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Preface

Sports nutrition is a natural marriage of two fields:
nutrition and exercise physiology. These complemen-
tary academic disciplines enable us to understand the
energy expenditure that is required by exercise and
sport and the energy intake that is vital to support
these activities. Exercise challenges the human body
to respond and adapt, and proper nutrition supports
the physiological processes that make it possible to do
so. Although all people can benefit from proper nutri-
tion and exercise, athletes must pay careful attention
to both. Training and nutrition are key elements of ex-
cellent athletic performance.

Nutrition for Sport and Exercise is designed primarily
as a college-level text for upper-division courses in sports
nutrition. It carefully illustrates the links among exer-
cise, nutrition, and, the ultimate goals, which are recov-
ery, optimal performance, and good health. In addition
to explaining the rationale behind the recommendations
made to athletes, the text helps instructors and students
translate these recommendations to specific plans for the
appropriate amount and type of foods, beverages, and/
or supplements to support training, recovery, and per-
formance. First and foremost, this book is scientifically
sound and evidence based, but it is also filled with prac-
tical nutrition information and designed so faculty can
easily teach from the text.

To understand sports nutrition, students must un-
derstand both nutrition and exercise physiology. For
example, carbohydrates are found in food and are
used by the body to fuel exercise. The type and amount
of carbohydrates in foods are “nutrition” issues. The
influences of exercise intensity and duration on carbo-
hydrate usage are “exercise physiology” issues. Sports
nutrition requires an understanding and integration of
these issues because the timing of carbohydrate intake
or the amount needed to delay the onset of fatigue in-
volves both nutrition and exercise physiology. The goal
of this book is to integrate the principles of nutrition
and exercise physiology in a well-organized, scientifi-
cally sound, and practical sports nutrition text.

The Plan of the Text

Chapter 1, Introduction to Sports Nutrition, sets
the stage. Broad terms such as athlete and exercise
are defined, and basic training and sports nutrition

principles are outlined. The intensity and duration of
exercise training and the unique demands of compe-
tition affect nutrition requirements and food intake.
Many recreational athletes require only a good basic
diet. Nearly all athletes have questions about supple-
ments, and the first chapter discusses basic informa-
tion about dietary supplements.

The first chapter also emphasizes the science be-
hind sports nutrition recommendations. From the
beginning, students should recognize that the recom-
mendations made throughout the text are evidence
based. As part of the critical thinking process, future
chapters will reinforce some of the basic concepts in-
troduced in the initial chapter, such as the strength of
the scientific evidence, research design, and consensus
opinion. Each chapter includes a Focus on research
box, which examines a specific research study in de-
tail. The feature provides a more in-depth look at a
topic relevant to the content of the chapter and uses
different types of research studies to explain scientific
methods used by the researchers, what was discov-
ered, and the significance of the research.

A unique feature of this chapter is the informa-
tion on the scope of practice of dietitians, exercise
physiologists, athletic trainers, strength and condition-
ing coaches, and other sports-related professionals.
As with any integrated discipline, no one profession
“owns” sports nutrition. However, the extent of pro-
fessional training and licensure can help students
understand practice boundaries and when to refer to
someone with the appropriate expertise, professional
training, and/or credentials.

Chapters 2 and 3 cover energy concepts. Extensive
teaching experience has convinced us that students
more easily understand the difficult area of energy
when presented in a two-part approach. The first part
(Defining and Measuring Energy) introduces general
energy concepts—what energy is and how it is mea-
sured by direct and indirect calorimetry. This leads to
a discussion of energy balance and an explanation of
factors that affect it, such as Resting Metabolic Rate,
physical activity, and food intake.

After that foundation is established, students can
more easily understand the specific energy systems
needed to fuel exercise of varying intensities as pre-
sented in Chapter 3, Energy Systems and Exercise.

Xiii
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Xiv Preface

The focus of this chapter is an explanation of the three
major energy systems used to replenish ATP—creatine
phosphate, anaerobic glycolysis, and oxidative phosphor-
ylation. Oxygen consumption, fuel utilization, and the
respiratory exchange ratio are described, and the safety
and effectiveness of creatine supplements are reviewed.

