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nutrients, on health is complex and dietary recommendations may 
change with new research findings. For example, as noted later in 
the text, the guidelines regarding dietary intake of cholesterol have 
been modified after being in effect for more than 50 years.

Other than the health benefits of exercise and fitness, many 
physically active individuals are also finding the joy of athletic com-
petition, participating in local sports events such as golf tourna-
ments, tennis matches, triathlons, and road races. Individuals who 
compete athletically are always looking for a means to improve per-
formance, be it a new piece of equipment or an improved training 
method. In this regard, proper nutrition may be a very important 
factor in improving sports performance. Various sports governing 
agencies indicate today’s athletes need accurate sports nutrition 
information to maximize sports performance. Although the effect 
of diet on sports and exercise performance was studied only spo-
radically prior to 1970, subsequently numerous sports scientists 
and sports nutritionists have studied the performance-enhancing 
effects of nutrition, such as diet composition and dietary supple-
ments. Results of these studies have provided nutritional guid-
ance to enhance performance in specific athletic endeavors. In the 
United States, many universities and professional sports teams, 
such as those in Major League Baseball, the National Hockey 
League, and the National Football League, employ registered dieti-
tian nutritionists as well as culinary chefs to provide dietary guid-
ance to their athletes.

With the completion of the Human Genome Project, gene 
therapies are being developed for the medical treatment of various 
health problems. Moreover, some contend that genetic manipula-
tions may be used to enhance sports performance. For example, 
gene doping to increase insulin-like growth factor, which can stimu-
late muscle growth, may be applied to sport.

Our personal genetic code plays an important role in determin-
ing our health status and our sports abilities, and futurists speculate 
that one day each of us will carry our own genetic chip that will 
enable us to tailor food selection and exercise programs to optimize 
our health and sports performance. Such may be the case, but for 
the time being we must depend on available scientific evidence to 
provide us with prudent guidelines.

Each year thousands of published studies and reviews analyze the 
effects of nutrition on health or exercise and sports performance. 
The major purpose of this text is to evaluate these scientific data and 
present prudent recommendations for individuals who want to mod-
ify their diet for optimal health or exercise/sports performance.

According to the World Health Organization, better health is the 
key to human happiness and well-being. Many factors influence 
one’s health status, including some shared by various government 
and health agencies, such as safe living environments and access 
to proper health care. However, in general, one’s personal health 
over the course of a lifetime is dependent more upon personal life-
style choices, two of the most important being proper exercise and 
healthy eating.

In the twenty-first century, our love affair with fitness and 
sports continues to grow. Worldwide, although rates of physical 
inactivity are still prevalent in developed nations, there are mil-
lions of children and adults who are active in physical activities 
such as bicycling, running, swimming, walking, and weight train-
ing. Improvements in health and fitness are major reasons more 
and more people initiate an exercise program, but many may 
also become more interested in sports competition, such as age-
group road racing; running and walking race competitions have 
become increasingly popular, and every weekend numerous road 
races can be found within a short drive. Research has shown 
that adults who become physically active also may become 
more interested in other aspects of their lifestyles—particularly 
nutrition—that may affect their health in a positive way. Indeed, 
according to all major health organizations, proper exercise and 
a healthful diet are two of the most important lifestyle behaviors 
to help prevent chronic disease.

Nutrition is the study of foods and their effects upon health, 
development, and performance. Over the years, nutrition research 
has made a significant contribution to our knowledge of essential 
nutrient needs. During the first part of the twentieth century, most 
nutrition research focused on identification of essential nutrients 
and amounts needed to prevent nutrient-deficiency diseases, such 
as scurvy from inadequate vitamin C. As nutrition science evolved, 
medical researchers focused on the effects of foods and their spe-
cific constituents as a means to help prevent the major chronic 
diseases, such as heart disease and cancer, that are epidemic in 
developed countries. Nutriceutical is a relatively new term used to 
characterize the drug, or medical, effects of a particular nutrient. 
Recent research findings continue to indicate that our diet is one 
of the most important determinants of our health status. Although 
individual nutrients are still being evaluated for possible health 
benefits, research is also focusing on dietary patterns, or the total-
ity of the diet, and resultant health benefits. However, we should 
note that research relative to the effects of diet, including specific 

Preface
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Chapter 1—Introduction to Nutrition for Health, Fitness, and Sports 
Performance

●● Updated statistics on the leading causes of death in the United 
States with an expanded discussion of those related to diet and/
or physical activity

●● New and revised Training Tables on current and interesting top-
ics such as Healthy People 2030 objectives, examples of physical 
activity options at different intensities, and more

●● Physical activity guidelines section updated with the 2018 
Physical Activity Guidelines for Americans recommendations and 
specific examples 

●● New content on the physical activity habits of Americans with 
updated figure 1.5 map of the United States showing the percent-
age of the population who are physically inactive in each state

●● The most current information available on fitness trackers and 
heart rate monitors, including a new figure 1.6 showing different 
options

●● Specific recommendations from the 2020–2025 Dietary 
Guidelines for Americans, including an expanded discussion of 
those guidelines

●● New information on nutrition and health misinformation and 
recommendations for evaluating nutrition and health content 
shared online, through social media, and more 

●● An introduction to ergogenic aids and general advice about 
their use, with specific details embedded throughout subsequent 
chapters

●● Updated guidelines on evaluating and understanding dif-
ferent types of research studies and making evidence-based 
recommendations

●● Application Exercise based on a case-study scenario
●● Innovative Critical Thinking Questions that challenge stu-

dents to go beyond memorizing content, and to truly apply the 
material

●● New and revised references

Chapter 2—Healthful Nutrition for Fitness and Sport
●● Updates throughout the chapter to reflect the recommendations 

of the 2020–2025 Dietary Guidelines for Americans and associ-
ated MyPlate resources

●● Training Tables on topics including food sources of empty calo-
ries, healthy eating on a budget, and limiting sodium intake

●● Revised section with new information on how dietary recom-
mendations are set, showing the relationship between RDAs, 
AIs, ULs, and others

●● Significantly revised section on plant-based diets, including 
nutrient intake, health effects, and more

●● Expanded discussion of dairy alternatives and recommenda-
tions for meeting MyPlate food group needs for those who do 
not consume dairy products 

●● Updated figures and photos showing food labels and associated 
Nutrition Facts panels

●● Specific dietary advice based on the most currently available lit-
erature and recommendations from evidence-based sources

●● Updated content related to classification and monitoring of 
dietary supplements with practical advice on how supplements 
can be a healthy addition to a well-balanced diet

Textbook Overview
This book uses a question-answer approach, which is convenient when 
you may have occasional short periods to study, such as between 
classes. In addition, the questions are arranged in a logical sequence, 
the answer to one question often leading into the question that fol-
lows. Where appropriate, cross-referencing within the text is used to 
expand the discussion. No deep scientific background is needed for 
the chemical aspects of nutrition and energy expenditure, as these 
have been simplified. Instructors who use this book as a course text 
may add details of biochemistry as they feel necessary.

Chapter 1 introduces you to the general effects of exercise and nutri-
tion on health-related and sports-related fitness, including the impor-
tance of well-controlled scientific research. Chapter 2 provides a broad 
overview of sound guidelines relative to nutrition for optimal health 
and exercise performance. Chapter 3 focuses on energy and energy 
pathways in the body, the key to all exercise and sports activities.

Chapters 4 through 9 explore the six basic nutrients— 
carbohydrate, fat, protein, vitamins, minerals, and water—with 
emphasis on the health and performance implications for the 
physically active individual. Chapters 10 through 12 review con-
cepts of body composition and weight control, with suggestions 
on how to gain or lose body weight through diet and exercise, as 
well as the implications of such changes for health and athletic 
performance. Content on disordered eating and eating disor-
ders is covered in Chapter 10, including a new section on rela-
tive energy deficiency in sport (RED-S). Chapter 13 summarizes 
dietary supplements and ergogenic aids and potential impacts on 
health and exercise performance. The textbook has been updated 
with the most recent information available on theses supple-
ments, including preworkout supplements, creatine, and caf-
feine. Four appendices complement the text, providing detailed 
metabolic pathways for carbohydrate, fat, and protein, methods 
to determine healthy body weight, units of measurement: English 
System--Metric System equivalents, and approximate energy 
expenditure by body weight.

