
collagen synthesis. Collagen provides strength to
connective tissues including muscles, tendons, 
and ligaments. When collagen production is com-
promised, athletes become more prone to muscu-
loskeletal injury and experience delayed healing
following an injury. Further, chronic NSAID use
can lead to harmful effects throughout the body 
including increased gastrointestinal distress and 
ulceration, blood thinning and risk of bleeding, 
cardiovascular disease and stroke, depressed im-
mune response, and electrolyte imbalances. These
risks are worth noting, as a sizeable percentage of
athletes have come to routinely rely on NSAIDs.

Ultimately, NSAIDs may play an important role
in helping to relieve the pain and swelling after an
acute injury or intense physical exertion, but the
risks of their use as prophylactic pain mediators
outweigh the benefits. Athletes considering pro-
phylactic NSAID use should first discuss the risks
and benefits with their doctor.
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with celiac disease, when the body is exposed to gliadin,
the “toxic” component of gluten for people with celiac
disease, it goes into immunological overdrive. The gas-
trointestinal system becomes inflamed and pathological
changes to the small intestine, the body’s main site for
nutrient absorption, ensue. When the gut is unable to
absorb nutrients, common symptoms like vitamin de-
ficiency, anemia, weight loss, and diarrhea occur. Other
symptoms include abdominal pain and distention, and
in some cases neurological dysfunction. Celiac disease
is very difficult to diagnose and, though it begins in
childhood, many people do not learn that they have
the disease until well into adulthood. The longer a per-
son suffers from undiagnosed and untreated celiac

disease, the more likely he or she is to develop compli-
cations such as other autoimmune disorders, osteo-
porosis, infertility, neurological problems, and, in rare
cases, cancer.21 This is why it is very important for any-
one who suffers from the symptoms of celiac disease 
to see a physician immediately for evaluation. Celiac
disease can be diagnosed with laboratory testing and
biopsy of the small intestine. The only definitive treat-
ment for the disease is strict avoidance of gluten-
containing foods.

Many people who do not have celiac disease de-
scribe complaints of gluten-intolerance and may bene-
fit from a gluten-free diet. See Chapter 16 for detailed
information on gluten-free diets.
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Box 14-2. Probiotics

Functional foods are defined by the Academy 
of Nutrition and Dietetics as any whole, fortified,
enriched, or enhanced food that has a potentially
beneficial effect on human health beyond basic 
nutrition.1 Probiotics qualify as functional foods
when they meet specific criteria; namely, they must
be living, ingested in ample amounts, and capable
of colonizing the intestinal tract. When these crite-
ria are met, the organisms help keep a healthy bal-
ance of the gut organisms. Probiotics from the lactic
acid bacteria (LAB) family also can convert sugars
like lactose and other carbohydrates into lactic acid.
These two functions help explain why a fair number
of studies have supported the claim that probiotics
offer benefits for the treatment of rotavirus diar-
rhea, lactose intolerance, and antibiotic-associated
diarrhea.2-4 Acting through various partly under-
stood mechanisms, which may include a strength-
ened intestinal wall and readied immune system,
probiotics also may possibly provide beneficial effects
in irritable bowel syndrome (IBS), Crohn’s disease,
cholesterol metabolism, cancer prevention, divertic-
ulitis, allergies, obesity, urogenital infections, and
other ailments, though, importantly, the research 
is inconclusive at best.2

While probiotics potentially offer substantial
benefits for those plagued with rotavirus diarrhea
or prone to stomach pains following dairy con-
sumption, to provide benefit probiotics must be
consumed daily to adequately colonize the gut and
confer health benefits.3 It is unclear how many 
bacteria must be consumed to achieve a health
benefit, though the number undoubtedly is high 
as the bacteria have to stay alive through the harsh
conditions of the GI system with its low stomach
pH, bile salts, and digestive enzymes. Food manu-
facturers are not required to disclose the number,
viability, nor type of bacteria.

Most probiotics on the market contain one or
more organisms from the LAB family. This family 

of microorganisms includes L. acidophilus, L. rhamno-
sus, L. casei, L. gasseri, B. bifidum, and B. animalis
(which Dannon cleverly renamed and trademarked
bifidus regularis). LAB are thought to offer various
health benefits including improved intestinal tract
health, enhanced immune function, improved lactose 
intolerance, and decreased risk of some cancers.3

Currently, much uncertainty surrounds the 
efficacy of probiotics in promoting gastrointestinal
health. Until a more robust body of scientific evi-
dence is available, individuals should decide for
themselves whether or not they experience im-
provement in their symptoms with regular probi-
otic consumption. Meanwhile, clients should 
keep the following considerations in mind before
using probiotics:
1. Not all probiotics are created equal. Only mi-

croorganisms that can colonize the human gut
are capable of providing benefit.  

2. Food manufacturers are not required to use 
accepted nomenclature for the bacteria in a 
product, thus some companies have created their
own official-sounding unscientific names such as
bifidus regularis and l. casei defensis. These
names may overstate the probiotic benefits.

3. While probiotics could provide myriad health
benefits, to date sufficient research exists only 
to support its effects in the treatment of rotavirus
diarrhea, lactose intolerance, and antibiotic-
associated diarrhea. Much of the research 
conducted to date has been funded by the very
companies poised to profit from the findings.

4. Probiotics must be alive and consumed in suffi-
cient quantity on a daily basis to exert their 
beneficial effects.

5. Probiotics carry no approved health claims. They
are regulated as foods, not drugs, and do not 
require ingredient testing or proof of potency.
And, at times, promises are made that are not
backed by quality research nor FDA approval.
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Inflammatory Bowel Disease
Not to be confused with irritable bowel syndrome, in-
flammatory bowel disease (IBD) consists of two separate
disorders—Crohn’s disease and ulcerative colitis—that
cause severe damage and inflammation to the gastroin-
testinal tract. Unlike IBS, which although uncomfortable
is not life-threatening, at its worst IBD can lead to severe
disability and ultimately death.
Crohn’s Disease. Crohn’s disease can cause inflamma-
tion to any part of the GI tract from the mouth to the
anus, although damage is usually done to the ileum,
the lower portion of the small intestine. Like many
other GI disorders, it is not well understood what
causes Crohn’s disease, though it is thought to be at
least partly genetically inherited. Similar to celiac dis-
ease, some exposure causes the body’s immune system
to attack the lining of the GI tract. The difference is that
with Crohn’s disease the trigger is unknown. Some
speculate that perhaps a type of bacteria, food, or pro-
tein causes the immune reaction. The consequences 
of this inflammation can be severe, leading to malnutri-
tion, intestinal blockage, and ulcers that tunnel through
to other areas such as the anus, bladder, vagina, and
skin. The ulcers can easily become badly infected.
Other signs of Crohn’s disease include abdominal pain,
bloody diarrhea, rectal bleeding, weight loss, fever, and
extra-intestinal symptoms like mouth sores and inflam-
mation of the eye.22

Ulcerative Colitis. Ulcerative colitis also is characterized
by inflammation of the GI tract, but unlike Crohn’s
disease, ulcerative colitis is limited to the rectum and
colon. Ulcers form in areas where inflammation has
destroyed the cells. The ulcers then bleed and pus,
causing bloody, mucousy diarrhea. Like many other
GI disorders, anemia, fatigue, weight loss, and de-
creased appetite are other symptoms of ulcerative 
colitis. Joint pain and skin lesions are other somewhat
more specific symptoms. Ulcerative colitis is usually 
diagnosed in people between the ages of 15 to 30 and
less often 50 to 70, though it can begin at any age. Five
percent of people with ulcerative colitis develop colon
cancer.22

Nutritional Care for IBD. While nutrition is never the
sole treatment for IBD, nutritional choices play an im-
portant role in the management of the diseases. During
acute illness or for those with more severe disease, ag-
gressive nutritional therapy, such as tube or intra-
venous feeding, may be indicated. During periods of
remission, nutritional management is focused on pre-
venting severe nutritional deficiency, which can result
from malabsorption, insufficient caloric intake, in-
creased nutrient losses from the gut, and drug-nutrient
interactions. Encouraging a high-calorie diet with a par-
ticular emphasis on calcium (dairy products), vitamin
D (fortified dairy products), folate (dark leafy greens,
fortified grains, strawberries), vitamin B12 (lean beef
and other meat products), and zinc (seafood, spinach)
intake are important in the nutritional management 
for people with IBD.22 Athletes with IBD require a 

multidisciplinary management team to include a gas-
troenterologist, primary care physician, registered dieti-
tian, exercise professional, and other appropriate health
professionals.

Clearly, nutrition plays an important role in the dis-
ease process of many gastrointestinal illnesses. While
the culprit foods and the antidotes may be obvious for
some diseases, in other cases it may take some inves-
tigative work to figure out what foods help and which
hurt. When symptoms flare, GI-disease sufferers and
the health professionals involved in their care should
seize the opportunity to better understand their illness.
What symptoms do they have? When do the symp-
toms occur? What did they eat during the day? What
foods always make them feel bad? What foods always
make them feel better? This quick exercise may help
to uncover the individual nutrition choices that can
help alleviate many gastrointestinal ailments.

Cardiovascular Disease

Cardiovascular disease, defined as any disease of the
heart or blood vessels, is the leading killer of American
men and women, responsible for one in three deaths.23

Heart disease is any condition affecting the heart mus-
cle itself, the valves of the heart, or the blood vessels
that supply the heart (coronary arteries). Vessel disease,
or vascular disease, includes conditions such as hyper-
tension and atherosclerosis. Atherosclerosis of the coro-
nary arteries is the main culprit behind angina (chest
pain) and myocardial infarction (MI), the medical term
for heart attack.

Atherosclerosis
While usually not deadly until middle age and beyond,
atherosclerosis begins to develop in childhood.24 Fatty
streaks, or oxidized cholesterol and lipid particles that
accumulate deep in the arterial wall, reveal the earliest
stages of atherosclerosis (Fig. 14-1). Most Americans
develop fatty streaks by their teenage years.24 Because
fatty streaks do not obstruct blood flow, no signs or
symptoms of cardiovascular disease are evident—yet.
Over time, a cholesterol plaque, which may become
susceptible to rupture, develops in the artery. An ad-
vanced lesion, or complicated plaque, develops as the fi-
brous plaque continues to progress and becomes
calcified. Many times the first sign of heart disease is
an MI in which a clot breaks off of a lesion and com-
pletely obstructs blood flow.25 High blood cholesterol
levels—in particular, low-density lipoprotein (LDL)—
and cholesterol’s susceptibility to oxidation are main
culprits in the development of atherosclerosis. 

Hypertension
Hypertension is defined as having a systolic blood
pressure (SBP) greater than or equal to 140 mmHg,
a diastolic blood pressure (DBP) greater than or equal
to 90 mmHg, and/or being on antihypertensive med-
ication. According to these criteria, approximately 
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76 million adults in the United States have hyperten-
sion.23 Millions more are prehypertensive, with a
blood pressure greater than 120/80 mmHg.23 Hyper-
tension is the leading cause of stroke in the United
States and a major contributor to cardiovascular mor-
bidity and mortality.23

While prescription medications are highly effective
in reducing blood pressure, nutrition and physical ac-
tivity are also important in the treatment and preven-
tion of hypertension. Multiple studies have shown that
the DASH eating plan combined with decreased salt
intake can substantially reduce blood pressure levels
and potentially make blood-pressure medications un-
necessary.26 The DASH eating plan, while developed
to reduce blood pressure, is an overall healthy eating
plan that can be adopted by anyone regardless of
whether he or she has elevated blood pressure. Some
studies suggest that the DASH eating plan may also re-
duce coronary heart disease risk by lowering total cho-
lesterol and LDL cholesterol in addition to lowering
blood pressure.26 The eating plan is low in saturated

fat, cholesterol, and total fat. The DASH eating plan is
described in detail in Chapter 5. 

Minimizing Cardiovascular Risk 
While many athletes are very physically fit, and exer-
cise is protective against heart disease, some athletes
may still be at high risk for cardiovascular disease. For
instance, sudden cardiac arrest may be the first indica-
tion of an underlying cardiovascular disease in previ-
ously asymptomatic athletes. This is the most likely
cause of a marathoner who suddenly dies during or at
the end of a race, or a football player who collapses on
the field. Previously sedentary older adults or individ-
uals with cardiovascular risk factors may experience a
life-threatening cardiovascular event during or after an
exercise bout. 

Athletes can minimize their risk of cardiovascular
disease by striving to achieve what the American Heart
Association (AHA) terms “ideal cardiovascular health,”
which consists of seven components of optimal heart
health. Of note, 3.3% of people across all ages meet
this ideal. The seven components of optimal heart
health include:

1. Has never been told by a doctor, nurse, or other
health professional that he or she has high
blood pressure.

2. Has a self-reported BMI less than 25 kg/m2. 
3. Has never been told by a doctor, nurse, or other

health professional that he or she has high 
cholesterol.

4. Has not smoked at least 100 cigarettes in his or
her lifetime, or reported smoking 100 cigarettes
in his or her lifetime but not currently smoking. 

5. Has never been told by a doctor that he or she
has diabetes.

6. Participates in more than 150 minutes per 
week of moderate physical activity or more 
than 75 minutes of vigorous physical activity
per week. 

7. Consumes five or more servings of fruits and
vegetables per day.27

Health professionals can get more information and
help clients identify their risk profile by using the AHA
ideal cardiovascular health metrics available at http://
mylifecheck.heart.org/.

As demonstrated by the AHA metrics, maintaining a
high level of physical activity and following a heart-
healthy diet can help athletes to minimize their overall
risk of future cardiovascular disease. Studies have shown
that following these basic dietary recommendations
leads to beneficial changes in cardiovascular risk pro-
file.23 The Mediterranean diet and the DASH eating plan,
both discussed in detail in Chapter 5, are two examples
of effective ideal eating plans for cardiovascular disease
prevention. Still, very few Americans eat healthfully, en-
gage in regular physical activity, maintain a healthy
weight, and do not smoke.23

Athletes may believe that following a heart-healthy
diet is not important due to their high levels of activity
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Normal artery

Early injury with 
development
of fatty streaks

Intermediate injury
with development
of fibrous plaque

Advanced lesion
with enlarged
fibrous plaque

Complete obstruction
with rupture. Clinically
apparent with
presentation of angina
(chest pain)

Figure 14-1. The progression of atherosclerosis. Poor diet
contributes to early development and progression of
atherosclerosis, with the development of foam cells 
during adolescence for many people. 

2955_Ch14_312-329  08/10/14  6:10 PM  Page 322



and energy expenditure. This is not the case, as risk fac-
tors for cardiovascular disease may develop even in the
face of healthful activity. Furthermore, management of
cardiovascular risk factors during young- and middle-
adulthood may portend very low risk in older age. One
study found that individuals with optimal risk factor
levels at age 50 have a very low lifetime risk of devel-
oping heart disease (5.2% risk in men and 8.2% risk
in women versus a 68.9% risk in men and a 50.2% risk
in women who have ≥2 risk factors).28 However, only
3.2% of men and 4.5% of women in the study accom-
plished this feat.28 It is never too early for athletes to
start their heart disease prevention lifestyle change.

Diabetes Mellitus

Diabetes mellitus is a condition that results from 
abnormal regulation of blood glucose. An estimated 
25 million people in the United States have diabetes,
with more than 6 million undiagnosed cases.23 An 
additional 81.5 million adults have prediabetes, or 
elevated fasting glucose.23

Diabetes mellitus can be classified into three types:
type 1 diabetes, type 2 diabetes, and gestational dia-
betes. Gestational diabetes occurs exclusively during
pregnancy and increases the woman’s risk of future de-
velopment of type 2 diabetes. It is discussed in more
detail in Chapter 13.

Type 1 Diabetes
Type 1 diabetes results from the inability of the pan-
creas to secrete insulin, the hormone that allows the
cells to take up glucose from the bloodstream. With-
out a ready supply of glucose entering the cell, the
cell becomes starved of energy and relies on the pro-
duction of energy from muscle proteins and fat
through gluconeogenesis. The process contributes to
muscular weakness and atrophy from the catabolism
of muscle protein and the formation of ketone bodies,
which are byproducts of fat metabolism. An accumu-
lation of ketone bodies can incite diabetic ketoacidosis,
characterized by an acidification of the blood and life-
threatening complications.

Meanwhile, sensing the deprivation of glucose, the
liver inappropriately responds by releasing more glu-
cose into the bloodstream, further increasing serum
glucose levels. This hyperglycemia can overwhelm the
body and cause spillage of serum glucose into urine,
known as glycosuria. Glycosuria is the reason for in-
creased urination, which is often a presenting sign of
type 1 diabetes. Other common presenting symptoms
include increased thirst and appetite.

Type 1 diabetes accounts for only about 5% of cases
of diabetes23 and is a genetic dysfunction that cannot be
prevented. Type 1 diabetes usually presents in child-
hood or adolescence. Uncontrolled type 1 diabetes pro-
gresses rapidly into diabetic ketoacidosis, which requires
immediate medical management. Treatment with 
exogenous insulin is essential. The specific nutritional

management of type 1 diabetes, in particular the titra-
tion of carbohydrate intake and insulin dosing, is beyond
the scope of this text. 

Type 2 Diabetes
Type 2 diabetes results from the cells’ decreased ability
to respond to insulin. It is characterized by insulin
resistance rather than insulin deficiency. With in-
sulin resistance, the pancreas functions appropriately
but the body’s cells do not respond normally to in-
sulin. Initially, the pancreas can overcome insulin re-
sistance by secreting more insulin. When the pancreas
is no longer able to maintain glucose levels in a nor-
mal range, the person is said to have prediabetes
(a fasting blood glucose >100 mg/dL). When glucose
levels rise high enough (a fasting blood glucose of
>126 mg/dL or a 2-hour postprandial glucose of >200
mg/dL), the individual meets diagnostic criteria for
type 2 diabetes. 

Ninety-five percent of people with diabetes have
type 2 diabetes.23 Historically, type 2 diabetes occurred
only in adults; however, with the epidemic of child-
hood obesity, an increasing number of children are 
diagnosed with the disease. Treatment for type 2 dia-
betes is targeted at increasing insulin sensitivity. In se-
vere cases, the overburdened pancreas may eventually
cease production of insulin, causing a person with type
2 diabetes to become insulin dependent. People at
highest risk of developing type 2 diabetes have a posi-
tive family history as well as other cardiovascular risk
factors such as high blood pressure, high cholesterol,
obesity, and a sedentary lifestyle. 

The hyperglycemia characteristic of untreated or
poorly controlled type 1 and type 2 diabetes can cause
a variety of serious health consequences including
retinopathy, which can lead to blindness; nephropathy,
which can lead to end-stage renal disease; and neu-
ropathy, which is loss of sensation, usually in the 
extremities. People with diabetes are also at high risk
for heart attack and stroke, limb amputation, and peri-
odontal gum disease. 

The latest research has put exercise and healthful nu-
trition at the forefront in the prevention, control, and
treatment of type 2 diabetes.29 Exercise works through
at least two pathways to decrease diabetes symptoms.
First, exercise activates insulin-independent glucose
transporters and increases insulin sensitivity in the 
insulin-dependent GLUT4 transporters. Thus, more
glucose is passed from the bloodstream into the cells.
Second, exercise helps to decrease risk of cardiovascular
disease by decreasing blood pressure, cholesterol levels,
and body fat. The loss of body fat also helps to improve
insulin sensitivity. In addition, because insulin stimu-
lates appetite, improved insulin sensitivity prompts the
pancreas to secrete less insulin, which leads to a 
decreased appetite and further weight loss.  

Given the growing medical burden of type 2 diabetes
treatment and the increasing recognition of the impor-
tant role that exercise plays in treating diabetes, more
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people with diabetes are seeking out the services of
health professionals who can help clients implement
effective lifestyle programs. Exercise considerations for
recreational exercisers and athletes with diabetes are
highlighted in Box 14-3. 

Nutrition Recommendations
In most cases, the nutrition recommendations for in-
dividuals with diabetes closely resemble the Dietary
Guidelines for Americans. However, it is especially im-
portant for people with diabetes to maintain a rela-
tively stable blood sugar level throughout the day. To
do this, clients should: (1) balance nutrition intake
with exercise and insulin or other medications, and 
(2) consume five to six equally sized small meals. All
individuals with diabetes who have not already had a
comprehensive nutrition consultation prior to begin-
ning an exercise program should be referred to a reg-
istered dietitian or certified diabetes educator (CDE)
for an evaluation and nutrition teaching. While nutri-
tion therapy for people with diabetes is best initiated
and managed by a registered dietitian or CDE, an un-
derstanding of appropriate nutrition for people with
diabetes will help the health professional to identify
potential complications and reinforce the nutrition 
education and teaching initially provided by other
health professionals. 

Osteoporosis

Osteoporosis is a severe weakening of the bones,
which can lead to fracture of the hip, spine, and other
skeletal sites (Fig. 14-2). Osteoporosis is diagnosed 
by a physician when bone density is greater than 
2.5 standard deviations below the mean for age and 
gender. Osteopenia is the less severe precursor to os-
teoporosis. It is diagnosed when bone density is between 
–1 and –2.4 standard deviations below the mean for
age and gender. 

Characterized by low bone density and diminished
bone strength, osteoporosis is responsible for more than
1.5 million fractures, including 300,000 hip fractures
each year.30 Hip fracture, the most serious consequence
of osteoporosis, leads to hospital admission, serious dis-
ability, and a 10% to 20% increased mortality.31 Osteo-
porosis most often affects elderly women, although it
can occur in men and younger women. In fact, very
physically active women and women who try to lose
weight by restricting intake are at substantially increased
risk of osteoporosis. The surgeon general estimates that
more than half of Americans will have osteopenia or 
osteoporosis by 2020.30

Accelerated bone loss in older age and a low peak
bone mass from suboptimal bone growth in childhood,
adolescence, and young adulthood equally contribute to
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Box 14-3. Exercise Considerations for Clients With Diabetes

Individuals with diabetes can participate and excel
in fitness activities and sports. However, people
with diabetes, especially those with type 1 diabetes,
need to carefully monitor blood sugar levels and be
well-informed of the effects of exercise on blood
sugar control. The target blood glucose range is 
100 to 250 mg/dL.

Prior to beginning an exercise program, a client
with diabetes should undergo an evaluation by 
his or her physician. The physician should note
whether any specific precautions or limitations 
are necessary. Ideally, the client will authorize the
physician, allied health professional, and registered
dietitian or certified diabetes educator to communi-
cate and develop an optimal plan of care.

At the onset of each exercise session, the client
should check his or her blood glucose level. If the
level is less than 100 mg/dL, the client will benefit
from a 15- to 40-gram carbohydrate load prior to
beginning exercise to avoid hypoglycemia. Symp-
toms of hypoglycemia include blurred vision, confu-
sion, loss of consciousness, and dizziness. It is rare
for people with type 2 diabetes to have low blood
sugar, but common for people with type 1 diabetes
who have to titrate insulin dosages with meals and
exercise. If the pre-exercise blood sugar level is
below 250 mg/dL, the client should check for urine

ketones and monitor for symptoms of hyper-
glycemia such as excessive urination and thirst,
weight loss, and blurred vision. If the client is
asymptomatic and ketones are negative, initiating
exercise is safe. If they are positive, the client
should discuss with his or her physician an appro-
priate management plan. A client with diabetes
should always have insulin on hand in the case 
of hyperglycemia.

Monitoring blood glucose during exercise is 
important, especially for an individual with dia-
betes who is new to exercise; who has recently
made changes in the intensity, duration, or type 
of activity; or who has a new diagnosis of diabetes.
Exercisers with diabetes should also be sure to 
have a carbohydrate snack on hand in the case of a
blood sugar level below 100 mg/dL. Athletes with
diabetes need to regularly consume carbohydrate
drinks and snacks during prolonged exercise bouts,
not only to optimize athletic performance, but most
importantly, to avoid symptoms of hypoglycemia.

The effects of exercise on blood sugar can persist
for several hours after exercise is stopped. Conse-
quently, the risk of exercise-induced hypoglycemia
remains high. For this reason, athletes with dia-
betes should also check blood sugar 2 to 3 hours
after exercise.
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the development of osteoporosis.32 Bone is living tissue
made mostly of collagen and calcium phosphate. Bone
is constantly undergoing bone remodeling, wherein
old bone is removed (resorption) and new bone is added
(formation). During childhood and adolescence, bone
formation predominates and new bone is added more
rapidly than old bone is resorbed. After approximately
age 30, peak bone mass is attained. After that time, the
equation shifts and the rate of bone resorption exceeds
bone formation. Postmenopausal women who no longer
benefit from the bone-protecting effects of estrogen ex-
perience the highest rates of bone resorption. While
bone density can never exceed the peak bone density
attained in young adulthood, with attention to nutrition
and lifestyle factors, the rate of bone resorption can be
slowed. 

Health professionals can play a key role in helping
clients build and maintain strong bones and avoid 
osteoporosis and bone fracture with the following 
evidence-based recommendations.

Five Steps to Optimal Bone Health
1. Start with good nutrition. This means more than

meeting calcium and vitamin D recommendations,
although a deficiency in either nutrient probably
precludes optimal bone health.33 An overall
healthy and balanced diet with adequate calories
and appropriate nutrients provides a solid founda-
tion for all body tissues, including bone. Clients
should also be sure to get enough vitamin K34

and potentially vitamin C, as these vitamins may 
further help decrease fracture risk.35

2. Maintain an overall healthy lifestyle. Eating dis-
orders, smoking, and depression contribute to
bone weakening and increased risk of osteoporo-
sis.32 While weight loss in those who are over-
weight or obese is important for overall health,
lighter people tend to be at increased risk for 
osteoporosis. Research suggests, however, that
individuals who lose weight primarily through
exercise (versus calorie restriction) do not have
reduction in bone mineral density at clinically
important fracture sites such as the hip.36

3. Engage in weight-bearing physical activity. 
Exercise early in life leads to a higher peak bone
mass. Exercise in the later years likely slows the
decline in bone mineral density and increases
muscle mass and strength more than twofold 
in frail persons. Additional benefits include im-
proved function, delayed loss of independence,
and improved quality of life. Importantly, 
elderly individuals who engage in regular 
physical activity are less likely to fall.32

4. Aim to prevent falls. Without a fall, even brittle
bones are unlikely to break. Muscle strengthen-
ing, balance training, a regular Tai Chi program,
removal of home hazards such as rugs and clut-
ter, elimination of psychiatric medications when
possible, and use of a multidisciplinary program
to assess risk factors for falls all contribute to a
substantial reduction of falls,37 which translates
into a reduction in debilitating fractures.

5. Encourage clients to visit their doctor regularly,
especially those clients with risk factors for 
osteoporosis. Risk factors include female 
gender, increased age, estrogen deficiency (post-
menopausal or amenorrheic), white race, low
weight and body mass index, family history of
osteoporosis, smoking, and history of prior 
fracture.32 A physician can order a dual-energy 
x-ray absorptiometry (DXA) bone scan to 
confirm or rule out a diagnosis of osteoporosis.
Also, several medications are available for the
treatment and prevention of the bone disease.

S P E E D  B U M P
3. List and describe several chronic diseases that may

afflict athletes and the general nutritional princi-
ples to consider for each disease.

4. Describe the role of the health professional in the
nutritional management of clients who suffer from
chronic illness.
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Healthy bone Osteoporotic bone

Figure 14-2. Osteoporosis and weak bones. Osteoporosis
causes bone to become weak, porous, and susceptible to
fracture. 
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CHAPTER SUMMARY

Athletes may suffer from a variety of injuries and 

illness. The health professional can work as part of a

multidisciplinary team to help the athlete adopt nutri-

tion and activity practices most effective in supporting

recovery and return to play.

KEY POINTS SUMMARY
1. Athletes who engage in very high-intensity 

exercise are at increased risk of mild infections,
while athletes who engage in moderate-
intensity exercise are afforded a protective 
effect against common illnesses. Periods of 
particularly increased risk of infection include
intensive training weeks, the taper prior to com-
petition, and during competition. Athletes can
reduce risk of illness by gradually increasing
program intensity and volume, including cross
training in their training program, and allowing
sufficient time for rest and recovery.

2. Research to date does not support supplementa-
tion to decrease risk of illness in athletes. 
However, attention to carbohydrate intake 
helps to reduce the immune response. There 
is limited evidence that quercetin supplementa-
tion may provide benefit. Athletes should 
discuss nutritional supplementation with a 
registered dietitian or physician. 

3. Athletes should refrain from exercise when they
have a fever due to increased risk of dehydra-
tion. Otherwise, no strict criteria exist, though 
it may be prudent for athletes suffering a minor
illness to decrease the intensity of training and
avoid very strenuous exercise.

4. Injured athletes have decreased calorie and 
protein needs compared with needs during 
periods of intense activity, but increased needs
compared with baseline in order to support
healing. Muscle atrophy occurs with immobi-
lization. There is some evidence that intake 
of the branched chain amino acids, in particular
leucine, may help to offset this immobilization-
induced muscle atrophy. There is growing 
interest in possible roles for creatine and
omega-3 fatty acid supplementation in pro-
tecting against immobilization-induced 
atrophy and improving wound healing.

5. While it is essential that health professionals are
aware of general nutrition recommendations for
the treatment and prevention of most common
illnesses, it is clearly outside the scope of prac-
tice of the non-registered dietitian allied health
professional to provide nutrition advice or rec-
ommendations on how to use nutrition to help
treat these conditions.

6. Gastrointestinal discomforts are the most com-
mon ailments experienced by athletes. While
many of these symptoms may be short-lived,
some athletes suffer from chronic GI disease
such as GERD, IBS, celiac disease, and IBD.
Many of these illnesses can be managed at 
least in part with changes in nutritional habits. 

7. Cardiovascular disease is the leading killer of
American men and women. Signs and symp-
toms of cardiovascular disease develop in child-
hood. While exercise is protective, athletes still
may experience risks of cardiovascular disease
and should aim to adopt a healthful eating plan
to minimize risk. A person with “ideal cardio-
vascular health” does not smoke; is of normal
weight; has total cholesterol less than 200 mg/dL,
blood pressure less than120/80, and fasting
plasma glucose less than 100 mg/dL; participates
in moderate-intensity exercise at least 150 min-
utes per week or vigorous-intensity exercise 
75 minutes per week; and follows a healthy
diet. A healthy diet includes at least 4.5 cups 
of fruits and vegetables per day, at least two 
3.5-ounce servings of fish per week, less than 
or equal to 1,500 milligrams per day of sodium,
fewer than or equal to 450 kilocalories per 
week from sugar-sweetened beverages, and at
least three servings of whole grains per day.

8. Type 1 and type 2 diabetes are very different
manifestations of a similar disease process, char-
acterized by dysfunction in insulin production
and/or utilization. Health professionals who work
with clients who have diabetes should understand
the basic nutrition and exercise principles under-
lying diabetes care and work closely with a physi-
cian and registered dietitian in order to provide
the best care for the client. Three major nutri-
tional considerations when working with clients
with diabetes include balancing nutrition intake
with exercise and/or insulin; consuming several
small meals throughout the day in an effort to
maintain relatively stable blood sugar levels; and
monitoring blood glucose before, during, and
after exercise, being sure to have a carbohydrate
snack on hand in the case of hypoglycemia.

9. Athletes at highest risk for osteoporosis are 
females who are estrogen-deficient (post-
menopausal or amenorrheic), have a family 
history of osteoporosis, have very low body
mass index, or have a history of a prior fracture.
Attention to minimizing risk factors and con-
suming recommended amounts of vitamin D,
calcium, vitamin K, and vitamin C will help 
to reduce risk. Weight-bearing physical activity
also helps to reduce risk. Clients with risk fac-
tors for osteoporosis may benefit from an evalu-
ation by a physician who may consider a DXA
bone scan to determine bone mineral density.
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PRACTICAL APPLICATIONS

1. After a bout of very strenuous exercise training,
what is the typical maximum amount of time
that an athlete’s immune system could experi-
ence weakened function?
A. 12 hours
B. 24 hours
C. 48 hours
D. 72 hours

2. Which of the following substances have been
shown by research-supported evidence to act 
as effective nutrition interventions in exercise
immunology?
A. Quercetin and vitamin A
B. Vitamin E and probiotics
C. Carbohydrate and quercetin
D. Multivitamin supplement and glutamine

3. Which of the following gastrointestinal disor-
ders when untreated is MOST likely to lead to
severe disability and ultimately death?
A. Gastroesophageal reflux disease (GERD) 
B. Exercise-related transient abdominal pain

(ETAP)
C. Celiac disease
D. Inflammatory bowel disease (IBD)

4. Which of the following cardiovascular events 
is often reported as the first indication of an 
underlying cardiovascular disease in previously
asymptomatic athletes?
A. Sudden cardiac arrest 
B. Heart murmur
C. Myocardial infarction
D. Aortic aneurism

5. For exercisers with type 1 diabetes, what is 
the amount of blood glucose considered too
low to begin a workout session to avoid 
hypoglycemia?
A. 80 mg/dL
B. 90 mg/dL
C. 100 mg/dL
D. 110 mg/dL

6. Jonathan has type 2 diabetes and has made 
efforts to change his lifestyle to improve his
health. According to his physician, Jonathan has
experienced many positive health changes due
to his exercise program and diet modifications,
including weight loss. Which of the following 
is the most likely positive adaptation due to his
lifestyle changes? 
A. Increased insulin resistance 
B. Decreased insulin resistance 
C. Increased protein in the urine 
D. Decreased use of blood fats for energy

7. Women who have not yet transitioned
through menopause are protected from bone
loss from which hormone?
A. Progesterone
B. Estrogen
C. Testosterone
D. Androstenedione

8. Which of the following persons would have
the highest risk for developing osteoporosis?
A. A woman who has repeatedly lost weight

and regained it through dietary restriction
and fasting.

B. A 60-year-old man who is overweight and
sedentary.

C. A middle-aged woman who has lost weight
primarily through exercise.

D. A physically active man who has a low body
mass index (BMI).

9. Which analgesic drug has been associated with
kidney dysfunction and hyponatremia in 
endurance-trained athletes?
A. Acetaminophen
B. Codeine
C. Furosemide
D. Ibuprofen

10. Which of the following statements is true 
regarding probiotics?
A. Probiotics manufacturers are required to use

accepted nomenclature for the bacteria in a
product.

B. Probiotics have been proven to be effective
in the clinical treatment of diarrhea and 
lactose intolerance.

C. Probiotics must be alive and consumed in
sufficient quantity on a daily basis to exert
their beneficial effects.

D. Probiotics are regulated as drugs and require
ingredient testing or proof of potency.

Case 1 Scott, the Professional
Triathlete
Scott is a 29-year-old professional triathlete. He is due
to run the Kona Ironman in the coming month and is
very concerned that his intensive training regimen will
leave him susceptible to injury or illness. 
1. What precautions should Scott take to minimize

his risk of injury and illness?
2. What nutritional factors may be helpful for Scott

to protect against injury and illness?
3. If Scott does get injured, what nutritional strate-

gies may help to promote healing?
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Case 2 Susan, the Middle-Age
Overweight Hiker
Susan is a 55-year-old overweight teacher who has
struggled with obesity since childhood. After her best
friend suffered a debilitating heart attack, she decided
to change her lifestyle and achieve a healthier weight.
She has been following her training program and doing
very well. Recently, another friend was diagnosed with
type 2 diabetes. Susan has become very anxious about
her health and even more committed to achieving her
weight loss goals.
1. Susan says that she recently visited her physician

for her annual exam. He ordered a series of blood
tests and told her she had high cholesterol, predi-
abetes, and increased risk for heart disease. What
further information would you like to know to 
understand her risk? 

2. Susan asks you what is considered to be an ideal
eating plan to prevent cardiovascular disease and
diabetes?

3. Susan asks for three things that she can do to 
prevent disease. What might you tell her?

TRAIN YOURSELF
1. Choose an acute or chronic illness or injury for

which you believe you are at highest risk. Describe
why you feel that you are at risk. Explain what 
nutritional or exercise considerations are impor-
tant to help minimize that risk.

2. Highlight three aspects from this chapter that
were of most interest and relevance to you. 
Explain why. Will you change the way you train 
or eat based on what you learned?
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15.5 Describe strategies to prevent eating and exercise

disorders in high-risk populations.

15.6 Develop a sensitive and effective approach to 

confronting clients with a suspected eating or 

exercise disorder.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

15.1 Define and describe the signs and symptoms of the

major eating disorders.

15.2 Define the major exercise disorders.

15.3 Define the female athlete triad and its consequences

on health and performance.

