A arETIMVE

- Fitness

crracl

Wellnhess

/
£

i




7 iceridis

HFithess ard Wellnhess

A

PPersoricl
Choice
—7-

MELVIN H. WILLIAMS

WeBE Brown &
Benchmark

| S H E R S

q e, lowar Indianapolis, India
Mlb Au O dEgId



Book Team

Editor Chris Rogers

Developmental Editor Scott Spoolman
Production Editor Marlys Nekola
Designer Christopher E. Reese

Art Editor Mary E. Swift

Photo Editor Diane Saeugling
Permissions Editor Karen L. Storlie
Art Processor Amy L. Saffran

W8 Brown&

Benchmark

A Division of Wm. C. Brown Communications, Inc.

Vice President and General Manager Thomas E. Doran Design Manager Jac Tilton

Executive Managing Editor Ed Bartel! Art Manager Janice Roerig

Executive Editor Edgar J. Laube Publishing Services Manager Karen J. Slaght
Director of Marketing Kathy Law Laube Permissions/Records Manager Connie Allendorf

National Sales Manager Eric Ziegler

Marketing Manager Pamela Cooper

Advertising Manager Jodi Rymer

Managing Editor, Production Colleen A. Yonda
Manager of Visuals and Design Faye M. Schilling

Wm. C. Brown Communications, Inc.

Chairman Emeritus Wm. C. Brown

Chairman and Chief Executive Officer Mark C. Falb

President and Chief Operating Officer G. Franklin Lewis

Corporate Vice President, Operations Beverly Kolz

Corporate Vice President, President of WCB Manufacturing Roger Meyer

Cover photos by © Walter Bibikow 1986, The Image Bank; © John
Lawlor, FPG International

Copyedited by Martha Hanley

The credits section for this book begins on page 358 and is
considered an extension of the copyright page.

Copyright © 1985, 1990, 1993 by Wm. C. Brown Communications,

Inc. All rights reserved f__ A_Q

Library of Congress Cat'at_q?-_ Cgﬁu&e&.ﬁtg 3 ¢ 17 lAE NAT f
P KYTYBXOHACH &%, |

L SR : RO =

No part of this publicationmiay be n i B

system, or transmitted, in any form or by any means, electronic,

mechanical, photocopying, recording, or otherwise, without the

prior written permission of the publisher.

ISBN 0-697-12670-6,

Printed in the United States of America by Wm. C. Brown Communications, Inc.,
2460 Kerper Boulevard, Dubuque, 1A 52001

10 9 8 7 6 5 4 3



Contents

Laboratory Inventories  ix
Preface x
1 General Principles of Training 17
The Overload Principle 18
A Positive Health Life.style T The Principle of Progression 18

The Principle of Specificity 18

The Warm-up Principle 19

The Principle of Recuperation 19

The Principle of Reversibility 19
Exercise as a Prescription 1719
References 20

Key Terms 1

Key Concepts 1 "
Introduction 2

Aging and Health Risk Factors 3

Life-style Health Risk Factor Assessment

Inventory 4

The Positive Health Life-style 4
Mind-Body Interrelationships 5 3
Promotion and Prevention versus Aerobic Exercise 22
Treatment 5
Prudent Health Behaviors 6 Key Terms 22
Benefits of a Positive Health Life-style 7 Key Concepts 22
Personal Choice and Health Promotion Introduction 23
Behaviors & Human Energy 23
Personal Choice & Energy Forms in the Body 23
Personal Health Promotion Behaviors 8 Human Energy Systems 24
References 10 Energy Equivalents 24
Aerobic Fitness 26
2 Measurement of Aerobic Fitness 29
Prescription for Aerobic Exercise 37
General Guidelines for Your Personal Exercise Goals 31
Program 12 Mode of Exercise 32
Warm-up and Warm-down 32
Key Terms 12 Stimulus Period 32
Key Concepts 12 The Threshold Stimulus 33
Introduction 73 The Target Heart Rate 33
Fitness, Physical Activity, and Exercise 13 The Target RPE 35
Importance of Exercise in Health Promotion 13 Modes of Aerobic Exercise 36
Personal Physical Fitness Programs 75 Implementing an Aerobic Fitness Program 37
Your Personal Fitness Needs— General Guidelines 38
Assessment 15 Determination of Your Target Heart
Your Personal Fitness Goals and Objectives—The . Rate , 38
Basis of Planning 15 _ teae ot Progression 38.
Starting and Staying with the Plan— =< Aerobic Exercise Programs 39
Implementation 16 ' Aerobic Walk-Jog-Run Programs 39
Medical Clearance 16 Aerobic Dancing 40
Benefit /Risk Ratio 17 Rope Jumping 42
Skills and Equipment 17 Other Aerobic Activities 43
Adherence 17 Aerobic Competitive Sports 43