Chapters 4, 5, and 6 cover three energy-containing
nutrients—Carbohydrates, Proteins, and Fats. These top-
ics are at the heart of sports nutrition. Each chapter
includes a description of digestion, absorption, and me-
tabolism of these nutrients and explains each as a source
of energy based on the intensity and duration of exercise.
Current recommendations for athletes are outlined, and
the effects of inadequate intake on training, recovery, and
performance are discussed. Type, amount, and timing
are important nutrition concepts, and these chapters end
with a focus on the translation of current recommenda-
tions to appropriate food and beverage choices.

Similar to Chapters 4 through 6, Chapters 7
through 9 are nutrient focused. Water and Electrolytes
are covered first, followed by Vitamins and Minerals.
These chapters feature a global approach so that stu-
dents can relate to body systems that are influenced by
many different factors. For example, Chapter 7 begins
with an overview of water and electrolytes but empha-
sizes the effect that exercise has on fluid and electrolyte
balance by examining water and electrolyte loss and in-
take during training and competition. The recommen-
dations for replenishment of water and electrolytes are
a logical extension of understanding fluid homeostasis.

To avoid the encyclopedic approach that can
overwhelm students with detailed information about
vitamins and minerals, Chapters 8 and 9 are organized
according to function. In the case of vitamins, their ma-
jor roles in energy metabolism, antioxidant protection,
red blood cell function, and growth and development
are explained. The minerals chapter is organized accord-
ing to bone, blood, and immune system function and
emphasizes calcium, iron, and zinc, respectively. Each
chapter also discusses adequate intake and the potential
for clinical and subclinical deficiencies and toxicities.
Vitamin- and mineral-rich foods, fortified foods, and sup-
plement sources are covered, with special attention paid
to the perceived need for supplementation by athletes.

After a solid foundation in principles of sports nu-
trition has been laid, the text moves into comprehensive
diet planning. Chapter 10 is entitled Diet Planning: Food
First, Supplements Second and helps students take the
science-based nutrient recommendations made in the
previous chapters and translate them into daily food
choices, including food and fluid intake prior to, during,
and after exercise. The chapter emphasizes developing
a plan for matching dietary intake to the demands im-
posed by training, with consideration for the athlete’s
specific sport. This chapter also contains informa-
tion about caffeine, alcohol, and dietary supplements.

Supplements are a complicated issue requiring an un-
derstanding of legality, ethics, purity, safety, and effec-
tiveness. Although most dietary supplements have not
been shown to be effective, practitioners will have little
credibility with athletes if they simply dismiss their use.
Exploring the issues surrounding dietary supplements
helps students become better critical thinkers.

No sports nutrition book would be complete
without a chapter on body composition. Chapter 11,
Weight and Body Composition, is realistic—it consid-
ers measurement techniques, error of measurement,
interpretation of body composition results, and the re-
lationship of body composition and weight to perfor-
mance. The chapter begins with a review of methods
for determining body composition and the advantages
and disadvantages of each. The role of training and nu-
trition in increasing muscle mass and decreasing body
fat is explained. Minimum and target body weights,
based on a body composition that promotes health,
are discussed for sports in which making weight or
achieving a certain appearance is important. Muscle-
building and weight loss supplements are also covered.

Chapter 12 covers disordered eating and exercise pat-
terns in athletes. The philosophy expressed throughout
the book is that normal eating is flexible and that food
is eaten both for fuel and for fun. However, disordered
eating and life-threatening eating disorders can touch
the lives of anyone who works with athletes, and these
problems cannot be ignored. This chapter follows the
progression of eating and activity patterns from “normal”
to disordered to severely dysfunctional. Low energy avail-
ability is explained and the interrelated elements of the
Female Athlete Triad and the Reduced Energy Deficiency
in Sport (RED-S) are discussed.