New to the Thirteenth Edition
The first edition of this textbook, titled Nutrition for Fitness and 
Sport, was published in 1983. As one would expect, much has 
changed in the fields of nutrition and exercise science over the 
past 40 years. This edition of the textbook has been updated with 
the most current research available from evidence-based sources 
regarding the effects of nutritional choices on health, fitness, and 
sports performance. New features and updated assessments, includ-
ing critical thinking questions, make the textbook user-friendly and 
help students learn and apply content. The Training Table feature is 
embedded throughout the chapters and provides practical and rel-
evant examples and content on a variety of topics related to physi-
cal activity and nutrition. As instructors ourselves, we hope that 
both faculty and students find the textbook engaging, informative, 
relevant, and interesting.

As you read through the thirteenth edition of the textbook, the 
following updates have been made.
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Chapter 7—Vitamins: Fat-Soluble, Water-Soluble, and Vitamin-Like 
Compounds

●● Relevant content on the vitamins with updates based on the 
most current position paper from the Academy of Nutrition and 
Dietetics and the American College of Sports Medicine

●● Expanded overview of vitamins with updated table 7.1 showing 
a summary of each vitamin

●● Updated content with the latest research on the effects of spe-
cific vitamins on health and physical activity performance

●● Photos provide a visual representation of good food sources for 
each vitamin

●● Figure 7.5 showing the role of folate and vitamin B12 in red 
blood cell formation

●● Revised Training Tables, one listing the classification of fat-soluble 
and water-soluble vitamins and vitamin-like substances, and 
another providing practical advice about how to read a Supplement 
Facts label and make prudent vitamin supplement choices

●● Specific information on the health aspects of vitamin supple-
ments now integrated within the discussion of each vitamin

●● Updated Multiple Choice and Critical Thinking Questions
●● New and revised references

Chapter 8—Minerals: The Inorganic Regulators
●● Relevant content on the minerals with updates based on the 

most current position paper from the Academy of Nutrition and 
Dietetics and the American College of Sports Medicine and the 
2020–2025 Dietary Guidelines for Americans

●● Expanded overview of minerals with additional content on the 
difference between major, trace, and possibly essential minerals, 
including tables 8.2 and 8.4 summarizing each of the major and 
trace minerals

●● Updated content with the latest research on the effects of spe-
cific minerals on health and physical activity performance

●● New photos to break up the text and provide a visual of good 
food sources for each mineral

●● Four Training Tables on topics including factors that increase or 
decrease calcium absorption, how to reduce one’s risk for osteo-
porosis and improve bone health, common signs and symptoms 
of iron-deficiency anemia, and a summary of two possibly essen-
tial minerals

●● Table 8.5 differentiating factors that influence iron bioavailabil-
ity and an expanded section on iron-deficiency anemia

●● Application Exercise is provided for students to evaluate min-
erals with potential ergogenic benefits and to develop informa-
tional handouts on one of those minerals

●● Updated Multiple Choice and Critical Thinking Questions
●● New and revised references

Chapter 9—Water, Electrolytes, and Temperature Regulation
●● Extensive updating of chapter content with 55 deleted refer-

ences and 64 new references
●● Extensive revision of Table 9.1 Sodium Content of Common 

Foods
●● Addition of age-related recommended intakes of sodium, chloride,  

and potassium based on 2020–2025 Dietary Guidelines for Americans
●● Extensive revision of Table 9.4 Potassium content in some com-

mon foods in the major Food Groups.

●● Introduction of key concepts of sports nutrition with practical 
recommendations and guidance, including specific examples of 
precompetition meals

●● Application Exercise based on a case-study scenario 
●● Updated Critical Thinking Questions 
●● New and revised references

Chapter 3—Human Energy
●● Improved terminology for energy expenditure assessment
●● New data on ultraprocessed foods, energy intake, and 

absorption
●● New data on standing desks and energy expenditure
●● Introduction of Relative Energy Deficiency in Sport (RED-S)
●● Updated images
●● New and revised references

Chapter 4—Carbohydrates: The Main Energy Food
●● Updated data on the health effects of low glycemic-index diets 

and on glycemic index values
●● Updates on energy metabolism and adenosine triphosphate pro-

duction from carbohydrate
●● Updates on the effects of altitude on carbohydrate metabolism 

and energy production
●● Updates on non-nutritive sweeteners and dietary fiber and the 

microbiome
●● Updated images
●● New and revised references

Chapter 5—Fat: An Important Energy Source during Exercise
●● Updated food label for finding hidden fats in foods
●● Updated websites related to dietary fats and health
●● Updates on fat-related dietary supplements
●● Updated data on ergogenic and health-related effects of omega-3 

fatty acid supplements
●● Updated data on ergogenic effects of ketone supplements
●● Updated cardiovascular risk calculator
●● New image of recommended changes using the DASH eating plan 

to help lower blood pressure and LDL
●● New table on guidelines to manage blood cholesterol
●● 	Updated section on dietary recommendations to improve serum 

lipids and reduce the risk of atherosclerotic cardiovascular disease
●● Updated images
●● New and revised references

Chapter 6—Protein: The Tissue Builder
●● Updated section on muscle protein synthesis and exercise
●● New section on plant-based vs. animal proteins
●● Updates on presleep protein ingestion
●● New section on protein-related supplements, including data on 

creatine monohydrate, beta-alanine, dietary nitrate/beetroot, 
taurine, gelatin/collagen, beta-hydroxy beta-methylbutyrate, ino-
sine, colostrum, and glucosamine/chondroitin

●● Updated section on amino acid supplements including, 
branched-chain amino acids, glycine, glutamine, tyrosine, argi-
nine/citrulline, arginine/lysine/ornithine, and tryptophan

●● Updated section on protein ingestion and health risks
●● Updated images
●● New and revised references
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●● Significant revisions to the section on the female athlete triad 
and new content added on the male athlete triad.  

●● The chapter has been updated to best support diversity, equity, 
inclusion, and accessibility (DEIA) as it relates to the field of 
body weight and body composition.  This includes changes to 
language and terminology (e.g. individual with obesity replaces 
obese individual) as well as how content is presented.

Chapter 11—Weight Maintenance and Loss through Proper Nutrition 
and Exercise

●● Chapter has been significantly revised and re-organized with 
new section headings and new topics introduced

●● New figures and tables throughout the chapter displaying the 
most current data on overweight and obesity and evidence-based 
recommendations to support weight loss and maintenance

●● Figure 11.2 shows the relationship between overweight and obe-
sity and risk for several chronic health conditions

●● Weight bias is introduced with new content on how health-care 
providers can minimize weight bias in their practice

●● New content on ultra-processed foods and how intake impacts 
weight loss efforts

●● Section dedicated to mindful eating practices, including Table 11.4 
summarizing general characteristics of mindful eating

●● Updates based on the most current evidence on the impact of 
physical activity on weight loss and maintaining that weight loss 
long-term

●● Key recommendations of the American College of Sports 
Medicine, Academy of Nutrition and Dietetics and the 2018 
Physical Activity Guidelines for Americans

●● Overview of factors to be considered when selecting a weight-
loss program and summary of weight-loss program types

●● Section dedicated to specific recommendations for weight loss 
in children and adolescents with overweight or obesity

●● Table 11.11 summarizes the three main types of intermittent 
fasting and the chapter explores specific dietary patterns that 
may support weight loss, including high-protein diets, keto diets, 
and more

●● New recommendations for exercise before and after bariatric 
surgery are provided

●● Table 11.12 summarizes common symptoms of low energy avail-
ability in athletes

●● All new end-of-chapter materials - application exercise, multiple-
choice questions, and critical thinking questions.

●● The reference list has been updated to include the most current 
research available

Chapter 12—Gaining Lean Body Mass through Proper Nutrition and 
Exercise

●● Extensive updating of chapter content with 12 deleted refer-
ences and 22 new references

●● Case study of a diet and exercise plan for a 20 year old male 
college basketball guard to increase lean body mass for the next 
season.