Meeting Your Objectives—Evaluation 17



Aerobic Leisure and Unstructured Physical
Activity 44
Benefit-Risk Ratio 45
Risks 45
Hidden Heart Problems 45
Muscular Soreness and Injuries 46
Heat lllnesses 48
Cold-Weather Running 48
Safety Concerns 49
Qther Risks 49
Benefits 49
Potential Benefits of Aercbic Exercise 49
References 50

4

Muscular Strength and Endurance 52

Key Terms 52
Key Concepts 52
Introduction 53
The Muscular System 53
Muscle Structure 53
Muscle Function 53
Muscular Strength and Endurance 55
Muscle Hypertrophy 56
Principles of Resistance Training 56
The Overload Principle 56
The Principle of Progressive Resistance Exercise
(PRE) 56
The Principle of Specificity 57
The Principle of Exercise Sequence 57
The Principle of Recuperation 57
Benefits and Risks of Resistance Training 57
Benefits 57
Risks 58
Preexisting Health Problems 58
Safety Concerns 58
Program Design Considerations 59
Goals and the Strength-Endurance Continuum 60
Types of Muscle Contraction 617
Methods of Training 63
A Basic Resistance-Training Program for Muscular
Strength, Muscular Endurance, and Increased
Muscle Mass 63
Abdominal Strength and Endurance 74
Recommended and Nonrecommended Abdominal
Exercises 76
Circuit Aerobics 77
References 78

Flexibility 80

Key Terms &0

Key Concepts 80

Introduction 87

Principles of Flexibility Exercises 817
Types of Flexibility and Methods of Training 817
Measurement of Flexibility 85
Basic Guidelines for a Flexibility Program 86

vi Contents

Flexibility Exercises for the Low Back

Area 86

Flexibility Exercises for Round Shoulders 88
Flexibility Exercises for Tight Upper Back and
Neck 97

Flexibility Exercises for Joggers, Runners, and
Other Aerobic Exercisers 91

Benefits/Risks 95

References 95

6

Basic Nutrition for Healthful Eating 97

Key Terms 97
Key Concepts 97
Introduction 98
The Major Nutrients 99
Carbohydrates 100
Health Implications of Dietary Carbohydrates
100
. Fat 7102
Health Implications of Dietary Fat and
Cholesterol 705
Protein 105
Health Implications of Dietary
Protein 106
Vitamins 107
Health Implications of Vitamins 109
Minerals 709
Health Implications of Mineral
Nutrition 710
Water 170
Health Implications of Water Intake 17177
The Basis of Diet Planning 171
The Recommended Dietary Allowances (RDA) 7117
Key Nutrient Concept 772
Nutrient Density 172
The Basic Four Food Groups and the Food Exchange
Lists 713
Food Labels 174
Healthier Eating 7175
A Dozen Guidelines for Healthier Eating 776
The Vegetarian Diet 179
References 127

7

Weight Control through Proper Nutrition and
Exercise 124

Key Terms 124
Key Concepts 124
Introduction 725
Body Composition 126
Major Body Components 126
Minerals 126
Carbohydrate 126
Protein 126
Fat 126
Water 127
Techniques for Measuring Body Composition 127