15.4 Identify risk factors for developing an eating or 

exercise disorder.

active dehydration Dehydration resulting from 
increasing exercise and heat exposure.

adipositas athletica A term describing athletes who try
to gain body fat to increase insulation or increase
body energy stores.35

amenorrhea A condition defined by at least 3 months
without a menstrual period.

anorexia athletica A sport-induced subclinical eating 
disorder.

anorexia nervosa An eating disorder characterized by
caloric restriction leading to significantly low body
weight, intense fear of gaining weight or becoming fat,
and preoccupation with the body or inability or refusal
to recognize the harm of extremely thin body size.

atypical anorexia nervosa A condition in which all of
the criteria for anorexia nervosa are met, except that,
despite significant weight loss, the individual’s weight is
within or above the normal range.

avoidant/restrictive eating disorder A condition in
which an individual restricts or limits food intake, but
does not meet the criteria for other eating disorders. 

binge eating Excessive eating in a discrete period of
time (e.g., within any 2-hour period).

binge-eating disorder A condition characterized by 
repeated overconsumption of large amounts of 
food in a short period of time. 

binge-eating/purging type of anorexia nervosa A
subtype of anorexia nervosa; during the last 3 months,
the individual has engaged in recurrent episodes of
binge eating or purging behavior.

body dysmorphic disorder A disorder in which an 
individual develops persistent and obtrusive thoughts

and preoccupations with an imagined or slight defect
in appearance.

bulimia nervosa An eating disorder characterized by regu-
lar episodes of overeating and binge eating, which is then
compensated with unhealthy weight-loss strategies in-
cluding vomiting, excessive exercise, or laxative abuse.

continuance Continuing to exercise despite knowing
that this activity is creating or worsening physical, 
psychological, and/or interpersonal problems.17

disordered eating Eating patterns that are considered
to be irregular, especially when compared to a normal,
healthy individual of the same culture.

diuretic Any substance that acts to decrease the amount
of water in the body through increased urination.

eating disorder not elsewhere specified Eating 
disorders that do not meet the strict diagnostic criteria
to be classified as more specific disorders.

enemas Procedures used to flush out the colon and 
rectum using liquid applied through the anus.

energy availability The energy available in the body to
fuel physical activity and energy-requiring body func-
tions. Determined by the relationship between the 
calories consumed in the diet and the calories expended
in physical activity. 

exercise dependence A condition in which a person is
preoccupied with exercise and training to the extent
that the person engages in excessive levels of exercise,
resulting in negative physiological and psychological
consequences.16

feeding or eating disorders not elsewhere classified
Eating disorders that do not meet the strict diagnostic
criteria to be classified as more specific disorders.
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Refer? Ignore? While the situation is never easy to 
address, this chapter aims to help health professionals
develop a systematic and productive method for help-
ing members and clients who may suffer from, or be at
risk for, an eating or exercise disorder.

UNDERSTANDING EATING AND 
EXERCISE DISORDERS

Eating and exercise disorders confuse and astonish
many people. Just eat. Take a day off from working out.
Choose foods in moderation to avoid a binge. It sounds
easy enough. Why, then, does anorexia nervosa have
the highest mortality rate of any psychiatric disorder,
with nearly one-fourth of those deaths resulting from
suicide?2 While the precise causes of eating and exercise

female athlete triad A condition in which disordered 
eating and low energy availability lead to abnormal 
menstruation and decreased bone mineralization with
eventual development of amenorrhea and osteoporosis.

food addiction A controversial concept; may occur in
certain individuals in which consumption of highly
palatable foods such as sugar, salt, and fat trigger a 
response in the brain leading to binge eating, 
pervasive thoughts of food, and ultimately, obesity.

intention effects Inability to stick to one’s intended 
routine; in the case of exercise dependence, intention
effects are evidenced by exceeding the amount of
time devoted to exercise or consistently going beyond
the intended amount.17

laxatives Products used to soften stool and aid the body
in excretion.

muscle dysmorphic disorder A form of body dysmor-
phic disorder in which a person engages in excessive
amounts of resistance training in an effort to be “big.”

night eating syndrome Characterized by recurrent
episodes of eating after awakening from sleep or 
excessive food consumption after the evening meal.

orthorexia nervosa A pattern of disordered eating
characterized by a preoccupation with eating an 
extremely healthy diet.10

osteoporosis Weakening of the bones, which can lead to
bone fracture of the hip, spine, and other skeletal sites.

passive dehydration Dehydration resulting from fluid
and food restriction.

pica A feeding disorder in which an individual has a
strong desire to eat non-food items, such as dirt or
clay; most frequently occurs in childhood in response
to nutritional deficiency.

purging disorder Condition in which a person engages
in recurrent purging behavior to influence weight or
shape, such as self-induced vomiting, misuse of laxa-
tives, diuretics, or other medications, in the absence
of binge eating.

restricting type of anorexia nervosa A subtype of
anorexia nervosa; during the last 3 months, the indi-
vidual has not engaged in recurrent episodes of binge
eating or purging behavior.

rumination A feeding disorder in which a person regur-
gitates (vomits) food that was just eaten and chews
and swallows it again.

secondary adipositas athletica A term used to 
describe athletes who do not purposefully want to
gain fat mass, but just want to get “bigger”; increased
adiposity is an unintended consequence.

subthreshold anorexia nervosa See atypical anorexia
nervosa.

subthreshold binge-eating disorder A condition 
in which all of the criteria for binge-eating disorder
are met, except that the binge eating occurs, on 
average, less than once a week and/or for fewer
than 3 months. See eating disorder not elsewhere
specified.

subthreshold bulimia nervosa A condition in which all
of the criteria for bulimia nervosa are met, except that
the binge eating and inappropriate compensatory be-
haviors occur, on average, less than once a week and/
or for fewer than 3 months.

tolerance An individual becomes accustomed to the
current amount of exercise and must increase the
amount of exercise in order to feel the desired effect,
be it a “buzz” or sense of accomplishment, in the case
of exercise dependence.17

weight cycling Rapid fluctuations in weight, generally
used in sports when an athlete loses weight to qualify
for a certain weight class, then regains the weight 
immediately after the weigh-in.

withdrawal In the absence of exercise the person 
experiences negative effects such as anxiety, irritability,
restlessness, and sleep problems, in the case of 
exercise dependence.17

INTRODUCTION

Eating and exercise disorders can be found in gyms and
fitness centers in small towns, suburbs, and major cities
throughout the country. They manifest as the super-slim
college student who works out at the gym every day 
at 5:00 a.m. and 6:30 p.m.—times far enough apart that 
no one would notice the combined 3-plus hours spent
running on the treadmill each day. They are also seen 
in the normal-weight, healthy-appearing woman who 
is frequently heard vomiting in the bathroom or the
weight lifter who never misses a day at the gym. They per-
vade locker rooms, fields, courts, and gymnasiums, affect-
ing more than one-fourth of competitive female athletes.1

When faced with a client who demonstrates signs or
symptoms of an eating disorder, many health profes-
sionals do not know how to best proceed: Confront?
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disorders remain somewhat elusive, advances in the
understanding of these conditions provide a wealth of
information for  health professionals to consider when
interacting with and trying to help people who have or
are at risk for eating and exercise disorders. Recognizing
the social, psychological, and physiological complexities
of these disorders helps make it clear why the simple
solutions do not work (see Myths and Misconceptions).

EATING DISORDERS

Historically, eating disorders have predominately af-
fected Caucasian teenage females. However, the demo-
graphics have changed considerably over time with an
increasing number of males, minorities, and preadoles-
cent girls and boys affected.3 While the causes of eating
disorders are not well understood, most experts believe

that certain societal pressures combine with a genetic
predisposition for behavioral rigidity and perfectionism
to trigger a cascade of thoughts and behaviors that can
ultimately manifest as an eating disorder.3

The two most well-known and carefully defined eat-
ing disorders are anorexia nervosa and bulimia ner-
vosa. Other diagnoses that are classified as Feeding and
Eating Disorders in the Diagnostic and Statistical Manual
of Mental Disorders, 5th edition (DSM-5) include the feeding
disorders pica and rumination, which typically affect
children and will not be discussed further here, and the
eating disorders anorexia nervosa, bulimia nervosa,
avoidant/restrictive, binge eating, and feeding or eating
disorder not elsewhere classified.

Previous editions of the DSM manuals were fre-
quently criticized because the majority of people with
eating disorders did not meet the strict diagnostic crite-
ria for anorexia nervosa or bulimia nervosa, and instead
were diagnosed with partial syndromes or an eating
disorder not otherwise specified (ED NOS). DSM-5
attempts to address those issues with updated diagnostic
criteria, but many individuals with eating disorders will
continue to fall under the nonspecific category, which
now is referred to as eating disorder not elsewhere classified.
Athletes, especially those in weight-conscious sports
such as gymnastics, running, wrestling, and dancing,
are at particularly high risk of developing these partial
syndromes. Regardless of the specific diagnosis, all 
individuals with eating disorders suffer considerable
psychological and physical consequences.

Anorexia Nervosa

Stephanie is a 17-year-old female who recently visited
her doctor with the chief complaint of “irregular peri-
ods,” with her last menstrual period 3 months ago. The
doctor’s note states that the patient had been seen 
6 months previously with a height of 66 inches and
weight of 135 pounds (BMI 21.8). At this visit, the 
patient’s weight had dropped to 115 pounds (BMI 18.6).
On further questioning, Stephanie shared that she had
been trying to “eat healthier” and cut snacks and
calorie-containing drinks from her diet. She also
adopted an exercise program. Despite repeated efforts
to collect specific information about her diet and exer-
cise history, the doctor reports that Stephanie evaded
the questions and became defensive. Stephanie’s
mother shared her concern that for the past 3 months
Stephanie has avoided family meals, is constantly
weighing herself (though she does not allow anyone
near her when she does this), and had notable weight
loss. The physician expressed concern that Stephanie
may be suffering from anorexia nervosa and proceeded
to coordinate a multidisciplinary treatment team includ-
ing a therapist, registered dietitian, psychiatrist, and
herself, the primary care physician, for further evalua-
tion and treatment. With the patient’s mother’s permis-
sion, the physician also initiated contact with the
patient’s school and the director of the fitness facility
where Stephanie is a member. 

Myths and Misconceptions
Eating Disorders and Food
The Myth 
Eating disorders can be cured by simply eating
more food (in the case of anorexia nervosa) or
eating less food (in the case of bulimia nervosa
and binge eating). 

The Logic
Eating and exercise disorders are preventable
problems that can be resolved completely by 
istening to one’s body: eat when hungry, stop
when full. The body has a physiological need for
an appropriate amount of food—eat too little and
it grumbles uncomfortably, eat too much and risk
a belly ache. The treatment for eating disorders is
straightforward and, therefore, why should they
be so difficult to cure?

The Science
The cause of eating disorders is multifactorial and
includes an interaction between genetic factors,
environmental triggers, and personal experience.
The manifestations of eating disorders —namely
dysregulation in food intake—are symptoms of
deeply rooted psychological distress. Advising a
person who has an eating disorder to just eat
more or less does not address the cause of the
disorder and thus, alone, does not represent an
effective treatment. To be effective, treatment 
for eating disorders should involve a physician to
evaluate for medical problems resulting from
poor nutritional status, a registered dietitian to
develop an appropriate eating plan, a mental
health professional to provide therapy and sup-
port to help get to the underlying causes of the
disordered eating, and, in most cases, integral 
involvement of the affected person’s close family.

2955_Ch15_330-349  08/10/14  6:14 PM  Page 333



Stephanie’s case provides a classic example of an
early presentation of anorexia nervosa. Although it
usually affects teenage girls and young women, a grow-
ing number of men and middle-age women are diag-
nosed with anorexia nervosa, the most deadly of the
eating disorders. In establishing a diagnosis of anorexia
nervosa, a physician refers to DSM-5 to see if the patient
meets diagnostic criteria. In the case of anorexia ner-
vosa, the criteria include:4

1. Restriction of energy intake leading to a signifi-
cantly low body weight for age, sex, develop-
mental trajectory, and physical health. 

2. Intense fear of gaining weight or becoming
“fat,” or persistent behavior that interferes with
weight gain, even though at a significantly low
weight.

3. Disturbance in the way in which one’s body
weight or shape is experienced, undue influence
of body weight or shape on self-evaluation, or
persistent lack of recognition of the seriousness
of the current low body weight.

Anorexia nervosa is further classified into two 
subtypes: 

Restricting Type: During the last 3 months, 
the individual has not engaged in recurrent
episodes of binge eating or purging behavior
(i.e., self-induced vomiting or the misuse of
laxatives, diuretics, or enemas).

Binge-Eating/Purging Type: During the last 
3 months, the individual has engaged in recur-
rent episodes of binge eating or purging behav-
ior (i.e., self-induced vomiting or the misuse of 
laxatives, diuretics, or enemas).

This definition is updated from the previous diagnos-
tic criteria, which required four strict criteria: refusal 
to maintain body weight of at least 85% of expected
weight; intense fear of gaining weight or becoming fat;
body image disturbances including a disproportionate
influence of body weight on self-evaluation; and the ab-
sence of at least three consecutive menstrual periods
(amenorrhea).5

The causes of anorexia nervosa are multifactorial
and not fully understood. A combination of genetic
predisposition; personality traits of perfectionism and
compulsiveness; anxiety; family history of depression
and obesity; and peer, cultural, and familial ideals 
of beauty interact to trigger anorexia nervosa in some
individuals. The most severe potential consequences 
of the disorder include osteoporosis, miscarriage and
low infant birth weights, abnormalities in cognitive
functioning, suicide, and death from starvation or heart
arrhythmias.2,6 While many people with anorexia ner-
vosa are resistant to change and may need inpatient
treatment in a psychiatric hospital, full recovery of
body weight, growth, menstruation, and normal eating
behavior and attitudes regarding food and body shape
occurs in 50% to 70% or more of treated adolescents.6

Only 25% to 50% of adults with anorexia nervosa se-
vere enough to require hospitalization fully recover.6

Bulimia Nervosa

Tanya is a 22-year-old collegiate soccer player. She has
a muscular build and BMI of 25. Her roommate, who
is also a soccer player, recently confronted Tanya after
she heard her inducing vomiting after the two con-
sumed a large pizza together. While Tanya seemed con-
tent while they were eating, afterwards she expressed
feelings of guilt for having eaten so much and worried
that she was going to “become fat.” When Tanya’s
roommate confronted her, Tanya denied having ever
induced vomiting in the past. Wanting to protect her
friend but also unsure what to do, Tanya’s roommate
confided in their assistant coach her concern that Tanya
may be showing signs of bulimia nervosa.

Bulimia nervosa is more difficult to identify than
anorexia nervosa because people with bulimia nervosa
are often normal weight or sometimes overweight. Bu-
limia nervosa is diagnosed when the following criteria
are met:4

1. Recurrent episodes of binge eating. An episode
of binge eating is characterized by:
• Eating, in a discrete period of time (e.g., within

any 2-hour period), an amount of food that is
definitely larger than most people would eat
during a similar period of time under similar
circumstances; AND

• A sense of lack of control over eating during
the episode (e.g., a feeling that one cannot
stop eating or control what or how much 
one is eating)

2. Recurrent inappropriate compensatory behaviors
in order to prevent weight gain, such as self-
induced vomiting; misuse of laxatives, diuretics, or
other medications; fasting; or excessive exercise.

3. The binge eating and inappropriate compensa-
tory behaviors both occur, on average, at least
once per week for 3 months.

4. Self-evaluation is unduly influenced by body
shape and weight.

5. The disturbance does not occur exclusively 
during episodes of anorexia nervosa.

One percent to 5% of women (usually in their late
teens to early twenties) suffer from bulimia nervosa.7 Im-
portantly, anorexia nervosa and bulimia nervosa often
co-exist with one another and are caused by many of the
same complex social, familial, and personality factors.

Binge-Eating Disorder

Steven is a 25-year-old engineer with a BMI of 35. He
recently joined his local YMCA to begin an exercise
program to help him lose weight. Recognizing that he
needs help to achieve his goals, he hired a health
coach. During the initial evaluation, he shared that at
least two nights per week while watching his favorite 
30-minute sitcoms on TV he eats a frozen pizza, about
six cookies, and a bag of chips. He acknowledged that
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he wishes that he didn’t do this and that he feels dis-
gusted with himself afterwards. The health coach noted
that Steven frequently stated, “I wasn’t even hungry!”
when describing the episodes. These episodes usually
happen when he is alone. He does not engage in any
compensatory behaviors afterwards.

Steven’s history should raise suspicion for binge-eating
disorder. Binge-eating disorder falls along the contin-
uum of disordered eating with anorexia nervosa and
bulimia nervosa (Fig. 15-1). Binge-eating disorder is
characterized by repeated overconsumption of large
amounts of food in a short period of time. The condition
frequently co-occurs with mental health disorders such
as anxiety and depression and is highly associated with
obesity.8 Some people associate binge-eating disorder
with food addiction, though the physiological basis for
each is a source of ongoing research.9 Concerned,
Steven’s health coach referred him to a mental health
professional for evaluation and therapy. 

For the diagnosis of binge-eating disorder, the person
must meet the following criteria:

1. Recurrent episodes of binge eating. 
2. The binge-eating episodes are associated with

three (or more) of the following:
• Eating much more rapidly than normal
• Eating until feeling uncomfortably full
• Eating large amounts of food when not feeling

physically hungry
• Eating alone because of feeling embarrassed

by how much one is eating
• Feeling disgusted with oneself, depressed, or

very guilty after overeating
3. Marked distress regarding binge eating is present.
4. The binge eating occurs, on average, at least

once a week for 3 months.
5. The binge eating is not associated with the recur-

rent use of inappropriate compensatory behavior
and does not occur exclusively during the course
of bulimia nervosa or anorexia nervosa.

Several clues that a client may have one of the named
eating disorders—anorexia nervosa, bulimia nervosa, or
binge-eating disorder—are listed in Box 15-1.

Avoidant/Restrictive Food Intake

Stephanie is an underweight 12-year-old female who par-
ticipates on the middle school tennis team. Stephanie’s

coach has noticed that Stephanie never wants to 
eat any of the snacks available for the team before
meets and after practices. In hopes that she will find
something that Stephanie does like, the coach asks
Stephanie’s parents what types of snacks Stephanie
would eat. Stephanie’s parents share that Stephanie
has severely picky eating habits and will eat only very
bland, smooth foods. They also share that Stephanie
was recently diagnosed with iron-deficiency anemia,
calcium deficiency, and vitamin B12 deficiency, and
was subsequently diagnosed by her physician with
avoidant/restrictive eating disorder.

Avoidant/restrictive eating disorder is a new diagno-
sis in DSM-5 that, for the first time, gives a named psy-
chiatric diagnosis for what is essentially severe picky
eating to the extent that it causes nutritional deficiency.
It primarily affects children, though it is not limited to
children. 
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Restriction

Binge

Eating disorder:
Anorexia nervosa
Bulimia nervosa
Binge eating disorder

Healthy eating and
exercise patterns

Preoccupation with
body size, exercise,
and/or eating 

Disordered eating including:
occasional binging and
purging, exercise, and 
restriction 

Figure 15-1. The continuum of disordered eating. Disordered eating falls on a continuum from
severe restriction and anorexia nervosa to massive overeating and binge-eating disorder. While
most people with disordered eating do not meet criteria for the named eating disorders, they
still face severe psychological and physical consequences.

Box 15-1. Signs and Symptoms of Anorexia
Nervosa, Bulimia Nervosa, and Binge-Eating
Disorder

Anorexia nervosa: extreme thinness; excessive
exercise; fine, soft hair; easily broken bones; 
obsessiveness; cognitive impairment; depression;
low self-esteem; extreme perfectionism; self-
consciousness; self-absorption; ritualistic 
behavior; amenorrhea.
Bulimia nervosa: “chubby cheeks” from
swollen parotid glands; eroded dental enamel;
scars on back of fingers and hands from repeated
self-induced vomiting; irregular menstruation;
loss of normal bowel function; acid reflux; de-
pressed mood; anxiety; alcohol and drug use;
low self-esteem; irritability; impulsive spending;
shoplifting; sexual impulsivity; concentration
and memory impairments.
Binge-eating disorder: no definitive physical
cues; repeated overconsumption of large amounts
of food in a short period of time; mental health
disorders such as anxiety and depression; eating
when full or not hungry; eating until uncomfort-
ably full; feeling ashamed or guilty about eating
habits; feeling isolated; losing and gaining weight
repeatedly, also called yo-yo dieting.
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The criteria for diagnosis4 include:
1. Eating or feeding disturbance manifested by 

persistent failure to meet appropriate nutritional
and/or energy needs associated with one or
more of the following:
• Significant weight loss (or failure to gain

weight or faltering growth in children) 
• Significant nutritional deficiency
• Dependence on enteral feeding or nutritional

supplements
• Marked interference with psychosocial 

functioning
2. There is no evidence that lack of available food

or an associated culturally sanctioned practice is
sufficient to account for the disorder.

3. The eating disturbance does not occur exclu-
sively during the course of anorexia nervosa or
bulimia nervosa, and there is no evidence of a
disturbance in the way in which one’s body
weight or shape is experienced.

4. The eating disturbance is not better accounted
for by a concurrent medical condition or an-
other mental disorder. When occurring in the
context of another condition or disorder, the
severity of the eating disturbance exceeds that
routinely associated with the condition or disor-
der and warrants additional clinical attention.4

There are three main subtypes of avoidant/restric-
tive food intake eating disorder. The first describes 
individuals who do not eat enough/show little interest 
in eating. An example may be a child who simply re-
fuses to eat, despite cajoling from a parent or attempted 
accommodation of food preferences. This pattern of
avoidant intake also commonly presents in older
adults. A second type describes individuals who only
accept a limited diet in relation to sensory features. For
example, a person may refuse to eat lumpy foods. The
third type describes individuals whose food refusal 
is related to an aversive experience. This might occur
in a person who experienced foodborne illness after
consuming a particular type or types of food.

Other Eating Disorders

Importantly, just because a person may not meet the
strict criteria to be diagnosed with a named eating dis-
order, individuals with severe dietary restriction, perva-
sive behaviors and thoughts about food, and subclinical
forms of the mentioned disorders should trigger concern
and be helped similarly to those with a diagnosed disor-
der. DSM-5 categorizes these conditions as “atypical,
mixed, or below-threshold conditions”; “other specific
syndromes not listed in DSM-5”; and “insufficient infor-
mation/other feeding or eating condition not elsewhere
classified.”

Atypical, Mixed, or Below-Threshold Conditions
A large portion of “other” eating disorder diagnoses are
“subthreshold” cases of anorexia nervosa and bulimia

nervosa, in which the individual meets some but not
all of the necessary criteria. These conditions include:

• Subthreshold or atypical anorexia nervosa
in which all of the criteria for anorexia nervosa
are met, except that, despite significant weight
loss, the individual’s weight is within or above
the normal range.

• Subthreshold bulimia nervosa in which all
of the criteria for bulimia nervosa are met, 
except that the binge eating and inappropriate
compensatory behaviors occur, on average, 
less than once a week and/or for fewer than 
3 months.

• Subthreshold binge-eating disorder in
which all of the criteria for binge-eating disorder
are met, except that the binge eating occurs, on
average, less than once a week and/or for fewer
than 3 months.

Other Specific Syndromes Not Listed in DSM-5
Other disordered eating patterns are mentioned in DSM-
5 but diagnostic criteria are not defined or described.
The specifically mentioned disorders include:

• Purging disorder in which a person engages in
recurrent purging behavior to influence weight
or shape, such as self-induced vomiting and/or
misuse of laxatives, diuretics, or other medica-
tions, in the absence of binge eating. 

• Night eating syndrome is characterized by 
recurrent episodes of eating after awakening
from sleep or excessive food consumption after
the evening meal. To have this disorder, the 
person must have awareness and recall of the
eating, and the night eating cannot be better 
accounted for by external influences such as
changes in the individual’s sleep/wake cycle or
by local social norms. The night eating is associ-
ated with significant distress and/or impairment
in functioning. The person typically feels guilty
and shameful during and/or after the repeated
nighttime binges. The disordered pattern of 
eating cannot be better accounted for by binge-
eating disorder, another psychiatric disorder,
substance abuse or dependence, a general 
medical disorder, or an effect of medication.

Insufficient Information/Other Feeding or
Eating Condition Not Elsewhere Classified
This is a residual category for clinically significant prob-
lems meeting the definition of a feeding or eating 
disorder but not satisfying the criteria for any other dis-
order or condition.

One emerging pattern of disordered eating that may
fit this category is orthorexia nervosa. Although not
mentioned in any diagnostic manual and barely mak-
ing an appearance in the scientific literature, orthorexia
nervosa has been described as a pattern of disordered
eating characterized by a preoccupation with eating an
extremely healthy diet.10 First described in 1997 by an
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alternative medicine physician named Steven Bratman,
orthorexia nervosa may start as an admirable desire to
attain a state of optimal health but can evolve into a
psychological crutch to exert control, escape from fears,
improve self-esteem, create an identity, and search for
spirituality. While not inherently undesirable, this way
of eating can become problematic if a person becomes
obsessive and begins to spend inordinate amounts of
time thinking about food and planning meals, develops
guilt with minor lapses in adherence, or uses the diet
as a coping mechanism to avoid life challenges.

Signs that a person may have developed eating habits
and mentality on the orthorexia nervosa spectrum in-
clude multiple yes answers to the following questions:

• Do you wish that occasionally you could just eat
and not worry about food quality?

• Do you ever wish you could spend less time
on food and more time on living and loving?

• Does it sound beyond your ability to eat a
meal prepared with love by someone else—
one single meal—and not try to control what
is served?

• Are you constantly looking for the ways foods
are unhealthy for you?

• Do love, joy, play, and creativity take a backseat
to having the perfect diet?

• Do you feel guilt or self-loathing when you
stray from your diet?

• Do you feel in control when you eat the correct
diet?

• Have you positioned yourself on a nutritional
pedestal and wonder how others can possibly
eat the food they eat?11

Many people have argued that an attention to healthy
eating is a positive development that more people should
follow and that orthorexia nervosa is not in fact a true
pathological condition (see Communication Strategies). 

S P E E D  B U M P
1. Define and describe the signs and symptoms 

of the major eating disorders.

EXERCISE DISORDERS 

In the pursuit to achieve an ideal body type, some people
adopt severe exercise habits, which may or may not be
accompanied by disordered eating patterns. 
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COMMUNICATION STRATEGIES

The Debate: Is a Commitment to Healthy Eating Pathological (i.e., Should 
Orthorexia Nervosa Be a Psychiatric Diagnosis?)

The Case 
Bill is a 60-year-old man who underwent a major life transformation 10 years ago. At the age of 48, Bill’s younger
brother died abruptly from a heart attack. His brother was of a normal weight, but a notoriously lousy eater, frequently
consuming nutrient-poor food that was high in salt and trans fat. Bill, who was overweight and sedentary at the time,
decided that he needed to turn his life around so that he could see his grandchildren grow up and enjoy his retirement.
He committed to eat better and be more active.

Over the years, Bill’s commitment to healthy eating and exercise has become increasingly vigilant. He follows a
strictly vegetarian diet and shuns processed food completely. He eats at least nine servings of fruits and vegetables
every day and maintains a thriving home garden. He spends at least 60 minutes per day engaged in moderate to 
vigorous physical activity. He prides himself in sharing that he has not missed a day of working out for at least 
30 minutes for the past 5 years. When he did miss a workout 5 years ago, he says that he felt depressed, out of 
energy, and developed a physical craving for exercise.

Bill has successfully maintained a weight loss of 40 pounds for the past 8 years. He takes no medications and
suffers from no chronic health problems.

The Prompt
Using Bill as a case example, debate whether orthorexia nervosa should be considered a psychiatric disorder. Divide
into three groups. Each group will have 15 minutes to prepare the following:

1. The first group should develop a convincing argument of why Bill is a model of health, and thus, why the
condition that Bill manifests—orthorexia nervosa—should not be a clinical diagnosis. 

2. The second group should develop a convincing argument of why Bill may suffer a pathological condition
and thus, why orthorexia nervosa should be considered a psychiatric disorder.

3. The third group will serve as judges and should develop criteria by which to judge the presentations. 

Continued
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Muscle Dysmorphic Disorder

While people with anorexia nervosa and sometimes 
bulimia nervosa engage in excessive amounts of exer-
cise in an effort to lose weight and achieve an elusive
state of thinness, people with muscle dysmorphic
disorder engage in excessive amounts of resistance
training in an effort to be muscular and “big.” Similar
to people with anorexia nervosa and bulimia nervosa,
people with muscle dysmorphic disorder are preoccu-
pied with their bodies—and their perceived imperfec-
tions. Bodybuilders have long recognized this disorder,
which they term “bigorexia” and “reverse anorexia.”12

One study of 85 competitive and 48 noncompetitive
weight-training athletes found that those athletes at
greatest risk of muscle dysmorphia were most likely to
be male competitive athletes focused on strength train-
ing to improve appearance.13

Muscle dysmorphic disorder is a subcategory of the
general category of body dysmorphic disorder in
DSM-5. Body dysmorphic disorder is diagnosed when
the following criteria are met:4

1. Preoccupation with one or more perceived 
defects or flaws in physical appearance that are
not observable or appear slight to others. 

2. At some point during the course of the disorder,
the person has performed repetitive behaviors
(e.g., mirror checking, excessive grooming, skin
picking, or reassurance seeking) or mental acts
(e.g., comparing their appearance with that of
others) in response to the appearance concerns.

3. The preoccupations cause clinically significant
distress or impairment in social, occupational, 
or other important areas of functioning. 

4. The preoccupations are not attributable to 
another medical condition.

5. The appearance preoccupations are not better 
accounted for by concerns with body fat or
weight in an eating disorder.

DSM-5 allows a psychiatrist to specify if the person
has the muscle dysmorphia form of body dysmorphic

disorder, which is described as the belief that one’s
body build is too small or is insufficiently muscular.

Approximately 100,000 people, mostly men, meet
the formal criteria for muscle dysmorphic disorder.14

The health risks associated with muscle dysmorphic
disorder are substantial. One study comparing men
with muscle dysmorphic disorder versus men with
other forms of body dysmorphic disorder found that
those with muscle dysmorphic disorder were more
likely to lift weights excessively (71% versus 12%), diet
(71% versus 27%), exercise excessively (64% versus
10%), experience poorer quality of life, attempt suicide
(50% versus 16%), and have or develop a substance
abuse disorder (86% versus 51%), including anabolic
steroid abuse (21% versus 0%).12 In fact, muscle dys-
morphic disorder is known to be a substantial risk fac-
tor for anabolic steroid use.15

Exercise Dependence

Exercise dependence describes the condition in which
a person is preoccupied with exercise and training to the
extent that the person engages in excessive levels of ex-
ercise, resulting in negative physiological and psycho-
logical consequences.16 This condition has also been
termed exercise addiction, excessive exercise, obligatory
exercise, compulsive exercise, and exercise abuse.

Exercise dependence is not an official diagnosis
listed in DSM-5, but could fit into the DSM-5 category
of “behavioral addiction” (though gambling is the only
behavioral addiction specifically described in the man-
ual). DSM-5 criteria for substance dependence may be
adapted to better describe exercise dependence and
provide a meaningful way to differentiate an avid ex-
erciser from a person with an unhealthy obsession.
The following criteria adapted from the criteria to di-
agnose other forms of addiction were proposed by 
researchers Hausenblaus and Downs:17

• Tolerance: increasing the amount of exercise in
order to feel the desired effect, be it a “buzz” or
sense of accomplishment.

COMMUNICATION STRATEGIES—cont’d

Reconvene for the debate. Each team should select three representatives to engage in a debate. The debate will
take 30 minutes. The members of each team can choose who will give: (1) the opening speech, (2) cross-examination 
of the other side, and (3) closing remarks. Proceed as follows:

1. Group 1 presents opening speech (5 minutes)
2. Group 2 presents opening speech (6 minutes)
3. Group 1 presents a cross-examination (6 minutes)
4. Group 2 presents a cross-examination (6 minutes)
5. Group 1 provides closing argument (3 minutes)
6. Group 2 provides closing argument (4 minutes)

The judges have 5 minutes to ask questions.  Each judge then places a vote. Tally the numbers to choose a winning team.
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• Withdrawal: in the absence of exercise the per-
son experiences negative effects such as anxiety,
irritability, restlessness, and sleep problems.

• Lack of control: unsuccessful attempts to re-
duce exercise level or cease exercising for a cer-
tain period of time.

• Intention effects: unable to stick to one’s in-
tended routine, as evidenced by exceeding the
amount of time devoted to exercise or consis-
tently going beyond the intended amount.

• Time: a great deal of time is spent preparing for,
engaging in, and recovering from exercise.

• Reduction in other activities: as a direct re-
sult of exercise, social, occupational, and/or recre-
ational activities occur less often or are stopped.

• Continuance: continuing to exercise despite
knowing that this activity is creating or worsen-
ing physical, psychological, and/or interpersonal
problems.

About 3% of the general population suffers from
exercise dependence.18 Studies suggest that rates
among certain groups such as ultramarathoners,19

sports science students,20 and other recreational and
elite athletes are much higher.21 For example, in one
study of Parisian fitness club members, over 42% of
the members met the criteria for exercise depend-
ence.22 In a study of elite Australian athletes, re-
searchers found that 34% of the athletes met the
criteria. These athletes had a higher body mass index,
more extreme and maladaptive exercise beliefs,
higher reported pressure from coaches and team-
mates, and lower social support compared to the ath-
letes without exercise dependence.21 Many studies
have found that exercise dependence is associated
with perfectionism, obsessive-compulsiveness, and
anxiety; it is indirectly related to self-esteem.16

Exercise dependence presents in two forms: (1) 
primary exercise dependence, which results when a per-
son participates in excessive amounts of physical activity
due to the craving for exercise and its accompanying
physiological and psychological effects, and (2) secondary
exercise dependence, in which a person exercises exces-
sively to achieve some other means, such as weight loss
in a person with an eating disorder23 (Box 15-2). 

S P E E D  B U M P
2. Define the major exercise disorders.

ATHLETES: A VULNERABLE POPULATION
FOR EATING AND EXERCISE DISORDERS

Athletes face pressure to excel in their sport. Many
times the opportunity for maximal performance corre-
sponds to the achievement and maintenance of a cer-
tain body size, especially in high-intensity sports or
those that focus on aesthetics, such as figure skating,
gymnastics, running, swimming, and wrestling. The
pressure to attain a certain body size may cause the

athlete to become preoccupied with food and eating,
leading to restriction of food.

Anorexia Athletica 

Anorexia athletica was first described in the early
1990s by researchers who recognized the increased
rates of eating disorder-like traits among athletes.26 The
term came to refer to a below-threshold eating disorder
mostly affecting competitive athletes in sports that value
low body weight, such as ski jumping, road cycling,
climbing, gymnastics, and long-distance running, 24

and is typically associated with excessive exercise.
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Box 15-2. A Case Study: Did
Ultramarathoner Micah True Suffer 
From Exercise Dependence?

Micah True, the real-life character in Christopher
McDougall’s best-selling book Born to Run, was a
renowned ultrarunner from Boulder, Colorado.
True lived an adventurous and exotic life—his 
life story includes days filled with activities such
as cave dwelling near sacred shrines in Hawaii
and years-long sabbaticals to places like remote 
northwestern Mexico, where he lived in an adobe
hut and logged 5,000 miles of running per year.

True developed his passion for running as an
adult. After a failed relationship, he turned to
trail running to find solace. He traveled around
the world to experience grueling 100-mile plus
runs where he engaged with the local people 
and explored nature. He described himself “as 
a trail-running bum,” similar to a surfing bum 
or a climbing bum. In a Washington Post article,
McDougall explained “. . . when you get him out
for a run, his entire personality transformed. 
He ran with a smile on his face.”39

True, who was 58 years old, was last seen alive
in late March 2012 when he left for a 12-mile
run in the Gila National Forest in New Mexico, 
a pit stop on a road trip to Phoenix. Five days
later he was found dead with his legs dangling in
a stream. Though the autopsy was inconclusive,
True was found to have idiopathic cardiomyopa-
thy, an enlargement and dysfunction of the 
heart that occurred for an unknown reason. 
The autopsy report noted that True did not have
a regular physician and studies such as an elec-
trocardiogram or blood pressure readings were
unavailable. They concluded that his cardiomy-
opathy likely caused a cardiac arrhythmia during
exercise that led to his death.39

Question
Do you believe Micah True suffered from exercise
dependence? Identify the characteristics of True
that would support your opinion.
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The definition and diagnosis of anorexia athletica are
not consistent, well described, or mentioned in DSM-5.
However, athletes with anorexia athletica tend to have
many of the following characteristics:25,26

1. Intense fear of gaining weight or becoming “fat”
even though he or she is at least 5% below 
expected body weight. 

2. Low weight attained through excessive exercising,
caloric restriction, or both. 

3. Binging, self-induced vomiting, and/or use of
laxatives or diuretics. 

4. High achievement orientation, perfectionism,
and obsessive-compulsive tendencies

While the research aimed at understanding rates of
anorexia athletica is limited, studies suggest that about
6% of female athletes in aesthetic sports meet clinical
criteria for the disorder.27,28

Female Athlete Triad

Participation in ample physical activity and consumption
of a nutrient-dense and healthful diet are defining fea-
tures of a healthy lifestyle. Oftentimes athletes are the
model citizens of excellent health. However, a sizeable
number of athletes have taken healthful habits to an 
extreme such that they become pathological and detri-
mental to overall health and well-being. Whether done
inadvertently or purposefully, approximately 25% of
elite female athletes in endurance sports, aesthetic sports,
and weight-class sports suffer from disordered eating and
some variation of the female athlete triad.27

The female athlete triad is characterized by amenor-
rhea (at least 3 months without a menstrual period),
osteoporosis (weakened bones and increased risk of
fracture), and disordered eating. The path from optimal
health to full manifestation of the triad exists along a
continuum (Fig. 15-2). The triad results when an ath-
lete burns more calories than she consumes, creating a
state of decreased energy availability. This can happen
when an athlete increases her physical activity without
appropriately increasing caloric intake or if she restricts
her caloric intake. When this happens, the body at-
tempts to restore energy balance by using less energy
for growth, reproduction, and various other important
body functions. Menstruation halts and hormonal im-
balance ensues, which often leads to decreased bone
strength and increased risk of fracture. 