●● Updated Table 12.1 Estimated kilocalorie intake needed for a 
170-pound, 76″ tall, sedentary, 20-year-old low-active (Physical 

●● Updated Figure 9.5 Sources of heat gain and heat loss
●● New Training Table – Calculation of Sweat Rate
●● Updated information in Table 9.5 Fluid-replacement and high-

carbohydrate* beverage comparison chart per 8-oz serving
●● Updated Table 9.6 Fluid consumption (milliliters) at a given 

percent carbohydrate concentration to obtain desired grams of 
carbohydrate

●● New Training Table – Calculation of hydration volume
●● Addition of plant-based dairy alternatives in Table 9.12 The 

DASH eating plan (servings per day based on a 2,000-kcal diet)
●● Critical Thinking Question
●● New and revised references

Chapter 10—Body Weight and Composition for Health and Sport
●● Chapter organization has been updated to enhance flow and 

readability of the chapter. This includes a re-organization of 
the section on “Disordered Eating and Eating Disorders” and 
including that at the end of the chapter, rather than embedded 
in the middle. Throughout the chapter, significant modifica-
tions have been made based on the most current science in the 
areas of body composition, obesity, and disordered eating and 
eating disorders.

●● Given the rapidly evolving nature of the content covered in 
this chapter, we have made extensive updates to the refer-
ences, including the most current science and evidence-based 
recommendations. 

●● Multiple tables and figures have been updated for clarity and to 
support student learning.  This includes:

	 ◦ New Table 10.2 Body mass index percentile categories for 
children and adolescents ages 2-20

	 ◦ New Figure 10.2 Hydrostatic Weighing
	 ◦ Revised Table 10.3 Methods used to determine body compo-

sition using 2- and 3-component models
	 ◦ New Figure 10.3 Air-displacement plethysmography
	 ◦ New Figure 10.5 Bioelectrical impedance
	 ◦ New Figure 10.6 DEXA
	 ◦ �Updated Table 10.10 Weight-loss drugs approved by the US 

Food and Drug Administration
	 ◦ �Elimination of Training Table/Replacement with Table 10.11 

Symptoms of anorexia nervosa
	 ◦ �Elimination of Training Table/Replacement with Table 10.12 

DSM-V criteria for bulimia nervosa
	 ◦ �Elimination of Training Table/Replacement with Tables 

10.13 Behaviors associate with binge eating disorders
	 ◦ �Elimination of Training Table/Replacement with Tables 

10.14 Other selected disordered eating and body image 
disorders

	 ◦ �New Table 10.17 Body fat percentage ranges by sport and 
gender

●● Extensive updates to the section of the chapter focusing on eat-
ing disorders.  New content added contrasting disordered eating 
and eating disorders.  Most current scientific evidence provided 
related to eating disorders as well as new content on risk factors 
for eating disorders and an overview of treatment options. 
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are utilized to help students focus on the key information. Check 
for Yourself includes individual activities, such as checking food 
labels at the supermarket or evaluating one’s own body fat per-
centage. The Application Exercise at the end of each chapter may 
require more extensive involvement, such as a case study or a sur-
vey of an athletic team. Multiple Choice Questions and Critical 
Thinking Questions are also included at the end of each chapter 
for students to self-assess their knowledge of the chapter content. 
The Critical Thinking Questions require students to apply the 
knowledge they’ve learned in each chapter.

The reference lists have been completely updated for this  
edition with the inclusion of hundreds of new references that pro-
vide the scientific basis for the new concepts or additional sup-
port for those concepts previously developed. These references 
provide greater in-depth reading materials for the interested stu-
dent. Although the content of this book is based on appropriate 
scientific studies, a reference-citation style is not used, that is, each 
statement is not referenced by a bibliographic source. However, 
names of authors may be used to highlight a reference source where 
deemed appropriate.

This book is designed primarily to serve as a college text in pro-
fessional preparation programs in dietetics and human nutrition, 
health and physical education, exercise science, athletic training, 
sports medicine, and sports nutrition. It is also directed to the phys-
ically active individual interested in the nutritional aspects of physi-
cal and athletic performance.

Those who desire to initiate a physical training program may 
also find the nutritional information useful, as well as the guide-
lines for initiating a training program. This book may serve as a 
handy reference for coaches, trainers, and athletes. With the tre-
mendous expansion of youth sports programs, parents may find 
the information valuable relative to the nutritional requirements of 
their active children.

In summary, the major purpose of this book is to help provide 
a sound knowledge base relative to the role that nutrition, comple-
mented by exercise, may play in the enhancement of both health 
and sports performance. We hope the information provided in this 
text will help inspire the reader to make health-promoting choices 
related to diet and physical activity.

Acknowledgments
This book would not be possible without the many medical/health 
scientists and exercise/sports scientists throughout the world who, 
through their numerous studies and research, have provided the sci-
entific data that underlie its development. We are fortunate to have 
developed a friendship with many of you, and we extend our sin-
cere appreciation to all of you. We would like to thank the nutrition 
educators who reviewed this text.

Eric S. Rawson
J. David Branch

Tammy J. Stephenson

Activity Coefficient=1.1) male basketball player to gain 1 pound 
per week.

●● Updated Table 12.2. A sample high-kcal 24-hr meal plan diet 
with sufficient protein intake combined with progressive resis-
tance training to support muscle synthesis.

●● New Table 12.3 Volumes for eight resistance exercises, total 
volumes for separate upper-body and back/lower body sessions, 
and weekly volume.

●● Table 12.4  Weekly record for resistance-training program of 
nine exercises

●● New art and photographs for Figures 12.7, 12.8, 12.9, 12.10, 
12.11, 12./12, 12.13, and 12.14

●● Summary points of 2020 American Academy of Pediatrics 
(AAP) position statement regarding resistance training for chil-
dren and adolescents.

Chapter 13—Nutritional Supplements and Ergogenic Aids
●● Extensive updating of chapter content with 102 deleted refer-

ences and 117 new references
●● Edited Figure 13.2 Simplified pathways for alcohol metabolism
●● Updated text summarizing use of alcohol as an ergogenic aid
●● Added “driving while impaired” and “aggressive behavior” sub-

headings under psychological effects of alcohol
●● New heading entitled “Alcohol Consumption in College 

Students and Athletes”
●● New text added on moderate alcohol consumption and kidney 

cancer
●● Extensive revision of  Table 13.6 Caffeine content in selected 

products
●● Updated text summarizing use of caffeine as an ergogenic aid 
●● Updated Table 13.8 Caffeine content in selected energy drinks 

(n = 7) and shots (n = 5) with descriptive information on caf-
feine content for 220 energy drinks and 36 energy shots 

●● Added text on pre-workout supplements
●● New Table 13.10.  Summary of position stands from the 

American College of Sports Medicine (ACSM), the National 
Strength and Conditioning Association (NSCA), and the 
National Athletic Trainers’ Association (NATA) regarding 
use and abuse of Anabolic-Androgenic Steroids (AAS) and/or 
human Growth Hormone (hGH). 

●● Deleted discussion of nitrates

Enhanced Pedagogy
Each chapter contains several features to help enhance the learn-
ing process. Learning Outcomes are presented at the beginning of 
each chapter, highlighting the key points and serving as a studying 
guide for students and an assessment tool for faculty. Key Terms 
also are listed at the beginning of each chapter and definitions are 
included both in the chapter and in the glossary. A new Training 
Table feature has also been added to this edition of the textbook. 
The Training Tables emphasize practical and current concepts rel-
evant to each chapter. Key Concepts provide a summary of essen-
tial information presented throughout each chapter. Bulleted lists 
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Instructors 
The Power of Connections

Solutions for  
your challenges
A product isn’t a solution. Real 
solutions are affordable, reliable, 
and come with training and ongoing 
support when you need it and how you 
want it. Visit supportateverystep.com 
for videos and resources both you  
and your students can use throughout  
the term.

Every learner is unique
In Connect, instructors can assign an adaptive reading 
experience with SmartBook® 2.0. Rooted in advanced 
learning science principles, SmartBook 2.0 delivers 
each student a personalized experience, focusing 
students on their learning gaps, ensuring that the time 
they spend studying is time well-spent. 
mheducation.com/highered/connect/smartbook

Affordable solutions, 
added value 
Make technology work for you with  
LMS integration for single sign-on access, 
mobile access to the digital textbook, 
and reports to quickly show you how 
each of your students is doing. And with 
our Inclusive Access program, you can 
provide all these tools at the lowest 
available market price to your students. 
Ask your McGraw Hill representative for 
more information.