Whereas the focus in most of the chapters is on the
trained athlete, the final chapter gives ample coverage
to diet and exercise for lifelong fitness and health and
their roles in preventing or delaying chronic disease.
Many students dream of working with elite athletes,
but, in reality, most will work with many people who are
recreational athletes or are untrained, have relatively
low fitness levels, eat poorly, and want to lose weight.
This chapter addresses the issue of declining physical
activity associated with aging and uses scenarios of for-
mer athletes to highlight chronic diseases such as obe-
sity, type 2 diabetes, heart disease, metabolic syndrome,
osteoporosis, and lifestyle-related cancers. The chapter
has been organized to reflect the primary role that over-
weight and obesity play in the development and pro-
gression of many chronic diseases. It also explains the
many mechanisms, some of which are not precise, that
the body uses to regulate body weight.

Nutrition for Sport and Exercise is a blend of nu-
trition and exercise physiology and both scientific
and practical information. It fully integrates both
fields of study. It is not an exercise physiology book
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with nutrition as an afterthought or a nutrition book
with superficial explanations of core exercise physiol-
ogy principles. The authors, a registered dietitian and
an exercise physiologist, have more than 45 years of
classroom experience in sports nutrition. They have
used that experience to create a text that meets the
needs of both nutrition and exercise science majors
and faculty.

Features of the Text

Each chapter is designed to guide students through
the learning process, beginning with Learning Objec-
tives for students to master as they study the material.
A Pre-Test helps to assess students’ current knowledge
of the topic to be discussed. At the end of each chapter,
a Post-Test is given to test what students have learned.
The answers to the Post-Test found in Appendix O are
used to illuminate misconceptions about the topic
as well as to pinpoint material that warrants further
study.

Glossary terms are highlighted throughout the
chapters, giving students immediate access to their
definitions as well as helping them identify important
terms to study as they prepare for exams. The defini-
tions have also been gathered into an alphabetical
glossary at the back of the book.

Numerous sidebars appear throughout the text,
exposing students to high-interest information on di-
verse topics. The sidebars highlight applications of
concepts, present the latest findings, and point out
controversial ideas without interrupting the flow of
the text. Selected Spotlight features highlight impor-
tant websites that students can trust to find informa-
tion on each topic.

Every chapter has a Focus on research feature. This
feature walks the reader through a published research
study, discussing the specific purpose of the study, what
the researchers did, what they found, and the signifi-
cance of their findings. Readers are introduced to dif-
ferent types of research studies; exposed to both current
research and classical, historical studies in the topic
area of each chapter; and given examples of how to
clearly and concisely summarize and apply research in
the field.

Each chapter ends with a Summary that restates
the major ideas, and a Self-Test is provided, which
includes multiple-choice, short-answer, and critical
thinking questions, so students can test their knowledge
of the facts and concepts presented. The answers to the
multiple-choice questions can be found in Appendix O.
References for the major articles discussed throughout
the chapter as well as suggested readings are available
online. All of these features are designed with the stu-
dent in mind, to help him or her identify and grasp the
important concepts presented in each chapter.

Preface XV

New to the Fourth Edition

The fourth edition of Nutrition for Sport and Exercise
includes a thorough review of the most recent pub-
lished literature so that the material included in the
textbook represents the most current, cutting-edge
scientific information, up-to-date guidelines, and evi-
dence-based recommendations.

Learning objectives have been closely matched
with major headings and multiple-choice questions to
help students recognize and learn the major concepts
of each chapter. Current guidelines and position papers
appear throughout, including the 2015-2020 Dietary
Guidelines and the 2016 Nutrition and Athletic Perfor-
mance position paper. The analysis of a 24-hour diet of
a male collegiate cross-country runner, which is used as
an example throughout the text, has been updated to
make it easier to compare goals with intake. Other new
or updated content includes the following:

Chapter 1: Introduction to Sports Nutrition

e Inclusion of the 2015-2020 Dietary Guidelines

e Inclusion of My Plate, My Wins, which helps con-
sumers implement the 2015-2020 Dietary Guidelines

e Inclusion of the updated Nutrition Facts food label

e Updated basic sports nutrition guidelines based on
the 2016 Nutrition and Athletic Performance position
paper published by the Academy of Nutrition and
Dietetics (AND), Dietitians of Canada (DC), and the
American College of Sports Medicine (ACSM)

e Updated information on purity, effectiveness, certi-
fication programs, and use of dietary supplements
among athletes

e Up-to-date requirements for exercise and nutrition
credentials and certifications