Athletes at highest risk for low energy availability are
those who restrict caloric intake, exercise for prolonged
periods, are vegetarian, and limit the types of foods that
they eat. In fact, dieting is widely considered to be a pre-
cursor to disordered eating. Athletes at highest risk for
dieting behaviors tend to include early start of sport-
specific training, sudden increase in training volume,
traumatic events such as injury or loss of a coach, and
a host of other environmental and social factors includ-
ing low self-esteem, family dysfunction, abuse, person-
ality, and genetics.29 Evaluating the Evidence features

the American College of Sports Medicine’s position
statement on the female athlete triad to describe the
purpose, benefits, and cautions of position statements
issued by professional organizations.

S P E E D  B U M P
3. Define the female athlete triad and its consequences

on health and performance.

Weight Cycling 

Certain athletes in sports that require frequent weigh-
ins and weight qualifications to compete in a particu-
lar weight class are at risk for weight cycling. Weight
cycling refers to rapid fluctuations in weight, which
can be due to fluid restriction and use of diuretics and
other efforts to lose weight through decreased body
water, or restrictive dieting, which can lead to large
weight losses that are rapidly regained when the 
restriction stops. 

While the research on weight cycling in athletes is
limited and dated, several studies have attempted to
evaluate performance and health risks and benefits
from this practice.30-33 Most of the studies focus on
wrestlers, a particularly high-risk population for weight
cycling due to the requirement that athletes weigh-in

Optimal
nutrition to
fuel training

“Subclinical”
female

athlete triad

Female
athlete
triad

Menstrual Function

Amenorrhea
Abnormal,

irregular periods
Normal

menstruation

Bone Density

Osteoporosis
Low bone

mineral density
Optimal

bone health

Energy Availability

Low
Reduced energy availability

�/� disordered eating Optimal

Figure 15-2. The female athlete triad exists on a contin-
uum. The female athlete triad consists of decreased 
energy availability, which leads to amenorrhea and os-
teoporosis. However, the condition is not “all or nothing.”
Many athletes exhibit parts of the female athlete triad 
or subclinical forms of the triad. This figure shows the
continuum of each component of the triad in isolation 
(the three sets of straight lines) and then in combination
(the three joined triangles).
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EVALUATING THE EVIDENCE

The Position Stand

The American College of Sports Medicine published a position stand on the female athlete triad.29 A committee 
of six people with advanced degrees in medicine, nutrition, and exercise science and who are recognized ex-
perts in their fields drafted the statement, the aim of which was to provide recommendations for primary care
professionals on the screening, diagnosis, prevention, and treatment of “the triad.”

Each clinical recommendation in the position paper is followed with a statement on the strength of the 
scientific evidence, which informed the statement. The recommendations are graded as an A, B, or C:

A. Consistent and good quality evidence for clinical outcomes on mortality, morbidity, symptoms, cost, 
and quality of life.

B. Inconsistent or limited quality of evidence for clinical outcomes on mortality, morbidity, symptoms, 
cost, and quality of life.

C. C1: evidence based on biochemical, histological, physiological, and pathophysiological outcomes; or C2:
evidence based on case studies, consensus, usual practice, and opinion.

Table 15-1 restates several of the clinical recommendations of this paper along with the ratings of evidence. 

Table 15-1. Female Athlete Triad Recommendations and Evidence
CLINICAL
EVIDENCE

STATEMENT RATING

Clinical Recommendations for Screening and Diagnosis

Screening for the triad should occur at the preparticipation exam or annual health 
screening exam

Athletes with one component of the triad should be assessed for the others

Athletes with disordered dieting should be referred to a mental health practitioner for 
evaluation, diagnosis, and treatment

To diagnose functional hypothalamic amenorrhea, other causes of amenorrhea must 
be excluded

Bone mineral density should be assessed after a stress or low impact fracture and after 
a total of 6 months of amenorrhea, oligomenorrhea (menstrual cycles longer than 
35 days), or disordered eating or eating disorders

Clinical Recommendations for Treatment

Multidisciplinary treatment for the triad disorders should include a physician (or other 
health-care professional), a registered dietitian, and for athletes with disordered eating 
or eating disorders, a mental health practitioner

The first aim of treatment is to increase energy availability by increasing energy intake 
and/or reducing energy expenditure

Athletes without eating disorders or disordered eating should be referred for 
nutritional counseling

Athletes practicing restrictive eating behaviors should be counseled that increases in body 
weight may be necessary to increase bone mineral density 

Treatment of eating disorders and disordered dieting includes nutritional counseling 
and individual psychotherapy; cognitive behavioral, group therapy, and/or family 
therapy may also be used 

Athletes with disordered eating or eating disorders who do not comply with treatment 
may need to be restricted from training and competition

C2

C2

C2

B

C2

C2

C1

C2

C1

B

C2

Continued

Continued
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prior to competition. A wrestler who does not “make
weight” will be disqualified or must wrestle at a higher
weight class. As a result of this high pressure to achieve
a certain weight, wrestlers aggressively attempt to 
ensure qualification in their weight class. Historically,
the most common strategy has been active and passive
dehydration. Active dehydration results from in-
creasing exercise and heat exposure, and passive 
dehydration results from fluid and food restriction.
This focus on cutting weight in the days to hours prior
to competition negatively impacts a wrestler’s ability to
ingest sufficient carbohydrates and gradually taper ex-
ercise intensity—two essential components for optimal
performance.33 In an effort to curb these unsafe weight-
cutting strategies, organizations such as the National
Collegiate Athletic Association (NCAA) have established
several rules for wrestlers, including that an athlete
compete at or above his or her “certified” weight and
that specific gravity of urine be checked when establish-
ing a wrestler’s certified weight classification.

In studies of the general population, most of whom
are overweight and sedentary, weight cycling has been
linked to high blood pressure, high cholesterol, gallblad-
der disease, long-term weight gain, and increased 
depression.34 However, these studies are not conclusive
and any long-term effects are not well described or un-
derstood. Furthermore, the long-term effects of weight
cycling on athletes are, for the most part, unknown.

Adipositas Athletica

A minority of athletes strive to gain fat mass to increase
their competitiveness in their sport. Recently, researchers
have coined the term adipositas athletica to describe
athletes who try to gain body fat to increase insulation

or increase body energy stores.35 For example, open-
water long-distance swimmers need at least 25% body
fat to protect them against hypothermia and its associated
compromise in muscular strength and efficiency. Other
less-conventional athletes such as transcontinental skiers
strive to put on fat mass to sustain an ample supply of
energy to fuel the extreme expedition. Some athletes do
not purposefully want to gain fat mass, but they overall
just want to get “bigger,” whether the increased mass
comes from muscle or fat is not necessarily important to
them. This is known as secondary adipositas athlet-
ica. These athletes may participate in sports that value
massive body size such as sumo wrestling, football line-
men, and martial arts, where there is no upper limit to
the highest weight class. While a large body mass may
prove beneficial for the short-term, the long-term com-
plications can be severe (see the section on obesity in
Chapter 12).

PREVENTING EATING AND EXERCISE
DISORDERS IN HIGH-RISK POPULATIONS

Health professionals who work with young people,
athletes, and others at risk for eating disorders play a
critically important role in helping to prevent the
onset of an obsession with weight, body image, and
exercise. Special considerations for adolescents, a par-
ticularly vulnerable population, are noted in Box 15-3.
Athletes, especially those in weight-conscious sports,
also are at high risk for the development of disordered
eating patterns. 

The National Eating Disorders Association (www
.nationaleatingdisorders.org) offers the following tips

EVALUATING THE EVIDENCE—cont’d

CRITICAL THINKING QUESTIONS:
What are the strengths and limitations of organizational position stands?
Which of the statements in Table 15-1 are directly relevant to the health professions field you plan to

choose? Why might a health professional choose to follow or not follow recommendations from a 
position stand?

Most of the evidence ratings for the statements in Table 15-1 are in the C category. Why do you think that
there is not more A-level evidence? 

Table 15-1. Female Athlete Triad Recommendations and Evidence—cont’d
CLINICAL
EVIDENCE

STATEMENT RATING

C2Oral contraceptives should be considered in an athlete with amenorrhea over age 
16 if bone mineral density is decreasing with nonpharmacological management, 
despite adequate nutrition and body weight
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for coaches and health and fitness professionals to help
prevent eating disorders:

1. De-emphasize weight. Do not weigh clients.
Eliminate comments about weight, especially
with those individuals you believe may be 
at risk for an eating disorder.

2. Do not assume that reducing body fat or weight
will improve performance.

3. Help others recognize the signs of eating disor-
ders and how to address them.

4. Provide accurate information about weight,
weight loss, body composition, nutrition, and
sports performance. Have a broad network 
of referrals (such as registered dietitians and
physicians) who may also be able to help 
educate clients when appropriate.

5. Emphasize the health risks of low weight, espe-
cially for female athletes with menstrual irregu-
larities (in which case, referral to a physician,
preferably one who specializes in eating disorders,
is warranted). 

6. Avoid making any derogatory comments about
weight or body composition, regardless to
whom the comments are directed.

7. Do not curtail athletic performance and gym
privileges to an athlete or client who is found 
to have eating problems unless medically neces-
sary. Consider the athlete’s physical and emo-
tional health and self-image when deciding how
to modify exercise participation level.

8. Strive to promote a positive self-image and 
self-esteem in clients and athletes. Carefully 
assess personal assumptions and beliefs.

Given the higher prevalence of eating disorders in
athletes, the prevention of eating disorders among ath-
letes requires increased vigilance. Some ways that
health professionals can help to prevent eating disor-
ders among athletes with whom they work include:

• Providing an annual education program to all
athletes about the risks of disordered eating and
how to adopt a healthful approach to eating and
weight management
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Box 15-3. Adolescents and Eating Disorders

The majority of eating disorders affect adoles-
cents—the stage in normal growth and develop-
ment when the effects of eating disorders are
most severe and disruptive. An adolescent athlete
who severely restricts caloric intake is at high 
risk of suffering long-term physiological conse-
quences from low energy availability for growth,
menstruation, and development of peak bone
mass. The psychological factors contributing to
the development of eating disorders and as a con-
sequence of chronic malnutrition and the typical
secrecy that accompanies the disorder increase a
teen’s risk of long-term mental health problems,
poor school performance, impaired relationships
with friends and family, and self-injurious behav-
ior.3 However, with long-term treatment and
therapy, the prognosis of eating disorders is 
much better for teenagers than adults. In one
study of 95 people who had been hospitalized 
for anorexia nervosa as adolescents and were 
followed for 10 to 15 years, over 85% had
achieved partial or complete recovery, and none
had died. But the median time to partial recovery
was nearly 5 years. Full recovery occurred for
most after around 6.5 years.38

Health professionals who work with teenage
athletes will most certainly encounter clients
who suffer from signs and symptoms of eating
disorders. It is essential to be prepared in ad-
vance for the appropriate action steps to get the
teenager needed treatment and services. The
American Academy of Pediatrics encourages 
pediatricians to keep several considerations in

mind when working with adolescent clients.3

These considerations, adapted to fit within the
scope of practice of an allied health professional,
are presented below:
• Allied health professionals need to be knowledge-

able about risk factors, signs, and symptoms of
disordered eating and eating disorders.

• When discussing with clients how to avoid or
treat obesity or how to best control weight, allied
health professionals should focus on healthy eat-
ing and building self-esteem in addition to con-
trolling weight. Allied health professionals should
not inadvertently encourage, endorse, or enable
excessive dieting or exercise or other potentially
harmful strategies used to control weight.

• Allied health professionals should refer any 
adolescent with concern for disordered eating 
or eating disorders to his or her pediatrician or 
primary health-care provider for a physical. The
physician will plot height, weight, and BMI using
gender- and age-appropriate growth charts. The
physician will also assess menstrual status in
girls. If concern is high for an eating disorder, 
the provider may initiate treatment or refer the
patient for nutritional and mental health therapy.

• Allied health professionals can play a role in pre-
vention of disordered eating and eating disorders
with a focus on education, early screening, and
advocacy.

• Allied health professionals should advocate for
legislation and policy changes to ensure access to
medical, mental health, nutritional, and care co-
ordination for adolescents with disordered eating.
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• Avoiding telling an athlete to lose weight
• Encouraging an athlete in a weight-class sport

to gain strength to compete at a higher weight
level if unhealthy nutrition and health practices
are otherwise necessary to meet weight

• Providing education about the side effects and
performance risks of undereating (such as 
fatigue, anemia, electrolyte imbalances, and 
depression)

• Providing an appropriate referral for athletes
who are overweight or obese and who require
healthy weight loss

• Avoiding weighing athletes for non-health-
related issues

• Discouraging dieting
• Referring early to an appropriate health and nu-

trition professional for athletes who demonstrate
concerning thoughts or behaviors around food
and eating.1,36

SCREENING AND IDENTIFICATION OF
CLIENTS WITH EATING AND EXERCISE
DISORDERS

Most health professionals work with active, health con-
scious individuals on a daily basis and, as a result, may
be instrumental in identifying, confronting, and refer-
ring clients who show signs or symptoms of an eating
or exercise disorder. As such, health professionals
should assess for eating and exercise disorders through
a systematic screening process. This could include con-
ducting an annual questionnaire with athletes such as
the SCOFF questionnaire,37 asking pertinent nutrition
and physical activity-related questions, and carefully
monitoring for symptoms of disordered eating or exer-
cise. Questions focus on the client’s attitudes and be-
haviors related to eating and exercise; for example, if
the client has lost a significant amount of weight in the
last 3 months, makes herself vomit if she feels overly
full, believes she looks fat when she is thin, uses laxa-
tives or other medications to try to lose weight, or
overexercises to control weight. Those clients who
demonstrate signs of disordered eating or exercise
should be sensitively confronted by the health profes-
sional with the best rapport with the individual.

One approach to confronting clients who appear to
be at risk for an eating disorder is aptly called the CON-
FRONT approach, which is highlighted in Box 15-4.
When planning this confrontation, keep in mind the
following “don’ts”: don’t oversimplify; don’t diagnose;
don’t become the person’s therapist; don’t provide ex-
ercise advice without first helping the individual get
professional help; and don’t get into a battle of wills if
the person denies having a problem. 

The most important “next step” after confronting
a client who demonstrates signs or symptoms of an

eating or exercise disorder is referral to the client’s
physician for evaluation, diagnosis, and treatment.
Treatment options may range from regular follow-
ups with the primary care physician, dietitian, and
mental health professional to intensive day-therapy
programs and inpatient hospitalization on an eating
disorder ward for the most severe cases. Most indi-
viduals with eating disorders eventually recover,
though the process is long and intense. One study fol-
lowed 95 people who were hospitalized for anorexia
nervosa as adolescents for 10 to 15 years. The median
time to partial recovery was 57 months, while the
median time to full recovery was 79 months.38

Box 15-4. The Plan: CONFRONT, From the
National Association of Anorexia Nervosa
and Associated Disorders

Confronting an individual with a suspected eating
disorder is a challenging, sensitive, and poten-
tially volatile undertaking. In addition to the 
concern that the person may get angry, deny that
there is a problem (and perhaps there really is
not a problem?), or distance himself or herself,
many people struggle to find the right words and
approach to be perceived as helpful rather than
antagonistic and paternalistic. To help when first
approaching someone with a suspected eating
disorder, the National Association of Anorexia
Nervosa and Associated Disorders advocates a
strategy called CONFRONT:40

C—Concern. Share that the reason you are ap-
proaching the individual is because you care about
his or her mental, physical, and nutritional needs.
O—Organize. Prepare for the confrontation.
Think about who will be involved, where is the
best place, the reason for the concern, the best
approach to talk to the person, and the most 
appropriate time.
N—Needs. What will the individual need after
the confrontation? Have referrals to professional
help and/or support groups available should the
individual be ready to seek help.
F—Face the confrontation. Be empathetic, but
direct. Be persistent if the individual denies having
a problem.
R—Respond by listening carefully.
O—Offer help and suggestions. Be available 
to talk and provide other assistance when needed.
N—Negotiate another time to talk and time-
frame in which to seek professional help, prefer-
ably from a physician who specializes in eating
disorders.
T—Time. Remember that the individual will
not change immediately. Recovery takes time
and patience.
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TRAINING A CLIENT WITH AN 
EXERCISE OR EATING DISORDER

In addition to being a source of help and empathy,  health
professionals—in particular exercise professionals—can
play an important role in developing or implementing
structured exercise programs for people recovering
from eating and exercise disorders who have already
sought help from a qualified medical professional. An
important first step is to develop a partnership with the
client’s treating physician. Seek medical clearance and
general recommendations from the client’s treating
physician regarding the maximal duration and inten-
sity of exercise. Note that individuals with a BMI of less
than 20 may not receive clearance to exercise until
they gain a specified amount of weight. When working
with the client, emphasize the positive psychological
and health benefits of appropriate exercise and mini-
mize focus on appearance and weight. As with all
clients, strive to develop a balanced and well-rounded
program that includes cardiovascular training, resist-
ance training, and flexibility exercises. The goal is to
help the client learn how to exercise in moderation.
Some programs for individuals with eating disorders
will use activities such as yoga and tai chi, with the goal
of helping clients to relax.

A physician and sports dietitian are particularly im-
portant members of the treatment team for an athlete

who suffers from an eating disorder. The physician
will carefully assess the athlete’s current health status
and risk of negative health outcome from continued
competition. The sports dietitian will provide a nutri-
tional assessment and a meal plan. Together the
physician, dietitian, and ideally an exercise profes-
sional, will develop eating and exercise recommenda-
tions and a mental health professional will provide
psychological treatment. Generally accepted criteria
for the return to play after diagnosis and during treat-
ment of an eating disorder for competitive athletes 
include:

• Being in treatment, complying with the treat-
ment plan, and progressing toward treatment
goals

• Maintaining a weight of at least 90% of ideal
body weight with a body fat percentage of at
least 6% for male athletes and 12% for female
athletes, or more

• Eating sufficient calories to comply with the
treatment plan

S P E E D  B U M P
4. Identify risk factors for developing an eating or 

exercise disorder.
5. Describe strategies to prevent eating and exercise

disorders in high-risk populations.
6. Develop a sensitive and effective approach to con-

fronting clients with a suspected eating or exercise
disorder.
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CHAPTER SUMMARY
Food and exercise for people with eating and exercise
disorders take on more meaning than a necessity to
nourish one’s body or an activity to improve fitness,
health, and quality of life. At worst, they become players
in a physical and psychological war of control, compul-
sion, and disordered thinking. But once a problem has
been identified, accepted, and evaluated by a trained
medical professional, the qualified health professional
can play a critical role in helping a person with an eating
or exercise disorder to develop a positive and healthy re-
lationship with food and physical activity. Just as impor-
tantly,  health professionals have a unique vantage point
for identifying the early course and progression of eating
and exercise disorders. And perhaps, through their
words and their actions,  health professionals may help
prevent some of them from developing.

KEY POINTS SUMMARY
1. DSM-5 describes several classes of eating disor-

ders including anorexia nervosa, bulimia ner-
vosa, binge-eating disorder, avoidant/restrictive
food intake, and “Other Eating Disorders/Eat-
ing Disorders Not Otherwise Specified.” DSM-5
outlines strict criteria a physician must use to
diagnose these disorders. Any professional
working with a person who demonstrates signs
of an eating disorder should refer that person

to a qualified health professional for further
evaluation and treatment. 

2. Muscle dysmorphic disorder is a subcategory
of body dysmorphic disorder, and, in addition
to several diagnostic criteria, is characterized
by an individual engaging in excessive
amounts of resistance training in an effort to
become larger. Individuals with this disorder
perceive themselves as too small or insuffi-
ciently muscular.

3. Exercise dependence is not an official diagnosis;
however, it could be classified as a behavioral
addiction. Exercise dependence describes the
condition in which a person is preoccupied with
exercise and training to the extent that the 
person engages in excessive levels of exercise,
resulting in negative physiological and psycho-
logical consequences.16

4. Anorexia athletica is a sport-induced subclinical
eating disorder in which an athlete has all of the
following characteristics: (1) weight loss (a loss of
>5% of expected body weight); (2) gastrointesti-
nal complaints; (3) absence of medical illness or
mood disorder (such as depression) explaining
weight reduction; (4) excessive fear of becoming
obese; and (5) restriction of caloric intake (<1,200
kcal per day). In addition, the athlete must have
one of the following: (1) delayed puberty; (2)
menstrual dysfunction; (3) disturbance in body
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image; (4) use of purging methods; (5) binge 
eating; and (6) compulsive exercise.

5. The female athlete triad is a set of three condi-
tions that can occur in female athletes: amen-
orrhea, osteoporosis, and disordered eating.

6. Weight cycling refers to the practice by some
athletes of rapidly losing and regaining weight.
They generally rapidly lose weight to qualify for
a particular weight class and then regain it right
after the weigh-in.

7. Health professionals play an important role 
in the prevention of and screening for eating
and exercise disorders. If after screening for an
eating disorder, such as using the SCOFF ques-
tionnaire, an individual is believed to have an
eating disorder, he or she should be sensitively
confronted by the  health professional with the
best rapport with the indi vidual, using an ap-
proach such as the CONFRONT approach, and
referred to his or her physician for further 
evaluation and treatment.

PRACTICAL APPLICATIONS

1. After working with a new client for several ses-
sions, you notice that she is very focused on her
weight, and you are growing concerned that she
has an eating disorder due to stories she tells you
about binge eating, excessive exercise following
binges, and jokes about “purging.” Which of the
following steps would be most appropriate for a
fitness professional to take with this client?  
A. Inform her that she has an eating disorder

and will need a physician’s referral before
you can continue working with her.  

B. Design a program that helps her decrease
body fat to direct her focus toward body-
composition changes instead of weight loss. 

C. Express how much you care about the client
and your concern that she may have an eat-
ing disorder, recommend that she meet with
her physician for evaluation and guidance;
and offer to be there for her   

D. Show empathy by discussing healthful eating
strategies and implementing an exercise rou-
tine that will help her reach her weight-loss
goals in a safe and effective manner. 

2. After 3 months of training, your client has
achieved rapid weight loss, is now borderline
underweight, and appears increasingly con-
cerned with her body weight and appearance.
Which of the following disorders is most likely
to be associated with this type of behavior? 
A. Bulimia nervosa 
B. Binge-eating disorder 
C. Anorexia nervosa 
D. Muscle dysmorphia 

3. Julie, an exercise physiology undergraduate stu-
dent, recently suffered a stress fracture in her left

foot. She has been training to run a marathon for
the past 3 months. During her doctor’s visit to eval-
uate the fracture, her doctor expressed concern she
may have an eating disorder. Which of the follow-
ing conditions does Julie most likely have?
A. Bulimia nervosa
B. Anorexia adipositas
C. Anorexia athletica
D. Female athlete triad

4. Tricia exercises excessively in order to counter-
act the effects of what she perceives as eating
too many calories on a daily basis. With which
of the following conditions is this type of 
behavior associated?
A. Primary exercise dependence
B. Secondary exercise dependence
C. Anorexia athletica
D. Muscle dysmorphic disorder

5. A person who is undergoing treatment for an
eating disorder is MOST likely to be encouraged
to perform which of the following types of 
exercise in his or her treatment plan?
A. Yoga
B. Dance
C. Circuit training
D. Weight lifting

6. Rachel has worked her way up from a body
mass index (BMI) of 16 to 18. She has under-
gone treatment from her physician, registered
dietitian, and therapist to cope with anorexia
nervosa. In general, what BMI value will Rachel
have to achieve before she is allowed to begin
exercise training again?
A. 19
B. 20
C. 22
D. 23

7. Which type of disorder presents with no defini-
tive physical cues, yet might be a common con-
dition in clients who seek out help from health
professionals?
A. Anorexia nervosa
B. Bulimia nervosa
C. Binge-eating disorder
D. Avoidant eating disorder

8. Last year, Mike lost 25 pounds through eating
healthy and exercising and is now in the best
shape of his life. Lately, Mike’s friends have
commented on his preoccupation with eating 
an extremely healthy diet, mentioning that he
doesn’t have time for them anymore because it
seems he is solely focused on shopping for and
preparing his meals. Mike might be categorized
as suffering from what condition?
A. Orthorexia nervosa
B. Anorexia nervosa
C. Bulimia nervosa
D. Restrictive eating disorder
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9. What condition is most closely associated with
an athlete who desires a gain in body fat mass
in order to have a competitive edge in his or
her sport?
A. Anorexia athletica
B. Orthorexia athletica
C. Adipositas athletica
D. Exercise dependence

10. Which of the following eating disorders is
known to be the deadliest?
A. Anorexia nervosa
B. Bulimia nervosa
C. Binge-eating disorder
D. Muscle dysmorphic disorder
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3. If you were Brian’s coach, would you be concerned
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K E Y  T E R M S

16.5 List the most common food allergens.

16.6 Explain the physiology of exercise-induced 

anaphylaxis.

16.7 Compare and contrast the Paleo diet, raw food diet,

and detox diets.

LEARNING OBJECTIVES
After studying this chapter, the reader should be able to:

16.1 Define the types of vegetarianism.

16.2 Describe the effects of vegetarianism on athletic

performance.

16.3 Explain the origin of gluten and which grains do and

do not contain gluten.

16.4 Describe the effects of a gluten-free diet on athletic

performance.

anaphylactic shock The potentially life-threatening
state the body enters when experiencing anaphylaxis;
used interchangeably with anaphylaxis.

anaphylaxis A potentially life-threatening allergic reaction
with a wide range of symptoms including hives, swelling,
itching, and difficulty breathing and swallowing.

celiac disease A condition in which the body’s immune
system reacts to gluten-containing foods and initiates
an allergic reaction. Inflammation of the gastrointesti-
nal system results, and in addition to other symptoms
such as abdominal bloating pain, diarrhea, vomiting,
and fatigue, there is decreased absorption of nutrients
by the body, which can lead to deficiencies.

detoxification Used to describe diets that attempt to
purge the body of harmful 21st-century toxins includ-
ing food additives, pesticides, pollutants, and other
synthetic compounds in order to achieve a state of
body purification.

epinephrine pen A pen-shaped applicator containing 
a dose of epinephrine, which is used to stop anaphy-
laxis, a life-threatening allergic reaction.

flexitarian diet Synonymous with the semi-vegetarian
diet, this diet is one in which a person does not usually
eat meat, fish, or poultry but will infrequently include
these foods in their diet.

food intolerance A reaction to certain foods that results
from a deficiency in an enzyme that is needed to break
down that food. The immune system is not involved in
the reaction.

food poisoning Illness that results from ingestion of 
toxins released by bacteria that grow on food.

gliadin A protein component of gluten, which triggers the
immune system response for people with celiac disease.

gluten A protein compound that is made up of two 
proteins, glutenin and gliadin, and found in the grains
wheat, barley, and rye.

gluten sensitivity Also known as gluten intolerance, a
condition in which people appear to have a negative
response to gluten-containing foods, however no 
allergic reaction results.

irritable bowel syndrome A gastrointestinal condi-
tion of uncertain etiology that manifests as abdomi-
nal pain and cramping, gas, bloating, and diarrhea 
or constipation.  

lacto-ovo-vegetarian A vegetarian who consumes
eggs and dairy products, but does not consume meat,
poultry, or fish.

lacto-vegetarian A vegetarian who consumes dairy prod-
ucts, but does not consume eggs, meat, poultry, or fish.

omnivore A person who consumes both plant and 
animal foods.

oral allergy syndrome A condition that results when 
a protein in certain raw foods causes an immediate 
inflammatory response from the moment the food
touches the mouth or skin.

ovo-vegetarian A vegetarian who consumes eggs, but
does not consume meat, poultry, fish, or dairy products.

Paleo/Paleolithic diet A diet that aims to mimic what
hunters and gatherers ate in the Paleolithic period over
10,000 years ago before the advent of agriculture:
whole fruits and vegetables, fish, grass-fed livestock,
fungi, roots, and nuts. The diet prohibits grains,
legumes, dairy products, salt, refined sugar, and all
processed foods.

pesco-vegetarian A vegetarian that consumes fish,
eggs, and dairy, but does not consume meat or poultry.
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INTRODUCTION

Physical therapist and elite ultramarathon runner Scott
Jurek, winner of numerous accolades including finish-
ing 165.7 miles in the 24-Hour Run (6.5 marathons in
1 day!), attributes his running success to his 100%
plant-based, vegan diet. NFL player Tony Gonzalez
clinched the record for all-time most receptions by a
tight-end and broke the NFL career touchdown record
the same year he adopted a vegan diet. Numerous other
elite athletes including Olympic track star Carl Lewis,
tennis champ Martina Navratilova, and power lifter Pat
Reeves have chosen a vegan diet. Other Olympic ath-
letes and super runners endorse a gluten-free eating
plan, attributing the wheat-free diet to personal bests,
faster recovery, and a boost in energy. The endorse-
ments from super-athletes in contrast to the nutritional
teaching that elimination of whole food groups is harm-
ful to health and performance beg the question: Do re-
strictive eating patterns promote or impair optimal
health and athletic performance? 

A growing number of athletes have turned to special-
ized or restrictive eating patterns in an effort to enhance
athletic performance, improve health, or both. While
athletes may lead the cutting edge of nutritional trends,
the special diets they adopt are not always effective,
based on scientific evidence, or intrinsically safe. On the
other hand, with appropriate planning, an athlete’s spe-
cial dietary needs or preferences can be accommodated
to provide high nutritional value and contribute to 
optimal health and athletic performance. 

VEGETARIAN DIETS

The most popular and well-understood restrictive eat-
ing plan is the vegetarian diet. While a vegetarian diet
comes in many forms with varying degrees of restric-
tion, it is well understood and well established that a
carefully planned vegetarian eating plan can set the
stage for optimal health and athletic performance.

Vegetarian diets come in a variety of forms (Fig. 16-1).
A pesco-vegetarian diet excludes only meat and poul-
try. The lacto-ovo-vegetarian diet excludes only
meat, fish, or poultry. A lacto-vegetarian diet excludes
eggs, meat, fish, and poultry. An ovo-vegetarian diet

excludes dairy, meat, fish, and poultry. A vegan diet 
excludes all animal products and dairy such as milk and
cheese.

Some people follow a semi-vegetarian or flexi-
tarian diet in which they usually do not eat meat,
fish, or poultry but will infrequently include these
foods in their diet. This way of eating can be further
classified as a vegetarian-inclined diet, in which meat
alternatives are used to replace meat products for
four or more meals per week, and a health-conscious
diet, in which a person eats two to three meatless
meals per week in an effort to optimize health.

Vegetarian Diets and Health

Vegetarian diets provide several health advantages.
They are low in saturated fat, cholesterol, and animal
protein, and high in fiber, folate, vitamins C and E,
carotenoids, and some phytochemicals. Compared to
omnivores, vegetarians have lower rates of obesity,
death from cardiovascular disease, hypertension, type
2 diabetes, and prostate and colon cancer. However, if
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vegan A person who does not include any animal prod-
ucts in their diet. This means they do not consume
meat, poultry, fish, eggs, or dairy products.

vegetarian A person who eats a plant-based diet and
does not consume meat and poultry. 

raw food diet A diet that emphasizes intake of foods in
their natural, unprocessed, uncooked form.

semi-vegetarian diet Synonymous with the flexitarian
diet, this diet is one in which a person does not usually
eat meat, fish, or poultry, but will infrequently include
these foods in their diet.

Type of
Vegetarian Diet Includes Excludes

Pesco-vegetarian

Lacto-ovo-
vegetarian

Lacto-vegetarian

Ovo-vegetarian

Vegan

Figure 16-1. Vegetarian diets.
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poorly planned, vegetarian diets may include insuffi-
cient amounts of protein, iron, vitamin B12, vitamin D,
calcium, and other nutrients.1 Furthermore, a vegan
diet may include insufficient amounts of creatine, zinc,
and omega-3 fatty acids.2,3

In addition to ensuring adequate intake of micronu-
trients, vegetarians also need to carefully plan their
meals and snacks to ensure optimal protein availability
and adequate caloric intake. A main determinant of
protein quality is whether a food contains all of the 
essential amino acids. Most meat-based products are
higher-quality proteins because they have varying
amounts of the essential amino acids, while most plant
proteins are incomplete proteins because they do not
contain all of the essential amino acids. Plant-based
complete proteins include soy, quinoa, chia seeds, buck-
wheat, hemp, and flax seeds. Of note, complementary
plant products such as rice and beans together provide
all of the essential amino acids (Fig. 16-2). Research
suggests that most vegetarians consume adequate
amounts of complementary plant proteins throughout
the day to meet their protein needs.1 Thus, the comple-
mentary proteins do not need to be consumed in the
same meal. See Chapter 2 for more information on
complementary proteins.

Vegetarian Diets and Athletic Performance

Too few well-conducted research studies have been
done to determine whether or not a vegetarian diet in

itself helps or hinders athletic performance. It seems 
as though a well-planned vegetarian diet can set the
stage for exceptional health and fitness. To ensure that
the diet is appropriately planned, vegetarian athletes
should consider consultation with a registered dietitian
who can help to develop an individualized eating plan
that will meet the athlete’s unique caloric and nutri-
tional needs. 

When coaching vegetarian athletes or providing
general information and tips on a vegetarian eating
plan, health professionals should consider the following
highlights:

Assure adequate carbohydrate and high-quality protein
intake. Because carbohydrates are the preferred energy
source during exercise, and vegetarian diets typically
contain higher amounts of carbohydrates than omniv-
orous diets, a vegetarian or vegan diet could be an op-
timal diet for athletes. Most endurance athletes, in
particular those who train longer than 60 to 90 minutes
per day, are advised to consume a diet that is 60% to
70% carbohydrates to optimize glycogen synthesis.4 A
typical vegetarian diet parallels that goal with 50% to
65% of calories from carbohydrates compared to less
than 50% in nonvegetarian diets.2 The typical vegetar-
ian diet contains about 10% to 12% of calories from
protein, compared with 14% to 18% in omnivorous
diets,2 causing some to worry that vegetarians may 
be unable to consume adequate amounts of protein to
repair damaged muscle and build muscle mass. The
recommended dietary allowance (RDA) for protein is
0.8 g/kg/day. Highly trained endurance athletes may
need up to 1.2 to 1.4 g/kg/day and strength athletes 
1.6 to 1.7 g/kg/day,5 though the Food and Nutrition
Board of the Institute of Medicine believes that the ev-
idence suggests athletes do not actually have increased
need.6 Legumes, dried beans, peas, nuts, soy, and meat
alternatives provide ample protein, though few vege-
tarian foods provide all of the essential amino acids,
making it necessary that vegans consume a variety of
protein-rich plant foods throughout the day to meet
protein requirements. Because plant proteins are not
as readily digested as animal proteins, vegetarians
should consume about 10% more grams of protein
than the preceding recommendations.5 That is, if an ath-
lete consumes a 3,000-calorie diet with 10% from pro-
tein, approximately 300 calories (75 g) are from protein.
A vegetarian should consume about 30 extra protein
calories (8 g), for a total of 330 calories from protein.
Again, a client should consult a registered dietitian for
an individualized eating plan to meet these goals.

Consume enough calories. Athletes have increased 
energy needs due to the demands of physical activity.
Depending on the duration and intensity of exercise,
body composition, gender, and training regimen, a typ-
ical athlete needs to consume 2,000 to 6,000 calories
per day.2 An athlete who does not consume adequate
calories to fuel exercise may suffer from low energy
bioavailability, which can interfere with optimal per-
formance, maintenance of lean tissue, and immune
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and reproductive functions.5 One sign of low energy
availability is unanticipated weight loss. When this oc-
curs, some suggestions to increase caloric intake while
also optimizing health include the following:

• Eat more frequent meals and snacks
• Include meat alternatives
• Add dried fruit, seeds, nuts, avocados, and other

healthful calorie-dense foods to meals and snacks.
Consider creatine supplementation, if peak performance is

essential. Consult a registered dietitian or physician prior to
initiating supplementation. Research suggests that those
who consume a vegetarian diet have decreased total
muscle creatine concentration.7 Muscle creatine stores
are important for energy metabolism, in particular for
exercises that are short-term and high-intensity. Vege-
tarian athletes may be more responsive to creatine 
supplementation-related improvements in sports per-
formance compared to their meat-eating counterparts,
though this is an area of ongoing investigation.2 In any
case, remember that a registered dietitian, preferably
one with a focus on sports nutrition, is best equipped
to discuss supplementation with a client. Recommend-
ing supplements is outside the scope of practice of most
health professionals.

Prevent iron-deficiency anemia. Iron is a critical nutrient
for optimal athletic performance as it is necessary for the
synthesis of hemoglobin and myoglobin, iron-protein
complexes that deliver oxygen from the lungs to the
working muscles. Athletic training combined with low
dietary intake can lead to a depletion of iron stores and
subsequently hampered athletic performance, though
iron-deficiency anemia is rare, affecting only about 10%
of vegetarian athletes.2 Vegetarian athletes can pre-
vent anemia by consuming a diet rich in fortified
breakfast cereals, bread, textured vegetable protein,
legumes, dried beans, soy foods and meat alternatives,
nuts, dried fruits, and green leafy vegetables. Vegetar-
ian iron sources are not as well absorbed as their animal
counterparts, but absorption can be enhanced by con-
suming a food that is high in vitamin C along with an
iron-rich plant food.

Get enough zinc. Zinc is important for immune func-
tion, protein synthesis, and blood formation. It is read-
ily lost from the body following strenuous exercise,
especially in hot, humid environments. While animal
sources provide the most bioavailable zinc, legumes,
whole grains, cereals, nuts, and seeds are good sources.
Consuming foods rich in vitamin C and soaking beans,
grains, and seeds enhances absorption.