Laptop: Getty Images; Woman/dog: George Doyle/Getty Images

65%
Less Time
Grading

A complete course platform
Connect enables you to build deeper connections with your students through 
cohesive digital content and tools, creating engaging learning experiences. 
We are committed to providing you with the right resources and tools to 
support all your students along their personal learning journeys. 
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Effective tools for efficient studying
Connect is designed to help you be more productive with simple, flexible, intuitive tools that maximize 
your study time and meet your individual learning needs. Get learning that works for you with Connect.

Everything you need in one place 
Your Connect course has everything you need—whether reading your digital eBook 
or completing assignments for class—Connect makes it easy to get your work done.

“I really liked this 
app—it made it easy 
to study when you 
don't have your text-
book in front of you.”

- �Jordan Cunningham,  
Eastern Washington University

Study anytime, anywhere
Download the free ReadAnywhere® app and 
access your online eBook, SmartBook® 2.0, 
or Adaptive Learning Assignments when it’s 
convenient, even if you’re offline. And since 
the app automatically syncs with your Connect 
account, all of your work is available every time 
you open it. Find out more at  
mheducation.com/readanywhere 

Students 
Get Learning that Fits You

Learning for everyone 
McGraw Hill works directly with Accessibility 
Services Departments and faculty to meet the 
learning needs of all students. Please contact your 
Accessibility Services Office and ask them to email  
accessibility@mheducation.com, or visit  
mheducation.com/about/accessibility  
for more information.

iPhone: Getty Images
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Assess My Diet: Auto-graded personal dietary analysis in Connect. 
One of the challenges many instructors face when teaching the 
nutrition course is having the time to grade individual dietary anal-
ysis projects. To help overcome this challenge, we’ve created auto-
graded assignments in Connect that complement the NutritionCalc 
Plus tool. Students are directed to answer questions about their 
dietary patterns based on generated reports from NutritionCalc 
Plus. These assignments were created and reviewed by instructors 
just like you, who use them in their own teaching. Designed to be 
relevant, current, and interesting, you will find them easy to imple-
ment and use in your classroom.

Digital Tools for Your 
Success

Prep for Nutrition. A challenge nutrition instructors often face 
is students’ lack of basic math, chemistry, and/or biology skills 
when they begin the course. To help you level-set your classroom, 
we’ve created Prep for Nutrition. This question bank highlights 
a series of questions to give students a refresher on the skills 
needed to enter and be successful in their nutrition course! By 
having these foundational skills, you will feel more confident 
your students can begin class, ready to understand more complex 
concepts and topics. Prep for Nutrition is course-wide for ALL 
nutrition titles and can be found in the Question Bank dropdown 
within Connect®.

NutritionCalc Plus is a powerful dietary analysis tool featuring 
over 106,000 foods from the ESHA Research nutrient database, 
which is comprised of data from the latest USDA Standard 
Reference database, manufacturer’s data, restaurant data, and 
data from literature sources. NutritionCalc Plus allows users to 
track food and activities and then analyze their choices with a 
robust selection of intuitive reports. An updated mobile-friendly 
interface has been developed according to WCAG guidelines for 
further accessibility.

Auto-graded, case study-based assignments in Connect corre-
spond with NutritionCalc Plus reports for students to apply their 
knowledge and gain further insight into dietary analysis.

Proctorio
Remote Proctoring & Browser-Locking Capabilities

Remote proctoring and browser-locking capabilities, hosted by 
Proctorio within Connect, provide control of the assessment environ-
ment by enabling security options and verifying the identity of the 
student.

Seamlessly integrated within Connect, these services allow instruc-
tors to control the assessment experience by verifying identification, 
restricting browser activity, and monitoring student actions.

Instant and detailed reporting gives instructors an at-a-glance 
view of potential academic integrity concerns, thereby avoiding 
personal bias and supporting evidence-based claims.

 ReadAnywhere®

Read or study when it’s convenient for you with McGraw Hill’s 
free ReadAnywhere® app. Available for iOS or Android smart-
phones or tablets, ReadAnywhere gives users access to McGraw 
Hill tools, including the eBook and SmartBook® 2.0 or Adaptive 
Learning Assignments in Connect. Take notes, highlight, and com-
plete assignments offline—all of your work will sync when you open 
the app with Wi-Fi access. Log in with your McGraw Hill Connect 
username and password to start learning—anytime, anywhere! 

OLC-Aligned Courses

Implementing High-Quality Instruction and 
Assessment through Preconfigured Courseware

In consultation with the Online Learning Consortium (OLC) 
and our certified Faculty Consultants, McGraw Hill has created 
preconfigured courseware using OLC’s quality scorecard to align 
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with best practices in online course delivery. This turnkey course-
ware contains a combination of formative assessments, summa-
tive assessments, homework, and application activities and can 
easily be customized to meet an individual instructor’s needs 
and desired course outcomes.  For more information, visit www 
.mheducation.com/highered/olc.

Tegrity: Lectures 24/7 

Tegrity in Connect is a tool that makes class time available 24/7 
by automatically capturing every lecture. With a simple one-click 
start-and-stop process, you capture all computer screens and cor-
responding audio in a format that is easy to search, frame by frame. 
Students can replay any part of any class with easy-to-use, browser-
based viewing on a PC, Mac, or mobile device. 

Educators know that the more students can see, hear, and expe-
rience class resources, the better they learn. In fact, studies prove it. 
Tegrity’s unique search feature helps students efficiently find what 
they need, when they need it, across an entire semester of class record-
ings. Help turn your students’ study time into learning moments 
immediately supported by your lecture. With Tegrity, you also 
increase intent listening and class participation by easing students’ 
concerns about note-taking. Using Tegrity in Connect will make it 
more likely you will see students’ faces, not the tops of their heads.

Test Builder in Connect

Available within Connect, Test Builder is a cloud-based tool that 
enables instructors to format tests that can be printed, adminis-
tered within a Learning Management System, or exported as a 
Word document. Test Builder offers a modern, streamlined inter-
face for easy content configuration that matches course needs with-
out requiring a download. 

Test Builder allows you to: 

●● access all test bank content from a particular title.
●● easily pinpoint the most relevant content through robust filter-

ing options. 
●● manipulate the order of questions or scramble questions and/or 

answers.
●● pin questions to a specific location within a test. 
●● determine your preferred treatment of algorithmic questions. 
●● choose the layout and spacing. 
●● add instructions and configure default settings. 

Test Builder provides a secure interface for better protection of 
content and allows for just-in-time updates to flow directly into 
assessments.

Writing Assignment 

Available within Connect and Connect Master, the Writing 
Assignment tool delivers a learning experience to help students 

improve their written communication skills and conceptual 
understanding. As an instructor, you can assign, monitor, 
grade, and provide feedback on writing more efficiently and 
effectively.

Create

Your Book, Your Way

McGraw Hill’s Content Collections Powered by Create® is a 
self-service website that enables instructors to create custom course 
materials—print and eBooks—by drawing upon McGraw Hill’s com-
prehensive, cross-disciplinary content. Choose what you want from 
our high-quality textbooks, articles, and cases. Combine it with 
your own content quickly and easily, and tap into other rights-se-
cured, third-party content such as readings, cases, and articles. 
Content can be arranged in a way that makes the most sense for 
your course, and you can include the course name and informa-
tion as well. Choose the best format for your course: color print, 
black-and-white print, or eBook. The eBook can be included in 
your Connect course and is available on the free ReadAnywhere® 
app for smartphone or tablet access as well. When you are fin-
ished customizing, you will receive a free digital copy to review in 
just minutes! Visit McGraw Hill Create®—www.mcgrawhillcreate 
.com—today and begin building!

Reflecting the Diverse World Around Us 

McGraw Hill believes in unlocking the potential of every learner 
at every stage of life. To accomplish that, we are dedicated to cre-
ating products that reflect, and are accessible to, all the diverse, 
global customers we serve. Within McGraw Hill, we foster a 
culture of belonging, and we work with partners who share our 
commitment to equity, inclusion, and diversity in all forms. In 
McGraw Hill Higher Education, this includes, but is not limited 
to, the following:

●● Refreshing and implementing inclusive content guidelines 
around topics including generalizations and stereotypes, gender, 
abilities/disabilities, race/ethnicity, sexual orientation, diversity 
of names, and age.

●● Enhancing best practices in assessment creation to eliminate 
cultural, cognitive, and affective bias.