Chapter 2: Defining and Measuring Energy

o= New Spotlight on wearable fitness/activity tracking
devices

e New graphics/images of new technology for tracking
fitness and activity

o= New section added on technological advances and
devices for tracking activity, fitness, and energy
expenditure

e Updated and revised section about self-reported di-
etary and energy intake

e Updated references and revised section about por-
table metabolic measurement systems

Chapter 3: Energy Systems and Exercise

o= Updated references and revised Spotlight on cre-
atine loading and supplementation

e Updated references and revised Spotlight on alcohol
metabolism

e Updated glossary

e Updated images
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Chapter 4: Carbohydrates

e Updated Spotlight on glycemic index

= New Focus on Research article

e Updated information about training in a low carbo-
hydrate state

e Complete revision of the Carbohydrate Recommen-
dations for Athletes section to reflect the AND, DC,
and ACSM 2016 Nutrition and Athletic Performance
position paper and other recent research

e Updated carbohydrate product information through-
out the chapter

e Expanded section on the use of the carbohydrate
mouth-rinsing strategy during exercise

e Updated Spotlight on sports drinks, bars, and gels

e New section on refueling between exercise sessions

e Updated Spotlight on a real athlete: Lucas, a Cross-
Country Runner

& Inclusion of information from the 2015 Academy of
Nutrition and Dietetics Health Implication of Dietary
Fiber position paper

e Additional information about vegan foods and glu-
ten-free foods

o= New section and table explaining fermentable carbo-
hydrates (FODMAP)

e Addition of a section on gluten intolerance

Chapter 5: Proteins

e Addition of digestible indispensable amino acid
score (DIAAS) method to determine protein quality

e Streamlined metabolism section

e Consolidation of immune system material into two
distinct sections

e Complete revision of the Protein Recommendations
for Athletes section to reflect the 2015 Nutrition and
Athletic Performance position paper and other recent
protein research

& Incorporation of information unique to body build-
ers into the Protein Recommendations for Athletes
section

e Updated Focus on research

e Reorganization of the Protein Recommendations for
Athletes section to reflect the focus on protein quan-
tity, quality, dose (per meal), and distribution across
the day

e Updated information regarding the use of higher
protein intake to try to offset loss of muscle mass
while restricting energy intake (“dieting”)

e Consolidation and expansion of material on vegetar-
ian and vegan diets and inclusion of the 2016 Acad-
emy of Nutrition and Dietetics position paper on
vegetarian diets

e Revision of the Spotlight on a real athlete feature to
reflect issues related to the dose and distribution of
protein across the day

e Updated product information of selected protein
supplements

e Revision of the beta-alanine supplements section to
reflect new evidence of effectiveness

e Revision of amino acid supplement information to
reflect recent research findings

Chapter 6: Fats

o= Complete revision to reflect the 2015 Nutrition and
Athletic Performance position paper and other recent
research

o= Updated Spotlight on trans fatty acids

e Updated images

e Revised section on training with high-fat, low-carbo-
hydrate diets

e Revised to reflect Dietary Guidelines for Americans
2015-2020

e Addition of new Nutrition Facts label

e Revision of table of total and saturated fat content of
selected snack foods

e Updated Spotlight on a real athlete

Chapter 7: Water and Electrolytes

e Complete revision to reflect the 2015 Nutrition and
Athletic Performance position paper and other recent
research

e Updated graphics

e Updated table on sodium-containing products

e Updated table on composition of various pre-exer-
cise beverages

e Updated table on composition of various beverages
consumed during exercise

e Updated table on composition of various beverages
consumed post-exercise

e Revised and updated section on hyponatremia

e Revised and updated section on glycerol hyperhy-
dration

Chapter 8: Vitamins

o= Updated summary charts of fat- and water-soluble
vitamins, including information about cell signaling
and gene expression

o= New chart reflecting the probability of adequate vi-
tamin intake for adults based on information in the
2015-2020 Dietary Guidelines

e Revised and updated Focus on research

e Updated and revised information about vitamin D,
especially its role in athletic performance