Eat fortified foods to optimize vitamin B12, riboflavin, 
vitamin D, and calcium intake. The best sources of each of
these nutrients are derived from animal products, dairy
products, and eggs. However, vegans and other vege-
tarians can assure adequate amounts from fortified soy
products, cereals, and, in the case of calcium, from low-
oxalate green vegetables like broccoli, bok choy, and
kale. Vitamin B12 is important for the normal metabo-
lism of nerve tissue, protein, fat, and carbohydrates. It
is especially important for women of child-bearing age

to consume enough of the vitamin to prevent neural
tube defects in a developing fetus. Riboflavin is an es-
sential nutrient for energy production; the nutrient is
stored in muscles and used most in times of muscular
fatigue. Vitamin D is necessary for calcium absorption,
bone growth, and mineralization. While necessary for
maintaining bone structure and vitamin D metabolism,
calcium is also important for blood clotting, nerve
transmission, and muscle stimulation.2 Each of these
nutrients makes an important contribution to optimal
athletic performance.

Vegans: Eat algae or discuss with a physician or registered
dietitian the need for a supplement for optimal essential
fatty acid intake. Vegan diets in particular often lack the
heart-healthy, brain-protecting, omega-3 fatty acids
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) found in fish, seafood, eggs (DHA only), and
chickens fed flax or microalgae.3 The only plant sources
of DHA and EPA are microalgae, seaweed, and non-
fish-oil-derived supplements. Most plant sources that
contain high amounts of omega-3 fatty acids such as
oils, walnuts, chia seeds, and flaxseeds, contain alpha-
linoleic acid (ALA) rather than DHA or EPA. (The dif-
ferences between DHA, EPA, and ALA are described in
detail in Chapter 3.)

Consider periodic weight checks. Competitive athletes
who regularly engage in prolonged or strenuous exer-
cise should consider periodically monitoring weight to
ensure that energy needs are being met. Many recre-
ational athletes participate in an exercise program pri-
marily for health benefits and weight loss rather than
peak athletic performance. In these cases, weight loss
may be a desired outcome. However, elite athletes will
not achieve peak performance if caloric intake is insuf-
ficient to maintain weight. Be aware that frequent
weight checks may be counterproductive for athletes
who show signs or symptoms of eating disorders (see
Chapter 15 for more information).

Avoid the female athlete triad. The female athlete
triad consists of disordered eating, amenorrhea, and
osteoporosis. Some athletes, especially those involved
in sports with an emphasis on leanness or appear-
ance, or who require qualification for a particular
weight class, may choose a vegetarian diet to promote
potentially unsafe weight loss. This may be a sign of
disordered eating and may require professional eval-
uation. Vegetarian diets also have been associated
with reduced estrogen levels and menstrual irregu-
larities, although it is unclear whether the vegetarian
diet, lower caloric intake, heavy exercise, or other
factors are primarily responsible.8 Poorly planned
vegan diets are typically very low in calcium and may
predispose to osteoporosis.8 Clients who show signs
of developing the female athlete triad should be re-
ferred to their primary care physician for evaluation.
See Chapter 15 for more detailed information on the
female athlete triad.

Suggest a checkup with the client’s primary care physician.
All vegetarians should periodically visit their primary

354 SECTION 4: SPORTS NUTRITION FOR SPECIAL POPULATIONS

2955_Ch16_350-368  08/10/14  1:57 PM  Page 354



care physician for a physical exam and routine blood
work, which can rule out nutritional deficiencies such
as iron-deficiency anemia.

Maximize training time. Train vegetarian clients for
peak performance. Despite many common miscon-
ceptions about how well a vegetarian diet fuels an
athlete for optimal performance, to date, all the evi-
dence suggests that vegetarian athletes perform as
well as nonvegetarians2,4,8 (see Myths and Misconcep-
tions). A comprehensive review of the research on
vegetarian diets and athletic performance concluded
that though a vegetarian diet in itself is not associated
with a beneficial nor detrimental effect on physical
performance capacity and, when well planned (espe-
cially important for vegan diets), it offers many ben-
efits for athletes including high carbohydrate intake,
adequate amounts of all nutrients, and long-term
health benefits including reduced risk of chronic 
disease and decreased mortality.4

S P E E D  B U M P
1. Define the types of vegetarianism.
2. Describe the effects of vegetarianism on athletic

performance.

GLUTEN-FREE DIETS

Over the past several years, a growing number of peo-
ple have experimented with gluten-free diets to help
alleviate symptoms like abdominal pain, cramping, and
generalized fatigue. Gluten is present in many grains
including wheat, rye, and barley. Adhering to a gluten-
free diet requires diligence, as gluten is present in many
foods and a completely gluten-free diet is fairly restric-
tive, thus increasing risk for inadequate intake of some
nutrients.

In some cases, people have adopted the diet to
avoid overconsumption of heavily processed, nutri-
tionally poor foods, as many fresh foods like fruits and
vegetables are gluten-free. While historically (and sci-
entifically) a gluten-free diet has only been considered
necessary for people with celiac disease, a condition
defined by an allergy to gluten-containing products,
many people who are free of celiac disease, or even
gluten sensitivity, proclaim the benefits of a gluten-
free diet. But the question that often arises is: For 
people who do not have celiac disease, does this re-
strictive eating regimen provide more benefits than
risks? What is “gluten sensitivity”? Would athletes
who suffer from gastrointestinal symptoms benefit
from a gluten-free diet?

Celiac Disease

Nearly 1% of the population suffers from celiac disease;
for unknown reasons the prevalence appears to be 
increasing slightly.9 Celiac disease is characterized by
an autoimmune rejection of gluten-containing foods.
Gluten, present in all food products made from wheat,
barley, rye, and contaminated oats, is a protein com-
pound made up of two proteins called gliadin and
glutenin that are joined with starch. For people with
celiac disease, when the body is exposed to gliadin—
the “toxic” component of gluten for people with celiac
disease—it goes into immunologic overdrive. The gas-
trointestinal system becomes inflamed and pathological
changes to the small intestine, the body’s main site for
nutrient absorption, ensue. When the gut is unable to
absorb nutrients, common symptoms like vitamin de-
ficiency, anemia, weight loss, and diarrhea occur. Other
symptoms include abdominal pain and distention and
in some cases neurological dysfunction. 

Celiac disease is very difficult to diagnose and
though it begins in childhood, many people do not
learn that they have the disease until well into adult-
hood. The longer a person suffers from undiagnosed
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Myths and Misconceptions
A Vegetarian Diet Is Poorly Suited 
for Optimal Athletic Performance
The Myth 
Vegetarian diets do not provide adequate 
nutrition for optimal athletic performance.

The Logic
Plant foods are for the most part low-calorie
foods that do not contain all of the essential
amino acids and contain iron of low bioavail-
ability. This may result in inadequate protein 
intake for optimal growth and increase in muscle
mass, too few calories to fuel rigorous physical
activity, and inadequate iron to form hemoglo-
bin—a molecule that is essential to deliver oxy-
gen to working cells during physical activity.

The Science
The evidence to date supports that a carefully
planned vegetarian diet can optimally fuel ath-
letic performance as long as an athlete consumes
a diet rich in complementary proteins, consumes
sufficient calories to meet the body’s needs, and
eats iron-rich plant products in combination
with a citrus food to optimize absorption. 

Sources:
Craig WJ, Mangels AR. Position of the American Dietetic

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

Venderley AM, Campbell WW. Vegetarian diets: nutritional
considerations for athletes. Sports Med. 2006;36(4):293-305.

Rodriguez NR, DiMarco NM, Langley S. Position of the
American Dietetic Association, Dietitians of Canada, and
the American College of Sports Medicine: nutrition and
athletic performance. J Am Diet Assoc. March 2009;109(3):
509-527.
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and untreated celiac disease, the more likely he or she
is to develop complications such as other autoimmune
disorders, osteoporosis, infertility, neurological prob-
lems, and in rare cases, cancer.9 This is why it is very
important for anyone who suffers from the symptoms
of celiac disease to see a physician immediately for
evaluation. Celiac disease can be diagnosed with labo-
ratory testing and biopsy of the small intestine. The
only definitive treatment for the disease is strict avoid-
ance of gluten-containing foods. 

Gluten Sensitivity (Non-Celiac 
Gluten Intolerance)

Gluten sensitivity, which is also referred to as non-
celiac gluten intolerance in the scientific literature, is
much more common and less understood than celiac
disease. Gluten sensitivity occurs when the body has a
pronounced response to gluten-containing foods lead-
ing to feelings of tiredness, abdominal pain, and other
GI symptoms like diarrhea or constipation. Many peo-
ple report experiencing these symptoms after eating
gluten-containing foods (or more commonly, they 
report these symptoms going away after avoiding
gluten), but it is not clear what causes these symptoms
or the body’s actual response to the gluten. While there
is limited research explaining the role of gluten in caus-
ing gastrointestinal symptoms, preliminary evidence
suggests that while some people without celiac disease
may suffer from gluten sensitivity, the number of peo-
ple with a physiological reaction to gluten is probably
much smaller than the number of people who perceive
benefits from a gluten-free diet10 (see Evaluating the
Evidence). 

Gluten-Free Nutritional Considerations

Many foods contain gluten, and without appropriate
dietary planning, complete elimination of gluten from
the diet can lead to nutritional deficiency. The Dietary
Guidelines for Americans recommend that most adults get
anywhere from six to eight servings of grains per day.
Grains are an excellent source of B-vitamins and fiber.
Most standard grains such as bread, cereal, and pasta
contain wheat, rye, or barley and thus include gluten.
Complete elimination of gluten-containing grains can
lead to nutritional deficiencies including B vitamins,
calcium, vitamin D, iron, zinc, magnesium, and fiber.
In fact, a Swedish research study of people with celiac
disease who had been gluten-free for 10 years found
that half of the patients had vitamin deficiencies, in-
cluding low levels of vitamin B6 or folate, or both.11

Likewise, a survey of people on a gluten-free diet in
the United States found that over half had inadequate
fiber, iron, and calcium intake.12

While a poorly planned gluten-free diet can lead
to micronutrient deficiencies, with appropriate plan-
ning, a person can safely follow a gluten-free diet

without risk to nutritional quality. Thanks to the
2004 Food Allergen Labeling and Consumer Protec-
tion Act, food labels must identify if they contain any
of the top eight food allergens, including wheat.
Though a quick glance at the nutritional label shows
that gluten is present in most foods, a growing num-
ber of either naturally or artificially gluten-free prod-
ucts are on the market and are clearly labeled “gluten
free.” Bread, pasta, cereal, and various other products
that typically contain gluten have been reformulated
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EVALUATING THE 
EVIDENCE

Does ‘Non-Celiac Gluten 
Intolerance’ Really Exist?

A growing number of people have adopted gluten-
free diets with the belief that gluten causes fatigue
and a variety of gastrointestinal symptoms including
diarrhea, constipation, bloating, and cramping. Until
the following study was conducted, no scientific evi-
dence existed to support the notion of a gluten reac-
tion in people who do not have celiac disease. 

THE STUDY
Thirty-four patients who did not have celiac 
disease but who did have irritable bowel syndrome
that improved on a gluten-free diet participated 
in a double-blind randomized controlled trial. 
Neither the participants nor the researchers recording
the results were aware of who received the test
item and who received the placebo. A second 
research party recorded the information. 

The participants ate muffins and bread containing
gluten or placebo over a 6-week period of time.
The muffins were indistinguishable. Within the 
first week of the intervention and throughout the
6-week study, the participants who ate the gluten
products had significantly more gastrointestinal
symptoms and tiredness than the group on the
gluten-free diet. The mechanisms for this difference
were not elucidated.27

1. What conclusion do you draw from this
study?

2. What are three limitations to this study?
3. What would be some cautions prior to 

citing this study to clients in endorsing the
existence of gluten sensitivity?

The study authors couldn't understand the mecha-
nism why the participants responded to gluten. They
conducted a second study and found that, in fact, the
participants had the same negative response to both
whey and a control diet. This was a case of "nocebo"
effect, when even a placebo makes symptoms worse.
Thus, there still is no scientific evidence to support the
notion of non-celiac gluten sensitivity. 10
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into gluten-free products, though these products tend
to cost substantially more than the gluten-containing
counterpart. For people with celiac disease, the diffi-
culty of adhering to a gluten-free diet is the price to
pay for good health. The same may hold true for
some people with gluten sensitivity. 

Anyone considering starting a gluten-free diet
should seek consultation with a physician and dieti-
tian prior to removing gluten from the diet, as remov-
ing gluten from the diet prior to evaluation can
interfere with the appropriate diagnosis of celiac dis-
ease. Most people who have celiac disease are cur-
rently undiagnosed, and for anyone with symptoms
of the disease, a physician will likely want to evaluate
for it. If a person sees the doctor, tests negative for
celiac disease, and still would like to adopt a gluten-
free diet, a registered dietitian can help plan a whole-
some diet that is high in gluten-free B-vitamin- and
fiber-containing foods. A list of inherently gluten-free
products is highlighted in Table 16-1. It is also worth

fully exploring whether it is the gluten or some other
food, lifestyle behavior, or medical problem that is
contributing to the gastrointestinal symptoms. Adopt-
ing a gluten-free diet is not recommended as a method
to lose weight or to “become healthier.” The diet is 
restrictive and can lead to serious vitamin deficiencies
or contribute to disordered eating behaviors. And, un-
like sugar and trans fat, for example, gluten itself is not
inherently unhealthy. 

GLUTEN-FREE DIET AND 
ATHLETIC PERFORMANCE

A strenuous endurance workout demands careful nu-
trition planning to optimize athletic performance and
minimize the gastrointestinal (GI) distress—cramps,
bloating, abdominal pain, and generalized fatigue—
that plagues many recreational and elite athletes. In an
effort to avoid these unpleasant GI symptoms, many
athletes have experimented with adopting a gluten-
free diet. With scientific evidence lacking, the success
(or not) of a gluten-free diet in improving athletic per-
formance is theoretical and anecdotal. Nonetheless, if
a client is contemplating going gluten-free because he
or she has heard it will improve athletic performance,
the athlete should first make sure that he or she 
understands the implications.

Many of the best sources of carbohydrates, the body’s
preferred energy source during intense exercise, contain
gluten. Thus, anyone who adopts a gluten-free diet
needs to be especially careful to make sure to eat enough
gluten-free carbohydrates to fuel the exercise session.
The Academy of Nutrition and Dietetics (formerly called
the American Dietetic Association) recommends about
30 to 60 grams of rapidly absorbed carbohydrates per
hour of intense activity.5 Fortunately, there are many
high-carbohydrate, gluten-free foods to choose from
(see Table 16-1).

If an athlete experiences GI symptoms during an
endurance session, it is important to investigate other
potential culprits in addition to (or instead of) gluten.
For example, many high-carbohydrate products have
large amounts of fiber. While fiber is a nutrient that
most people need to eat a lot more of for optimal
health, it is also a source of GI discomfort when con-
sumed with or soon before strenuous exercise. Other
carbohydrates, such as the sugar contained in an apple,
can also cause abdominal cramping in a dehydrated
athlete. 

Ultimately, a conscientious and nutrition-savvy
athlete could successfully adopt a gluten-free eating
plan to meet nutritional needs. It may be helpful to
think of a gluten-free diet in a similar way as a vegan
diet: because the diet is highly restrictive, people who
adhere to the eating plan face potential nutrient
deficits which could be detrimental to athletic per-
formance. However, with appropriate planning, both
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Table 16-1. Inherently Gluten-Free Foods
GRAINS

Rice

Corn

Soy

Tapioca

Quinoa

Millet

Buckwheat

Flax

Nut flours

Uncontaminated oats

NONGRAINS

Milk

Butter

Cheese

Fruits and vegetables

Potato

Meat

Fish

Poultry

Eggs

Beans

Seeds
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vegan and gluten-free athletes can consume a bal-
anced and complete diet that prepares them for peak
performance. A registered dietitian with a focus on
sports nutrition can help a client adopt a well-designed
and individualized gluten-free eating plan to fuel 
optimal health and athletic performance. 

S P E E D  B U M P
3. Explain the origin of gluten and which grains 

do and do not contain gluten.
4. Describe the effects of a gluten-free diet on athletic

performance.

FOOD ALLERGIES

The health benefits of nuts like walnuts, pecans, and
almonds dominate headlines. From preventing heart
disease to building immunity, nuts are important com-
ponents of a balanced eating plan. However, for the
millions of Americans with food allergies, eating
nuts—or other foods like shellfish and milk—can be
deadly. In fact, 150 Americans die each year from
food-induced anaphylaxis, a severe and potentially
fatal systemic allergic response.13 Another 200,000 re-
port to U.S emergency departments with food allergy
symptoms.14 Sometimes the amount of exposure does

not need to be much to cause serious harm. All it took
was a kiss from a boyfriend who had eaten peanut but-
ter to cause one Canadian teen to succumb to a fatal
allergic reaction.15

In the United States, up to 8% of children and 4%
of adults suffer from food allergies.16 While much more
common in children than adults, allergies affect people
of all ages and ethnicities. Chances are good that every
health professional will at some point in his or her ca-
reer encounter a client, friend, or family member who
suffers from a food allergy. When that happens, it will
be important to recognize the most common food al-
lergies, what causes them, how to identify and treat
them, and what people with allergies (and their par-
ents) can do to avoid experiencing harmful symptoms.

Understanding Food Allergies 

The top eight most common food allergens, which 
account for 90% of all allergic reactions, are: milk,
eggs, peanuts, tree nuts (such as almonds, cashews,
and walnuts), shellfish, fish, soy, and wheat.17 The
proteins in these foods cause the bodies of millions 
of people to itch, break out in hives, and sometimes
go into anaphylactic shock (Fig. 16-3). This hap-
pens because the body misinterprets the food as an
invader. When the perceived “invader” enters the
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Binding to
antibody

Antigen
(shrimp protein)

Antibody

Mast cell

Histamine
molecules

Mast cells release histamines
when the allergen is encountered.

Swollen tongue

Loss of
conciousness

Hives

Swelling of throat
tissues

Consumption of allergen, in this case the 
shrimp protein, triggers production of IgE 
antibodies. This is because the body 
believes the protein to be a foreign invader. 
The IgE antibodies bind to the mast cell, a 
histamine-containing cell that is important 
in fighting disease, but also the cell 
responsible for allergic reactions.

The antigen (shrimp protein) 
binds to the IgE antibody on 
the mast cell. This binding of 
the antigen to the antibody 
causes the mast cells to 
release histamine.

The release of histamine causes clinical 
symptoms of anaphylaxis including 
hives, swelling of the throat and tissues, 
and in severe cases—or if anaphylaxis 
is not treated immediately—a swollen 
tongue, loss of consciousness, and 
possibly death.

1

2

3

Figure 16-3. Anaphylaxis.
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bloodstream, the immune system makes an antibody
called immunoglobulin E, or IgE, to kill and destroy
it. With repeated exposure to the food, the antibody
responds by binding to the allergen. This sets in mo-
tion a series of immunologic events including the re-
lease of histamine. Histamine is responsible for many
of the harmful symptoms of food allergies including
redness, swelling, itching, gastrointestinal symptoms,
and hypotension. Once the body makes an antibody
to a food, every time the food is eaten an immune re-
sponse ensues. In the rare but deadly cases, the heart
rate drops, the breathing tubes narrow, and the tongue
swells, making breathing and adequate oxygenation
to the body’s cells a struggle. The harmful response can
occur from minutes to an hour after the food is
eaten.18

Another form of food allergy known as oral allergy
syndrome results when a protein in certain raw
foods causes an immediate inflammatory response
from the moment the food touches the mouth or skin.
Raw fruits and vegetables such as apples, cherries,
kiwis, celery, tomatoes, and green peppers are the typ-
ical culprits, causing an itchy, tingling sensation in the
mouth, lips, and throat. The reaction can also cause
swelling of the lips, tongue, and throat; watery, itchy
eyes; runny nose; and sneezing. Oral allergy syn-
drome typically affects individuals with hay fever and
particularly those with spring hay fever from birch
pollen and late summer hay fever from ragweed
pollen. Cooking or processing easily breaks down the
proteins in the fruits and vegetables that cause oral 
allergy syndrome and, thus, the allergic reaction does
not occur with cooked, baked, or processed fruits and
vegetables.19

It is important to differentiate a food allergy from
other possible ailments such as food poisoning, non-
food allergy (such as pollen, dust, or dander), and es-
pecially food intolerance. Though both food allergy
and food intolerance result from the body’s inability to
digest and absorb a food, their mechanisms for causing
symptoms are very different. Food intolerance often 
results from a deficiency in an enzyme that is needed
to break down a food. For example, lactose intolerance
results from a deficiency in the enzyme lactase, which
is necessary to digest the sugar. Undigested lactose can
cause gastrointestinal symptoms such as abdominal
pain, bloating, and diarrhea. Another fairly common
food intolerance is fructose intolerance, or fructose mal-
absorption. This results from an ineffective carrier pro-
tein that impedes the absorption of fructose in the small
intestine. People with fructose malabsorption suffer
from gastrointestinal symptoms such as bloating, ab-
dominal pain, vomiting, and flatulence after eating fruc-
tose-containing foods. Foods high in fructose include
many fruits and some vegetables as well as processed
foods containing high-fructose corn syrup. Unlike food
allergy, the immune system plays no role in the dys-
function and the uncomfortable symptoms of food 
intolerance are not life-threatening.

Treatment, Diagnosis, and Prevention

Clearly, rapid treatment of an anaphylactic reaction
is critical to preserve the health and well-being of 
an allergic individual. Anyone who has symptoms 
of anaphylaxis should be treated immediately with
an epinephrine pen. If this is not available, it is 
important to call 9-1-1 and ensure that the person is
transported immediately to the nearest emergency
department. Either there or in the field the individual
will be treated with injectable epinephrine, antihist-
amines, and other emergency treatments. These
medicines reverse the allergic response by restoring
blood pressure, blocking further production of hista-
mine, and countering the harmful effects induced by
the allergen.

After treatment of acute symptoms of an allergic re-
action, the patient and allergist embark on what can
either be a simple process or a prolonged journey to
identify the allergen.  The allergist’s first objective is to
get a complete history of the reaction including the
onset and duration, symptoms, seasonality, suspected
foods, how the food was prepared, and any other in-
formation the patient can provide. The history is fol-
lowed by a complete physical exam to gather as much
information about the reaction as possible. In most
cases this thorough assessment will reveal a few suspect
foods.

Usually the next step for people with more mild
symptoms is to keep a food diary noting all of the foods
eaten and whether an allergic reaction occurred. If 
a potential allergen is noted, it is then removed from
the diet and the food diary continues. If the symptoms
disappear, the diagnosis is fairly obvious, and the 
individual should strive to avoid the suspected aller-
gen. If the diagnosis remains uncertain, many physi-
cians will order a blood test to measure the level of a
series of potential allergens. In other cases, a physician
may refer to an allergist who can do a scratch skin test.
With this test a small amount of the food is placed on
the skin of the lower arm. The provider scratches this
part of the arm with a needle to check for redness and
swelling. If the test is positive the diagnosis is con-
firmed. Another test option is the gold standard for
food allergy diagnosis: the double-blind food chal-
lenge. The patient swallows a capsule of a food aller-
gen and is then watched to see if symptoms occur.
Then another capsule of a different allergen is swal-
lowed. The test is continued with the most common
potential allergens. The test is double-blind because
neither the patient nor the physician knows which
food is in the capsule (the capsules are prepared by a
third party).  Though the gold standard, this test is
time-consuming and impractical for many allergens.
Thus, it is rarely performed. Of course, all of the pre-
ceding tests could be deadly for people with severe 
allergic reactions. For these individuals, diagnosis is
made with a blood test that measures the presence of
a food-specific antibody. 
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Once a diagnosis is confirmed, there is only one
way to prevent a future attack: avoid the food. This is
no simple task considering the widespread use of
many of the most common allergens. To help ease the
burden, in 2004 the FDA implemented a law requir-
ing all food manufacturing companies to list any 
of the eight most common allergens included in 
the product and to state if the food was processed 
in a plant that also processes allergens where cross-
contamination could occur. While this certainly will
help, people with food allergies still must be vigilant.
Those with severe reactions should always carry an ep-
inephrine pen and wear a medical alert bracelet noting
the allergy. 

Exercise-Induced Allergies

Many myths surround food allergies. For example,
it is commonly said that food allergies cause or ex-
acerbate migraine headaches, arthritis, fatigue, and
childhood hyperactivity. No credible scientific evi-
dence exists to substantiate any of these claims.
There is one myth, however, that is true—exercise
can transform an otherwise benign food into a potent
allergen.

Exercise-induced food allergy results when a 
susceptible person eats a specific food before exercis-
ing. As exercise intensity and body temperature in-
crease, the person begins to experience itching,
light-headedness, possibly hives, and sometimes even
anaphylaxis. Crustacean shellfish, alcohol, tomatoes,
cheese, and celery are common causes of exercise-
induced food allergy reactions. Some people have this
reaction to many foods, and others have it only after
eating a specific food. While experiencing exercise-
induced food allergy can be very frightening, it can be
wholly prevented by avoiding eating suspect foods in
the 2 to 3 hours before exercising.19 While exercise-
induced allergy may be the culprit behind a rapid
change in clinical status and onset of unexpected
symptoms during exercise, other causes, including
myocardial infarction, stroke, and hypoglycemia in a
person with diabetes, can cause overlapping symp-
toms (though these illnesses do not typically cause
itching, hives, and swelling). The health professional
should use professional judgment in assessing the
severity of the client’s symptoms and activate the
emergency response system when there is any con-
cern for a serious or compromising illness.

Be Prepared

Health professionals should be sure to maintain
yearly CPR and first aid certification to be most pre-
pared to act in case of an emergency. While food 
allergy management might not be a priority for most
allied health professionals, anyone who works with
children and teens or who trains anyone susceptible

to an exercise-induced or typical food allergy may be
faced with the task of recognizing and responding to
a severe allergic reaction or anaphylaxis in a client.
A health professional who is prepared and thinks fast
could save someone’s life.

OTHER SPECIAL EATING PLANS

Athletes, similar to the general population, may suffer
from any of a number of ailments or chronic diseases
that may require or encourage them to adopt a special-
ized diet. The nutritional considerations for many of
these conditions, including diabetes, irritable bowel
syndrome and other gastrointestinal disorders, cardio-
vascular disease, and hypertension, among others, are
described in Chapter 14.

In addition to special nutrition plans described ear-
lier in this chapter and those which accompany diag-
nosed conditions or diseases, some athletes may follow
any of a number of other special eating plans for per-
ceived performance or health gains. Unlike the diets
described in Chapter 12, in which weight loss is the
person’s main motivation for starting the diet, athletes
tend to adopt the eating plans described in this chapter
for perceived benefits mostly unrelated to weight. 
A few of these diets are highlighted below.

Paleo Diet

The recent boon in backyard and community gar-
dens, farmers markets, and availability of organic
foods offers evidence of increased consumer demand
for more wholesome, sustainable, and environmen-
tally friendly foods. This growing trend to eat more
fruits and vegetables and less processed foods has
contributed to a surge in interest and popularity of
the Paleo diet.

Followers of the Paleolithic diet (commonly re-
ferred to as the Paleo diet, the caveman diet, and the
Stone Age diet) adopt an eating plan intended to
mimic what hunters and gatherers ate in the Pale-
olithic period over 10,000 ago before the advent of
agriculture: whole fruits and vegetables, fish, grass-
fed livestock, fungi, roots, and nuts. The diet prohibits
grains, legumes, dairy products, salt, refined sugar,
and all processed foods. 

While there is a lack of quality scientific research
evaluating the merits and limitations of this eating
plan, a panel of expert reviewers tasked with ranking
24 diets for U.S. News & World Report ranked the Paleo
diet at the bottom.20 Part of the reason for its low
score was the concern that eliminating grains and
dairy from the diet increases the likelihood of devel-
oping nutrient deficiencies while loading up on meat
may contribute to health problems.21 Furthermore,
intake of calcium and vitamin D is particularly low
for this eating plan, which is harmful to bone health.
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The diet also tends to be very low in carbohydrates,
which could contribute to suboptimal performance
for athletes. 

Raw Food Diet

The raw food diet emphasizes intake of foods in their
natural, unprocessed, uncooked form. Raw fruits and
vegetables top the list of food options. Add to that a
mix of beans and legumes and the raw food diet
should be a nutrient-dense and filling “perfect diet.”
After all, each of these foods is packed with nutrients,
light on calories, and high in fiber. But a closer look re-
veals a more complicated, expensive, and questionable
eating plan. 

Beyond promoting every nutrition expert’s mantra
of “eat more vegetables and fruits,” the standard raw
food diet is true to its name—most, if not all, foods
need to be raw. This means dieters are prohibited from
cooking food. The only allowed “cooking” is dehydra-
tion, which requires a special machine that blows hot
air through the food and increases the temperature to
no more than 118°F. Because grains are indigestible
raw and the diet prohibits boiling them, raw grains
must be soaked overnight or allowed to sprout before
consumption. Because food cannot be cooked, meat
and most animal products are off limits (unless a dieter
chooses to put the risk of severe foodborne illness aside
and eat raw meat). For this reason, the raw food diet
typically resembles a vegan diet that is free of processed
and cooked food. Most raw food devotees also con-
sume mostly organic foods to avoid exposure to pesti-
cides and other synthetic chemicals. 

Few published studies evaluate risks and benefits of
a raw food diet. The limited available research suggests
a variety of potential benefits such as improved LDL
cholesterol and triglyceride levels,22 weight loss,23 im-
provement in fibromyalgia symptoms,24 and decreased
blood pressure,25 as well as potential harmful effects
including decreased HDL cholesterol,22 decreased bone
density,7 and vitamin B12 deficiency (due to elimination
of animal products).22 Individuals who do not adopt
the vegan approach but instead consume raw animal
products risk serious foodborne illness. Plus, as with
any restrictive diet, strict adherence to a raw food diet
is challenging. The imperfect adherence, however, may
be a major redeeming feature because it allows con-
sumption of other foods and nutrients necessary for
good nutrition. 

Detox Diet

Detoxification, or “detox,” diets aim to purge the body
of harmful 21st-century toxins including food additives,
pesticides, pollutants, and other synthetic compounds in
order to achieve a state of body purification. These diets
often promise increased energy, clearer skin, headache
relief, decreased bloating, and perhaps even weight loss. 

With a price tag ranging from thousands of dollars
for an intensive spa-based program to a $15-book pur-
chase or Internet subscription plus food and supple-
ment costs, detox diets have attracted a wide variety of
supporters. But beyond the testimonials and committed
detox followers, many questions remain unanswered.
What exactly is a detox diet, and does it really work?
Do these regimens safely help the body to get rid of tox-
ins of daily living better than the normal metabolic
processes of the liver, kidney, skin, lymph nodes, and
other body systems?  Does a “toxin purge” lead to the
diets’ proclaimed health benefits?  

The only element that all detox diets share is the
goal to rid the body of toxins with some combination
of fasting, food restriction, and supplementation. Most
detox diets include elimination of caffeine, nicotine,
and alcohol, and many restrict meat and solid foods 
altogether. The diets also tend to involve consumption
of large amounts of liquid, fiber, and raw vegetables —
ingredients that are thought to purge the gastrointesti-
nal system of accumulated harmful substances. A
variety of “cleansing boosters” such as herbal laxatives,
“colonics” (also known as enemas—flushing out of the
rectum and colon with water), probiotics to repopulate
the natural intestinal flora, and antioxidants may be in-
corporated into a detox regimen. Relaxation therapies
such as massage, sauna, aromatherapy baths, deep-
breathing exercises, and walking are also included in
some programs.  

The prototypical detox diet begins with a cleansing
phase, which is typically liquid-only. This is followed
for 2 to 3 days before other foods such as brown rice,
fruit, and steamed vegetables are added. Then about
a week later, other foods may be reintroduced with
the exception of red meat, wheat, sugar, eggs, and
prepackaged foods. This final phase of the diet is ex-
pected to be followed indefinitely for maintenance. Of
course, with no standard definition of a “detox diet,”
programs vary considerably. 

At first glance, a detox diet may seem to make
sense. In a world filled with synthetic chemicals,
processed foods, pesticides, and pollutants, a thor-
ough body cleansing via a detox diet once a year
seems logical enough. But no evidence supports the
notion that harmful chemicals accumulate in the
body (in fact, the liver and kidneys efficiently rid 
the body of toxins). And even if toxins did accumu-
late in the body, it is unlikely that “detox” diets
would get rid of them. 

Toxicologists A. Jay Gandolfi, an associate dean for
research in the College of Pharmacy at the University
of Arizona, and Linda Birnbaum, director of the ex-
perimental toxicology division of the Environmental
Protection Agency, made the following points in an
article in the Los Angeles Times: (1) high volumes of
liquid consumption could theoretically help to re-
move water-soluble chemicals like arsenic, but not
fat-soluble chemicals (which make up most pollu-
tants); (2) fiber consumption may help to eliminate
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toxic chemicals that accumulate in the liver, but not
chemicals that are located in other parts of the gas-
trointestinal system; (3) raw vegetables have no spe-
cial detoxifying properties other than that their high
fiber content can further help to bulk up stools; 
(4) most chemicals of concern are fat-soluble and so
are stored in fat.26 The researchers note that the best
way to get rid of these potential toxins is not through
a detox diet, but through weight loss, as more slender
people eliminate toxins more quickly than overweight
and obese individuals. (Note: Though peer-reviewed
journal articles, and not newspaper stories, are gener-
ally the best source of credible scientific information,
in the case of detox diets, very little peer-reviewed 
research has been published.)

While consuming ample fiber and staying well hy-
drated are healthy when done in moderation and rela-
tively harmless, use of colonics and laxatives to “purify”
the digestive tract are dangerous. Their use can lead to
metabolic disturbances, fainting episodes, dehydration,
and muscle cramps among other complications. The
more extreme programs also leave individuals protein-
and nutrient-depleted. Among other consequences, this
can lead to decreased lean muscle mass and slowed 
metabolism.

Benefits of detox diets may exist, but they likely
are not due to detoxification. The decreased bloating
is likely from eating less food; the clearer skin from
increased hydration; and the decreased headaches
from elimination of caffeine and alcohol. Improved
energy levels and sense of well-being likely result
from a combination of more natural food intake, the
exercise and relaxation components of the program,
and psychological factors.  

With this said, there may be some utility in a short-
term (1 to 3 days) laxative-free detox program, but not
for purposes of purification. As a health-promoting
practice, committing to a detox regimen helps people
to stop and consider the healthy and unhealthy com-
ponents of their lifestyles and make changes such as
eating less, examining health habits, and omitting con-
sumption of processed foods, nicotine, caffeine, and al-
cohol. Some dietitians even recommend a “gentle
cleanse” to clients. That is, consuming a healthy diet of
primarily fruits, vegetables, non-meat proteins, and a
large volume of water, and excluding substances such
as nicotine, caffeine, and alcohol.

Other Diets

This is just a sampling of many types of special eating
plans that athletes may follow.  Health professionals
who work with active individuals are likely to en-
counter many more that are not discussed here. It is

incumbent upon the health professional to identify re-
liable resources to learn more about these eating plans
so as to be able to share reliable and credible information
and resources with the athletes.

S P E E D  B U M P
5. Compare and contrast the Paleo diet, raw food

diet, and detox diets.

AN APPROACH TO WORKING WITH
ATHLETES FOLLOWING SPECIAL 
EATING PLANS

Health professionals frequently encounter competitive
athletes who follow various eating plans and regimens
that they adamantly endorse. In many cases, the scien-
tific evidence to either support or reject a given eating
plan is incomplete, leaving athletes and the profession-
als who help them to rely on informed opinions, rather
than indisputable facts, to guide actions. 

The key to working with athletes who follow special
eating plans is to develop a consistent approach to help
them optimize their nutrition and performance while
respecting their beliefs. One possible approach is to:

1. Listen fully to the athlete’s rationale for fol-
lowing the eating plan, positive and negative
experiences resulting from the eating plan, 
adherence and commitment to the eating plan,
and specific opinion of how the eating plan
has or has not affected athletic performance.
This process of listening and making sure that
the client feels heard and understood will 
help to develop rapport and strengthen the 
relationship between the athlete and the
health professional.

2. Refer the athlete to a registered dietitian who 
is a board-certified specialist in sports dietetics.
This dietitian can work within the client’s goals
and beliefs to develop an individualized plan
that is most likely to optimize health and 
athletic performance. 

3. Check in. Follow up with the athlete after the
nutrition consultation and learn about the rec-
ommended eating plan and approach, how the
athlete feels about it, and how closely he or she
is following it.

This approach will work in most situations; how-
ever, if an athlete has adopted an eating plan which is
clearly dangerous, a more assertive approach, including
discussing concerns with the athlete and referring to a
registered dietitian and physician, may be necessary.
This chapter’s Communication Strategies offers tips on
how to initiate a referral to a registered dietitian.
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COMMUNICATION STRATEGIES

Referring to a Registered Dietitian

You have been working with an athlete who has adopted a very restrictive eating plan. You are concerned that the
athlete may be at risk for nutritional deficiency. You have already shared your concern with your client, and he has
agreed to visit a registered dietitian and has allowed you to share your concerns and the reason for referral with
the dietitian. In this exercise you will practice initiating a referral to a qualified nutrition professional.  

1. Identify a qualified professional. The first step to initiating a referral is to identify a nutrition professional
that you trust. You may identify this person through word of mouth and a recommendation from another
health professional, through the database of registered dietitians maintained by the Academy of Nutrition
and Dietetics (see www.eatright.org), through the facility where you work, or other venues.
Assume you are a health professional in your local community, or in the community in which you hope to work.
Identify by name at least three potential registered dietitians to whom you might refer your client. What factors
would you use to determine to whom you would consider referring your client? Example: I would ensure the
registered dietitian was specially certified in sports nutrition and had experience working with athletes. 
In addition, I would want to make sure he or she had experience working with clients with specialized or
restrictive eating plans. 