●● Maintaining and continually updating a robust photo library of 
diverse images that reflect our student populations.

●● Including more diverse voices in the development and review of 
our content. 

●● Strengthening art guidelines to improve accessibility by ensuring 
meaningful text and images are distinguishable and perceivable 
by users with limited color vision and moderately low vision.
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1

Introduction to 
Nutrition for Health, 
Fitness, and Sports 
Performance

L E A R N I N G  O U T C O M E S
After studying this chapter, you should be able to:

1.	 List the leading causes of death in the United States and identify those that 
may be related to lifestyle factors, including diet and/or physical activity.

2.	 Explain the importance of genetics, diet, and physical activity in the determi-
nation of optimal health and successful sport performance.

3.	 Describe the components of health-related fitness and identify the potential 
health benefits associated with each.

4.	 Compare and contrast sports-related fitness and health-related fitness.

5.	 Summarize the seven key principles of exercise training.

6.	 Explain the importance of diet choices and proper nutrition in promoting 
optimal health and wellness.

7.	 Summarize the role of dietary supplements as ergogenic aids to promote 
sports performance.

8.	 Explain nutrition and health misinformation and provide strategies 
that can be utilized to determine whether claims regarding a dietary 
recommendation are valid.

9.	 Explain what types of research have been used to evaluate the relationship 
between nutrition and health or sport performance, and evaluate the pros 
and cons of each type.

K E Y  T E R M S
antipromoters
cytokines
doping
epidemiological research
epigenetics
epigenome
ergogenic aids
exercise
experimental research
health-related fitness
high-intensity interval training (HIIT) 
malnutrition
meta-analysis
nutrient

nutrition
nutrition and health misinformation
physical activity
physical fitness
promoters
Prudent Healthy Diet
risk factor
sarcopenia
Sedentary Death Syndrome (SeDS) 
sports nutrition
sports-related fitness
sports supplements
structured physical activity
unstructured physical activity

C H A P T E R  O N E

Mauro Grigollo/E+/Getty Images
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2	 C H A P T E R  1   Introduction to Nutrition for Health, Fitness, and Sports Performance

I n t r o d u c t i o n

There are two major focal points of this book. One is the role that nutrition, complemented by physical activ-

ity and exercise, may play in the enhancement of one’s health status. The other is the role that nutrition may 

play in the promotion of fitness and sports performance. Many individuals today are physically active, and 

athletic competition spans all ages. Healthful nutrition is important throughout the life span of the physically 

active individual because suboptimal health status may impair training and competitive performance. In gen-

eral, as we shall see, the diet that is optimal for health is also optimal for exercise and sports performance.

Nutrition, fitness, and health. Health 
care in most developed countries has 
improved tremendously over the past 
century. With modern health care, once 
deadly diseases are no longer a major 
source of concern. Rather, the treatment 
and prevention of chronic diseases, such 
as diabetes and obesity, are now the 
emphasis of much research and health 
recommendations. 

Table 1.1 lists the ten leading causes 
of death in the United States in 2020 

and the approximate percentage of 
deaths associated with each. For both 
males and females, heart disease is the 
leading cause of death, accounting for 
death in over one in five Americans. 
In 2020, COVID-19 was the third lead-
ing cause of death in the United States, 
accounting for over 10% of deaths. Of 
the leading causes of death, risk for 
heart disease, cancer, COVID-19, stroke, 
Alzheimer’s disease, diabetes, and kidney 
disease have been linked to a person’s 

diet, physical activity habits, and/or 
body composition. According to the 
U.S. Department of Health and Human 
Services (HHS), unhealthy eating and 
physical inactivity are primary contribu-
tors to death in the United States.

In addition to lifestyle choices, fam-
ily history also impacts risk for chronic 
disease. According to Simopoulos, all 
diseases have a genetic predisposition. 
The Human Genome Project, which 
deciphered the DNA code of our 80,000 
to 100,000 genes, has identified various 
genes associated with many chronic dis-
eases, such as breast and prostate cancer. 
Genetically, females whose mothers had 
breast cancer are at an increased risk for 
breast cancer, while males whose fathers 
had prostate cancer are at an increased 
risk for prostate cancer.

Mauro Grigollo/E+/Getty Images

TABLE 1.1	 Leading causes of death in the United States (2020)

Approximate percentage of deaths

Heart disease* 20.6

Cancer* 17.8

COVID-19* 10.4

Unintentional injuries (accidents) 5.9

Stroke* 4.7

Chronic lower respiratory diseases 4.5

Alzheimer’s disease* 4.0

Diabetes mellitus* 3.0

Influenza and pneumonia 1.6

Kidney disease* 1.6

All other causes 25.9

*Cause of death for which diet, physical activity, and/or body composition may impact risk. 

Source: U.S. Department of Health and Human Services, National Center for Health Statistics. Mortality in the 
United States, 2020. www.cdc.gov/nchs/data/databriefs/db427.pdf. Accessed September 24, 2022. Sam Edwards/Getty Images
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Completion of the Human Genome 
Project is believed to be one of the most 
significant medical advances of all time. 
Although multiple genes are involved in 
the etiology of most chronic diseases and 
research regarding the application of the 
findings of the Human Genome Project 
to improve health is still in its initial 
stages, the future looks bright. For indi-
viduals with genetic profiles predisposing 
them to a specific chronic disease, such 
as cancer, genetic therapy eventually may 
provide an effective treatment or cure.

Our genes harbor many secrets to a 
long and healthy life, but genes alone 
are unlikely to explain all the secrets of 
longevity. The role of a healthful diet and 
exercise are intertwined with your genetic 
profile. What you eat and how you exer-
cise may influence your genes. Epigenetics 
is a relatively new field of research involv-
ing the role of the epigenome, a multitude 
of specialized chemical compounds that 
influence the human genome by activat-
ing or deactivating DNA and subsequent 
genetic and cellular activity. Various 
factors in our environment, such as sub-
stances in the foods we eat, may interact 
with the epigenome and thus modify cell 
functions—either in a positive or negative 
manner. Exercise, as noted later, also 
stimulates release of substances from mus-
cle cells that may affect the epigenome. 
Genomics represents the study of genetic 
material in body cells, and the terms 
nutrigenomics and exercisenomics have 

been coined to identify the study of the 
genetic aspects of nutrition and exercise, 
respectively, as related to health benefits. 
Sportomics involves study of the metabolic 
response of the athlete in an actual sport 
environment, not in a laboratory.

Preventing chronic disease. Many 
forms of chronic disease are preventable 
through proper nutrition and physical 
activity and recognizing risk factors for a 
particular health condition. A risk factor 
is a lifestyle behavior that has been asso-
ciated with a particular disease, such as 
cigarette smoking being linked to lung 
cancer. As described previously, diet and 
physical activity choices are also key risk 
factors for chronic disease. For example, 
a sedentary lifestyle and having obesity 
are risk factors for heart disease and 
some forms of diabetes.

To help improve the health of 
Americans, the United States Office 
of Disease Prevention and Health 
Promotion (ODPHP) publishes health-
related reports and goals every ten years. 
Many of the goals outlined in Healthy 
People 2030 address issues specific to 
physical activity and diet choices. The 
Training Table in this section provides 
examples of such objectives.

Nutrition, fitness, and sport. Sport is 
most commonly defined as a competitive 
athletic activity requiring skill or physical 
prowess, for example, baseball, basket-
ball, soccer, football, track, wrestling, 
tennis, and golf.

To be successful at high levels of 
competition, athletes must possess 
the appropriate biomechanical, physi-
ological, psychological, and genetic 
characteristics associated with success 
in a given sport. International-class 
athletes have such genetic traits. In 
recent reviews, Tucker and others 
highlighted the genetic basis for elite 
running performance while Eynon and 
others discussed the role of genes for 
elite power and sprint performance. 
Moreover, Wolfarth and others have 
assembled a human gene map for per-
formance and health-related fitness.

For optimal performance, athletes 
must also develop their genetic char-
acteristics maximally through proper 
biomechanical, physiological, and 
psychological coaching and training. 
Whatever the future holds for genetic 
enhancement of athletic performance, 
specialized exercise training will still be 
the key to maximizing genetic poten-
tial for a given sport activity. Training 
programs at the elite level have become 
more intense and individualized, some-
times based on genetic predispositions. 
Modern scientific training results in 
significant performance gains, and world 
records continue to improve. David 
Epstein, in his book The Sports Gene, 
provides a fascinating account of the role 
both genes and the training environment 
play relative to elite sport performance.