e Streamlined the section about developing toxicities

e Updated and revised the sections about antioxidant
vitamin supplements and performance and antioxi-
dant vitamins and health

e Revised and updated Spotlight on antioxidant vita-
mins and health
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e Revised Spotlight on supplements

e Complete revision of the material about quercetin

e Updated product information to reflect current
formulations

e Revised section on high-potency vitamin
supplements

Chapter 9: Minerals

e Updated summary charts of all minerals

o= New chart reflecting the probability of adequate
mineral intake for adults based on the 2015-2020
Dietary Guidelines

e Revised incidence and prevalence figures for dis-
eases such as osteoporosis and iron deficiency
anemia

e Reorganized and updated the section on iron, par-
ticularly iron deficiency and iron deficiency anemia
in athletes and the effect that each may have on
performance

e Revised the material on minerals involved in the im-
mune system

e Fine-tuned the section on mineral supplementation,
including chromium

Chapter 10: Diet Planning: Food First, Supplements
Second

e Added new section featuring currently popular diets
among athletes, such as the “Paleo” Diet and gluten-
free diet for nonceliacs

e Inclusion of the 2015-2020 Dietary Guidelines and
the Healthy U.S.-Style Eating Patterns

e Updated recommendations for food and fluid intake
prior to, during, and after exercise

e Updated caffeine information

ez Considerable revision of the alcohol section, includ-
ing updated prevalence of alcohol intake by athletes,
reasons why athletes consume alcohol, and effects
of alcohol on training, recovery, performance, and
health

e Updated table on safety and effectiveness of 27 di-
etary supplements commonly used by athletes

e Updated Dietary Supplement Label information

o= Updated Focus on Research feature based on the
AND, DC, and ACSM 2016 Nutrition and Athletic
Performance position paper

e Expanded the section on probiotics

e Revised the last section, A Comprehensive Nutri-
tion Plan to Support Training and Performance,
by adding a four-step process (assessment, goal-
setting, action plan, and evaluation and reassess-
ment) to create a nutrition plan, which is illustrated
in the accompanying case study (Spotlight on a real
athlete)

o= Replaced more than 50 percent of the references
cited in the 3rd edition

Preface xvii

Chapter 11: Weight and Body composition

e Revised section on BMI and athletes

e Updated section and references on DEXA

e Updated section and references on advanced im-
aging techniques used for assessment of body
composition

e Updated images

e Reorganization and revision of section on
height, weight, body size, and body composition in
athletes

e Revised section on body weight and composition
goals

e Revised Application exercise

& Incorporation of new evidence on weight cycling

e Updated Spotlight on finding reliable information
about body composition and body weight

Chapter 12: Disordered Eating and Exercise Patterns
in Athletes

e Updated Learning Objectives

e Revisions to the case study to acknowledge the role
social media may play

= New subsection on obsessive-compulsive disorders
intertwined with disordered eating with updated
information about orthorexia nervosa and muscle
dysmorphia

o= Revised section and updated references on exercise
dependence and excessive exercise

o= New table with validated instruments for assessing
exercise dependence, exercise addiction, and patho-
logical exercise

e Updated information on disordered eating and eat-
ing disorders in athletes, including new material
about male athletes

e Revised table on sports and activities at high risk for
development of eating disorders

e Significant revisions to the section formerly named
Female Athlete Triad by focusing on low energy
availability, which includes the energy availability
formula

e Retained information about the Female Athlete
Triad, explained the Reduced Energy Deficiency in
Sport (RED-S), and added discussion of controver-
sies regarding the two models

e Revised Spotlight on finding reliable information
about low energy availability

Chapter 13: Diet and Exercise for Lifelong Fitness
and Health

e Updated information regarding elite male athletes,
development of chronic disease, and life expectancy
as they age

e Updated the Dietary Guidelines and the American
Heart Association guidelines
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e Revised the leading and actual causes of death fig-
ures to reflect recent statistics

o= Updated information (appetite regulation signals
and obesity-promoting gut bacteria) and figure
about the regulation of body weight

e Updated table of comparison of weight-loss plans
with current program information for Atkins, Or-
nish, and Weight Watchers diets

o= Updated new prevalence information for Spotlight
features on Type 2 diabetes, heart disease, metabolic
syndrome, and osteoporosis

Appendices

e New Appendix B entitled Healthy U.S.-Style Pattern:
Recommended Intake Amounts

o= New Appendix C entitled Healthy Vegetarian Pat-
tern: Recommended Intake Amounts

Instructor and Student Resources

Instructor Companion Site

Everything you need for your course is in one place!
This collection of book-specific lecture and class tools
is available online at www.cengage.com. Access and
download PowerPoint presentations, images, instruc-
tor's manual, and more.