2. Establish a connection. Before referring clients to an individual, it is helpful to establish a connection and
relationship with that person. Not only does this communication help to increase the likelihood of success
for your client, but it may also help to have a ready contact for future referral, and it may generate referrals
to you in exchange.
Identify at least three ways in which you might establish a connection with a local registered dietitian. Exam-
ples: Research appropriately credentialed dietitians on the Academy of Nutrition and Dietetics website
(www.eatright.org) and contact them directly. Introduce yourself and find out more about them and their
specialties and experience. If you work at a location that also employs dietitians, make a point of intro-
ducing yourself to your dietitian coworkers and find out more about them. Ask a colleague who works
with a registered dietitian they recommend to introduce you. 

3. Make the referral. Once you have determined to whom to refer a client, the next step is to actually make
the referral. To be most effective, it is important to make your referral in writing. Your referral letter should
include: (1) your name, credentials, and contact information; (2) a brief one-to two-line background about
the client; and (3) the reason for referral.
Write a brief sample referral letter to a registered dietitian for this sample client. Take the liberty to make up
details for the purpose of this exercise.
Example: 
Jane/John Doe, Athletic Trainer
1234 Main Street
Anywhere, Any State 00000
(555) 555-5555
j.doe@athletictrainingcompany.com
Background: Client, Joe XXXX is a 22-year-old male athlete who is currently participating in competitive
long-distance running. The client has recently adopted a vegan diet in hopes of improving his overall health.
Referral: Client is following a vegan-eating plan and may not be consuming all required nutrients. Referring
to ensure he is not at risk for nutritional deficiency.

4. Follow up. Follow up with both the registered dietitian and your client after the client has visited with the
registered dietitian. You can play an important role in helping to reinforce the messages and recommen-
dations provided by the registered dietitian and also help to monitor the client’s progress. To strengthen
your relationship with the registered dietitian, write a brief follow-up letter acknowledging that you ap-
preciate the consultation, have received the recommendations, and your intended role in helping the
client to achieve success with the recommendations. This follow-up letter helps to improve care for the
client and also demonstrates your professionalism.
Draft a brief follow-up letter to the registered dietitian. Take the liberty to make up details for the purpose of this
exercise.
Jane/John Doe, Athletic Trainer
1234 Main Street
Anywhere, Any State 00000
(555) 555-5555

Continued
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COMMUNICATION STRATEGIES—cont’d

j.doe@athletictrainingcompany.com
Dear (name of chosen dietitian),

Thank you for consulting with Joe XXXX on his current eating plan. Joe has discussed your recommenda-
tions with me, specifically the addition of a vitamin B12 supplement, and the increase in protein from soy
products such as tofu and tempeh, as well as from beans and legumes. It is my intention to follow up with
Joe in a few weeks to see how he is adhering to your recommendations, whether he is having any trouble,
and to refer him back to you for a follow-up appointment so you can evaluate his progress. Thank you again
for helping Joe achieve his goals of eating a vegan diet while remaining a competitive athlete.
Sincerely,
Jane/John Doe

CHAPTER SUMMARY

Many athletes may follow alternative dietary practices,
whether due to a medical condition or personal preference.
In most cases, with proper planning a healthful balanced
diet can be maintained despite dietary restrictions. How-
ever, when poorly planned, restrictive diets can impair ath-
letic performance and compromise an individual’s overall
nutritional status. The health professional can play an im-
portant role in helping clients with special dietary needs to
acquire the knowledge and skill they need to make the best
nutritional choices to meet their needs.

KEY POINTS SUMMARY
1. Vegetarian diets provide several health advan-

tages. They are low in saturated fat, choles-
terol, and animal protein and high in fiber,
folate, vitamins C and E, carotenoids, and
some phytochemicals.

2. If poorly planned, vegetarian diets may include
insufficient amounts of protein, iron, vitamin
B12, vitamin D, calcium, and other nutrients.1

Furthermore, a vegan diet may include insuffi-
cient amounts of creatine, zinc, and omega-3
fatty acids.2,3

3. Celiac disease is characterized by an autoim-
mune rejection of gluten-containing foods.
Gluten is a protein compound made up of 
two proteins called gliadin and glutenin that 
is found joined with starch in the grains wheat,
rye, and barley. 

4. Gluten sensitivity occurs when the body has 
a pronounced response to gluten-containing
foods, leading to feelings of tiredness, abdominal
pain, and other GI symptoms like diarrhea or
constipation.

5. While a poorly planned gluten-free diet can lead
to micronutrient deficiencies, with appropriate
planning, a person can safely follow a gluten-
free diet without risk to nutritional quality.

6. A food allergy is caused by the body’s immune
system reacting to a protein in a specific food.
A food intolerance does not involve the body’s
immune system and results from a deficiency
in an enzyme that is needed to break down 
a food.

7. An exercised-induced food allergy is a reaction
to a food that occurs only when the food is
consumed prior to exercising. As exercise 
intensity and body temperature increase, the
person begins to experience itching, light-
headedness, possibly hives, and sometimes
even anaphylaxis.

8. The Paleo diet, raw food diet, and detox diet are
a few special eating plans some athletes may fol-
low for perceived performance or health gains,
as opposed to other diets described throughout
the book that are followed for weight loss, or as
part of the treatment for a particular chronic 
disease or ailment.

9. The Paleo diet is an eating plan intended to
mimic what hunters and gatherers ate in the
Paleolithic period over 10,000 ago before the
advent of agriculture: whole fruits and veg-
etables, fish, grass-fed livestock, fungi, roots,
and nuts. The diet prohibits grains, legumes,
dairy products, salt, refined sugar, and all
processed foods. While there is a lack of 
quality scientific research evaluating the 
merits and limitations of this eating plan,
there is concern over the diet, as a panel of
expert reviewers tasked with ranking 24 diets
for U.S. News & World Report ranked the Paleo
diet at the bottom.20

10. The raw food diet emphasizes intake of foods
in their natural, unprocessed, uncooked form.
There are both potential health benefits as
well as potential health risks associated with
this diet.

11. There are a variety of detox diets a client may
opt to follow, each aiming to purge the body 
of harmful 21st-century toxins including food
additives, pesticides, pollutants, and other 
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synthetic compounds in order to achieve a
state of body purification. Some detox diets
may be harmful, others can be very expensive,
and some pose no apparent health risks, how-
ever, no such diet has been proven effective 
at “detoxifying” the body.

12. The key to working with athletes who follow a
special eating plan is to develop a consistent
approach to help them optimize their nutrition
and performance while respecting their beliefs.
However, if an athlete has adopted an eating
plan that is clearly dangerous, a more assertive
approach including discussing concerns with
the athlete and referring to a registered dieti-
tian and physician may be necessary.

PRACTICAL APPLICATIONS

1. Poorly planned vegetarian diets have a tendency
to be low in which of the following nutrients?
A. Omega-6 fatty acids
B. Vitamin C
C. Beta-carotene
D. Vitamin B12

2. Holly is an endurance runner who trains 4 to 
5 days per week and typically competes in three
marathons a year. She is also a vegan. What
percentage of her total daily calories should
come from carbohydrates?
A. 40% to 50%
B. 50% to 60%
C. 60% to 70%
D. 70% to 80%

3. Tom is a 200-pound (91-kg) bodybuilder who
eats a pesco-vegetarian diet. He also supplements
his daily meal plan with a smoothie that contains
protein powder. According to established guide-
lines, what is the maximum amount of protein
that Tom should eat per day?
A. 171 grams
B. 155 grams
C. 144 grams
D. 128 grams

4. Which of the following recommendations is an
appropriate strategy for a vegetarian athlete
who wants to increase his or her caloric intake?
A. Add dried fruit, seeds, nuts, and avocados to

meals and snacks
B. Eat larger meals and fewer snacks
C. Avoid meat alternatives
D. Introduce high-calorie beverages

5. Which of the following statements about 
vegetarians is true?
A. Vegetarians must consume adequate amounts

of complementary plant proteins within the
same meal to meet their protein needs.

B. Iron-deficiency anemia affects approxi-
mately 30% of vegetarian endurance 
athletes.

C. Vegetarian athletes should consider creatine
supplementation, if peak performance is 
essential. 

D. Vegetarians can enhance iron absorption 
by consuming a food that is high in 
vitamin A. 

6. Which of the following nutrients would most
likely be deficient in a poorly planned gluten-
free eating plan?
A. B vitamins
B. Potassium
C. Vitamin E
D. Phosphorous

7. Which of the following medical problems is
characterized by an autoimmune rejection 
of gluten-containing foods?
A. Crohn’s disease
B. Marfan’s syndrome
C. Gluten sensitivity
D. Celiac disease

8. What condition is the result of a deficiency 
in an enzyme that is needed to break down 
a food?
A. Food poisoning
B. Food intolerance
C. Food allergy
D. Foodborne illness

9. Normally, Trisha eats a small snack about 
30 minutes before exercising. Today, she
snacked on a couple of slices of cheese before
heading to the gym for an intense exercise
session. During her workout, Trisha became
light-headed and experienced itching and
hives on her forearms. From what condition
could Trisha be suffering?
A. Heat exhaustion
B. Poor histamine regulation
C. Exercise-induced food allergy
D. Exercise-induced inflammation

10. Which popular eating plan encourages 
the consumer to avoid food additives, 
pesticides, pollutants, and other synthetic
compounds in order to achieve a state of
body purification?
A. Paleo diet
B. Raw food diet
C. Detox diet
D. Gentle cleanse diet
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Case 1 Kate, the Marathon
Runner
Kate is an experienced 22-year-old marathon runner
who recently successfully qualified for the Boston
Marathon by shaving 20 minutes off of her personal
record. While training for the marathon she became
a vegetarian. Now she is considering eliminating all
animal products from her diet and becoming a
vegan.  
1. What does it mean to be a vegan? List specific

types of foods that are and are not consumed in 
a vegan diet.

2. What vitamins and minerals do vegans face 
increased risk of deficiency for? What are some
good food sources of these vitamins and minerals
that are allowable in the vegan diet? For which, 
if any, of the vitamins and minerals would a
vegan need to take a supplement in order to
avoid deficiency?

3. How does a vegan diet affect athletic perform-
ance? What are some general considerations
vegan athletes should consider to optimize 
performance while adhering to a vegan diet?

4. Kate asks if you will help develop a vegan eating
plan for her. How do you respond?

3. List the eight most common food allergens. For
each food allergen, include several examples of
foods that contain the allergen.

4. After this experience Brian shares that he is aller-
gic to shellfish. He said that he never told you be-
cause you never asked. On further questioning he
shares that he had to be hospitalized when he was
12 years old with anaphylaxis to shrimp. You ask
him if he carries an epinephrine pen with him. He
replies “no.”
Outline how you might proceed to discuss the
management of food allergies with Brian and any
further recommendations you might make. 

TRAIN YOURSELF
1. Imagine you have decided to adopt a vegetarian diet. 

a. List foods that you would like to eat to form a 
complete protein.

b. While you are generally satisfied with your new 
eating plan, you have noticed that you have de-
creased energy during your workouts and have 
unintentionally lost weight. You worry that maybe
you are not eating enough calories to fuel your 
exercise.
i. Describe the concept of energy availability.
ii. List five nutrient-dense vegetarian foods you

might eat to increase your caloric intake.

Case 2 Brian the High School
Basketball Player
Brian is a 15-year-old basketball player whose mother
has hired you to help him adopt a healthier eating plan
and also help him optimize his fitness level in the off
season. Today Brian comes to his session excited and
eager to work out. However, after about 3 minutes of
exercise, Brian becomes disproportionately out of
breath and itchy.  
1. How do you respond?
2. You learn that Brian has been trying to eat health-

ier and ate a lunch which included a salad with
tomatoes and celery. 
a. Given this history, what is a possible cause of

Brian’s symptoms?
b. How could Brian avoid this occurring in the future? 
c. What, if any, changes should Brian make in his

everyday eating plan, given this event?

RESOURCES 
Food and Nutrition Information Center, USDA. Vegetarian

Nutrition. (www.nal.usda.gov/fnic/etext/000058.html).
Provides the latest on vegetarianism and link to other 
reputable websites.

Vegan Society (vegan society.com) An educational U.K.-regis-
tered charity promoting vegan lifestyles. Provides a link for
vegan and sport.

Seventh-Day Adventist Dietetic Association (www.sdada.org).
An affiliate of the American Dietetic Association promoting
plant-based nutrition.

VeganHealth (www.veganhealth.org). A branch of Vegan Out-
reach, offers links to more information about veganism and
health. Includes a list of resources pertaining to veganism
and athletes.

Vegetarian Resource Group (www.vrg.org). Includes a link for
veganism, vegan meals, and travel.

VegRD (http://vegrd.vegan.com). Maintained by leading 
vegetarian researcher Virginia Messina, provides links to
archived newsletters on a variety of vegan topics, including
vegan foods for backpacking and vegan workout shakes.

Quick Start Diet Guide: Celiac Disease Foundation (CDF) 
and Gluten Intolerance Group (GIG) www.celiac.org,
www.gluten.net.

Celiac Disease and Gluten-Free Diet Support Center.www
.celiac.com.
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Gluten Free Diet Guide for Families from the North American
Society for Pediatric Gastroenterology, Nutrition, Hepatology,
and Nutrition

http://naspghan.org/user-assets/Documents/pdf/diseaseInfo
/GlutenFreeDietGuide-E.pdf.
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Glossary
absorption The transfer of nutrients from the digestive system

into the blood supply. 
acceptable macronutrient distribution range (AMDR) The

range of intake for a macronutrient that is associated with 
decreased risk of chronic disease while providing sufficient
intake of essential nutrients. 

acclimatization Physiological changes that occur in response
to repeated exposure to an environmental condition such as
heat or high altitude. 

active dehydration Dehydration resulting from increasing 
exercise and heat exposure. 

active transport The passage of a particle from an area of low
concentration to an area of high concentration made possible
through the use of ATP. 

acute illness Sudden onset of a time-limited ailment.
adenosine triphosphate (ATP) The body’s usable energy

source. 
adequate intake The amount of intake believed to cover the

needs of all healthy individuals in age- and gender-specific
groups; used when insufficient evidence is available to 
establish an RDA. 

adipocyte A fat cell. 
adiponectin A hormone produced by fat cells; it increases 

insulin sensitivity and stimulates fat breakdown. Low levels
may contribute to an increased risk for insulin resistance and
diabetes. 

adipose tissue Fatty tissue; connective tissue made of fat cells. 
adipositas athletica A term describing athletes who try to gain

body fat to increase insulation or increase body energy stores. 
aerobic power The speed at which adenosine triphosphate

(ATP) is generated; increased in endurance athletes due to
metabolic adaptations. 

aerobic respiration The 10-step metabolic process of breaking
glucose down to intermediate pyruvate, which is converted
to acetyl-coA and enters the citric acid cycle. Occurs in the

mitochondria and cytoplasm in the presence of oxygen; 
produces a net 36 ATP. 

air displacement plethysmography (ADP) (brand name is
BodPod) A device that uses the displacement of air to meas-
ure body volume and density; compare to hydrostatic weigh-
ing which uses the displacement of water to estimate body
composition. 

alanine-glucose cycle The cycle of transporting pyruvate 
and nitrogen from the muscle tissues to the liver as the
amino acid alanine. In the liver, the alanine unloads the ni-
trogen group to become pyruvate, which is converted to glu-
cose through gluconeogenesis. This process moves the work
of gluconeogenesis from the muscle to the liver. 

aldosterone A hormone released by the adrenal gland that
helps to maintain normal blood sodium levels by increasing
the kidney’s reabsorption of sodium and decreasing the
amount of sodium lost in sweat. 

amenorrhea A female condition defined by at least 3 months
without a menstrual period. 

amino acids The basic building blocks of proteins. Each amino
acid has an amino- or nitrogen-containing group and a unique
R chain that determines its ability to be used in various
processes. Also known as peptides. 

amino acid pool The amino acids available in the body to be
used for protein synthesis. 

amylopectin A polysaccharide, highly branched chain of 
glucose molecules that is easily digested. 

amylose A polysaccharide made of glucose molecules bound
together in a linear chain that is mostly resistant to digestion. 

anabolic steroids Synthetic drugs that mimic the effect of
testosterone and dihydrotestosterone in the body; cause rapid
strength gains but also carry significant toxic effects; expressly
prohibited in sports competition. 

anabolism The state in which the body builds and creates new
tissues. 
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anaerobic respiration The 10-step metabolic process of
breaking glucose down to intermediate pyruvate and then
lactic acid; occurs in the cytoplasm of cells in the absence 
of oxygen; produces a net 2 ATP. 

anaerobic threshold (AT) Point in exercise when lactate 
accumulation begins; also known as lactate threshold or
ventilatory threshold. 

anaphylactic shock The potentially life-threatening state the
body enters when experiencing anaphylaxis; also known as
anaphylaxis. 

anaphylaxis A potentially life-threatening allergic reaction
with a wide range of symptoms including hives, swelling,
itching, and difficulty breathing and swallowing. 

andiuretic hormone A hormone secreted by the pituitary
gland that helps to maintain blood volume in the face of 
dehydration by increasing water reabsorption in the kidneys
and decreasing the amount of urine produced.

androgen A hormone that stimulates or produces masculine
characteristics. 

android body type “Apple shaped”; body tends to carry 
excess fat around the abdomen. 

android obesity Excess weight distributed mostly in the hips
and thighs (“pear shape”). 

angina Chest pain due to decreased blood flow resulting in 
inadequate supply of oxygen to the heart muscle. 

anion A negatively charged molecule.
anorexia athletica A sport-induced subclinical eating 

disorder.
anorexia nervosa An eating disorder characterized by caloric

restriction leading to significantly low body weight, intense
fear of gaining weight or becoming fat, and preoccupation
with body or inability or refusal to recognize the harm of 
extremely thin body size. 

antibodies Proteins that fight infection. 
antidiuretic hormone A hormone released by the anterior

pituitary which helps to maintain blood volume in the face
of dehydration by increasing water reabsorption in the 
kidneys and decreasing the amount of urine produced. 

antioxidant A substance that prevents or repairs oxidative
damage; includes vitamins C and E, some carotenoids, 
selenium, quinones, and bioflavonoids. 

arachidonic acid A polyunsaturated omega-6 fatty acid con-
tained within the phospholipid bilayer that, when cleaved,
initiates a series of reactions leading to the formation of
eicosanoids. 

atherogenic dyslipidemia A triad of increased blood concen-
trations of small, dense low-density lipoprotein (LDL) parti-
cles, decreased high-density lipoprotein (HDL) particles, and
increased triglycerides. 

atherosclerosis The accumulation of fatty material on the
inner walls of the arteries, causing them to harden, thicken,
and lose elasticity. 

atypical anorexia nervosa A condition in which all of the
criteria for anorexia are met, except that, despite significant
weight loss, the individual’s weight is within or above the
normal range. 

avoidant/restrictive eating disorder A condition in which
an individual restricts or limits food intake, but does not
meet the criteria for other eating disorders. 

beta oxidation The process in which carbon fragments are 
removed from the fatty acid. These carbon molecules 
produce acetyl Co-A, which enters the citric acid cycle 
and electron transport chain. 

bile acids Produced by the liver and stored in the gallbladder,
these acids are important in the digestion of fat. After lipid
digestion, they are recycled and reused by the liver. 

binge eating Eating, in a discrete period of time (e.g., within
any 2-hour period), an amount of food that is definitely
larger than most people would eat during a similar period 
of time under similar circumstances, and a sense of lack of
control over eating during the episode. 

binge-eating disorder A condition characterized by repeated
overconsumption of large amounts of food in a short period
of time. 

binge-eating/purging type of anorexia nervosa During the
last 3 months, the individual has engaged in recurrent
episodes of binge eating or purging behavior. 

bioavailability The degree to which a nutrient can be absorbed
and used by the body. 

bioelectrical impedance analysis An indirect measure of
body composition that measures the conduction of current
through muscle and fat, and inserts data into a predictive
equation to estimate fat mass and lean mass. 

bioenergetics The process of studying the capture, conversion,
and use of energy from ATP. 

body composition The proportion of fat and lean mass. 
body density Calculated by dividing body weight by body 

volume; an intermediary to convert circumference measure-
ments to body fat percentage. 

body dysmorphic disorder A disorder in which an individual
develops persistent and obtrusive thoughts and preoccupations
with an imagined or slight defect in appearance. 

body mass index Weight in kilograms divided by height 
in meters squared; a proxy for measurement of body 
composition. 

bolus A food and saliva digestive mix that is swallowed and
further digested in the stomach and small intestine. 

bone age A determination of the maturation of the bones 
in relation to chronological age used as a marker to assess
further growth potential; assessed by x-ray. 

bone remodeling The continual process of bone resorption
and bone formation. 

bonking Athlete fatigue in which exercise intensity dramati-
cally decreases while the athlete’s perceived effort increases.
Also known as “hitting the wall.” 

botanical See herbal supplements. 
branched chain amino acids Essential amino acids with a

branched R chain. These amino acids are metabolized in the
muscle and are thought to be important in the formation 
of muscle mass. 

brown adipose tissue Fat used to produce heat and potentially
burn excess calories. 

brush border The site of nutrient absorption in the small 
intestine. Enterocyte cells line the small intestine and have
microvilli. The microvilli are closely packed together and 
resemble the bristles of a brush. The enterocyte cells 
secrete enzymes and proteins that assist with nutrient 
absorption.

built environment The human-made environment surrounding
us, such as buildings and parks. 

bulimia nervosa An eating disorder characterized by regular
episodes of overeating and binge eating which is then com-
pensated with unhealthy weight-loss strategies including
vomiting, excessive exercise, or laxative abuse. 

caloric deficit The net expenditure of calories created when
calories expended exceed calories consumed. 

calorie The amount of energy needed to increase 1 kilogram
of water by 1 degree Celsius. It is used to measure the
amount of energy in a food available after digestion. 

carbohydrate A macronutrient made of carbohydrate, hy-
drogen, and oxygen; the body’s preferred energy source. 

carbohydrate loading Eating pattern that consists of increasing
the amount of carbohydrates consumed in the days leading
up to an athletic endurance event to maximize muscle and
liver glycogen stores. Typically, activity levels are decreased
during this time as well. 

carbonic acid An acid formed in the body that acts as an 
intermediate between sodium bicarbonate/hydrogen ions
and carbon dioxide/water. 

cardiac output (Q) The amount of blood pumped through
the heart per minute (mL blood/min); calculated as stroke
volume (mL/beat) × heart rate (beat/min).
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cardiovascular disease A term that refers to disease of the
heart and vascular system.

carnosine A dipeptide comprised of the basic amino acids 
alanine and histidine. 

catabolism The state in which the body breaks down tissues
and amino acids for fuel. 

cation A positively charged molecule.
celiac disease A condition in which the body’s immune sys-

tem reacts to gluten-containing foods and initiates an aller-
gic reaction. Inflammation of the gastrointestinal system
results, and in addition to other symptoms such as abdomi-
nal bloating pain, diarrhea, vomiting, and fatigue, there is
decreased absorption of nutrients by the body, which can
lead to deficiencies. 

cellulose A low viscosity starch made of long chains of 
glucose; a structural component of the cell wall in plants 
that is indigestible to humans. 

Centers for Disease Control and Prevention (CDC) An
agency of the federal government whose mission is to work
with other health agencies to optimally promote health, 
prevent disease, reduce injury and disability, and prepare 
for and respond to health threats. 

certified specialist in sports dietetics Working as a regis-
tered dietitian for a minimum of 2 years applying evidence-
based nutrition knowledge in exercise and sports. They
assess, educate, and counsel athletes and active individuals.
They design, implement, and manage safe and effective 
nutrition strategies that enhance lifelong health, fitness, and
optimal performance (definition from the Commission on
Dietetic Registration, www.cdrnet.org). 

chelation compounds A compound that consists of a mole-
cule bonded to a single atom, usually a metal, which allows
the metal to be more efficiently absorbed by the body. 

cholecalciferol See vitamin D. 
cholecystokinin (CCK) A hormone released from the small

intestine in response to the presence of amino acids and fatty
acids from protein and fat digestion; stimulates the pancreas
to secrete enzymes, stimulates the gallbladder to contract, and
slows gastric emptying through release of gastric inhibitory
peptide and secretin. 

cholesterol A fat-like waxy structure found in the blood and
body tissues and some animal-based foods. Cholesterol is 
important in metabolism as the precursor to various steroid
hormones. It is transported in the body via lipoproteins. 
Excess cholesterol can contribute to cardiovascular disease. 

chylomicron A large lipoprotein particle that transports fat
from digested food from the small intestine to the liver and
adipose tissue. 

chyme A partially digested mass of food formed in the 
stomach and released into the duodenum of the small 
intestine. 

citric acid cycle A metabolic pathway involved in the
chemical conversion of carbohydrates, fats, and proteins
into carbon dioxide and water to generate a form of usable
energy. Also known as Krebs cycle and tricarboxylic acid
cycle.

cofactor A substance that needs to be present in addition to 
an enzyme in order for a chemical reaction to occur. 

cold diuresis Increased urine production and excretion that
occurs in extreme cold as a result of peripheral vasoconstric-
tion, high blood sugar, and decreased renal reabsorption of
water. 

colonic bacteria Benign bacteria that colonize the large intes-
tine (the colon) of the human gut. 

complementary protein Combining two or more limiting
proteins to form a complete protein.

complete protein A food item that contains all of the essential
amino acids. 

complex carbohydrates Oligosaccharides and polysaccha-
rides; multiple monosacchariedes joined by glycosidic bonds;
takes more time to digest than a simple carbohydrate. 

contamination Inadvertent tainting of a supplement with
trace amounts of another supplement without the knowledge
of the manufacturer or consumer.

continuance Continuing to exercise despite knowing that this
activity is creating or worsening physical, psychological,
and/or interpersonal problems. 

coronary heart disease The major form of cardiovascular 
disease that results when the arteries supplying the heart
muscle (coronary arteries) are narrowed or completely
blocked by deposits of fat and fibrous tissue. 

creatine phosphate An important source of stored energy; 
its breakdown to creatine plus a high energy phosphate can
rapidly fuel the first 5 to 10 seconds of exercise. 

cross-bridge cycle The process whereby a series of molecular
actions cause myosin and actin to combine and produce
muscle contraction. 

Current Good Manufacturing Practices (CGMPs) Regu-
lations that ensure that dietary supplements made in the
United States and abroad are consistently produced and 
of acceptable quality by creating manufacturing standards
for all companies that test, produce, package, label, and
distribute supplements in the United States. 

daily value (DV) The recommended level of intake for a 
nutrient.

DASH eating plan Dietary Approaches to Stop Hypertension;
an eating plan that is high in fruits and vegetables and low 
in sodium, which has been found to reduce blood pressure
in people with hypertension as well as provide countless
other benefits. 

deamination The process of removing a nitrogen group from
an amino acid. 

decisional balance The weighing of pros and cons when 
considering a behavior change. 

dehydration A state of decreased total body fluid, which is
categorized as mild (<2% loss of body weight), moderate
(2% to 7%), and severe (>7%). 

denaturation The process of unfolding a protein by destroy-
ing its quaternary, tertiary, and secondary structure. 

detoxification Used to describe diets that attempt to purge
the body of harmful 21st-century toxins including food addi-
tives, pesticides, pollutants, and other synthetic compounds
in order to achieve a state of body purification. 

dietary fat Fat consumed in the diet; in contrast to fat produced
in the body. 

dietary fiber Nondigestible carbohydrates and lignins that are
obtained naturally from plant foods. 

Dietary Guidelines for Americans Published every 5 years,
these federally released guidelines provide evidence-based
nutrition information and advice for people age 2 and older.
They serve as the basis for federal food and nutrition 
education programs. 

dietary reference intake (DRI) A collective term used to
refer to several types of reference values: recommended 
dietary allowance (RDA), estimated average requirement
(EAR), tolerable upper intake level (UL), and adequate 
intake (AI). 

dietary supplement A product (other than tobacco) that
functions to supplement the diet and contains one or more
of the following ingredients: a vitamin, mineral, herb or
other botanical, amino acid, dietary substance that increases
total daily intake, metabolite, constituent, extract, or some
combination of the above ingredients. 

Dietary Supplement and Health Education Act (DSHEA)
Federal regulation that oversees supplement production,
marketing, and safety; treats supplements more like food
than medicine with limited oversight and accountability. 

digestion The process of breaking down food into units small
enough for absorption. 

digestive system The network of organs and tissues that
break down and absorb food and rid the body of waste. 
Primary organs and tissues are: mouth, esophagus, stomach,
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small intestine, large intestine, and anus. Accessory organs
are: liver, pancreas, and gallbladder. 

dipeptide Two amino acids connected by a peptide bond. 
disaccharide A simple carbohydrate; two monosaccharides

bound together. Maltose, fructose, and lactose are all disac-
charides. 

disordered eating Eating patterns that are considered to be
irregular, especially when compared to a normal, healthy 
individual of the same culture. 

diuresis Increased urine production and excretion. 
diuretics Medications or substances that lead to increased

water loss from the kidneys. 
doping The act of ingesting a substance banned by the 

World Anti-Doping Agency in an effort to improve athletic
performance. 

dual-energy x-ray absorptiometry (DXA) A method of
body composition assessment that maps the bone density, 
fat mass, and fat-free tissue mass using two low-dose x-rays
from different sources that measure bone and soft tissue
mass simultaneously. 

duodenum The approximately 1-foot long first portion of the
small intestine where the majority of chemical digestion of
food occurs.

eating disorder not elsewhere specified Eating disorders
that do not meet the strict diagnostic criteria to be classified
as more specific disorders. 

ectomorph Body type characterized by thinness with lean
muscles, fast metabolism, and difficulty gaining weight. 

eicosanoids Locally acting hormones that are made from
omega-3 and omega-6 fatty acids and play roles in inflam-
mation, fever, regulation of blood pressure, blood clotting,
immunity, control of reproductive processes and tissue
growth, and regulation of the sleep/wake cycle. 

electrolytes Minerals that exist as charged ions in the body
and are extremely important for normal cellular function. 

electron-transport chain The process of stripping NADH and
FADH of their hydrogen molecules through a series of chem-
ical reduction-oxidation reactions, which ultimately powers
the conversion of ADP plus Pi to ATP and provides energy to
the working cell. 

empathic statements Statements that express an attempt to
understand what another person is experiencing. 

empty calories Calories that provide little to no nutritional
value; also referred to as SoFAS (solid fats and added sugar)
in the Dietary Guidelines for Americans. 

emulsify To break lipids into small droplets to facilitate fat 
digestion and absorption. 

encephalopathy Loss of normal function of brain tissue,
which may result from a wide variety of conditions including
hyponatremia. 

endomorph Body type characterized by a slow metabolism
and propensity to gain fat. 

endurance sports Sports and activities lasting 30 minutes or
more. 

enema A procedure to flush out the colon and rectum using
liquid applied through the anus. 

energy availability The energy available in the body to fuel
physical activity and energy-requiring body functions. Deter-
mined by the relationship between the calories consumed
in the diet and the calories expended in physical activity. 

energy balance The relationship of calories consumed with
calories expended. 

energy drinks Beverages containing caffeine or other supple-
ments in addition to carbohydrates; potential risks outweigh
benefits in children. 

energy expenditure The amount of calories burned by the
body in a 24-hour period.

enriched food A food to which specific nutrients, such as B
vitamins and iron, are added to replace nutrients lost during
processing. 

enzymes Proteins that speed up the rate of chemical reactions. 

epinephrine pen A pen-shaped applicator containing a 
dose of epinephrine, which is used to stop anaphylaxis, a
life-threatening allergic reaction. 

epiphyses Growth plates; closure signifies the cessation of 
further linear growth. 

equal nitrogen balance The state in which the amount of 
nitrogen (via protein) consumed is equal to the amount of
nitrogen excreted in feces, urine, and skin; a healthy adult 
is typically in equilibrium. 

ergogenic A substance that increases athletic performance. 
esophagus A muscular tube extending from the mouth to the

stomach. 
essential amino acid An amino acid that cannot be made by

the body and must be consumed in the diet. 
essential fat The fat required for normal body functioning 

including that of the brain, nerves, heart, lungs, and liver;
typically 3% to 5% in men and 10% to 15% in women. 

essential fatty acids Fats that are not produced by the body
and must be consumed in the diet; linolenic and linoleic
acids. 

estimated average requirement An amount of nutrient
known to be adequate to meet nutritional needs in 50% of
an age- and gender-specific group. 

estrogen A female sex hormone secreted by the ovaries that
stimulates or produces feminine sexual characteristics, aids
in bone formation, and plays a role in amenorrhea and the
female athlete triad; typically refers to estrogen, estradiol, 
estrone, and estriol. 

euhydration A state of “normal” body water content; the 
perfect balance between “too much” and “not enough” fluid
intake. 

excess post-exercise oxygen consumption (EPOC) The 
elevated oxygen consumption after high-intensity exercise
has stopped. 

exercise dependence The condition in which a person is pre-
occupied with exercise and training to the extent that the
person engages in excessive levels of exercise, resulting in
negative physiological and psychological consequences. 

exercise immunology The study of the effects of exercise 
on the immune response. 

exercise-related transient abdominal pain (ETAP) Ab-
dominal pain of uncertain etiology that occurs during physi-
cal exercise; more common in novice athletes and individuals
who have rapidly increased exercise intensity or duration. 

exertional hyponatremia Abnormally low blood sodium
level that results from excessive intake of low-sodium fluids
during prolonged endurance activities. 

facilitated diffusion The passage of a particle from an area 
of high concentration to an area of low concentration with 
a protein carrier. 

fat adaptation Increasing dietary fat consumption in an effort
to increase fatty acid oxidation during exercise with the in-
tent of sparing glycogen stores. 

fat loading A strategy of progressively increasing percentage
of fat intake to increase fatty acid oxidation and thus pre-
serve glycogen stores for prolonged exercise. 

fat-soluble vitamins Vitamins that are stored in and absorbed
by fat; vitamins A, D, E, and K. 

fatty acids Long hydrocarbon chains with varying degrees 
of saturation with hydrogen. 

Federal Trade Commission (FTC) The government agency
tasked with the job of preventing unfair methods of compe-
tition and enforcement of “unfair and deceptive acts or 
practices,” such as misleading advertisements. 

feeding or eating disorders not elsewhere classified Eat-
ing disorders that do not meet the strict diagnostic criteria 
to be classified as more specific disorders. 

female athlete triad A syndrome characterized by an eating
disorder (or low energy availability), amenorrhea, and 
decreased bone mineral density. 

ferritin The storage form of iron. 
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field methods Techniques allied health professionals commonly
use to measure body composition. 

flavin adenine dinucleotide (FADH) A hydrogen-carrying
molecule that enters the electron transport chain to produce
2 ATPs per molecule of FADH. 

flavonoid Antioxidant found naturally in many fruits and
vegetables. 

flexitarian diet Synonymous with the semi-vegetarian diet, 
this diet is one in which a person does not usually eat meat,
fish, or poultry but will infrequently include these foods in
their diet. 

food addiction A controversial concept; may occur in certain
individuals in which consumption of highly palatable foods
such as sugar, salt, and fat trigger a response in the brain
leading to binge eating, pervasive thoughts of food, and 
ultimately, obesity. 