Proper nutrition is also an important 
component in the total training program 
of the athlete. Certain nutrient deficiencies 
can seriously impair performance, whereas 
supplementation of other nutrients may 
help delay fatigue and improve perfor-
mance. Over the past 50 years, research has 
provided us with many answers about the 
role of nutrition in athletic performance, yet 
there is still much to be learned as research 
in sports nutrition continues to expand.

The purpose of this chapter is to 
provide a broad overview of the role that 
exercise and nutrition may play relative 
to health, fitness, and sport, and to pro-
vide evidence-based recommendations. 
More detailed information regarding 
specific relationships of nutritional prac-
tices to health and sports performance is 
provided in subsequent chapters.

Training Table

Examples of some of the Healthy People 2030 objectives related to physical 
activity:

•• Reduce the proportion of adults who do no physical activity in their free 
time.

•• Increase the proportion of adults who do enough aerobic physical activity 
for substantial health benefits.

•• Increase the proportion of adults who walk or bike to get places.
•• Increase the proportion of adolescents who do enough aerobic and muscle-

strengthening activities.
•• Increase the proportion of children and adolescents who play sports.

Visit www.healthypeople.gov to see how progress is being made toward 
these goals.
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4	 C H A P T E R  1   Introduction to Nutrition for Health, Fitness, and Sports Performance

www.health.gov/healthypeople  Check for the full report of 
Healthy People 2030.
www.who.int/dietphysicalactivity/en/  The World Health 
Organization report provides global recommendations related to 
diet and physical activity for health.
www.ncbi.nlm.nih.gov/genome/guide/human/  Access the human 
genome map and the National Institutes of Health Epigenetics 
Roadmap.

of health-related fitness as well. Health-related fitness includes not 
only a healthy body weight and body composition, but also cardio-
vascular-respiratory fitness, adequate muscular strength and mus-
cular endurance, and sufficient flexibility (figure 1.1). As one ages, 
other measures used as markers of health-related fitness include 
blood pressure, bone strength, postural control and balance, and 
various indicators of lipid and carbohydrate metabolism.

In contrast to health-related fitness, sports-related fitness is the 
fitness an athlete develops specific to their sport. Dependent on the 
sport, this may include strength, power, speed, endurance, and/or 
neuromuscular motor skills. Through proper physical and mental 
training, athletes may maximize their genetic potential, thus prepar-
ing both their body and mind for intense competition. Compared to 
health-related fitness, training for sports performance is often more 
intense, prolonged, and frequent than training for health.

What are the basic principles of exercise training?

Several health professional organizations, such as the American 
College of Sports Medicine (ACSM) and American Heart 
Association (AHA), have indicated that various forms of physical 
activity may be used to enhance health. In general, physical activity 
involves any bodily movement caused by muscular contraction that 
results in the expenditure of energy. For the purpose of studying its 
effects on health, some epidemiologists classify physical activity as 
either unstructured or structured.

Unstructured physical activity, also 
known as leisure-time activity, includes 
many of the usual activities of daily 
living, such as leisurely walking and 
cycling, climbing stairs, dancing, gar-
dening and yard work, various domestic 
and occupational activities, and games 
and other childhood pursuits. These 
unstructured activities are not normally 
planned to be exercise. However, as will 
be noted throughout the textbook, these 
types of activities may play an important 
role in body weight control.

Structured physical activity, as the name implies, is a planned 
program of physical activities usually designed to improve fitness. 
For the purpose of this book, we shall refer to structured physical 
activity as exercise, particularly some form of planned moderate 
or vigorous exercise, such as brisk, not leisurely, walking.

Exercise training programs may be designed to provide health-
related and/or sports-related fitness benefits. However, no matter 
what the purpose, several general principles are used in developing 
an appropriate exercise training program.

Principle of Overload  Overload is the basic principle of exer-
cise training, and it represents the altering of the intensity, dura-
tion, and frequency of exercise. For example, a running program for 
cardiovascular-respiratory fitness could involve training at an inten-
sity of 70 percent of maximal heart rate, a duration of 30 minutes, 
and a frequency of 5 times per week. The adaptations the body 
makes are based primarily on the specific exercise overload. 

Nicholas Monu/Vetta/Getty Images

Ke y  C o n c e p t s

⊲⊲ Many chronic diseases in major developed countries (heart 
disease, cancer, stroke, and diabetes) may be prevented by 
appropriate lifestyle behaviors, particularly maintaining a 
healthy body composition, proper exercise and a healthy diet.

⊲⊲ The two primary determinants of health status are genetics 
and lifestyle.

⊲⊲ Several of the key health promotion objectives in Healthy 
People 2030 are increased levels of physical activity, a 
healthier diet, and reduced rates of overweight and obesity.

⊲⊲ Sports success is dependent on biomechanical, physiologi-
cal, and psychological characteristics specific to a given 
sport, but proper training, including nutrition, is essential to 
maximizing one’s genetic potential.

C h e c k  f o r  Yo u r s e l f

⊲⊲ Discuss with your parents, grandparents, and other relatives 
any health problems they have experienced, such as high 
blood pressure or diabetes, to determine whether you may be 
predisposed to such health problems in the future. Use the 
“My Family Health Portrait” tool at http://kahuna.clayton.edu​
/jqu/FHH/html/index.html to create a family health history.

Fitness and Exercise
Physical fitness may be defined, in general terms, as a set of abilities 
individuals possess to perform specific types of physical activity. The 
development of physical fitness is an important concern of many pro-
fessional health organizations, including the Society of Health and 
Physical Educators (SHAPE), which has classified fitness compo-
nents into two different categories. In general, these two categories 
may be referred to as health-related fitness and sports-related fitness. 
Both types of fitness may be influenced by nutrition and exercise.

How are health-related fitness and sports-related 
fitness different?

As summarized in the introduction to this chapter, lifestyle behav-
iors, including appropriate physical activity and a high-quality 
diet, may influence one’s health status and wellness. Proper physi-
cal activity may improve one’s health status by helping to pre-
vent excessive weight gain, but it may also enhance other facets 

raw02367_ch01_001-035.indd   4 19/12/22   12:22 PM
ISTUDY



	 	 5

The terms moderate exercise and vigorous exercise are often used 
to quantify exercise intensity and are discussed later in this chapter.

Principle of Progression  Progression is an extension of the 
overload principle. As your body adapts to the original overload, 
the overload must be increased if further beneficial adaptations are 
desired. For example, you may start lifting a weight of 20 pounds, 
increase the weight to 25 pounds as you get stronger, and so forth. The 
overloads are progressively increased until the final health-related or 
sports-related goal is achieved or exercise limits are reached.

Principle of Specificity  Specificity of training represents the spe-
cific adaptations the body will make in response to the type of exercise 

and overload. For example, running and weight lifting impose differ-
ent demands on muscle energy systems, so the body adapts accord-
ingly. Both types of exercise may provide substantial, yet different, 
health benefits. Exercise training programs may be designed specifi-
cally for certain health or sports-performance benefits.

Principle of Recuperation  Recuperation is an important prin-
ciple of exercise training. Also known as the principle of recovery, it 
represents the time in which the body rests after exercise. This prin-
ciple may apply within a specific exercise period, such as including 
rest periods when doing multiple sets during a weight-lifting work-
out. It may also apply to rest periods between bouts of exercise, such 
as a day of recovery between two long cardiovascular workouts.

F I G U R E  1 . 1   Health-
related fitness components. 
The most important physical 
fitness components related 
to personal health include 
cardiovascular-respiratory 
fitness, body composition, 
muscular strength and 
endurance, and flexibility.

Muscular strength: Erik Isakson/
Blend Images LLC; Cardiovascular: 
epicstockmedia/123RF; Body composition: 
ComStock/Stockbyte/Getty Images; 
Flexibility: Jupiterimages/Stockbyte/Getty 
Images

Muscular strength and endurance

Cardiovascular-respiratory fitness

Flexibility

Body composition

Health-Related
Fitness
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6	 C H A P T E R  1   Introduction to Nutrition for Health, Fitness, and Sports Performance

Principle of Individuality  Individuality reflects 
the effect exercise training will have on each indi-
vidual, as determined by genetic characteristics. 
The health benefits one receives from a specific 
exercise training program may vary tremendously 
among individuals. For example, although most 
individuals with high blood pressure may experi-
ence a reduction during a cardiovascular-respiratory 
fitness training program, some may not.