Nutrition MindTap

The Nutrition for Sport and Exercise MindTap brings
course concepts to life with interactive learning, study,
and exam preparation tools that support the printed text-
book. The MindTap includes an interactive eReader, and
interactive teaching and learning tools, including quiz-
zes, flashcards, and more. It also contains built-in met-
rics tools that monitor student engagement in the course.

Test Bank

Powered by Cognero, the Test Bank is a flexible, on-
line system that allows instructors to author, edit,
and manage test bank content from multiple Cengage
Learning solutions; create multiple test versions in an
instant; and deliver tests from your Learning Manage-
ment System (LMS), your classroom, or anywhere you
want.

Diet & Wellness Plus

Take control. Reach your goals. Experience Diet
Analysis Plus. Diet Analysis Plus allows students to
track their diet and physical activity, and analyze
the nutritional value of the food they eat so they can
adjust their diets to reach personal health goals—all
while gaining a better understanding of how nutri-
tion relates to and impacts their lives. Diet Analysis
Plus includes a 55,000+ food database; customizable

reports; new assignable labs; custom food and rec-
ipe features; the latest Dietary Reference Intakes;
and goals and actual percentages of essential nutri-
ents, vitamins, and minerals. New features include
enhanced search functionality with filter option,
easy-to-use instructor page, and resources tab with
helpful information.
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Introduction to Sports
Nutrition

LearningObjectives

Lo 1.1 Explain the need for an
integrated training and nutrition plan.

Lo 1.2 Explain basic nutrition
principles and how they might be
modified to meet the needs of
athletes.

L0 1.3 List sports nutrition goals.

Lo 1.4 QOutline the basic issues
related to dietary supplements
and ergogenic aids, such as
legality, ethics, purity, safety, and
effectiveness.

Lo 1.5 Distinguish between types of
research studies, weak and strong
research designs, and correlation
and causation.

Lo 1.6 Compare and contrast the
academic training and experience
necessary to obtain various exercise
and nutrition certifications.

8
=3
&
E
g
<
S
=1
2
=l
=]
=
=
15
[

Proper nutrition supports training,
performance, and recovery.
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2 Chapter 1 Introduction to Sports Nutrition

PRE-TEST

Assessing Current Knowledge of Sports Nutrition

Read the following statements, and decide if each is true or false.

1. An athlete’s diet is a modification of the general nutrition guidelines made for healthy adults.

. After a healthy diet plan is developed, an athlete can use it every day with little need for modification.

2
3. In the United States, dietary supplements are regulated in the same way as over-the-counter medications.
4

. The scientific aspect of sports nutrition is developing very quickly, and quantum leaps are being

made in knowledge of sports nutrition.

5. To legally use the title of sports nutritionist in the United States, a person must have a bachelor’s

degree in nutrition.

Welcome to the exciting world of sports nutrition. This
relatively new field is a blend of nutrition and exercise
physiology. These fields are complementary academic dis-
ciplines that help us understand the energy expenditure that
is required by exercise and sport, as well as the energy and
nutrient intake that is vital to support excellent training,
recovery, and performance. Exercise and sport challenge
the human body to respond and adapt, and proper nutrition
supports these processes. Training and nutrition are keys
to athletic performance at any level. The Olympic motto
is Citius, Altius, Fortius, which is Latin for “swifter, higher,
stronger.” To achieve the highest level of success, athletes
must be genetically endowed, and they must train optimally
to meet their genetic potential. Proper nutrition supports
the demands of training, and the field of sports nutrition
emerged to help athletes train, perform, and recover to
the best of their abilities. To run faster, jump higher, and be
stronger, athletes must use genetics, training, and nutrition
to their advantage.