Food and Drug Administration (FDA) An agency within
the Department of Health and Human Services which,
among other functions, monitors food and drug safety, 
oversees nutrition labeling, regulates tobacco products, 
and provides the public with credible health information. 

food frequency questionnaire A method used to identify
typical eating habits, which is composed of a checklist of
foods and beverages with a section for the client to mark
how often each of the listed foods are eaten. 

food intolerance A reaction to certain foods that results from
a deficiency in an enzyme that is needed to break down that
food. The immune system is not involved in the reaction. 

food poisoning Illness that results from ingestion of toxins 
released by bacteria that grow on food.

food record A written report of all of the foods consumed 
in a pre-defined period of time, usually 3 days with at least 
1 weekend day. Also includes the time of day, mood, and
level of hunger when consuming each food. 

fortified food A food to which specific nutrients not inherently
available in that food are added, such as vitamin D in milk. 

fructooligosaccharide A category of oligosaccharides that 
are mostly indigestible, may help to relieve constipation, 
improve triglyceride levels, and decrease production of 
foul-smelling digestive byproducts. 

fructose The sweetest of the monosaccharides, found in 
varying levels in different types of fruits. 

functional anemia Low iron ferritin levels in the context of
normal hemoglobin concentration. 

functional fiber Nondigestible carbohydrates that have been
isolated from foods and added to food products, and have a
potentially beneficial effect on human health. 

functional foods Defined by the Academy of Nutrition and
Dietetics as any whole, fortified, enriched, or enhanced food
that has a potentially beneficial effect on human health 
beyond basic nutrition. 

galactose A monosaccharide, a component of lactose. 
gallbladder An accessory organ of the gastrointestinal system

that releases bile to aid in fat digestion. 
gastric bypass A weight-loss procedure in which a surgeon

reduces the stomach to about the size of an egg and then
reattaches it to the small intestine, thereby “bypassing” most
of the stomach. 

gastric emptying The process by which food is emptied from
the stomach into the small intestine. 

gastric inhibitory peptide Protein that is released from the
small intestine and functions to slow digestion by inhibiting
gastric acid secretion and stimulating insulin release. 

gastric lipase Enzyme released from the stomach that works
with lingual lipase to digest short- and medium-chain fatty
acids into partial glycerides and free fatty acids. 

gastrin Hormone that prepares the stomach for food digestion;
secreted by the stomach and stimulates pepsin release. 

ghrelin The “hunger hormone”; a hormone released by the
stomach in response to low energy levels in the body, which
signals hunger. 

gliadin A protein component of gluten, which triggers the 
immune system response for people with celiac disease. 

glucagon A hormone secreted by the pancreas that stimulates
glucose release from the liver when blood glucose levels 
are low. 

glucocorticoid A classification of hormones released from the
adrenal cortex that protect against stress or contribute to
protein and carbohydrate metabolism; the most important 
is cortisol. 

gluconeogenesis The production of glucose from precursors
such as proteins or fats in the liver.

glucose The predominant monosaccharide in nature and the
basic building block of most other carbohydrates. 

gluten A protein compound that is made up of two proteins,
glutenin and gliadin, and found in the grains wheat, barley,
and rye. 

gluten sensitivity Also known as gluten intolerance, a 
condition in which people appear to have a negative 
response to gluten-containing foods; however, no allergic
reaction results. 

glycemic index A measurement of the amount of increase 
in blood sugar after eating particular foods. 

glycemic load A measure of a consumed carbohydrate’s
overall effect on blood glucose levels; equal to the glycemic
index multiplied by the number of grams consumed divided
by 100. 

glycerol A molecule containing three carbon atoms and
three OH molecules; creates an osmotic gradient in the 
circulation favoring fluid retention, which subsequently
reduces fluid excretion from the kidneys and decreases
urination; supplement is banned by the World Anti-
Doping Agency. 

glycogen A polysaccharide that is a highly branched chain of
glucose molecules. The chief carbohydrate storage material
in animals formed and stored in the liver and muscle. 

glycogenolysis The process of breaking down glycogen into
glucose molecules. 

glycosidic bond A link between two sugar molecules. The
two molecules share an oxygen atom.

gravitational sport A sport in which the force of gravity
combined with an athlete’s body mass impacts performance;
examples include long-distance running, road cycling, and
ski jumping. 

gynoid body type “Pear shaped”; body tends to carry excess
fat around the hips and thighs. 

gynoid obesity Excess weight distributed mostly in the 
abdomen (“apple shape”). 

health claim A statement that suggests that a supplement
may help to diagnose, prevent, mitigate, treat, or cure a 
specific disease. 

health history questionnaire A form that aims to gather 
information about an individual’s past medical history and
family history to assess a client’s health risk and determine
need for evaluation by a medical professional. 

Health Insurance Portability and Accountability Act
(HIPAA) Federal legislation that requires express written
permission from a patient or client authorizing sharing 
of health information among health professionals and 
institutions. 

health screening A systematic assessment of a client’s health
history and risk factors to identify clients who may require
evaluation by other health professionals before beginning a
nutrition or activity program. 

healthy diet score An indication of how well a person follows
a healthy eating plan characterized by large amounts of fruits
and vegetables, fish, and whole grains and low amounts of
sodium and sugar-sweetened beverages. 

heat cramps (exercise-associated muscle cramps) Muscle
spasms resulting from loss of large amounts of water and
electrolytes during physical exertion; typically affect the 
abdomen, arms, and calves. 
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heat exhaustion A heat-related illness that occurs after pro-
longed exposure to heat without adequate replacement of
fluids and electrolytes; symptoms include heavy sweating,
fatigue, and vomiting. Heat exhaustion is less serious than
heat stroke. 

heat stroke A severe heat-related illness with extreme over-
heating resulting from prolonged exposure to heat without
adequate replacement of fluids and electrolytes; symptoms
include lack of sweating, strong and rapid pulse, disorienta-
tion, and loss of consciousness; often fatal without rapid
treatment. 

heme iron Iron bound within the iron-carrying proteins of
hemoglobulin and myoglobulin complex found in meat, 
fish, and poultry. 

hemoglobin An iron-rich protein of red blood cells that 
carries oxygen to working cells. 

herbal supplements Plant-derived substances used for 
medicinal purposes. 

high density lipoprotein (HDL) Lipoprotein that contains
approximately 50% protein and carries excess cholesterol
from the bloodstream to the liver where it can be prepared
for excretion; also known as good cholesterol. 

high viscosity fiber See soluble fiber. 
“hitting the wall” Athlete fatigue in which exercise intensity

dramatically decreases while the athlete’s perceived effort 
increases. Also known as bonking. 

hormones Chemicals released by the body that affect other
parts of the body; many banned synthetic hormones mimic
the muscle-building effects of natural hormones, such as
growth hormone, erythropoietin-stimulating hormone, 
and gonadotropins, which trigger increased testosterone 
production. 

hydrogenation The process of adding hydrogen atoms to 
unsaturated fats. This process eliminates double bonds and
turns fatty acids into partially or completely saturated fats. 

hydrostatic weighing Also known as underwater weighing
and hydrodensitometry; measures body composition by
comparing the weight of a person in water and on land. 

hyperglycemia An abnormally high level of glucose (sugar)
in the blood. 

hyperhydration Hydrating above currently optimal levels. 
By consuming large amounts of fluids prior to exercise, 
the athlete increases fluid reserves and delays the onset of
dehydration. 

hyperinsulinemia An abnormally high level of insulin in the
blood. 

hyperplasia Abnormal increase in the number of cells. 
hypertonic fluids Fluids that contain sodium and other 

electrolytes in higher concentrations than in blood.
hypertrophy Abnormal increase in size; excessive growth. 
hypoglycemia Low blood glucose ( ≤70 mg/dL); characterized

by symptoms such as tiredness, weakness, shaking, fast heart
rate, and feeling nervous. 

hyponatremia An abnormally low concentration of blood
sodium (less than 135 millimoles per liter (mmol/L)) which,
when severe, can lead to brain swelling and death. 

hypothalamus A portion of the brain responsible for regulat-
ing body temperature, among many other functions. 

hypothermia Condition in which core body temperature falls
below 35°C (95°F), the minimal temperature necessary for
normal metabolism and body function. 

ileum The final portion of the small intestine, which is ap-
proximately 12 feet in length; where absorption of vitamin
B12, bile salts, and digestive products not already absorbed in
the jejunum occurs. 

immunonutritional support The use of nutrient intake 
or supplementation to attenuate immune changes and 
inflammation following intensive exercise or injury. 

inadvertent doping When an athlete tests positive for a
banned substance due to accidental ingestion, often as a 
result of contamination of an allowed substance. 

incomplete protein A food item that does not contain all of
the essential amino acids. 

indirect calorimetry A noninvasive study that estimates 
energy needs based on the use of oxygen and production 
of carbon dioxide. 

insoluble fiber Fiber that does not bind with water and adds
bulk to the diet (includes cellulose, hemicellulose, and
lignins found in wheat bran, vegetables, and whole grain
breads and cereals); important for proper bowel function 
and reducing symptoms of constipation. 

insulin A hormone secreted by the pancreas that is required
for the transport of glucose from blood into tissues. 

insulin resistance The cells respond inefficiently or ineffec-
tively to insulin. 

intention effects Inability to stick to one’s intended routine
as evidenced by exceeding the amount of time devoted to
exercise or consistently going beyond the intended amount. 

intermediate density lipoprotein (IDL) Lipoprotein that 
is composed of cholesterol, triglycerides, and protein, and 
results from the degradation of very low density lipoprotein;
transports cholesterol throughout the body. 

iron deficiency A type of anemia caused by inadequate intake
of iron that leads to decreased oxygen-carrying capacity due
to decreased production of iron-requiring, oxygen-carrying
hemoglobin. 

iron deficiency anemia A condition resulting from too little
iron in the body, which decreases hemoglobin concentration
and thus impairs oxygen delivery to cells. 

iron depletion A state of decreased body stores of iron but
normal levels of iron in the red blood cells; if not corrected,
progresses to iron deficiency anemia. 

irritable bowel syndrome A gastrointestinal condition of 
uncertain etiology that manifests as abdominal pain and
cramping, gas, bloating, and diarrhea or constipation. 

isotonic fluids Fluids in which electrolyte content equals 
that of blood. 

jejunum The middle portion of the small intestine, which is ap-
proximately 8 feet in length; where much of food absorption
occurs. 

Krebs cycle See citric acid cycle. 
laboratory methods Techniques to measure body composi-

tion that generally are measured in a research or laboratory
setting; methods include hydrodensitometry, air displace-
ment plethysmography, isotope dilution, and dual-energy 
x-ray absorptiometry

lactase The enzyme required to digest lactose. 
lactate A salt of lactic acid produced in the body. 
lactate threshold Point in exercise when lactate accumulation

begins. Also known as anaerobic threshold or ventilatory
threshold. 

lactic acid A metabolic byproduct of anaerobic glucose 
metabolism. 

lacto-ovo-vegetarian A vegetarian who consumes eggs and
dairy products but does not consume meat, poultry, or fish. 

lactose A disaccharide made of glucose and galactose; the
principal sugar found in milk. 

lactose intolerance A condition in which a person does not
make enough of the enzyme lactase required to break down
the sugar lactose, resulting in gastrointestinal symptoms such
as abdominal cramps, bloating, diarrhea, and flatulence
when lactose is ingested.

lacto-vegetarian A vegetarian who consumes dairy products
but does not consume eggs, meat, poultry, or fish. 

large intestine Connects the small intestine to the anus; 
absorbs most of the fluid from waste products and serves as 
a storage site for fecal waste; includes three portions: the
cecum, colon, and rectum. 

laxatives Products used to soften stool and aid the body in 
excretion. 

lecithin A phospholipid that breaks down into glycerol, stearic
acid, phosphoric acid, and choline; a major component of HDL. 
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leptin A hormone produced by adipose tissue that suppresses
appetite and increases energy expenditure; levels increase
with increased fat storage. 

lifestyle changes Changes made to daily routines or habits;
in this instance changes are made to create a healthier
lifestyle. 

lingual lipase An enzyme released from the mouth that 
begins to break short- and medium-chain fatty acids into
partial glycerides and free fatty acids. 

linoleic acid See omega-6 fatty acids. 
linolenic acid See omega-3 fatty acids. 
lipids A fat or fat-like substance used in the body or 

bloodstream. 
lipogenesis The production of fat from excess carbohydrates,

protein, or fat that is consumed beyond what the body im-
mediately can use for energy, structural support, or glycogen
storage. 

lipoprotein Compounds found in the bloodstream consisting
of simple proteins bound to lipids including cholesterol,
phospholipids, and triglycerides. Lipoproteins transport 
cholesterol and other lipids to and from various tissues. 

lipoprotein lipase An enzyme that facilitates transport of
lipid from a lipoprotein in the blood into the adipocyte or
other tissue. 

liver A large vital organ inside the body which plays a major
role in metabolism including protein synthesis, glycogen
storage, and production of chemicals necessary for digestion;
other functions include detoxification and purification and
breakdown of red blood cells. 

low density lipoprotein (LDL) Lipoprotein that is composed
of over 50% cholesterol; transports cholesterol and triglyc-
erides from the liver and small intestine to cells and tissues;
high levels are a proven cause of atherosclerosis. 

low viscosity fiber See insoluble fiber. 
lymph A mixture of proteins and fat transported from tissues

to the bloodstream. Lymph helps to fight infection. 
lymphatic system A network of organs, lymph nodes,

lymph ducts, and lymph vessels that produce and 
transport lymph. 

maltose A disaccharide of two glucose molecules bound 
together; found in malt beverages, chocolate malts, and beer. 

master athletes Adult competitive athletes ranging in age
from 30 to over 85 years. 

medical nutrition therapy Nutritional assessment, one-
on-one counseling, and therapy intended to treat a specific
illness or disease; should only be administered by a regis-
tered dietitian. 

mesomorph Body type characterized by an athletic and 
muscular physique. 

metabolic fatigue The fatigue that occurs when the sub-
strates for energy production are used up. Early on in a
strength workout this could be from the depletion of 
creatine phosphate stores, while later fatigue results from
impaired energy production from glycogenolysis and 
anaerobic glycolysis. 

micelle A compound similar to a soap sud that has a 
hydrophobic (water-averse) inside and a hydrophilic 
(water-loving) outside. 

micronutrient A nutrient that is needed in small quantities
for normal growth and development; includes vitamins and
minerals. 

mineralocorticoid A steroid hormone that regulates fluid and
electrolyte retention and excretion by the kidneys; typically
refers to the hormone aldosterone. 

mitochondria Organelles known as the “power plant” of the
body’s cells; the location where most ATP production occurs. 

monosaccharide The simplest form of carbohydrate (glucose,
galactose, and fructose); it cannot be digested any further. 

monounsaturated fatty acid A type of unsaturated fatty
acid that has one double bond between carbon atoms; 
includes oleic acid, the main component of olive oil. 

motivational interviewing A communication technique in
which the client and coach work together to help the client
develop a plan of action for behavior change.

multi-component model A reference method of assessing
body composition that bases an estimate of fat and lean 
mass on measurements from several methods; the four-
component equation is the leading reference method. The
variables include body volume, total body water, bone 
mineral, and body mass. 

muscle dysmorphic disorder A form of body dysmorphic
disorder in which a person engages in excessive amounts 
of resistance training in an effort to be “big.” 

muscle protein breakdown The rate of breakdown of 
muscle tissue into component amino acids. 

muscle protein synthesis The rate of production of muscle
tissue from the amino acid pool. 

myocardial infarction The medical term for heart attack,
which occurs when blood flow to a portion of the heart
muscle is severely restricted or stopped, resulting in inade-
quate oxygen supply and decreased ability of the heart to
pump. 

myoglobin An oxygen- and iron-binding protein found in
muscle and cardiac tissue which delivers oxygen to the
working muscle cells. 

near-infrared interactance (NIR) Estimates body composi-
tion using the optical densities of skin, fat, and lean tissue as
an infrared light probe is reflected off bone and back to the
probe. 

negative energy balance When fewer calories are consumed
than expended; leads to weight loss. 

negative nitrogen balance The state in which the amount of
nitrogen (via protein) consumed is less than the amount of
nitrogen excreted in feces, urine, and skin. During this time
the body is breaking down muscle protein to support other
metabolic functions. Negative nitrogen balance occurs during
times of high stress such as infections, trauma, or starvation. 

net protein balance The balance that exists between muscle
protein synthesis and muscle protein breakdown. 

neuromuscular fatigue Incompletely understood phenom-
ena of a decrease in athletic performance with intensive
activity to fatigue at some point in the pathway from 
initiation of exercise in the cerebral cortex to activation 
in the muscle cell. 

neutral energy balance When the number of calories 
consumed is equal to the number of calories expended. 

nicotinamide adenine dinucleotide (NADH) A hydrogen-
carrying molecule that enters the electron transport chain 
to produce 3 ATPs per molecule of NADH. 

night eating syndrome Characterized by recurrent episodes
of eating after awakening from sleep or excessive food 
consumption after the evening meal. 

nitrogen balance The amount of nitrogen (via protein) con-
sumed compared to the amount of nitrogen excreted. This
provides information as to the person’s metabolic state, 
muscle synthesis, muscle degradation, or equilibrium. 

nitrogen balance studies Tests that measure the amount of 
nitrogen in the urine, which provide an indication of whether
too much, too little, or enough protein is being consumed. 

nonessential amino acid An amino acid that can be made 
by the body. 

nonessential fat Triglycerides and other fatty tissue stored in
muscle, around vital organs, and within subcutaneous tissue. 

nutrient density An indicator of nutritional value of a food
based on the levels of vitamins and minerals compared with
the number of calories. 

nutrition assessment Evaluation of nutrition status and 
nutritional needs. 

older adult Defined by the Older Americans Act as a person
older than 60 years. 

oleic acid A monounsaturated fatty acid that occurs naturally
in many animal and vegetable oils; improves cardiovascular

Glossary 375

2955_Glossary_369-380  08/10/14  12:18 PM  Page 375



health when used as a substitute for saturated fat and refined
carbohydrates. 

oligosaccharide A complex carbohydrate, a chain of approxi-
mately 3 to 10 monosaccharides. 

omega-3 fatty acids Named for the position of their first 
double bond; alpha linolenic acid (ALA) is an essential
polyunsaturated fatty acid that can be converted to eicos-
apentaenoic acid (EPA) and docosahexanoic acid (DHA);
found in flaxseed, walnuts, dark green leafy vegetables, 
egg yolks, and cold water fish like tuna, salmon, mackerel,
cod, crab, shrimp, and oysters. ALA, EPA, and DHA can be
converted to eicosanoids. 

omega-6 fatty acids Named for the position of their first dou-
ble bond. Linoleic acid is an essential polyunsaturated fatty
acid that can be converted to eicosanoids; found in sunflower,
safflower, corn, and soybean oils. 

omnivore A person who consumes both plant and animal
foods. 

open window of impaired immunity A period of time last-
ing 3 to 72 hours in which athletes who engage in intensive
training are at particularly increased risk of infection. 

oral allergy syndrome A condition that results when a pro-
tein in certain raw foods causes an immediate inflammatory
response from the moment the food touches the mouth 
or skin. 

orthorexia nervosa A pattern of disordered eating character-
ized by a preoccupation with eating an extremely healthy
diet. 

osteopenia A condition in which bone density is lower than
normal; a precursor to osteoporosis. 

osteoporosis Weakening of the bones, which can lead to bone
fracture of the hip, spine, and other skeletal sites. 

ovo-vegetarian A vegetarian who consumes eggs but does
not consume meat, poultry, fish, or dairy products. 

oxidation The process of binding oxygen to a molecule. 
oxidative phosphorylation Process in which energy from

electrons passed through the electron transport chain is 
captured and stored to produce ATP. 

oxygen-carrying capacity The body’s ability to get the 
oxygen that is breathed in from the environment into the
lungs and bloodstream; affected by two main factors: 
(1) the ability to adequately ventilate the alveoli in the
lungs, and (2) hemoglobin concentration in the blood. 

oxygen deficit Oxygen shortage in cells which occurs with
anaerobic activity. 

oxygen delivery The ability of the body to transport oxygen
from the lungs to the mitochondria of the working cells; the
amount delivered is a function of cardiac output. 

oxygen extraction The ability to transfer oxygen from the
blood to the working muscle cells. 

Paleo/Paleolithic diet A diet that aims to mimic what
hunters and gatherers ate in the Paleolithic period over
10,000 years ago before the advent of agriculture: whole
fruits and vegetables, fish, grass-fed livestock, fungi, roots,
and nuts. The diet prohibits grains, legumes, dairy products,
salt, refined sugar, and all processed foods. 

pancreas A vital organ that is both a digestive organ, secreting
pancreatic juice containing digestive enzymes that assist the
absorption of nutrients and the digestion in the small intes-
tine, and an endocrine organ that releases important hor-
mones including insulin, glucagon, and somatostatin. 

partially hydrogenated oil An oil in which the double bonds
of an unsaturated fatty acid have been chemically manipu-
lated to create a saturated fatty acid. 

passive dehydration Dehydration resulting from fluid and
food restriction. 

passive diffusion See simple diffusion. 
peak growth velocity The period in early adolescence 

in which a child experiences the fastest rate of growth. 
pepsin The stomach acid responsible for initiating the 

digestion of proteins. 

peptide bonds The connections between amino acids. 
peptide YY An appetite suppressant released by the small 

intestine. 
percent daily value The percentage of recommendations for

key nutrients based on a 2,000-calorie diet. 
periodized nutrition program A nutrition program in

which calorie and macronutrient intakes vary based on the
training regimen. Energy and nutrient needs are highest
during peak training, somewhat decreased during taper 
and competition, and much lower during the transition 
and rest phase. 

periodized training program An exercise training program
that is separated into phases (periods) that vary in intensity
and volume to maximize performance. 

peristalsis The process by which muscles in the esophagus
push food to the stomach through a wave-like motion. 

pesco-vegetarian A vegetarian who consumes fish, eggs, 
and dairy but does not consume meat or poultry. 

pharynx The portion of the respiratory system extending from
the base of the skull to the esophagus (the throat). 

phosphagen system The energy system used when there 
is an immediate energy need, generally within the first 
30 seconds to 1 minute of exercise. Utilizes creatine 
phosphate to produce ATP. 

phospholipid A compound with a modified glycerol back-
bone and two fatty acids. The molecule is water-soluble at
one end and water-insoluble at the other end. These com-
pounds form the cell-membrane structure phospholipid 
bilayer. 

phytochemicals A variety of compounds found in plants that
may have potential health benefits in humans.

pica A feeding disorder in which an individual has a strong 
desire to eat non-food items, such as dirt or clay; most 
frequently occurs in childhood in response to nutritional 
deficiency. 

polypeptide A chain of many amino acids connected by 
peptide bonds. 

polysaccharide A complex carbohydrate, long chain of 
monosaccharides. 

polyunsaturated fatty acids A type of unsaturated fatty 
acid that has two or more double bonds between carbon
atoms; includes the essential fatty acids omega-6 and 
omega-3 fatty acids; improves heart health when used to 
replace saturated fats. 

portal circulation Circulatory system that takes nutrients 
directly from the stomach, small intestine, colon, and spleen
to the liver.

positive energy balance When more calories are consumed
than expended; leads to weight gain. 

positive nitrogen balance The state in which the amount of
nitrogen (via protein) consumed is greater than the amount
of nitrogen excreted in feces, urine, and skin. During this
time the body is building muscle protein; this occurs during
pregnancy, infancy, childhood, adolescence, recovery from
illness, and in response to resistance training. 

postural hypotension The pooling of blood in the legs and
inadequate blood supply to the upper body, causing dizzi-
ness, weakness, and collapse; often occurs with dehydration
and heat stress and may be confused with heat stroke. 

power A measure of force (strength) and speed. 
power output The amount of force generated in a specified

period of time. 
power-to-weight ratio The amount of force generated 

divided by body mass, or force adjusted by weight; 
a high ratio especially benefits athletic performance in 
gravitational sports like long-distance running and road 
cycling. 

pregnancy-induced anemia The low red blood cell count
that occurs during pregnancy due to increased blood volume
and lag in increased red blood cell production; a normal 
phenomenon. 
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probiotics Bacteria that can be consumed in foods or supple-
ments that help to keep a healthy balance of gut organisms. 

prohormone A precursor to a hormone. 
protein digestibility corrected amino acid score 

(PDCAAS) A measure of protein quality that compares 
the essential amino acid composition of a reference protein
with the test protein; the FDA- and WHO-endorsed method
of measuring protein quality. 

proteolysis The process by which proteins are broken down
into simpler, soluble compounds.

proteolytic enzymes Enzymes made in the pancreas and 
released into the small intestine to break peptide bonds 
between amino acids during digestion.

provitamin Inactive vitamin that can be converted to an 
active vitamin with enzyme activation. 

purging disorder Condition in which a person engages in 
recurrent purging behavior to influence weight or shape,
such as self-induced vomiting, misuse of laxatives, diuretics,
or other medications, in the absence of binge eating. 

qualified health claims A health claim on a packaged food
that is supported by scientific research that attests a relation-
ship between a substance and its ability to reduce the risk of
a disease or health-related condition. 

quasi-vitamins Similar to vitamins in having important 
roles in the normal functioning and health of the body, but
currently there are no known human requirements. 

quercetin A flavonoid that may help to protect from illness
and enhance healing from injury. 

rapport Relationship of trust and respect. 
raw food diet A diet that emphasizes intake of foods in their

natural, unprocessed, uncooked form. 
reactive hypoglycemia Also known as rebound hypoglycemia;

the drop in blood sugar that results from a surge in insulin.
Theoretical concern when eating shortly before exercise 
because carbohydrate load and onset of exercise both cause 
an increase in insulin. 

recommended dietary allowance (RDA) The amount of
nutrient known to be adequate to meet the nutritional needs
of nearly all healthy persons. 

reference methods The most accurate, but least practical,
methods used to measure body composition; infrequently
used in practice or in research studies of body composition;
includes CT scan, MRI, and multi-component models. 

reflecting An active listening technique in which the listener
states his or her understanding of a statement that the
speaker has made. 

registered dietitian A health professional with specialized
training in nutrition who has completed the minimum re-
quirements for the credential including a bachelor degree,
completion of an accredited program in nutrition, and
1,200 hours of an approved supervised internship in nutri-
tion, and passed a national examination. The registered 
dietitian is an expert in nutrition and is qualified to 
provide individualized nutrition assessment and recom-
mendations, and to provide medical nutrition therapy. 

reliability The reproducibility of a measure. 
resistin A hormone secreted by adipose tissue that decreases

cell sensitivity to insulin. 
respiratory quotient (RQ) The amount of carbon dioxide,

the end product of metabolism, produced by the body 
divided by the amount of oxygen consumed. Also called 
respiratory exchange ratio (RER). 

resting energy expenditure (REE) The number of calories
expended at rest to maintain normal vital function. Also 
referred to as resting metabolic rate (RMR). 

restricting type of anorexia nervosa During the last 
3 months, the individual has not engaged in recurrent
episodes of binge eating or purging behavior. 

rhabdomyolysis Breakdown of skeletal muscle tissue and 
release of contents into the bloodstream that sometimes leads
to kidney failure; caused by dehydration and heat stress. 

rumination A feeding disorder in which a person regurgitates
(vomits) food they have just eaten and chews and swallows
it again. 

SAID principle The training principle of  “specific adaptation
to imposed demands”; when the body is placed under stress,
it starts to make adaptations to improve its functioning in
the future when it experiences that same stress. 

saliva A secretion from the salivary glands that begins digestion;
consists of water, salts, and enzymes. 

sarcopenia “Muscle wasting,” or a decrease in muscle mass
and strength. 

sarcopenic obesity Decline in skeletal muscle and strength
combined with excess body fat, which is common during
older adulthood. 

satiety A feeling of being fully satisfied, when there is no
longer a desire to eat. 

saturated fatty acids Fatty acids that contain no double
bonds between carbon atoms. Foods high in saturated fatty
acids are typically solid at room temperature and are from
animal products such as butter and lard. 

screening tool A test that is useful in identifying nearly all
people who have a condition, but it typically has a high
“false positive” rate in that not everyone who tests “positive”
actually has the condition. 

secondary adipositas athletica A term used to describe 
athletes who do not purposefully want to gain fat mass 
but just want to get “bigger”; increased adiposity is an 
unintended consequence.

semi-vegetarian diet Synonymous with the flexitarian diet,
this diet is one in which a person does not usually eat meat,
fish, or poultry but will infrequently include these foods in
their diet. 

simple carbohydrate Monosaccharides and disaccharides. 
simple diffusion When a substance moves from an area of

high concentration to an area of low concentration without
the need for a carrier protein. 

skinfold calipers A hand-held device used to measure in 
millimeters the thickness of subcutaneous fat at standardized
locations in the body. 

small intestine The three-segment portion of the digestive
system between the stomach and large intestine that is 
responsible for the majority of digestion and absorption of
swallowed foods. 

social-ecological model A model for health behavior change
that emphasizes the development of coordinated partner-
ships, programs, and policies to support healthy eating and
active living. 

sodium bicarbonate A compound found naturally in blood
and taken endogenously by some athletes as a supplement;
helps to reduce muscle acidity by increasing the release of
hydrogen ions from muscle cells. 

SoFAS (solid fats and added sugars) A term first introduced
in the 2010 Dietary Guidelines for Americans that refers to 
a food ingredient that provides little nutritional value 
and should be avoided. The guidelines recommend that
Americans: (1) cut back on calories from solid fats and 
added sugars; (2) limit foods that contain refined grains, 
especially refined grains that contain solid fats, added sugars,
and sodium; and (3) use oils to replace solid fats whenever
possible. 

soluble fiber A type of fiber that forms gel in water; may 
help prevent heart disease and stroke by binding bile and
cholesterol, diabetes by slowing glucose absorption, and 
constipation by holding moisture in stools and softening
them; includes gums, pectin, and psyllium seeds. 

somatotype Body type. 
sphingomyelin A class of phospholipid composed of phos-

phoric acid, choline, sphingosine, and a fatty acid; found in
high concentration in cell membranes of nervous tissues. 

sports anemia A pseudo-anemia characterized by low he-
moglobin concentration due to increased plasma volume
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in response to exercise; the actual total hemoglobin 
content is normal and the athlete does not have true 
anemia. 

sports drinks Beverages containing carbohydrates, protein, 
or electrolytes. 

stages of change Also known as transtheoretical model, a
theory of behavior change which posits that people progress
through a series of stages as they ready themselves to make
a behavioral change, such as modification to nutrition or
physical activity behaviors.

starch Plant carbohydrate found in grains and vegetables. 
sterol A type of lipid. Cholesterol is the most common type of

sterol. Cholesterol can be converted to steroid hormones. 
stimulant A substance that activates the central nervous sys-

tem and sympathetic nervous system. It increases heart rate
and cardiac output as well as glucose availability, and may
suppress appetite. 

stomach An organ between the esophagus and small intestine
that stores swallowed food, mixes the food with stomach
acids, and then sends the mixture to the small intestine. 

strength The production of maximal force. 
strength sports Sports that require production of maximal

force for optimal performance. 
stroke volume The amount of blood pumped out of the heart

with each heartbeat. 
structure/function claims A health claim on a packaged

food that describes the effect that a substance has on the
structure or function of the body. An example is “calcium
builds strong bones.” Structure/function claims must be
truthful and not misleading, but they are not reviewed or
authorized by the FDA. 

subthreshold anorexia nervosa See atypical anorexia nervosa. 
subthreshold binge-eating disorder A condition in which

all of the criteria for binge-eating disorder are met, except
that the binge eating occurs, on average, less than once a
week and/or for fewer than 3 months. See eating disorder not
elsewhere specified. 

subthreshold bulimia nervosa A condition in which all 
of the criteria for bulimia are met, except that the binge 
eating and inappropriate compensatory behaviors occur, 
on average, less than once a week and/or for fewer than 
3 months. 

successful aging Maintenance of low disease risk and 
cognitive and physical function. 

sucrose A disaccharide formed by glucose and fructose linked
together; also known as table sugar. 

sugar Chemically speaking it may refer to simple carbohy-
drates (mono and disaccharides), or it may refer to table
sugar or sucrose. 

summarizing An active listening technique in which the 
listener paraphrases his or her understanding of what the
speaker has said. 

SuperTracker An online tool by the USDA that can track, 
analyze, and evaluate nutrition and physical activity. 

testosterone A male sex hormone secreted by the testes 
that induces masculine characteristics and muscle-building
(anabolic) effects. 

three-dimensional photonic scanning Uses a low-power
laser light and digital cameras to rapidly produce a 3-D 
digital model of the human body, which is used to 
approximate lean and fat mass. 

TNF-alpha Tumor necrosis factor; helps to regulate fat 
metabolism and along with other cytokines contributes to
acute inflammatory reactions. 

tolerable upper intake level The maximum intake that is
unlikely to pose risk of adverse health effects to almost all
individuals in an age- and gender-specific group. 

tolerance An individual becomes accustomed to the current
amount of exercise and must increase the amount of exer-
cise in order to feel the desired effect, be it a “buzz” or sense
of accomplishment, in the case of exercise dependence. 

trans fatty acid An unsaturated fatty acid in which the 
double bonds are in the trans configuration. A double bond
in the trans configuration has the H’s on opposite sides of 
the double bond. Some occur naturally, most are manmade.
Fatty acids with trans double bonds function like a saturated
fat in the body by elevating LDL cholesterol. 

transferrin The protein that binds and transports iron. 
triacylglycerols Stored triglycerides (fats); compound consisting

of three fatty acids and one glycerol molecule.
tricarboxylic acid cycle See citric acid cycle.
triglycerides Three fatty acids bound to a glycerol backbone;

the primary form of fat storage in the body and the composi-
tion of most fats in the food supply. 

tripeptide Three amino acid chain combined by peptide
bonds. 

trypsin The active form of the precursor trypsinogen, which
breaks down protein chains into single amino acids, dipeptides,
and tripeptides. 

twenty-four hour recall A method of gaining information
about a client’s eating habits by asking for detailed informa-
tion about the foods and drinks the client consumed in 
the 24 hours prior to the consultation. 

ultra-endurance sports A subset of endurance sports that
lasts 4 hours or more. 

United States Department of Agriculture (USDA) The
federal department that develops and implements policy on
food, farming, forestry, and agriculture, and issues dietary
recommendations. 

unsaturated fatty acids Fatty acids that contain one or more
double bonds between carbon atoms; typically liquid at room
temperature and fairly unstable, making them susceptible to
oxidative damage and a shorter half life. 

urea The nitrogenous byproduct of protein deamination;
formed in the liver and excreted in the urine. 

urea cycle A complex metabolic system that removes nitrogen
from organic compounds and prepares the remaining 
nitrogenous structure (urea) for excretion in urine. 

validity The accuracy of a measure. 
vegan A person who does not include any animal products in

their diet. This means they do not consume meat, poultry,
fish, eggs, or dairy products. 

vegetarian A person who eats a plant-based diet and does not
consume meat and poultry.  

ventilatory threshold (VT) Point in exercise when lactate
accumulation begins. Also known as anaerobic threshold or
lactate threshold. 

very low density lipoprotein (VLDL) The least dense of 
all of the lipoproteins, carrying a greater ratio of lipid to 
protein than LDL; main transport mechanism for endoge-
nously produced lipids. 

villi Folds or finger-like projections of the small intestine that
increase surface area for digestion and absorption. 

vitamins Organic substances obtained from plant and animal
foods that are essential in small quantities for normal growth
and activity of the body. 