Principle of Reversibility  Reversibility is also 
referred to as the principle of disuse, or the con-
cept of use it or lose it. Without the use of exercise, 
the body will begin to lose the adaptations it has 
made over the course of the exercise program. 
Individuals who suffer a lapse in their exercise pro-
gram, such as a week or so, may lose only a small 
amount of health-related fitness gains. However, a 
total relapse to a previous sedentary lifestyle can 
reverse all health-related fitness gains.

Principle of Overuse  Overuse represents 
an excessive amount of exercise that may induce 
some adverse, rather than beneficial, health effects. 
Overuse may be a problem during the beginning 
stages of an exercise program if one becomes 
overenthusiastic and exceeds her capacity, such as 
developing shin splints by running too much or too 
far. As described in chapter 3, overuse may also 
occur in elite athletes who become overtrained.

Exercise and Health 
Promotion
The beneficial effect of exercise on health has been known for 
centuries. For example, Plato noted that “lack of activity destroys 
the good condition of every human being while movement and 
methodical physical exercise save and preserve it.” Plato’s observa-
tion is even more relevant in contemporary society. Frank Booth, 
a prominent exercise scientist at the University of Missouri, has 
coined the term Sedentary Death Syndrome, or SeDS, and he and 
his colleagues have noted that physical inactivity is a primary cause 
of most chronic diseases. Slentz and others discussed the cost of 
physical inactivity over time. The short-term cost of physical inac-
tivity is metabolic deterioration and weight gain; the intermediate-
term cost is an increased risk for disease, such as type 2 diabetes, 
whereas the long-term cost is increased risk for premature mortality.

To help promote the health benefits of physical activity, the 
ACSM and the American Medical Association (AMA) launched 
a program, entitled Exercise Is Medicine®, designed to encourage 
physicians and other health-care professionals to include exercise 
as part of the treatment for every patient. Clinical, epidemiological, 
and basic research evidence clearly supports the inclusion of regu-
lar physical activity as a tool for the prevention of chronic disease 
and the enhancement of overall health. Figure 1.2 summarizes 

some of the specific health benefits that have been associated with 
regular physical activity.

In essence, physically active individuals enjoy a higher quality of 
life, a joie de vivre, because they are less likely to suffer the disabling 
symptoms often associated with chronic diseases, such as loss of 
ambulation experienced by some stroke victims. As noted in the next 
section, physical activity may also increase the quantity of life. James 
Fries, who studied healthy aging at the Stanford University School of 
Medicine’s Center on Longevity, stated, “If you had to pick one thing 
to make people healthier as they age, it would be aerobic exercise.”

www.exerciseismedicine.org  Website provides practical 
recommendations and guidance, including on physical activity during 
the COVID-19 pandemic.

How does exercise enhance health?

The specific mechanisms whereby exercise may help to prevent the 
development of various chronic diseases are not completely under-
stood. However, such benefits are likely related to changes in gene 
expression that modify cell structure and function following physi-
cal activity. As noted previously, research by Booth and Neufer 
found that physical inactivity causes genes to misexpress proteins, 

Improves sleep
(if activity is done in
the morning or
afternoon)

Reduces risk of colon
cancer, prostate cancer, 
and likely breast cancer

Increases bone
density and strength

Reduces
blood pressure

Increases cardiovascular
function and improves

blood lipid profile; helps
prevent heart disease

and stroke

Reverses brain deterioration
with aging; helps prevent,

or delay, Alzheimer’s disease;
improves executive functioning

Aids in weight
loss/weight control

Increases muscle mass,
muscular strength, and
muscular endurance

Promotes a healthy
pregnancy

Increases strength,
flexibility, and balance;
reduces risk of falling

Improves immune
function

Reduces stress and
improves self-image;
helps prevent mental

depression

Increases insulin
sensitivity; improves 

blood glucose 
regulation; helps prevent

type 2 diabetes

F I G U R E  1 . 2   Exercise is medicine. Researchers have identified more than three 
dozen specific health benefits associated with engaging in regular physical activity. 
This figure summarizes some of those key health benefits.

maxpro/Shutterstock
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producing the metabolic dysfunctions that result in overt clinical 
disease if continued long enough. In contrast, exercise may cause 
the expression of genes with favorable health effects.

Most body cells can produce and secrete small proteins known 
as cytokines, which are similar to hormones and can affect tissues 
throughout the body. Cytokines enter various body tissues, influ-
encing gene expression that may induce adaptations either favor-
able or unfavorable to health (figure 1.3). Two types of cytokines 
are of interest to us. Muscle cells produce various cytokines called 
myokines (referred to as exerkines when produced during exercise), 
whereas fat (adipose) cells produce cytokines called adipokines. 
Muscle cells also produce heat shock proteins (HSPs), which may 
have beneficial health effects. Table 1.2 lists important cytokines 
produced in muscle and fat cells.

Overall, Brandt and Pederson theorize that exercise-induced 
cytokine effects on genes reduce many of the traditional risk 
factors associated with development of chronic diseases; Geiger 
and others note similar effects for HSPs. According to McAtee, 
one of the common causes of various chronic diseases is an 
inflammatory environment created by the presence of excess fat, 

particularly within blood vessels. Local inflammation is thought 
to promote the development of several types of chronic disease, 
including heart disease, cancer, diabetes, and dementia. Work 
by Nimmo and others suggests that exercise produces an anti- 
inflammatory cytokine that may help cool inflammation and 
reduce such health risks. They note that the most marked improve-
ments in the inflammatory profile are conferred with exercise 
performed at higher intensities, with combined aerobic and resis-
tance exercise training potentially providing the greatest benefit. 
Cytokines and heat shock proteins may also prevent chronic dis-
eases by increasing the number of glucose receptors in muscle 
cells, improving insulin sensitivity, and helping to regulate blood 
glucose and prevent type 2 diabetes.

There are also other health-promoting mechanisms of exercise. 
One of the most significant contributors to health problems with 
aging is sarcopenia, or loss of muscle tissue. Regular exercise is the 
only strategy that has been found to consistently prevent frailty 
and improve sarcopenia and physical function in older adults. 
Additional mechanisms associated with exercising lowering risk 
for chronic disease include:

●● Loss of excess body fat may reduce production of cytokines that 
may impair health.

●● Loss of excess body fat may reduce estrogen levels, reducing risk 
of breast cancer.

●● Reduction of abdominal obesity may decrease blood pressure 
and serum lipid levels.

●● Increased mechanical stress on bone with high-impact exercise 
may stimulate increases in bone density.

●● Production of some cytokines, such as BDNF, may enhance 
neurogenesis and brain function.

Muscle cells Fat cells

Interleukin-6 (IL-6) Tumor Necrosis Factor-alpha (TNF-α)

Brain-Derived Neurotropic 
Factor (BDNF)

Adiponectin

TABLE 1.2	 Major cytokines produced in muscle and fat 
cells

F I G U R E  1 . 3   Exercise may induce adaptations that have favorable health effects in various body tissues. One suggested mechanism 
is the effect that various hormones or cytokines, which are produced during exercise, may have on gene regulation in body cells.  
(1 ) The hormone or cytokine binds to a cell receptor that activates a signal within the cell, (2 ) the signal is transmitted along a specific 
pathway, (3) the signal may alter gene expression and induce changes within the cell. Cell signals may also affect enzymes or other cell 
structures that may induce beneficial health effects.

Unactivated 
receptor protein

Signal transmission
pathway

Hormone
or

Cytokine

Receptor 
activation

Nucleus

Altered gene expression,
which changes the amounts 
of proteins in the cell

Gene
regulatory
protein

1

2

Cellular response3
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Some healthful adaptations may occur with even just a single 
bout of exercise. Nimmo and others reported that single bouts of 
exercise have a potent anti-inflammatory influence, while others 
have noted that a single exercise session can acutely improve the 
blood lipid profile, reduce blood pressure, and improve insulin 
sensitivity, all beneficial responses. However, such adaptations will 
regress unless exercise becomes habitual. Thus, to maximize health 
benefits, exercise should be done most days of the week. The role 
that exercise may play in the prevention of some chronic diseases, 
such as obesity, heart disease, and diabetes, are discussed through-
out this book where relevant.