1.1 Training, Nutrition,
and the Athlete

LO 1.1 Explain the need for an integrated training and nutrition plan.

Sports nutrition is a blend of exercise
physiology and nutrition

Exercise physiology is the science of the response and
adaptation of bodily systems to the challenges imposed
by movement—physical activity, exercise, and sport.
Nutrition is the science of the ingestion, digestion,

absorption, metabolism, and biochemical functions
of nutrients. Sports nutrition is the integration and
application of scientifically based nutrition and exer-
cise physiology principles that support and enhance
training, performance, and recovery. These principles
also help athletes attain and maintain good health.
First and foremost, these disciplines are based
on sound scientific evidence. But there is also an art
to applying scientific principles to humans. For ex-
ample, scientists identify nutrients found in food that
are needed by the body, but food is sometimes eaten
just because it tastes delicious or smells good. Exer-
cise physiologists know from well-controlled research
studies that the size and strength of athletes’ muscles
can be increased with overload training, but choos-
ing the appropriate exercises, the number of sets and
repetitions, the amount of resistance, the rest inter-
vals, and the exercise frequency for optimal response
by each individual athlete is as much an art as it is a
science. Because sports nutrition is a relatively young
field, the knowledge base is continually expanding,
and our understanding of the field is constantly evolv-
ing. There is more research to be done and much more
to be learned, presenting an exciting opportunity for
exercise science- and nutrition-oriented students.

The term athlete is very broad
and inclusive

The word athlete describes a person who partici-
pates in a sport. Using that definition, professional,
collegiate, and weekend basketball players are all
athletes (Figure 1.1). Clearly there are differences
among them. One difference is skill, and another is
training. Elite athletes are exceptionally skilled and
dedicated to their training regimens. Their lives are
planned around their training and competition sched-
ules because athletic competition is their profession.
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FIGURE 1.1 Anyone who participates in a sport can be called an athlete. As a means of distinction, the terms elite athlete, well-

trained athlete, and recreational athlete are often used.

Collegiate athletes are also trained athletes, although
the level of their training is probably less than that of
their professional counterparts. Dedication to train-
ing is important because proper training is necessary
to improve or maintain performance. Many people are
recreational athletes. Some of them are former com-
petitive athletes who continue to train, albeit at a lower
level, to remain competitive within their age group or
in masters events. They are sometimes referred to as
performance-focused recreational athletes. However,
many recreational athletes train little, if at all, and
their primary focus is not improving performance.
They participate in sports to be physically active, to
maintain a healthy lifestyle, and for enjoyment.

Physical activity, exercise, and sport
differ from each other

Physical activity is bodily movement that results in an
increase in energy expenditure above resting levels.
Examples can include activities of daily living such as
bathing, walking the dog, raking leaves, or carrying
bags of groceries. Exercise and sport are very specific
types of physical activity. Exercise has been defined as
“physical activity that is planned, structured, repeti-
tive, and purposive in the sense that improvement or
maintenance of one or more components of physical
fitness is the key” (Caspersen, Powell, and Christensen,
1985). For example, running is a specific type of physi-
cal activity that is often done regularly by people who
hope to improve their cardiovascular fitness. Sports
can be thought of as competitive physical activities.
Track, cross country, or road running (for example,
marathon) are examples of running as a sport.

Exercise may be described as aerobic or
anaerobic. Aerobic means “with oxygen” and is used
in reference to exercise or activity that primarily
uses the oxygen-dependent energy system—oxidative
phosphorylation (Chapter 3). These types of activi-
ties can be sustained for a prolonged period of time
and are referred to as endurance activities. Those
who engage in them are referred to as endurance ath-
letes. Some endurance athletes are better described as
ultraendurance athletes because they engage in sports
that require hours and hours of continuous activity,
such as triathlons. Endurance and ultraendurance
athletes are concerned about the same issues, such as
adequate carbohydrate and fluid intake, but there are
enough differences between them that their concerns
are often addressed separately.