VO2 max A measure of maximal oxygen uptake; liters of 
O2 consumed per kilogram of body weight per minute. 

waist circumference Abdominal girth measured at the level
of the umbilicus; values greater than or equal to 40 inches
(102 cm) in men and greater than or equal to 35 inches 
(89 cm) in women are strong indicators of abdominal 
obesity and associated with an increased health risk. 

waist-to-hip ratio (WHR) Waist circumference divided 
by hip circumference; a number greater than or equal to 
1.0 confers increased health risk; a ratio of 0.9 or less in 
men and 0.8 or less in women is considered safe. 

water-soluble vitamins Vitamins that are readily dissolved 
in water and thus are not effectively stored in the human
body. 

weight cycling Rapid fluctuations in weight, generally used in
sports when an athlete loses weight to qualify for a certain
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weight class, then regains the weight immediately after the
weigh-in. 

whey A high-quality protein; the liquid remaining after milk
has been curdled and strained. 

whey concentrate A whey protein supplement that is 25% to
89% protein by weight. 

whey protein isolate A whey protein supplement that is
90% or more protein by weight; lactose free. 

whey protein powder A form of whey protein that is 11% to
15% protein by weight; used as an additive in many food
products. 

white adipose tissue Storage site for triglycerides, cushion 
to protect vital organs, and insulation to maintain body 
heat. 

withdrawal In the absence of exercise the person experiences
negative effects such as anxiety, irritability, restlessness, and
sleep problems, in the case of exercise dependence. 

work-to-rest ratio The relationship of the amount of time
spent in strenuous activity and the amount of time spent in
rest between sets or vigorous bouts of activity. 
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Index

A
Abdominal pain, transient, exercise-related,

318
definition of, 313

Abdominal skinfold measurement, 236f
Absorptiometry, x-ray, dual-energy

in body composition assessment, 234–236,
239f

definition of, 223
Absorption

of carbohydrates, 8–9, 8f, 9f
definition of, 3
of fats, 44, 46
of iron, 76, 76f
of micronutrients, 81–85, 82f
of minerals, 82–83
of proteins, 27
review of, 136
of water, 85

Acai, nutrients, health claims, and evidence
on, 198t

Acceptable macronutrient distribution range
(AMDR)

for carbohydrates, 10
definition of, 3
for fat, 47
for proteins, 29, 30t

Acclimatization
definition of, 151
to environmental extremes, 153
heat, plan for, 153t

381

Active dehydration
definition of, 331
in weight cycling, 342

Active transport
definition of, 57
in mineral absorption, 82

Acute illness, 314–315, 315–316b
definition of, 313, 314
immune response and, 314
nutritional implications of, 315

Addiction, food, definition of, 332
Adenosine triphosphate (ATP)

definition of, 3
as energy source, 9

Adequate intake (AI)
for alpha-linolenic acid, 42
definition of, 37
in dietary reference intakes, 99
for linoleic acid, 47
for linolenic acid, 47

ADH. See Antidiuretic hormone (ADH)
Adipocyte(s)

definition of, 37
dysfunction of, in coronary heart 

disease, 47
in fat storage, 44

Adiponectin
definition of, 255
in weight control, 260

Adipose tissue
definition of, 37
functions of, 40

Adipositas athletica, 342
definition of, 331
secondary, 342

definition of, 332
Adolescent(s). See also Youth athletes

active, nutrition considerations for, 
282–289

eating disorders and, 343b
food marketing to, regulation of, as

strategy in nutrition policy, 106
general nutrition recommendations for,

288–289, 289t
growth charts for, 283–284f

ADP. See Air displacement plethysmography
(ADP, BodPod)

Adulterated supplement, 193
Aerobic glycolysis, in power 

sports, 180
Aerobic power

definition of, 169
in endurance athletes, 171

Aerobic system, in endurance 
exercise, 171

Age
bone, definition of, 281
calorie needs by, 290t
calorie needs by gender and physical

activity level and, 94–95t
heat-related stress and fluid imbalances

and, 157
Aging, successful, definition 

of, 281

Page numbers followed by f indicate figures; t, tables; b, boxes and boxed material.  
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AI. See Adequate intake (AI)
Air displacement plethysmography (ADP;

BodPod)
in body composition assessment, 234, 238f
definition of, 223

Alanine, ergogenic function and efficacy
and, 206t

Alanine-glucose cycle, definition of, 21
Alcohol, avoidance of, in pregnancy, 296,

300
Aldosterone

definition of, 151
release of, in response to excess heat, 153

Allergy(ies)
exercise-induced, 360
food, 358–360

exercise-induced, 360
in teenage athlete, case report 

on, 366
treatment, diagnosis, and prevention of,

359–360
understanding, 358–359

Alli (orlistat), for weight loss, 269
effectiveness and safety of, 196t

Alpha-linolenic acid (ALA), 42
Altitude, high, exercise in, 157
AMDR. See also Acceptable macronutrient

distribution ranges (AMDR)
Amenorrhea

in anorexia nervosa, 334
definition of, 331
in female athlete triad, 340

Americans, healthy choices by, helping, 98
Amino acid(s)

for athletic performance, 206–207t
branched chain. See also Branched chain

amino acids
definition of, 21

classification of, 23t
definition of, 21
essential, definition of, 21
in protein structure, 22, 23f

Amino acid pool
definition of, 21
in nitrogen balance, 29

Amylopectin, 8
definition of, 3

Amylose, 8
definition of, 3

Anabolic metabolism, of proteins, 27–28
Anabolic steroids

for athletic performance, 204
definition of, 191

Anabolism, definition of, 21, 27
Anaerobic glycolysis

in power sports, 180
in resistance training, 178

Anaphylactic shock
definition of, 351
from food allergy, 358–359, 358f

Anaphylaxis, 358f
definition of, 351
food-induced, 358

Androgen(s), 39
definition of, 37

Android body type
cardiovascular disease risk and, 259
definition of, 255

Android obesity
definition of, 223
waist-to-hip ratio in, 233

Androstenedione
for athletic performance, 204
performance-enhancing claims,

effectiveness, and safety of, 209t
Anemia

functional, 76
definition of, 58

iron deficiency, 76
definition of, 58
in endurance athletes, 177
prevention of, in vegetarian athletes,

354
pregnancy-induced, definition of, 281
sports, 76

definition of, 58
Angina

in coronary heart disease, 47
definition of, 37

Anion, definition of, 57
Anorexia athletica, 339–340

definition of, 331
Anorexia nervosa, 333–334

atypical, 336
definition of, 331

binge-eating/purging type, 334
definition of, 331

definition of, 331
restricting type, 334

definition of, 332
signs and symptoms of, 335b
subthreshold, 336

definition of, 332
Anterior thigh skinfold measurement, 236f
Antibody, definition of, 21
Antidiuretic hormone (ADH)

definition of, 151
release of, in response to excess heat, 153

Antioxidants
athletic performance and, 85
definition of, 57
functions of, 83

Appetite, hormonal control of, 251f, 
259–260

Arginine, ergogenic function and efficacy
and, 206t

Ariboflavinosis, 60
Arnica, sources, claims, effectiveness and

safety of, 203t
Ascorbic acid. See Vitamin C (ascorbic acid)
Aspartate, ergogenic function and efficacy

and, 206t
Aspartic acid, ergogenic function and

efficacy and, 206t
Atherogenic dyslipidemia, definition of, 37
Atherosclerosis

athletes with, medical nutrition therapy
for, 321

definition of, 37
progression of, 322f

Athlete(s)
with acute illness, nutrition for, 314–315,

315–316b
with cardiovascular disease, medical

nutrition therapy for, 321–323
with chronic disease, nutrition for, 

317–325
with diabetes mellitus, medical nutrition

therapy for, 323–324, 324b
eating/exercise disorders and, 339–342
endurance, 170–178. See also Endurance

athlete(s)

with gastrointestinal disorders, medical
nutrition therapy for, 318–321

healthy appearance of, significance of,
misconceptions about, 314b

with injury, nutrition for, 316–317
lactating, nutritional considerations for,

301–302
master

definition of, 281
special considerations for, 304–305

middle-age
disease prevention in, case report on,

328
health coaching for, case report on,

250–251
nutrition recommendations for, 

146–147
risk for dehydration or hyponatremia

in, case report on, 165–166
weight loss advice for, case report on,

276
nutrition knowledge of, myths and

misconceptions about, 242b
nutritional mistakes made by, overcoming,

171b
with osteoporosis, medical nutrition

therapy for, 324–325
pregnant, nutritional considerations for,

301–302
with special dietary needs, 350–367

approach to working with, 362, 
363–364b

strength, 178–180. See also Strength/power
athlete(s)

teenage. See also Youth athletes
developing eating plan for, case report

on, 110
eating disorder risk in, case report on,

347
food allergy in, case report on, 366

weight gain and, 262
weight loss and, 273–274, 273b
youth, 282–294. See also Youth athletes

Athletic performance
carbohydrate intake and, 14, 137–138

case report on, 17
endurance

fat loading and, 139
protein intake and, case study on, 33

energy intake and, 137–140
fat intake and, 48, 138–139, 176
gluten-free diet and, 357–358
glycemic index and, 138, 176
high-protein diet for, benefits and risks

for, 30–31
hydration and, 160
minerals and, 84–85
nutrition for, 170
optimal, nutrition strategies for, 

134–148
protein intake and, 139–140
somatotypes and, 229–230b
strength training, protein intake and, case

study on, 33–34
supplements for, 202, 204–207, 206–207t,

207–208b, 209–211t. See also
Supplements, for athletic
performance

vegetarian diets and, 353–355
myths and misconceptions about, 

355b
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vitamin D and, 68–69b
vitamins and, 84–85

Atkins Diet, strengths and weaknesses of,
267t

ATP. See Adenosine triphosphate (ATP)
Atypical anorexia nervosa, 336

definition of, 331
Avoidant/restrictive eating disorder,

definition of, 331
Avoidant/restrictive food intake, 335–336

B
Bacteria, colonic

definition of, 57
vitamins produced by, 82

Banned substances, 202, 204
Bariatric surgery, for weight loss, 271
Bee pollen

performance-enhancing claims,
effectiveness, and safety of, 210t

sources, claims, effectiveness and safety of,
203t

Beetroot juice, for athletic performance,
evidence on, 207–208b

Behavioral management, in weight loss,
267–268

Behavioral substitution, in weight 
loss, 268

Belviq (lorcaserin), for weight loss, 269
Beta hydroxymethyl butyrate, performance-

enhancing claims, effectiveness,
and safety of, 209t

BIA. See Bioelectrical impedance analysis
(BIA)

Bicarbonate, in carbohydrate digestion, 8
Bicep skinfold measurement, 236f
Bile acids, 39

definition of, 37
Binge eating

in bulimia nervosa, 334
definition of, 331

Binge-eating disorder, 334–335
definition of, 331
signs and symptoms of, 335b
subthreshold, 336

definition of, 332
Binge-eating/purging type anorexia nervosa,

334
definition of, 331

Bioavailability
definition of, 21
of minerals, 69, 83
protein quality and, 22, 23

Bioelectrical impedance analysis (BIA)
in body composition assessment, 234,

238b, 238f
definition of, 223

Biological value, in determining protein
quality, 25b

Biotin (B7)
deficiency/overuse of, 65t
dietary reference intakes for, 61–62t
functions and food sources of, 65t, 67,

200t
Bitter Orange, for weight loss, effectiveness

and safety of, 196t
Blood glucose regulation, hormones in, 10
BMI. See Body mass index (BMI)
BodPod. See Air displacement

plethysmography (ADP, BodPod)

Body composition
assessment of, 225, 227

deferral of, situations requiring, 228b
methods of, 231–240

field, 231–234. See also Field methods,
of body composition assessment

laboratory, 234–239. See also
Laboratory methods, of body
composition assessment

reference, 239–240
calculating ideal body weight based on,

241b
definition of, 223
of endurance athletes, 178
importance of, to athlete, 225
monitoring of, ideal body weight and,

240, 241b
nutrition coaching and, 245–248. See also

Nutrition coaching
of older adults, 303–304
of power athletes, 183
understanding, 227–231

Body density
calculation of, circumference

measurements in, 232, 234b
definition of, 223

Body dysmorphic disorder, 338
definition of, 331

Body fat
percent norms for, for men and women,

229t
percentage of, converting circumference

measurements to, 234b
Body mass index (BMI)

in body composition assessment, 
231–231b, 232–233t

of children, growth patterns and, 
282–284, 283f, 284f

in defining overweight and obesity, 
258–259

definition of, 223
as fatness measure in elite 

athletes, 260b
weight classified by, 257, 257t

Body mass index (BMI) chart
boys, 286f
girls, 285f

Bolus, definition of, 3
Bone age

definition of, 281
determination of, 282

Bone health, optimal, steps to, 325
Bone remodeling, definition of, 313
Bonking

definition of, 169
by endurance athletes, 172

Botanical. See Herbal supplements
Botulism, foodborne illness from, 105t
Bovine colostrum, performance-enhancing

claims, effectiveness, and safety 
of, 209t

Brain retraining, in weight loss, 268
Branched chain amino acids

definition of, 21
metabolism of, 28
performance-enhancing claims,

effectiveness, and safety of, 209t
in whey protein, 26

Breast milk, production of, by lactating
athletes, 302

Brown fat cells, 46, 47b

Brush border
in carbohydrate digestion and absorption,

9, 9f
definition of, 3

Built environment, definition of, 255
Bulimia nervosa, 334

definition of, 331
signs and symptoms of, 335b
subthreshold, 336

definition of, 332
Bypass, gastric, for weight loss, 271

C
Caffeine

for athletic performance, 205
for endurance athletes, 177–178
performance-enhancing claims,

effectiveness, and safety of, 210t
in pregnancy, recommendations on, 

300–301, 302
Calcitriol, 68
Calcium

athletic performance and, 85
deficiency/overuse of, 70, 73t
dietary reference intakes for, 71–72t
functions and food sources of, 70, 73t,

201t
needs of youth athletes for, 291
in pregnancy, 300

Calf skinfold measurement, 237f
Calipers, skinfold, 233

definition of, 224
Caloric deficit

creating, for weight loss, 264
definition of, 255

Caloric equivalent, of 1 pound fat loss vs.
muscle gain, 264b

Caloric value, calculating, 102b
Calorie(s)

definition of, 3
empty, definition of, 281
intake of

adequate, by vegetarian athletes, 
353–354

recommendations on, 94
needs for

by age, gender, and physical activity
level, 94–95t

estimation of, in nutrition assessment,
241–242, 243b

of older adults, 303
of pregnant/lactating athletes, 302
of strength athletes, 178
of youth athletes, 289, 290t

in sports drinks, 161t
Calorimetry, indirect

definition of, 224
in resting energy expenditure

determination, 241
Campylobacter, foodborne illness from, 104t
Carbohydrate(s), 2–19

absorption of, 8–9, 8f, 9f, 136
increasing, manipulating transporters

in, 173, 174b
acceptable macronutrient distribution

range for, 10
athletic performance and, 14, 137–138

case report on, 17
calculations for, 4
complex, 6–8
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definition of, 3
digestion of, 8–9, 8f, 9f, 136
during exercise, 140f, 141

in endurance athletes, 173–174, 176
functions of, 5
immune response to strenuous exercise

and, 315
intake of

adequate, by vegetarian athletes, 353
in muscle hypertrophy promotion, 180
by power athletes, 181–182

metabolism of, 9–10
myths and misconceptions about, 11b
needs for

of older adults, 303
of strength athletes, 179, 179t
of youth athletes, 291

oxidation of, increasing, manipulating
transporters in, 173, 174b

in post-exercise replenishment, 
141, 142b

pre-exercise, 140, 140f
prior to exercise, in endurance athletes,

172–173, 173b
quality of, 10–14

fiber content and, 12–13, 13–14t
glycemic index and, 11, 12t
glycemic load and, 11–12, 12t

recommendations for, 10
recommended dietary allowance for, 10
simple, 5–6

definition of, 4
in sports drinks, 161t
structure of, 5–8
weight management and, 14

Carbohydrate loading
definition of, 135
for endurance athletes, 137–138, 

140, 172
Carbonic acid

in anaerobic phase of exercise, 180
definition of, 169

Cardiovascular disease
athletes with

medical nutrition therapy for, 
321–323

minimizing risk from, 322–323
definition of, 37
risk of

body type and, 259
minimizing, nutritional

recommendations for, 47–48
Carnosine

in anaerobic phase of exercise, 180
definition of, 169

Carotene. See Vitamin A (carotene)
Casein as protein, 26–27

for muscle strength, 205–206
Catabolic metabolism, of proteins, 28–29
Catabolism, definition of, 21, 27
Cation, definition of, 57
CDC. See Centers for Disease Control and

Prevention (CDC)
Celiac disease

athletes with, medical nutrition therapy
for, 319–320

definition of, 351
gluten-free diets for, 355–356

Cellulose
definition of, 3
as insoluble fiber, 13

Centers for Disease Control and Prevention
(CDC)

definition of, 93
in food safety oversight, 103

Certified Specialist in Sports Dietetics
definition of, 223
training required for, 243b

Change(s)
lifestyle, definition of, 255
in nutrition coaching

processes of, 246–247
readiness for, assessing, 245–246
stages of, 246

CHD. See Coronary heart disease (CHD)
Chelation compounds

definition of, 57
in digestion of minerals, 82

Chest skinfold measurement, 237f
Child(ren). See also Youth athletes

active, nutrition considerations for, 
282–289

BMI percentiles for, 258–259, 261f
calorie needs for, by physical activity 

level, 94t
dietary reference intakes for

for minerals, 71t
for vitamins, 61t

food marketing to, regulation of, as
strategy in nutrition policy, 106

general nutrition recommendations for,
288–289, 289t

growth charts for, 283–284f
high BMI in, 284–286, 287b
low BMI in, 283
obesity in, excessive maternal weight gain

in pregnancy and, 299b
Chloride, dietary reference intakes for, 

71–72t, 80t
Cholecystokinin (CCK)

definition of, 37
in fat digestion, 46

Cholesterol, 39
definition of, 37
dietary, blood cholesterol levels and, 39,

41b
Choline

dietary reference intakes for, 61–62t
food sources of, 200t
functions of, 59, 200t

Chorionic gonadotropin, human, for weight
loss, effectiveness and safety of,
196t

Chromium
deficiency/overuse of, 74t
dietary reference intakes for, 

71–72t
functions and food sources of, 74t, 78,

201t
Chromium picolinate, performance-

enhancing claims, effectiveness,
and safety of, 209t

Chronic disease, athletes with, nutrition for,
317–325

Chylomicron(s), 39
definition of, 37

Chyme
in carbohydrate digestion, 8
definition of, 3
in protein digestion, 27

Circulation, portal, 9. See also Portal
circulation

Circumference measurements, in body
composition assessment, 232–233,
234b, 234f

Coaching, nutrition, 245–248. See also
Nutrition coaching

Coconut oil, uses and health effects of, 43b
Coenzyme Q10, performance-enhancing

claims, effectiveness, and safety of,
210t

Cofactor(s)
definition of, 57
of enzymes

B vitamins as, 177
water-soluble vitamins as, 60

Cold
common, vitamin C supplements and,

315–316b
exercise in

dressing for, 157t
problems related to, 154, 156

Cold diuresis, 156
definition of, 151

Colitis, ulcerative, athletes with, medical
nutrition therapy for, 321

Colonic bacteria
definition of, 57
vitamins produced by, 82

Communication strategies
blogging as, 31b
on childhood obesity, 287b
debate on orthorexia nervosa as, 

337–338b
discussing supplements as, 214b
for engaging in science and policy, 44b
for health education for adult learners,

183b
initial interview and health history

questionnaire as, 237b
interpersonal communication model in,

15, 15f
motivational interviewing as, 270b
needs assessment as, 142b
oral presentations as, 155b
for promoting health literacy, 317–318b
referring to registered dietitian as, 

363–364b
using social-ecological model, 98b
for working with media, 59b

Community training, as strategy in nutrition
policy, 107

Complementary protein(s)
definition of, 21
in vegetarian diets, 353, 353f

Complete protein(s), 22
definition of, 21

Complex carbohydrate(s), 6–8
definition of, 3

Computed tomography (CT) scan, in body
composition assessment, 240

CONFRONT approach, to possible anorexia
clients, 344, 344b

Conjugated linoleic acid (CLA)
performance-enhancing claims,

effectiveness, and safety of, 209t
for weight loss, effectiveness and safety of,

196t
Contamination

definition of, 191
of supplements, inadvertent doping from,

204
Continuance, definition of, 331
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Contrave, for weight loss, 271
Conversions, 152
Cooking demos, in nutrition coaching, 248b
Copper

deficiency of, 78
dietary reference intakes for, 71–72t
functions and food sources of, 78, 201t

Corn syrup, high fructose, obesity and, 6
Coronary heart disease (CHD)

definition of, 37
fat intake and, 47

Cramps
heat, 153–154. See also Heat cramps
stomach, from drinking fluids before and

during exercise, 162b
Creatine

for athletic performance, 206–207
performance-enhancing claims,

effectiveness, and safety of, 209t
supplemental

for immobility-associated muscle loss,
316–317

for vegetarian athletes, 354
Crohn’s disease, athletes with, medical

nutrition therapy for, 321
Cryptosporidium, foodborne illness from,

104t
Current Good Manufacturing Practices

(CGMPs)
definition of, 191
for dietary supplements, 194–195

Cyclospora, foodborne illness from, 104t
Cysteine, ergogenic function and efficacy

and, 207t
Cytochrome C, performance-enhancing claims,

effectiveness, and safety of, 210t

D
Daily values (DVs)

definition of, 93
on food label, 101, 102f

DASH diet, eating plan for, 96t, 97
for athlete with hypertension, 322
definition of, 313
for older adult, developing, case report 

on, 111
Deamination

of amino acids, 28
definition of, 21

Decisional balance
in behavioral change, 246
definition of, 223

Dehydration
active

definition of, 331
in weight cycling, 342

causes of, 159
definition of, 57
effects of, 86f
electrolyte imbalance in, 79
hyponatremia differentiated from, 160
passive, definition of, 332
prevention of, 160
risk of, 157
symptoms of, 159–160
treatment of, 160

Dehydroepiandrosterone (DHEA)
for athletic performance, 204
performance-enhancing claims,

effectiveness, and safety of, 209t

Demonstrations, in nutrition coaching, 248b
Denaturation

definition of, 21
in protein digestion, 27

Department of Agriculture (USDA)
Dietary Guidelines for Americans published

by, 94
in food safety oversight, 103

Dependence, exercise, 338–339
case study on, 339b

Detoxification, definition of, 351
Detoxification diet, 361–362
Diabetes mellitus, athletes with

exercise considerations for, 324b
medical nutrition therapy for, 323–324,

324b
Diagnostic and Statistical Manual of Mental

Disorders, 5th edition (DSM-5)
disordered eating patterns not listed in,

336
feeding and eating disorders in, 333

Diet(s)
fad, 263
gluten-free, 355–358. See also Gluten-free

diets
healthy, on tight budget, 100–101b
heat-related stress and fluid imbalances

and, 157
low-glycemic-load, case report on, 17–18
vegetarian, 352–355, 352f. See also

Vegetarian diets
weight loss, popular, evaluation of, 

265–267, 267t
Diet history, in nutrition assessment, 

242–244, 244b
Dietary Approaches to Stop Hypertension

(DASH) diet. See DASH diet
Dietary Approaches to Stop Hypertension

(DASH) eating plan, 96t, 97
Dietary fat(s), 39–40

definition of, 37
Dietary fiber, 13–14t

definition of, 3
Dietary guidelines, 94–98

calculations for, 93
Dietary Guidelines for Americans (2010), 44b

description of, 93
fat recommendations in, 47
in food intake assessment, 244
food safety guidelines from, 105
in nutrition coaching, 248b
pediatric recommendations of, 288–289,

289t
implementation of, strategies to help

families with, 290b
recommendations of, 94–95, 97–98

Dietary Reference Intake equation, in
calculating energy needs, 243b

Dietary reference intakes (DRIs), 99
components of, 99
definition of, 37
for electrolytes, 79–80t
for fat, 47
for water, 81t

Dietary supplement, definition of, 191
Dietary Supplement and Health Education

Act (DSHEA), 193–194
definition of, 191

Dietitian, registered
definition of, 224
referral to

communication strategies, 363–364b
indications for, 244b

training required for, 243b
Diffusion

facilitated
definition of, 57
in mineral absorption, 82

passive. See Diffusion, simple
simple

definition of, 58
of vitamins into blood, 82

Digestion
of carbohydrates, 8–9, 8f, 9f
definition of, 3
of fats, 44, 46
of micronutrients, 81–85, 82f
of minerals, 82
of proteins, 27, 28f
review of, 136

Dihydroxyacetone, performance-enhancing
claims, effectiveness, and safety of,
210t

Dipeptide(s)
absorption of, 27
definition of, 21

Dipeptide carnosine, ergogenic function and
efficacy and, 206t

Disaccharide(s), 5–6, 7
definition of, 3

Disclosure, as strategy in nutrition policy,
106

Disordered eating
continuum of, 335f
definition of, 331

Diuresis
cold, 156

definition of, 151
definition of, 151

Diuretics
for athletic performance, 204
definition of, 191, 331

Doping, 202, 204
definition of, 191, 204
inadvertent, 204

definition of, 191
Drug interactions, with dietary supplements,

213b
Dual-energy x-ray absorptiometry (DXA)

in body composition assessment, 234–236,
239f

definition of, 223
Duodenum

in carbohydrate digestion, 8, 8f
definition of, 3, 57
in mineral digestion, 82

DXA. See Dual-energy x-ray absorptiometry
(DXA)

Dyslipidemia, atherogenic, definition of, 37

E
Eating

anatomy and physiology of, 135–137
disordered, definition of, 331

Eating disorder(s)
adolescents and, 343b
anorexia nervosa as, 333–334
athletes as vulnerable to, 339–342
avoidant/restrictive, definition of, 331
avoidant/restrictive food intake as, 

335–336
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binge-eating disorder as, 334–335
bulimia nervosa as, 334
clients with, screening and identification

of, 344, 344b
in high-risk populations, preventing, 

342–344
myths and misconceptions about, 333b
training client with, 345
understanding, 332–337

Eating disorder not elsewhere specified,
definition of, 331

Eating disorder not otherwise specified, 333
Eating patterns, healthy, building,

recommendations on, 95, 97
Echinacea

claims for, 202, 203t
sources, effectiveness and safety of, 203t

Ectomorph
definition of, 223
sports performance for, 230b

Education, health, in nutrition coaching,
247–248

Eggs, health controversy over, 41b
Eicosanoids, 43–44

definition of, 37
Electrolytes, 78–79

definition of, 57
dietary reference intakes for, 79–80t
replenishment of, for endurance athletes,

177
Empathic statements, definition of, 223
Empty calories

daily limit for, by age and gender, 290t
definition of, 281

Emulsification, of lipids in digestion, 46
Emulsify, definition of, 37
Encephalopathy

definition of, 151
from overhydration, 152

Endomorph
definition of, 223
sports performance for, 230b

Endurance athlete(s)
aerobic power in, 171
body composition of, 178

nutrition assessment and, case report
on, 250

nutrition coaching and, case report on,
250

bonking by, 172
caffeine for, 177–178
carbohydrate loading for, 137–138, 140,

172
eating/exercise disorder potential in, case

report on, 347
energy needs of, 172

tips for meeting, 172b
fat intake of, 176
fatigue in, extreme, 171–172
glycogen stores and glucose availability in,

optimizing, 172–176
“hitting the wall” by, 172
hydration status of, 176–177
hyperhydration for, 176
injury/illness susceptibility of, case report

on, 327
meal plan for, sample, 175–176b
micronutrient availability for, 177, 177f
nutrition recommendations for, case

report on, 145, 185–186
nutritional highlights for, 172–178

performance-enhancing supplements used
by, 210–211t

protein intake for, 178
supplement selection for, case report on, 216
sweat rate calculation for, case report on,

165
vegan diet for, case report on, 366

Endurance sports, 170–178. See also
Endurance athlete(s)

definition of, 169
Enemas, definition of, 331
Energy

intake of, athletic performance and, 
137–140

needs for
of older adults, 303
of pregnant/lactating athletes, 302
of strength athletes, 178
of youth athletes, 289, 290t

from vitamins, 84b
Energy availability

definition of, 169, 331
in female athlete triad, 340
low, in endurance athletes, 172
for power athletes, 181–182, 182b

Energy balance, 256–257, 257f
definition of, 255
negative, 262–274. See also Negative

energy balance
definition of, 255, 256

neutral
definition of, 255, 256
weight maintenance strategies for

exercise and training and, 257–258
positive, 258–262. See also Positive energy

balance
definition of, 255, 256

Energy drinks
dangers of, for youth athletes, 293–294
definition of, 281

Energy expenditure, definition of, 255
Enriched food, definition of, 57
Environment

“built,” as strategy in nutrition policy, 106
exercise, problems related to, 153–157

Enzyme(s)
in carbohydrate digestion, 8
cofactors of, water-soluble vitamins as, 60
definition of, 3, 21
proteolytic

definition of, 21
in protein digestion, 27

Ephedra
dangers of, 192
for weight loss, effectiveness and safety of,

196t
Ephedrine, in inadvertent doping, 204
Epinephrine pen, definition of, 351
Epiphyses

closure of, growth and, 282
definition of, 281

Ergogenic, definition of, 191
Ergogenic aids. See also Supplements

performance information on, 192t
Escherichia coli 0157:H7, foodborne illness

from, 104t
Escherichia coli non-0157:H7, foodborne

illness from, 104t
Esophagus

in carbohydrate digestion, 8
definition of, 3

Essential amino acids, definition of, 21
Essential fat, definition of, 223
Essential fatty acids, definition of, 37
Estimated average requirement (EAR)

definition of, 60
in dietary reference intakes, 99

Estrogens, 39
definition of, 37

Euhydration, 158–159
definition of, 151, 158

Exercise
anatomy and physiology of, 

135–137
carbohydrates during, in endurance

athletes, 173–174, 176
carbohydrates prior to, in endurance

athletes, 172–173, 173b
changes in, for weight loss, 264–265
for diabetic clients, 324b
fluid intake before and during, stomach

cramps from, 162b
hydration after, 162–163
hydration before, 160–161
hydration during, 161–162
nutrition requirements after, 140f, 141,

142b
nutrition requirements before, 140, 140f,

141b
nutrition requirements during, 140–141,

140f
physiology of, 152–157
during pregnancy, 294–295b
strategies for, for neutral energy balance,

257–258
Exercise-associated muscle cramps. See Heat

cramps
Exercise dependence, 338–339

case study on, 339b
definition of, 331

Exercise disorder(s)
athletes as vulnerable to, 339–342
clients with

screening and identification of, 344,
344b

training, 345
understanding, 337–339

Exercise immunology, 314
definition of, 313

Exercise-induced food allergy, 360
Exercise-related transient abdominal pain

(ETAP), 318
definition of, 313

Exertional hyponatremia
causes of, 159
definition of, 151

Exhaustion, heat, 154
definition of, 151
symptoms and treatment of, 156t

F
Facilitated diffusion

definition of, 57
in mineral absorption, 82

Fat(s), 36–54
absorption of, 44, 46
advice to clients on, 49
animal, fatty acid composition 

of, 45t
athletic performance and, 48, 

138–139, 176
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body
percent norms for, for men and women,

229t
percentage of, converting circumference

measurements to, 234b
calculation for, 39
dietary. See Dietary fat(s)
digestion of, 44, 46
essential, definition of, 223
on food labels, understanding, 50b
function of, 39
health and, 47–48
intake of, by power athletes, 182
metabolism of, 46
myths and misconceptions about, 46b
needs for

of strength athletes, 179, 179t
of youth athletes, 291

nonessential, definition of, 224
recommendations for, 47
selection of, 49
storage of, 46
structure of, 39, 40f
weight management and, 48

Fat adaptation
in athletes, 48
definition of, 37

Fat cells
brown, 46, 47b
white, 46

Fat loading
by athletes, 48

case report on, 52–53
definition of, 37, 135
endurance performance and, 139

Fat-soluble vitamins, 65–66t, 67–69. See also
Vitamin(s)

definition of, 57
functions of, 67

Fatigue
extreme, in endurance athletes, 171–172
metabolic

definition of, 169
in resistance exercise, 178

neuromuscular
definition of, 169
in resistance exercise, 178

Fatty acid(s), 39–44
definition of, 37
eicosanoids as, 43–44
essential

definition of, 37
in healing after injury, 317

monosaturated, definition of, 38
monounsaturated, 42
omega-3, 42

definition of, 38
supplements of, 201

omega-6, 43
definition of, 38

polyunsaturated, 42
definition of, 38

saturated, 40–41
definition of, 38
in diet, debate over, 43b

unsaturated
definition of, 39
hydrogenation of, 44

in vegetable and animal fats and oils, 45t
FDA. See Food and Drug Administration

(FDA)

Federal Trade Commission, definition of, 93
Feeding disorders not elsewhere specified,

331
Female athlete triad, 172, 340, 340f

avoidance of, by vegetarian athletes, 354
definition of, 57, 332
position stand on, 341–342b
recommendations and evidence on, 

341–342t
Female athletes, elite, relationship of BMI to

body fatness among, 231–232b
Females

calorie needs for, by age and physical
activity level, 94t

dietary reference intakes for
for minerals, 71t
for vitamins, 61t

percent body fat norms for, 229t
Ferritin

definition of, 57
in iron deficiency workup, 77t
in iron storage, 79

Fiber, 12–13, 13–14t
dietary, 13–14t

definition of, 3
functional, 13

definition of, 3
high viscosity. See Soluble fiber
insoluble, definition of, 4
low viscosity. See Insoluble fiber
soluble, definition of, 4

Field methods
of body composition assessment

bioelectrical impedance analysis as, 234,
238b, 238f

body mass index as, 231–232b, 
232–233t

girth measurements as, 232–233, 234b,
234f

height and weight tables as, 231
skinfold measurements as, 233–234,

235b, 235f, 236b, 236f, 237f
definition of, 223

Fish, selecting and preparing, 95b
Fitness, obesity and, 262
Flavonoid, definition of, 313
Flaxseed and flaxseed oil

claims for, 202–203t
sources, effectiveness and safety 

of, 203t
Flexitarian diet, 352

definition of, 351
Fluid(s)

disturbances of, prevention of, 160
hypertonic, definition of, 169
intake of

decreased, dehydration from, 159
before and during exercise, stomach

cramps from, 162b
isotonic, definition of, 169
needs for

determining, protocol for, 158b
to maintain euhydration, 158–159
of older adults, 303

requirements of active adults for, 
160–163. See also Hydration

Fluid balance, 157–159
Fluoride

dietary reference intakes for, 71–72t
sources and functions of, 201t

Folacin. See Folate (folacin, folic acid)

Folate (folacin, folic acid)
deficiency/overuse of, 64t
dietary reference intakes for, 61–62t
for endurance athletes, 177
functions and food sources of, 60, 64t 200t
in pregnancy, 296, 296t, 300

Folic acid. See Folate (folacin, folic acid)
Food(s)

allergies to, 358–360
caloric value of, calculating, 102b
enriched, definition of, 57
fiber content of, 13–14t
and food components to reduce,

recommendations on, 94
fortified

definition of, 57
for vegetarian athletes, 354

functional, definition of, 313
gluten-free, inherently, 357t
glycemic index and glycemic load of, 12t
to increase, recommendations on, 94–95
iron-rich, 75t
marketing of, to children and adolescents,

regulation of, as strategy in
nutrition policy, 106

prohibition of, as strategy in nutrition
policy, 106

protein in, 30t
safe handling of, during pregnancy, 

296–297
safety and selection of, 103–105

Food addiction
in binge-eating disorder, 335
definition of, 332

Food and Drug Administration (FDA)
definition of, 93
in food safety oversight, 103

Food diary, in nutrition coaching, 248b
Food frequency questionnaire

in attaining diet history, 242
definition of, 93, 223

Food intolerance
definition of, 351
food allergy differentiated from, 359

Food labels, 101–103, 102f
understanding, 50b

Food poisoning, 359
definition of, 351

Food record
in attaining diet history, 243–244, 244b
definition of, 223

Foodborne illnesses, 103, 104–105t
reducing exposure to, 103, 105

Fortified food, definition of, 57
Fructooligosaccharides, 6

definition of, 3
Fructose, 5

definition of, 3
Fructose intolerance, 359
Fruits, supplement-inspiring, 197, 

198–199t
Functional anemia, 76

definition of, 58
Functional fiber, 13

definition of, 3
Functional foods, definition of, 313

G
Galactose, 5

definition of, 3
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Gamma oryzanol, performance-enhancing
claims, effectiveness, and safety of,
209t

Garlic powder, sources, claims, effectiveness
and safety of, 203t

Gastric bypass
definition of, 255
for weight loss, 271

Gastric emptying
definition of, 3
soluble fiber and, 13

Gastric inhibitory peptide
definition of, 37
in fat digestion, 46

Gastric lipase
definition of, 37
in fat digestion, 46

Gastrin
definition of, 21
in protein digestion, 27

Gastroesophageal reflux disease (GERD),
athletes with, medical nutrition
therapy for, 318

Gastrointestinal disorders, athletes with,
medical nutrition therapy for, 
318–321

Gender
calorie needs by, 290t
calorie needs by age and physical activity

level and, 94–95t
heat-related stress and fluid imbalances

and, 157
Ghrelin

definition of, 255
as hunger hormone, 259–260

Gingko biloba
claims for, 202, 203t
sources, effectiveness and safety of, 

203t
Ginko biloba, drug interactions with, 

213b
Ginseng

drug interactions with, 213b
performance-enhancing claims,

effectiveness, and safety of, 210t
sources, claims, effectiveness and safety of,

203t
Girth measurements, in body composition

assessment, 232–233, 234b, 234f
Gliadin, definition of, 351
Glucagon

in blood glucose regulation, 10
definition of, 3

Glucocorticoid, definition of, 38
Glucocorticoid hormone, 39
Gluconeogenesis, 28–29, 28f

definition of, 3, 135
Glucose, 5

availability of, in endurance athletes,
optimization of, 172–176

blood levels of, regulation of, hormones
in, 10

definition of, 3
stored, release of, in exercise, 136, 136f

Glucose-alanine cycle, 28, 28f
Glutamic acid, ergogenic function and

efficacy and, 207t
Glutamine

ergogenic function and efficacy and, 207t
performance-enhancing claims,

effectiveness, and safety of, 209t

Gluten
definition of, 351
food sources of, 355

Gluten-free diets, 355–358
athletic performance and, 357–358
for celiac disease clients, 355–356
nutritional considerations on, 356–357

Gluten-free foods, inherently, 357t
Gluten intolerance

in celiac disease, 319–320
non-celiac, 356

existence of, evidence on, 356b
Gluten sensitivity, 356

definition of, 351
Glycemic index, 11, 12t

athletic performance and, 138, 176
of carbohydrates for endurance athletes, 176
definition of, 3, 135
foods high in, glycogen replenishment

and, 139b
Glycemic load (GL), 11–12, 12t

definition of, 4
diet low in, case report on, 17–18

Glycerol
definition of, 169
in hyperhydration regimens, 176
performance-enhancing claims,

effectiveness, and safety of, 211t
Glycogen, 8

definition of, 4, 135
in energy storage, 9
muscle concentrations of, with

carbohydrate loading, 137–138
postexerecise replenishment of, high

glycemic index foods in, 139b
release of, in exercise, 136, 136f
stores of, in endurance athletes,

optimization of, 172–176
Glycogenolysis

definition of, 58
metabolic fatigue and, 178
vitamin B6 in, 60

Glycoside bond, in monosaccharides, 5
Glycosidic bond, definition of, 4
Goji berries, nutrients, health claims, and

evidence on, 199t
Gravitational sports

body fat levels and, 230
definition of, 223

Green tea extract, for weight loss,
effectiveness and safety of, 196t

Growth chart
boys, 2-20, 284f
girls, 2-20, 283f

Guarana, sources, claims, effectiveness and
safety of, 230t

Gums, as soluble fiber, 13
Gynoid body type

cardiovascular disease risk and, 259
definition of, 255

Gynoid obesity
definition of, 223
waist-to-hip ratio in, 233

H
Harris Benedict equation, in calculating

energy needs, 243b
Health

fats and, 47–48
vegetarian diets and, 352–353

Health claims
definition of, 191
structure/function claims versus, 193–194,

194t
Health education

for adult learners, strategies for, 183b
in nutrition coaching, 247–248

Health history questionnaire, 225, 226f
definition of, 223–224

Health Insurance Portability and
Accountability Act (HIPAA)

definition of, 224
release form of, for health information,

225, 228f
Health literacy, promoting, 317–318b
Health professionals, primer for, in shaping

health policy, 107b
Health screening, 225

definition of, 224
Healthy diet score, definition of, 313
Heart disease, coronary, definition of, 37
Heat

acclimatization to, plan for, 153t
exercise in

dressing for, 157r
problems related to, 153–154, 156t

Heat cramps, 153–154
definition of, 151
pickle juice in prevention of, 154b
symptoms and treatment of, 156t

Heat exhaustion, 154
definition of, 151
symptoms and treatment of, 156t

Heat index chart, 155f
Heat stroke, 86, 152, 154

definition of, 58, 151
from dehydration, 159
postural hypotension confused 

with, 159
symptoms and treatment of, 156t

Height and weight tables, in body
composition assessment, 231

Hematocrit, in iron deficiency 
workup, 77t

Heme iron
bioavailability of, 69, 76
definition of, 58

Hemicellulose, as insoluble fiber, 13
Hemoglobin

definition of, 58
in iron deficiency workup, 77t
production of, iron in, 79

Hemoglobin concentration, in sports
anemia, 76

Herbal supplements, 202, 203t
definition of, 191

High-density lipoproteins (HDLs), 39
definition of, 38

High fructose corn syrup, obesity and, 6
High viscosity fiber. See Soluble fiber
“Hitting the wall”

definition of, 169
by endurance athletes, 172

Hoodia, for weight loss, effectiveness and
safety of, 196t

Hormone(s)
antidiuretic, definition of, 151
for athletic performance, 204
in blood glucose regulation, 10
controlling appetite, 259–260, 261f
definition of, 191
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human growth, performance-enhancing
claims, effectiveness, and safety of,
210t

physiological changes in pregnancy and,
297

steroid, 39. See also Steroids
Human chorionic gonadotropin (hCG), for

weight loss, effectiveness and safety
of, 196t

Human growth hormone (HGH),
performance-enhancing claims,
effectiveness, and safety of, 210t