Physical Activity Guidelines
Physical activity guidelines for Americans are developed by the U.S. 
Department of Health and Human Services (HHS) through collab-
orative efforts with the Office of Disease Prevention and Health 
Promotion (ODPHP), Centers for Disease Control and Prevention 
(CDC), National Institutes of Health (NIH), and the President’s 
Council on Fitness, Sports, and Nutrition (PCFSN). The Training 
Table in this section summarizes the key physical activity guide-
lines for healthy adults from the 2018 Physical Activity Guidelines for 
Americans. You can learn more about the process of developing the 
physical activity guidelines and follow the latest on these recom-
mendations at https://health.gov/paguidelines/.

Training Table

According to the 2018 Physical Activity Guidelines for 
Americans, healthy adults should avoid inactivity. For opti-
mal health benefits, healthy adults should:

•• Participate in at least 150 minutes (2 hours and 30 min-
utes) a week of moderate-intensity physical activity or 
75 minutes (1 hour and 15 minutes) a week of vigorous-
intensity physical activity. Aerobic activity should be 
spread out throughout the week.

•• Participate in muscle-strengthening activities, such as 
lifting weights or using resistance bands, that are  
moderate- or high-intensity and involve all major muscle 
groups at least two days a week.

•• Include flexibility exercises, such as stretching, yoga, 
or pilates, as part of the exercise program. Time spent 
doing such activities should not be counted toward 
meeting the aerobic- or muscle-strengthening guide-
lines, but such flexibility exercises may reduce risk for 
injury and support optimal health and aging.

Visit https://health.gov/paguidelines/ for a complete list of 
the physical activity guidelines, including those specific for 
active children and adolescents as well as for older adults.
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Weekly Level of Physical Activity

Sedentary
(None)

Low Moderate ExcessiveHigh

High

Moderate

None

Low

0

F I G U R E  1 . 4  Significant health benefits may occur at low to 
moderate levels of physical activity with diminishing returns 
as the amount of exercise becomes excessive. Dependent on 
the individual, exercising too much or, in some cases, at an 
excessive intensity, may actually be detrimental to health.

vicnt/iStock/Getty Images

Key principles for developing physical activity 
programs

To reap the health benefits of exercise, most health profession-
als recommend a comprehensive program of physical activity, 
including aerobic exercise and resistance training. Flexibility and 
balance exercises become increasingly important for older adults 
to prevent falls and maintain mobility as one ages. In general, 
there is a curvilinear relationship between the amount of physical 
activity (dose) and related health benefits (response). As shown 
in figure 1.4, a sedentary lifestyle is thought to offer no health 
benefits. However, health benefits increase rapidly with low to 
moderate levels of weekly activity. When a person goes beyond 
moderate levels of weekly physical activity, the increase in health 
benefits will rise gradually and then plateau. Excessive exercise 
may actually begin to have adverse effects on some health condi-
tions, including unhealthy weight loss. For this reason, engaging 
in enough, but not too much, exercise appears to be optimal for 
promoting health.

The following guidelines should be considered when developing 
physical activity plans to promote health and wellness:

●● Individualization. Exercise programs should be individual-
ized based on physical fitness level and health status. Claude 
Bouchard, an expert in genetics, exercise, and health, noted that 
due to genes, physical activity may benefit some, but not others. 
For example, although most individuals who are sedentary will 
respond favorably to an aerobic exercise training program, such 
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may be accomplished in much less time as compared to 
moderate-intensity exercise. Additionally, adults may engage 
in an equivalent mix of moderate- and vigorous-intensity 
exercise over the course of the week.

		  Children and adolescents should participate in 60 min-
utes of moderate-to- 
vigorous physical activ-
ity daily. Short bursts 
of vigorous activity in 
games are included. 
Exergames, interactive 
video games that pro-
mote physical activity, 
may hold promise to 
promote aerobic physi-
cal activity in youth.

			  Health benefits may be achieved whether the daily minute 
allotment for exercise is done continuously, or as three 10-minute 
exercise snacks done throughout the day, such as three brisk walks. 
Aerobic exercise programs, including the determination of mod-
erate- and vigorous-intensity exercise and discussion of HIIT, are 
detailed in chapters 3 and 11. In brief, exercise intensity is based 
on the MET, a term associated with the metabolic rate that will be 
explained in detail in chapter 3. Your resting metabolic rate, such 
as when you are sitting quietly, is 1 MET. Moderate-intensity exer-
cise is about 3–6 METs, and vigorous-intensity exercise is greater 
than 6 METs. You may access the MET values for a wide variety 
of physical activities at the following website.

	

https://sites.google.com/site/compendiumofphysicalactivities/.   
Click on Activity Categories, such as bicycling, and the METs 
value will be provided for a wide variety of bicycling activities.

Table 1.3 provides examples of moderate- and vigorous- 
intensity exercise. You might also use the “talk test” when exercis-
ing to determine your level of exercise intensity. For the present, 
the following characteristics of the talk test while exercising may 
be may sufficient to determine exercise intensity.

Light: You can carry on a normal conversation.
Moderate: You can talk, but not sing but a few notes before tak-
ing a breath.
Vigorous: You cannot say more than a few words.

●● Muscle-strengthening exercise. Resistance exercise also conveys sig-
nificant health benefits. Both adults and older adults should engage 
in muscle-strengthening activities on 2 or more days a week that 
work all major muscle groups (legs, hips, back, abdomen, chest, 
shoulders, and arms). Children and adolescents should do the 
same at least 3 days a week. The recommendation includes about 
8–10 exercises that stress these major muscle groups. Individuals 
should perform about 8–12 repetitions of each exercise at least 
twice a week on nonconsecutive days. Older adults may lift lighter 
weights or use less resistance, but do more repetitions. Resistance 
exercises may include use of weights or other resistance modes or 
weight-bearing activities such as stair climbing, push-ups, pull-ups, 

Training Table

Time spent on sedentary activities, such as sitting at the 
computer or driving, should be limited as much as is rea-
sonably possible. As a college student, you may spend 
many hours sitting in class or working on online assign-
ments. When possible, try to get up and stretch and move 
around for short breaks. Additional recommendations for 
light activity include:

•• If possible where you live, bike or walk to campus or 
work, rather than driving.

•• Use cleaning your dorm room/suite, apartment, or 
house as an opportunity to get some exercise.

•• Stand instead of sitting when you can.
•• Take the stairs instead of the elevator.
•• When driving to the supermarket or mall, park at the 

edge of the parking lot so you can get in more steps 
walking.

•• Walk your dog instead of letting him or her out into the 
backyard (your dog needs exercise too). 

•• Play ultimate Frisbee, disc golf, or another similar activity 
with your friends.

as an improved insulin sensitivity, others will not respond and 
have no change in insulin sensitivity. Currently, there is no gene 
profile for responders and nonresponders to exercise training, 
but that may change in the future so that specific exercise pro-
grams may be designed for individuals.

●● Leisure-time activity. A key component of a fitness plan is simply 
to reduce the amount of daily sedentary activity. One important 
modification to your daily lifestyle is to sit less and move more. The 
Training Table in this section provides recommendations for building 
light physical activity into your daily schedule. Accumulating more 
daily unstructured physical activity may be very helpful in main-
taining a healthy body weight and body composition. Additionally, 
leisurely walking may be adequate physical activity for older adults 
with compromised health status or very low fitness levels.

●● Aerobic exercise. For important health benefits, both adults 
and older adults should engage in moderate-intensity aerobic 
(endurance) exercise, such as brisk walking, for a minimum 
of 150 minutes every week, or about 30 minutes for 5 days. 
Alternatively, both may engage in vigorous-intensity exer-
cise, such as jogging or running, for 75 minutes every week. 
High-intensity interval training (HIIT) is used to describe 
protocols in which the training stimulus is “near maximal” 
or the target intensity is between 80 and 100 percent of 
maximal heart rate. Comparatively, sprint interval training 
(SIT) describes protocols that involve supramaximal efforts, 
in which target intensities correspond to workloads greater 
than what is required to elicit 100 percent of maximal oxy-
gen uptake (VO2 max). These supramaximal exercise tasks 
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