Training: A planned program of exercise with the goal of improv-
ing or maintaining athletic performance.

Sports nutrition: The application of nutrition and exercise physi-
ology principles to support and enhance training, performance,
and recovery.

Recovery: An undefined period of time after exercise for rest,
replenishment, and adaptation.

Energy: The capacity to do work. In the context of dietary intake,
energy is defined as the caloric content of a food or beverage.

Cardiovascular fitness: Ability to perform endurance-type
activities, determined by the heart’s ability to provide a sufficient
amount of oxygen-laden blood to exercising muscles and the abil-
ity of those muscles to take up and use the oxygen.

Aerobic: “With oxygen.” Refers to exercise that primarily uses the
oxygen-dependent energy system, oxidative phosphorylation.
Anaerobic: “Without oxygen.” Refers to exercise that primarily
uses one or both of the energy systems that are not dependent on
oxygen, creatine phosphate or anaerobic glycolysis.
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FIGURE 1.2 Although each participates in the same sport, the training and nutritional needs of recreational and elite athletes are

very different.

Anaerobic means “without oxygen” and refers to
exercise that primarily uses one or both of the energy
systems that are not dependent on oxygen—creatine
phosphate or anaerobic glycolysis (Chapter 3). These
types of activities are short in duration and high in exer-
cise intensity. Athletes in high-intensity, short-duration
sports are often called strength athletes or strength/
power athletes. Although few sports are truly anaerobic,
and weight lifting to strengthen muscles is usually a part
of an endurance athlete’s training, strength athlete and
endurance athlete are terms that are commonly used.

Training and nutrition go hand in hand

The longtime columnist, book author, and running phi-
losopher George Sheehan (1980) once wrote that every-
one is an athlete; only some of us are not in training.
Athletes improve their sports performance through
skill development and training. Skill development is en-
hanced through practice and instruction or coaching.
Success in many sports is directly related to fitness lev-
els achieved by sport-specific training. For example, to
be successful, competitive distance runners must have a
high level of cardiovascular fitness, which is developed
through following a rigorous running training program.

As advances in exercise and sports science have
become more widely recognized and adopted, athletes
from a wide variety of sports have begun to use
improved physical conditioning as a way to further im-
prove their performance. Even athletes in sports such
as golf and auto racing have begun physical training
as a strategy to improve personal performance. Physi-
cal training to improve specific components of fitness
must be taken into account when considering nutri-
tional needs, such as total energy and carbohydrate
intakes. Nutrition supports training and good health—
two factors that are essential to excellent performance.

Although nutrition by itself is important, it may
have the greatest performance impact by allowing ath-
letes to train consistently. Proper nutrition during the
recovery period is essential for replenishing nutrient
stores depleted during training, for example, muscle
glycogen. Inadequate replenishment of energy, fluid,
carbohydrates, proteins, and/or vitamins and miner-
als limits the potential for full recovery after training.
Limited recovery can result in fatigue during the next
training session, and consistent lack of nutritional re-
plenishment can lead to chronic fatigue (Thomas,
Erdman, and Burke, 2016). Although the basic nutri-
tion principles are the same for well-trained and recre-
ational athletes, the specific nutrient needs will depend
on the intensity and duration of training (Figure 1.2).

Athletes perceive that nutrition is important, but they
sometimes fail to realize or acknowledge that it is a factor
that needs daily attention. This often leads to crash diets
and other quick fixes, which may interfere with training
and undermine performance and recovery. Nutrition and
training are similar in that each is a process that needs a
well-developed plan (Dunford and Macedonio, 2017).

Athletes can also get so focused on one small
aspect of their diet that they neglect their compre-
hensive daily nutrition requirements. For example,
athletes may concentrate on the best precompetition
meal, but if they fail to address their day-to-day nutri-
tion needs, then their training will suffer. Inadequate
training that is a result of inadequate nutrient replen-
ishment is much more detrimental to performance
than the precompetition meal is beneficial to perfor-
mance (Thomas, Erdman, and Burke, 2016).

Nutrition supports training, recovery,
and performance

The main goal for any competitive athlete is to improve
performance. Improvements in sport performance can
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