Hydration
after exercise, 162–163
athletic performance and, 160
during exercise, 161–162
for older adults, 303
pre-exercise, 160–161
for strength athletes, 179
for youth athletes, 283b, 292–294, 292b,

292t
Hydration status

of endurance athletes, 176–177
physiology of, 152–157

Hydrochloric acid, in protein digestion, 27
Hydrogenated oil, 44
Hydrogenation, 44

definition of, 38
Hydrostatic weighing

in body composition assessment, 234, 238f
definition of, 224

Hyperglycemia
avoidance of, with low glycemic index

preexercise meal, 138
definition of, 135

Hyperhydration
definition of, 169
for endurance athletes, 176

Hypericum perforatum. See St. John’s Wort
(Hypericum perforatum)

Hyperinsulinemia
avoidance of, with low glycemic index

preexercise meal, 138
definition of, 135

Hyperplasia
in adipose tissue growth, 46
definition of, 38

Hypertension, athletes with, medical
nutrition therapy for, 321–322

Hypertonic fluids
avoidance of, by endurance athletes, 176
definition of, 169

Hypertrophy
definition of, 21
muscle, leucine and, 26

Hypoglycemia
definition of, 4
glycemic index and, 11
reactive, definition of, 169–170
rebound/reactive, preexercise

carbohydrates and, 173, 173b
Hyponatremia, 86

definition of, 159
dehydration differentiated from, 160
electrolyte imbalance in, 79
exertional

causes of, 159
definition of, 151

from overhydration, 152
prevention of, 160
risk of, 157

symptoms of, 159
treatment of, 160

Hypotension, postural
definition of, 151
heat stroke confused with, 159

Hypothalamus
definition of, 151
in thermoregulation, 152–153

Hypothermia, definition of, 151

I
Ibuprofen, prophylactic, pros and cons of,

319b
Ileum

in carbohydrate digestion, 8–9, 8f, 9f
definition of, 4, 58
in vitamin absorption, 82

Illness, acute, 314–315, 315–316b
definition of, 313, 314
nutritional implications of, 315

Immune response, acute illness and, 314
Immunity, impaired, open window of

definition of, 313
in elite athletes, 314

Immunology, exercise, 314
definition of, 313

Immunonutritional support
definition of, 313
in injury or illness, 315

Inadvertent doping, 204
definition of, 191

Incomplete proteins, 22
definition of, 21

Indirect calorimetry
definition of, 224
in resting energy expenditure

determination, 241
Infants, dietary reference intakes for

for minerals, 71t
for vitamins, 61t

Inflammatory bowel disease (IBD), athletes
with, medical nutrition therapy 
for, 321

Inositol, functions of, 59
Insoluble fiber, 13

definition of, 4
Insulin

in blood glucose regulation, 10
deficiency of, in type 1 diabetes, 323
definition of, 4, 255

Insulin resistance
definition of, 313
in type 2 diabetes, 323

Intention effects, definition of, 332
Intermediate-density lipoproteins 

(IDLs), 39
definition of, 38

Interviewing, motivational
in contemplative stage of change, 246
definition of, 255
in weight loss coaching, 269, 270b

Intestine
large. See Large intestine
small. See Small intestine

Intolerance
food

definition of, 351
food allergy differentiated 

from, 359
fructose, 359

gluten, non-celiac, 356
existence of, evidence on, 356b

lactose, 359
Iodine

deficiency/overuse of, 74t, 78
dietary reference intakes for, 71–72t
functions and food sources of, 74t, 76, 78,

201t
Iron

absorption and metabolism of, 76, 76f
athletic performance and, 85
deficiency of

in female adolescent athletes, 291–292
workup for, 77–78t

deficiency/overuse of, 73t
dietary reference intakes for, 71–72t
for endurance athletes, 177
foods rich in, 75t
functions and food sources of, 73t, 201t
heme

bioavailability of, 69, 76
definition of, 58

needs of youth athletes for, 291
nonheme elemental, bioavailability of, 76
in pregnancy, 296, 297t, 300

Iron binding capacity, total, in iron
deficiency workup, 78t

Iron deficiency anemia, 76
definition of, 58
in endurance athletes, 177
prevention of, in vegetarian athletes, 354

Iron depletion
definition of, 169, 281
in endurance athletes, 177

Irritable bowel syndrome (IBS)
athletes with, medical nutrition therapy

for, 318–319
definition of, 351

Isoleucine, ergogenic function and efficacy
and, 206t

Isotonic fluids
definition of, 169
intake of, by endurance athletes, 177

J
Jackson-Pollock equations, in body

composition estimation from
skinfold measurements, 236b

Jejunum
in carbohydrate digestion, 8–9, 8f, 9f
definition of, 4, 58
in vitamin absorption, 82

Jenny Craig Diet, strengths and weaknesses
of, 267t

L
L-carnitine, performance-enhancing claims,

effectiveness, and safety of, 211t
Labels

food, 101–103, 102f
understanding, 50b

supplement, 193, 193f
Laboratory methods

of body composition assessment, 234–239
air displacement plethysmography as,

234, 238f
dual-energy x-ray absorptiometry as,

234–236, 239f
hydrostatic weighing as, 234, 238f
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near-infrared interactance as, 236, 240f
three-dimensional photonic scanning

as, 237, 240f
ultrasound as, 238–239, 241f

definition of, 224
Lactase

deficiency of, lactose intolerance from, 9,
10f

definition of, 4
Lactation

dietary reference intakes for
for minerals, 72t
for vitamins, 62t

nutrient needs that increase during, 
296–297t

nutrition for, 301
Lacto-ovo vegetarian

definition of, 21, 351
protein sources for, 31

Lacto-ovo-vegetarian diet, 352, 352f
Lacto-vegetarian

definition of, 21
protein sources for, 31

Lacto-vegetarian diet, 352, 352f
Lactose, 5

definition of, 4
Lactose intolerance, 9, 10f, 359

definition of, 4
Large intestine

definition of, 4
digestion in, 9

Laxatives, definition of, 332
Lecithin, 44

definition of, 38
Leptin

definition of, 38, 255
production of, 40
as satiety hormone, 260

Leucine, ergogenic function and efficacy
and, 206t

Life cycle, nutrition across, 280–310
Lifestyle changes

as approach to weight loss, 264–265
definition of, 255

Lignin, as insoluble fiber, 13
Lingual lipase

definition of, 38
in fat digestion, 46

Linoleic acid, 43
conjugated

performance-enhancing claims,
effectiveness, and safety of, 209t

for weight loss, effectiveness and safety
of, 196t

Lipase
gastric

definition of, 37
in fat digestion, 46

lingual
definition of, 38
in fat digestion, 46

lipoprotein, definition of, 38
Lipids

definition of, 38
functions of, 39

Lipoprotein(s)
classes of, 39
definition of, 38
high-density, definition of, 38
low-density, definition of, 38

Lipoprotein lipase, definition of, 38

Listeria, foodborne illness from, 104t
Liver

definition of, 4
in protein absorption, 27, 28f

Loading
carbohydrate. See Carbohydrate loading
fat. See Fat loading

Longevity, Mediterranean Diet and, 97b
Lorcaserin (Belviq), for weight loss, 269
Low-density lipoproteins (LDLs), 39

definition of, 38
Low viscosity fiber. See Insoluble fiber
Lymphatic system

definition of, 38
in fat digestion and absorption, 46

M
Macrominerals, 70–75
Macronutrients. See also Carbohydrate(s);

Fat(s); Protein(s)
digestion and absorption of, 136
needs for

of older adults, 303
of youth athletes, 291

storage of, 136–137, 136f
Magnesium

athletic performance and, 85
deficiency/overuse of, 73t, 75
dietary reference intakes for, 71–72t
for endurance athletes, 177
functions and food sources of, 70, 73t, 75,

201t
Magnetic resonance imaging (MRI), in body

composition assessment, 240
Males

calorie needs for, by age and physical
activity level, 95–96t

dietary reference intakes for
for minerals, 71t
for vitamins, 61t

percent body fat norms for, 229t
Maltose, 5

definition of, 4
Manganese, sources and functions 

of, 201t
Mangosteen, nutrients, health claims, and

evidence on, 199t
Marketing, food, to children and

adolescents, regulation of, as
strategy in nutrition policy, 106

Master athletes
definition of, 281
special considerations for, 304–305

Medical nutrition therapy
for athletes with chronic diseases, 317
definition of, 313

Mediterranean diet, 97
benefits of, 49
longevity and, 97b

Medium chain triglycerides, performance-
enhancing claims, effectiveness,
and safety of, 211t

Meridia (sibutramine), for weight 
loss, 269

Mesomorph
definition of, 224
sports performance for, 229b

Metabolic fatigue
definition of, 169
in resistance exercise, 178

Metabolism
of carbohydrates, 9–10
of fats, 46
increases in, during pregnancy, 298
of iron, 76, 76f
of proteins, 27–29

Methylhexaneamine, in inadvertent doping,
204

Micelle
casein in, 26–27
definition of, 21

Microminerals, 71–74t, 75–78
Micronutrient(s)

availability of, for endurance athletes, 
177, 177f

definition of, 58
in diet of teenage athlete, case report on,

89–90
digestion and absorption of, 81–85, 82f
functions of, 58
needs for

of older adults, 303
of youth athletes, 291–292

Microvilli, in carbohydrate digestion and
absorption, 9, 9f

Mifflin St. Jeor equation, in calculating
energy needs, 243b

Milk, breast, production of, by lactating
athletes, 302

Mineral(s), 69–78
athletic performance and, 84
bioavailability of, 69, 83
digestion and absorption of, 

82–83
for endurance athletes, 177
functions of, 69–70, 201t
macro-, 70–75
supplemental, 83–84, 197, 201t
weight management and, 85

Mineralocorticoid hormone, 39
definition of, 38

Molybdenum
dietary reference intakes for, 

71–72t
sources and functions of, 201t

Monosaccharide(s), 5
absorption of, 9
definition of, 4

Monosaturated fatty acids, definition of, 38
Monounsaturated fatty acids, 42
Motivational interviewing

in contemplative stage of change, 246
definition of, 255
in weight loss coaching, 269, 270b

Multi-component model(s)
in body composition assessment, 239–240
definition of, 224

Muscle cramps, exercise-associated. See Heat
cramps

Muscle dysmorphic disorder, 338
definition of, 332

Muscle hypertrophy, in strength athletes,
promotion of, 179–180

Muscle mass gain, by strength athlete,
advice for, case report on, 
276–277

Muscle protein breakdown, definition of,
169

Muscle protein synthesis, definition of, 169
Myocardial infarction, 47

definition of, 38
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Myoglobin, definition of, 58
MyPlate, 98–99, 99f

N
Near-infrared interactance

in body composition assessment, 
236, 240f

definition of, 224
Negative energy balance, 262–274. See also

Weight loss
definition of, 255, 256

Negative nitrogen balance, 29
Net protein balance, definition of, 169
Net protein utilization, in determining

protein quality, 25b
Neuromuscular fatigue

definition of, 169
in resistance exercise, 178

Neutral energy balance
definition of, 255, 256
strategies for exercise and training for,

257–258
Niacin (B3)

deficiency/overuse of, 60
dietary reference intakes for, 61–62t
functions and food sources of, 60, 63–64t,

200t
Night eating syndrome, 336

definition of, 332
Nitrates, performance-enhancing claims,

effectiveness, and safety of, 211t
Nitrogen balance, 29

definition of, 21
in endurance athletes, studies of, 178
positive, definition of, 21

Nitrogen balance studies, definition of, 169
Nonessential amino acid, definition of, 21
Nonessential fat, definition of, 224
Noni, nutrients, health claims, and evidence

on, 199t
Nonsteroidal anti-inflammatory drugs

(NSAIDs), prophylactic, pros and
cons of, 319b

NSF International, supplement testing by,
196

Nutrient density
definition of, 281
increased, in diets for older adults, 303

Nutrients
to increase, recommendations on, 94–95
needs of, of pregnant/lactating athletes,

302
NutriSystem Diet, strengths and weaknesses

of, 267t
Nutrition

across life cycle, 280–310
for active pregnant and lactating women,

294–302
changes in, for weight loss, 264–265
government policy on, 105–107

shaping, primer for health professionals
on, 107b

for lactation, 301
for older adults, 302–305
for older athletes, 304–305
periodized, for power athletes, 180–181
for pregnancy, 295–301. See also

Pregnancy, nutrition for
for sports performance, 170
youth sports, 289–294

Nutrition assessment, 241–245
caloric needs estimation in, 241–242, 243b
comparing needs to present intake in, 244
definition of, 224, 241
diet history in, 242–244, 244b

Nutrition bars, considerations on, 83–84b
Nutrition coaching

arranging for follow up in, 248
goal setting in, 247
health education in, 247–248
processes of change in, 246–247
readiness to change in, 245–246
stages of change in, 246
tools for, 248b

Nutrition strategies, for optimal athletic
performance, 134–148

during exercise, 140–141, 140f
post-exercise replenishment, 140f, 141,

142b
pre-exercise, 140, 140f, 141b

Nutritional status, evaluation of, 221–252
Nutritional supplements, 190–219. See also

Supplements

O
Obesity

android
definition of, 223
waist-to-hip ratio in, 233

causes of, 259
childhood, 284–286, 287b

excessive maternal weight gain in
pregnancy and, 299b

consequences of, 260, 262
fitness and, 262
gynoid

definition of, 223
waist-to-hip ratio in, 233

high fructose corn syrup and, 6
metabolically healthy, 262
physiology of, 259–260
sarcopenic

definition of, 281
in older adults, 303–304

trends in, 259f
Oil(s)

coconut, uses and health effects 
of, 43b

hydrogenated/partially hydrogenated, 44
vegetable, fatty acid composition of, 45t

Older adult(s)
DASH diet for, developing eating plan for,

case report on, 111
definition of, 281
as master athletes, special considerations

for, 304–305
nutrition for, 302–305
nutritional challenges of, case report on,

307
physical activity and, 304
vitamins and, case report on, 88

Oleic acid, 42
definition of, 38

Oligosaccharide(s), 6
definition of, 4

Omega-3 fatty acids, 42
definition of, 38
supplements of, 202

Omega-6 fatty acids, 43
definition of, 38

Omnivores
definition of, 351
health of, compared to vegetarians, 

352–353
Open window of impaired immunity

definition of, 313
in elite athletes, 314

Oral allergy syndrome, 359
definition of, 351

Orlistat (Xenical, Alli), for weight 
loss, 269

Orthorexia nervosa, 336–337
definition of, 332
as psychiatric disorder, debate over, 

337–338b
Osteopenia, 324

from calcium deficiency, 70
definition of, 58, 313

Osteoporosis
athletes with, medical nutrition therapy

for, 324–325
from calcium deficiency, 70
definition of, 58, 313, 332
in female athlete triad, 340
weak bones and, 325f

Overweight, 258–259
causes of, 259

Ovo-vegetarian, definition of, 351
Ovo-vegetarian diet, 325, 352f
Owen equation, in calculating energy needs,

243b
Oxidation, definition of, 58

P
Pain, abdominal, transient, exercise-related,

318
definition of, 313

Paleo/Paleolithic diet, 360–361
definition of, 351

Pancreas
in carbohydrate digestion, 8, 9f
definition of, 4
in protein digestion, 27, 28f

Pantothenic acid
deficiency/overuse of, 67
dietary reference intakes for, 61–62
functions and food sources of, 65t, 67,

200t
Partially hydrogenated oil, 44

definition of, 38
Passive dehydration, definition of, 332
Passive diffusion. See Simple diffusion
Peak growth velocity

in childhood and adolescence, 282
definition of, 281

Pectin, as soluble fiber, 13
Pepsin

definition of, 21
in protein digestion, 27

Peptide, gastric inhibitory
definition of, 37
in fat digestion, 46

Peptide bonds
breaking of, in protein digestion, 27
definition of, 21

Peptide YY (PYY)
as appetite suppressant, 260
definition of, 255

Percent daily values (PDVs)
on food label, 101, 102f
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Percent daily values (PFVs)
definition of, 93

Periodized nutrition, for power athletes,
180–181

Periodized nutrition program, definition of,
169

Periodized training program
definition of, 169
for power athletes, 181

Peristalsis
in carbohydrate digestion, 8
definition of, 4

Pesco-vegetarian, definition of, 351
Pesco-vegetarian diet, 352, 352f
Pharmacological approaches, to weight loss,

269, 271
phentermine and topiratmate (Qsymia),

269, 271
Phosphagen system

in power sports, 180
in resistance training, 178

Phospholipid(s), 44
definition of, 38

Phosphorus
deficiency/overuse of, 70, 73t
dietary reference intakes for, 71–72t
functions and food sources of, 70, 73t, 201t

Photonic scanning, three-dimensional
in body composition assessment, 237, 240f
definition of, 224

Physical activity
level of, calorie needs by age and gender

and, 94–95t
older adults and, 304

Physical Activity Factor, in calculating
energy needs, 243b

Phytochemical-rich fruits, supplement-
inspiring, 197, 198–199t

Phytochemicals
definition of, 58, 255
functions of, 83

Pica, 333
definition of, 332

Plethysmography, air displacement
in body composition assessment, 234, 238f
definition of, 223

Poisoning, food, 359
definition of, 351

Polypeptide, definition of, 21
Polypeptide chains, in protein digestion, 27
Polysaccharide(s), 6, 8

definition of, 4
Polyunsaturated fatty acids, 42

definition of, 38
Pomegranate, nutrients, health claims, and

evidence on, 198t
Portal circulation, 9

definition of, 4, 135
Position statements, in nutrition coaching,

248b
Positive energy balance, 258–262. See also

Obesity; Overweight; Weight gain
chronic, 258
definition of, 255, 256
obesity from, 258–262. See also Obesity
overweight from, 258–259

Positive nitrogen balance, 29
definition of, 21

Postural hypotension
definition of, 151
heat stroke confused with, 159

Potassium
deficiency of, 79
dietary reference intakes for, 71–72t, 80t
sources and functions of, 201t

Power
aerobic, definition of, 169
definition of, 169, 180
in team sports, 180, 181b

Power athlete(s), 180–183
body composition considerations for, 183
energy availability for, 181–182, 182b
periodized nutrition for, 180–181
recovery by, 182

Power output
definition of, 169
in resistance training, 178

Power sports, 180–183. See also Power
athlete(s)

Power-to-weight ratio
body composition and, 230
definition of, 224

Pregnancy
dietary reference intakes for

for minerals, 72t
for vitamins, 62t

“eating for two” myth and, 298b
exercise in, 294–295b
nutrient needs that increase during, 

296–297t
nutrition for, 295–301

in first trimester, 300–301
physiology and, 297–298
in second trimester, 301
in third trimester, 301

weight gain in
excessive, childhood obesity and, 299b
recommendations for, 298t

Pregnancy-induced anemia, definition of, 281
Pregnant athletes

nutritional considerations for, 301–302
weight gain in, concerns over, case report

on, 307
Presidential Youth Fitness Program, 288b
Probiotics, 320b

definition of, 313
for irritable bowel syndrome, 319

Prohormone
definition of, 58
vitamin D as, 67

Protein(s), 20–35
absorption of, 27
acceptable macronutrient distribution

range for, 29, 30t
for athletic performance, 205–206
athletic performance and, 139–140
calculation for, 22
casein as, 26–27
complementary, in vegetarian diets, 353,

353f
complete, 22

definition of, 21
diet high in, benefits and risks of, 29–31
digestion, 27, 28f
for endurance athletes, 178
excess intake of, myths and

misconceptions about, 29b
function of, 22
high-quality, intake of, adequate, by

vegetarian athletes, 353
incomplete, 22

definition of, 21

for injured athlete, 316
intake of, timing of, in muscle

hypertrophy promotion, 180
metabolism of, 27–29

anabolic, 27–28
catabolic, 28–29

needs for
of older adults, 303
of strength athletes, 178–179, 179t
of youth athletes, 291, 291t

per serving in foods, 30t
in post-exercise replenishment, 141, 142b
pre-exercise, 140
quality of, 22–23, 23t

determining, 24–25b
in muscle hypertrophy promotion, 179

recommendations of, 29
for power athletes, 182

recommended dietary allowance for, 29
selection of, 26b
source of, in muscle hypertrophy

promotion, 179
soy, 27
structure of, 22, 23f
types of, 23, 26–27
whey, 23, 26, 26f

Protein digestibility corrected amino acid
score (PDCAAS), 22–23

definition of, 21
in determining protein quality, 24b

Protein efficiency ratio, in determining
protein quality, 24–25b

Protein powder, performance-enhancing
claims, effectiveness, and safety of,
210f

Protein supplements, benefits and risks for, 31
Proteolysis

definition of, 21
in protein digestion, 27

Proteolytic enzymes
definition of, 21
in protein digestion, 27

Provitamins, 59
Psyllium seeds, as soluble fiber, 13
Purging disorder, 336

definition of, 332
Pyridoxine (B6)

deficiency/overuse of, 64t
dietary reference intakes for, 61–62t
functions and food sources of, 60, 200t

Pyruvate, performance-enhancing claims,
effectiveness, and safety of, 211t

Q
Qsymia (phentermine and topiratmate), for

weight loss, 269, 271
Qualified health claims, 50b, 106

definition of, 93
Quasi-vitamins

definition of, 58
functions of, 59

Quercetin
definition of, 313
in immunonutritional support, 315

R
Rapport, definition of, 224
Raw food diet, 361

definition of, 352

392 Index

2955_Index_381-414  10/10/14  1:00 PM  Page 392



RDAs. See Recommended dietary allowances
(RDAs)

Reactive hypoglycemia
definition of, 169–170
preexercise carbohydrates and, 173, 173b

Rebound hypoglycemia, preexercise
carbohydrates and, 173, 173b

Recipes, in nutrition coaching, 248b
Recommended dietary allowances (RDAs)

for carbohydrates, 10
definition of, 4, 22, 93
in dietary reference intakes, 99
for proteins, 29
for vitamins, 59

Reference methods
of body composition assessment, 

239–240
definition of, 224

Referrals, making, 227t
Reflecting, definition of, 224
Registered dietitian

definition of, 224
referral to

communication strategies for, 363–364b
indications for, 244b

training required for, 243b
Reliability, definition of, 224
Research studies, in nutrition coaching,

248b
Resistin

definition of, 38
production of, 40

Resting energy expenditure (REE)
definition of, 224
determination of, 241

Restricting type anorexia nervosa, 334
definition of, 332

Reticulocyte count, in iron deficiency
workup, 78t

Rhabdomyolysis
definition of, 151
from dehydration, 159

Riboflavin (B2)
deficiency of, 60, 63t
dietary reference intakes for, 61–62t
functions and food sources of, 60, 200t
overuse of, 63t

Ribose, performance-enhancing claims,
effectiveness, and safety of, 210t

Rumination, 333
definition of, 332

S
St. John’s Wort (Hypericum perforatum)

claims for, 202, 203t
drug interactions with, 213b
sources, effectiveness and safety of, 203t

Saliva
in carbohydrate digestion, 8
definition of, 4

Salmonella, foodborne illness from, 104t
Sarcopenia

definition of, 281
in older adults, 303

Sarcopenic obesity
definition of, 281
in older adults, 303–304

Satiety
definition of, 255
physiology of, 259–260

Saturated fatty acids, 40–41
definition of, 38

School policies, for healthier school
environments, 106

Screening tool, definition of, 224
Secondary adipositas athletica, 342

definition of, 332
Selenium

deficiency/overuse of, 74t, 78
dietary reference intakes for, 71–72t
functions and food sources of, 74t, 78,

201t
Self-monitoring, in weight loss, 268
Semi-vegetarian diet, 352

definition of, 352
Shigella, foodborne illness from, 104t
Shock, anaphylactic, definition of, 351
Sibutramine (Meridia)

in inadvertent doping, 204
for weight loss, 269

Simple carbohydrate, definition of, 4
Simple diffusion

definition of, 58
of vitamins into blood, 82

Skinfold calipers, 233
definition of, 224

Skinfold measurements, in body
composition assessment, 233–234,
235b, 235f, 236b, 236f, 237f

Small intestine
in carbohydrate digestion and absorption,

8–9, 8f, 9f
definition of, 4, 22
in mineral absorption, 82–83
in protein digestion, 27, 28f
in vitamin absorption, 82

SMART goals, in weight loss, 268
Social-ecological model

definition of, 93
putting to use, 98b

Sodium
dietary reference intakes for, 71–72t, 79t
excess of, 79
in sports drinks, 161t

Sodium bicarbonate
in anaerobic phase of exercise, 180
definition of, 170
performance-enhancing claims,

effectiveness, and safety of, 211t
Sodium citrate, performance-enhancing

claims, effectiveness, and safety of,
211t

Sodium tablets, performance-enhancing
claims, effectiveness, and safety of,
211t

Solid fats and added sugars (SoFAS)
definition of, 36
recommendations for, 47

Soluble fiber, 13
definition of, 4

Somatotype(s)
definition of, 224
as nonmodifiable body composition factor,

228
sports performance and, 229–230b

South Beach Diet, strengths and weaknesses
of, 267t

Soy protein, 27
supplements of, 197, 202

Sphingomyelin, 44
definition of, 38

Sports
endurance, definition of, 169
power, 180–183
team, nutrition considerations for, 181b

Sports anemia, 76
definition of, 58

Sports bars, performance-enhancing claims,
effectiveness, and safety of, 211t

Sports drinks
benefits and risks of, 292t
definition of, 281
evaluating, 161t
performance-enhancing claims,

effectiveness, and safety of, 211t
for youth athletes, 292b, 293

Sports gels, performance-enhancing claims,
effectiveness, and safety of, 211t

Sports performance. See Athletic
performance

Stages of change, definition of, 224
Staphylococcus aureus, foodborne illness

from, 104t
Starch, 6. 8

definition of, 4
Steroids, 39

anabolic
for athletic performance, 204
definition of, 191

performance-enhancing claims,
effectiveness, and safety of, 210t

Sterols, 39
Stevia, 7
Stimulants

for athletic performance, 205
definition of, 191

Stimulus control, in weight loss, 267–268
Stomach

definition of, 22
in protein digestion, 27, 28f

Stomach cramps, from drinking fluids before
and during exercise, 162b

Storage, of macronutrients, 136–137, 136f
Strength, definition of, 170
Strength/power athlete(s), 178–180

muscle hypertrophy promotion in, 
179–180

muscle mass gain by, advice for, case
report on, 276–277

nutritional needs of, 178–179, 179t
case report on, 186

performance-enhancing supplements used
by, 209–210t

recovery from training in, optimization of,
179

supplement use by, case report on, 
216–217

Strength sports, 178–180
definition of, 170

Stroke, heat, 86, 152, 154
definition of, 151
symptoms and treatment of, 156t

Structure-function claims, 106
definition of, 93
health claims versus, 193–194, 194t

Subscapular skinfold measurement, 235f
Subthreshold anorexia nervosa, 336

definition of, 332
Subthreshold binge-eating disorder, 336

definition of, 332
Subthreshold bulimia nervosa, 336

definition of, 332
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Successful aging, definition of, 281
Sucrose, 5
Sugar, definition of, 4
Sulfur

deficiency/overuse of, 73t, 75
functions and food sources of, 73t, 75

Summarizing, definition of, 224
SuperTracker

definition of, 224
in food intake assessment, 244, 245f

Supplement(s), 190–219
adulterated, 193
for athletic performance, 202, 204–207,

206–207t, 207–208b, 209–211t
amino acids as, 206–207t
banned substances/doping and, 202, 204
beetroot juice as, evidence on, 207–208b
caffeine as, 205
creatine as, 206–207
diuretics as, 204
hormones as, 204
proteins as, 205–206
steroids as, 204
stimulants as, 205

contamination of, inadvertent doping
from, 204

Current Good Manufacturing Practices for,
194–195

dietary, overview of, 192
discussing, 214b
drug interactions with, examples of, 213b
evaluation of, 211–213
health, 197–202

herbal, 202, 203t
macronutrient, 197, 202
mineral, 197, 201t
phytochemical-rich fruits inspiring, 197,

198–199t
soy protein, 197, 202
vitamin, 197, 200t

monitoring systems for, 195–196
in muscle hypertrophy promotion, 180
performance information on, 192t
for pregnant/lactating athletes, 302
regulation of, 193–196
safety of, strategy to ensure, 195b
scientific research on, evaluating, 195b
structure/function claims permissible for,

193–194, 194t
weight loss, 196–197, 196t

Supplement labels, 193, 193f
Supraspinale skinfold measurement, 237f
Surgical approaches, to weight loss, 271
Surveillance, as strategy in nutrition policy,

106
Sweat production, in response to excess

heat, 153
Sweat rate

increased, dehydration from, 159
in maintaining euhydration, 158

Sweeteners
artificial, 5, 7
low-calorie, 5
noncaloric, 5

T
Taxation, as strategy in nutrition policy, 106
Temperature, core

decreased, response to, 153
elevated, response to, 152–153

Thermogenic products, for weight loss, 196
Thermoregulation, 152–153
Thiamin (B1)

dietary reference intakes for, 61–62t
functions and sources of, 60, 63t, 200t
needs for, 63t

Three-dimensional photonic scanning
in body composition assessment, 237, 240f
definition of, 224

TNF-alpha
definition of, 38
production of, 40

Tobacco, avoidance of, in pregnancy, 296
Tolerable upper intake level (UL)

definition of, 60, 93
in dietary reference intakes, 99

Tolerance, definition of, 332
Tort liability, as strategy in nutrition policy,

106
Tour De France, doping and, 204
Training strategies, for neutral energy

balance, 257–258
Training time, maximizing, for vegetarian

athletes, 355
Trans fat, 44
Transamination, in protein formation, 

27, 28f
Transferrin, 75

definition of, 58
Transport, active

definition of, 57
in mineral absorption, 82

Transtheoretical model of behavior change,
246

Triacylglycerols
definition of, 135
release of, in exercise, 137

Triceps skinfold measurement, 235f
Triglycerides, 39–40

definition of, 39
medium chain, performance-enhancing

claims, effectiveness, and safety of,
211t

Tripeptides
absorption of, 27
definition of, 22

Trypsin
definition of, 22
in protein digestion, 27

Twenty-four hour recall
in attaining diet history, 242
definition of, 224

Type 1 diabetes, athletes with, medical
nutrition therapy for, 323

Type 2 diabetes, athletes with, medical
nutrition therapy for, 323–324

U
UL. See Tolerable upper intake level (UL)
Ulcerative colitis, athletes with, medical

nutrition therapy for, 321
Ultra-endurance sports, 170

definition of, 170
Ultrasound, in body composition assessment,

238–239, 241f
Underweight

childhood, 283
health and, 274

United States Pharmacopeia (USP),
supplement testing by, 195–196

Unsaturated fatty acids, definition of, 39
Upper GI disorders, athletes with, medical

nutrition therapy for, 318
Urea, definition of, 22
U.S. Department of Agriculture (USDA),

definition of, 93
USDA. See Department of Agriculture

(USDA)

V
Validity, definition of, 224
Valine, ergogenic function and efficacy and,

206t
Vanadium/vanadyl sulfate, performance-

enhancing claims, effectiveness,
and safety of, 210t

Vegan
definition of, 22, 58, 352
protein sources for, 31

Vegan diet, 352f
athletic performance and, 354
for endurance athlete, case report on, 366

Vegetables, fatty acid composition of, 45t
Vegetarian, definition of, 22, 352
Vegetarian diets, 352–355, 352f

athletic performance and, 353–355
myths and misconceptions about, 355b

health and, 352–353
Vegetarianism, protein sources for, 31
Very low-density lipoproteins (VLDLs), 39

definition of, 39
Vibrio, foodborne illness from, 104t
Villi

in carbohydrate digestion and absorption,
9, 9f

definition of, 4
Vitamin(s), 59–69

athletic performance and, 84
B

athletic performance and, 84–85
for endurance athletes, 177

definition of, 58
digestion and absorption of, 81–82, 82f
energy from, 84b
fat-soluble, 65–66t, 67–69

definition of, 57
functions of, 59
needs for, in pregnancy, 296, 296t
prenatal, 300
supplemental, 83–84, 107, 200t
water-soluble, 60, 63–65t, 67

definition of, 58
weight management and, 85

Vitamin A (carotene)
deficiency/overuse of, 65t, 67
dietary reference intakes for, 61–62t
functions and food sources of, 65t, 67,

200t
Vitamin B1, 60. See also Thiamin (B1)
Vitamin B2, 60. See also Riboflavin (B2)
Vitamin B3, 60. See also Niacin (B3)
Vitamin B6, 60. See Pyridoxine (B6)
Vitamin B12 (cobalamin)

deficiency/overuse of, 65t, 67
dietary reference intakes for, 61–62t
for endurance athletes, 177
functions and food sources of, 65t, 67, 200t

Vitamin C (ascorbic acid)
athletic performance and, 85
deficiency/overuse of, 65t, 67
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dietary reference intakes for, 61–62t
functions and food sources of, 67, 200t
supplemental, colds and, 315–316b

Vitamin D
athletic performance and, 68–69b, 85
deficiency/overuse of, 66t, 68
dietary reference intakes for, 61–62t
functions and food sources of, 66t, 67–68,

200t
as prohormone, 67
synthesis, intake, and activation of, 

67–68, 68f
Vitamin E

athletic performance and, 85
deficiency/overuse of, 66t, 69
dietary reference intakes for, 61–62t
drug interactions with, 213b
for endurance athletes, 177
functions and food sources of, 66t, 69,

200t
Vitamin K

deficiency/overuse of, 66t, 69
dietary reference intakes for, 61–62t
functions and food sources of, 66t, 69,

200t

W
Waist circumference

definition of, 255–256
in fat distribution assessment, 259

Waist-to-hip ratio (WHR)
calculation of, 232–233
definition of, 224, 256
in fat distribution assessment, 259

Water, 85–86
absorption of, 85
dietary reference intakes for, 81t
functions of, 85–86
imbalance of, risks of, 86

Water-soluble vitamins, 60, 63–65t, 67. 
See also Vitamin(s)

definition of, 58
functions of, 60

Weighing, hydrostatic
in body composition assessment, 234, 238f
definition of, 224

Weight
body

BMI classification of, 257, 257t
ideal

body composition monitoring and,
240

calculation of, based on body
composition, 241b

checks of, periodic, for vegetarian athletes,
354

Weight cycling, 340, 342
definition of, 332

Weight gain
athletes and, 262
energy balance for, 257f
healthy, healthy, calorically dense snacks

for, 263t
during pregnancy

excessive, childhood obesity and, 299b
recommendations for, 298t

Weight loss
approaches to, 264–273

behavioral management as, 267–268
large-scale strategies as, 272–273
lifestyle changes as, 264–265
for losing last 10 pounds, 268–269
pharmacological, 269, 271
popular diets as, 265–267, 267t
surgical, 271

athletes and, 273–274, 273b
catabolic foods promoting, myths and

misconceptions on, 263b
diet(s) for

fats in, case report on, 52
high-protein, benefits and risks for, 30
popular, evaluation of, 265–267, 267t

energy balance for, 257f
maintenance of, 271–272
marathon analogy to, 268–269
supplements for, 196–197, 196t

Weight-loss simulator, 265b
Weight maintenance

energy balance for, 257f
strategies for exercise and training for,

257–258
Weight management, 156

calculations for, 256
carbohydrates and, 14
fat intake in, 48
minerals and, 85
vitamins and, 85

Weight problem, U.S., large-scale strategies
to combat, 272–273

Weight Watchers Diet, strengths and
weaknesses of, 267t

Whey
for athletic performance, 205, 206
definition of, 22, 205

Whey protein, 23, 26
benefits of, 26f, 205

Whey protein concentrate
definition of, 22
protein concentration in, 205

Whey protein isolate
definition of, 22
protein concentration in, 205

Whey protein powder
definition of, 22
protein concentration in, 205

White fat cells, 46
Withdrawal, definition of, 332
Work-to-rest ratio

definition of, 170
in resistance training, 178

World Anti-Doping Agency (WADA) code,
202, 204

World Health Organization/Food and
Agriculture Organization/United
Nations University equation, in
calculating energy needs, 243b

Wrestlers, weight-loss standards for, 273b

X
Xenical (orlistat), for weight loss, 269

Y
Yersinia, foodborne illness from, 104t
Youth athletes, 283–294

energy needs of, 289, 290t
food allergy in, case report on, 366
growth potential of, case report on, 30
hydration for, 292–294, 292b, 292t, 293b
macronutrient considerations for, 291
micronutrient considerations for, 291–292
nutrition for, 289–294
preseason “two-a-days” for, nutrition and

hydration for, 293b
working with, 294

Z
Zinc

adequate intake of, by vegetarian athletes,
354

athletic performance and, 85
deficiency/overuse of, 74t78
dietary reference intakes for, 71–72t
for endurance athletes, 177
functions and food sources of, 74t, 78,

201t
The Zone Diet, strengths and weaknesses of,

267t
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