Desirable Body Weight 7128

Height-Weight Table Approach 129

Body Mass Index (BM1) Approach
Body Fat Percentage Approach 13
The Waist:Hip Ratio 1317
Basic Principles of Weight Control
The Calorie 137
Metabolism 137
Body Weight Regulation 732
Caloric Concept of Weight Control
The Role of Diet in Weight Control
General Dietary Guidelines 136
Your Personal Diet 137
The Role of Exercise in Weight Cont
Exercise and the Metabolic Rate 1
Exercise Programs 1417
Intensity 142
Duration 142
Frequency 143

129
G

131

734
135

rol 139
39

Walking, Running, Swimming, and Bicycling 743

Resistance Training 144
Spot Reducing 144

The Role of Behavior Modification in Weight

Control 145

Identifying and Modifying Eating and Exercise

Behaviors 145
Special Considerations in Weight
Control 146
Prediction of Weight Loss 146
Rate of Body-Weight Losses 147

Dieting and Rate of Weight Loss 147
Very Low-Calorie Diets 147

Weight Cycling 148

Exercise and Rate of Weight Loss 148

Dieting versus Exercise for Weight

Control 749
Diet and Exercise Programs to Gain
Weight 150

Dietary Considerations 1571
Increased Caloric Intake 157
Adequate Dietary Protein Intake

Exercise Considerations 153

References 7153

8

152

Stress-Reduction Techniques 157

Key Terms 157
Key Concepts 157
Introduction 158
Effects of Stress on the Body 159
State and Trait Anxiety 760
Your Stress Profile 161
Methods to Reduce Stress 162
Removing the Stressor 162
Psychological Stressors 163
Erwvironmental or Situational
Stressors 163
Dietary Stressors 164

Health Effects of High-Risk Behaviors

Rest and Sleep 764
Breathing Exercises 165
Meditation 765 .
Irnagery 166
Autogenic Relaxation Training 166
Progressive Relaxation Training 166
Active Exercise 167

References 768

9

Key Terms 177
Key Concepts 177
Introduction 172
Substance Abuse 172
Alcohol and Health 173
Common Dietary Sources 173

Metabotism and Function of Alcoha! 174

Alcohol and a Positive Health
Lifestyle 176
Abstinence 176
Moderation 177
Heavy Drinking 177
Recommendations 178
Caffeine, Coffee, and Health 178
Cigarette Sroking and Health 779

Physiological Effects of Tobaceo Use 179

Tobacco Use and Your Health 780
Cigaretta Smoking and a Positive Heatth
Lifestyle 182
Suggestions to Help You Quit
Smoking 183
smokeless Tobacce 184
Marijuana 185
Cocaine 186
Methamphetamine {Ice} 188
Anabaolic Steroids 188
Legal and lllegal Drugs 189

Sexually Transmitted Diseases (STDs) 190

YVaginitis 790
Genital Warts 197
Genital Herpes 197
Chlamydia 191
Gonorrhea 192
Syphilis 192
Acquired Immunodeficiency Syndrome
(AIDS) 193
Safer Sex Practices 794
References 194

10

Exercise and Nutrition Concerns for
Women 1798

Key Terms 198
Key Concepts 198
Introduction 199

The Role of Weight Control, Exermse and

Contents

171

vif



Nutrition in the Menstrual Cycle 799
Weight Control and the Menstrual
Cycle 200
Exercise and the Menstrual Cycle 207
The Premenarche Phase 207
The Menstrual Phase 201
Increased Health Risks 202
Possible Health Benefits 203
The Post-Menopausal Stage 203
Nutrition and the Menstrual Cycle 203
Exercise, Nutrition, and Stress Management in
the Treatment of the Premenstrual Syndrome and
Dysmenorrhea 204
The Role of Nutrition and Exercise in
Pregnancy 205
Nutrition and Pregnancy 205
Exercise and Pregnancy 205
Physically Fit Women 206
Sedentary Women 207
High-Risk Women 207
Fetal Health 207
Running Safety 207
References 208

Stroke 223
Positive Health Life-style 223
Peripheral Vascular Disease 223
Positive Health Life-style 223
Metabolic Disorders 224
Obesity 224
Positive Health Lifestyle 224
Diabetes 224
Positive Health Life-style 225
Cancer 226
Positive Health Life-style 226
Musculoskeletal Disorders 229
Low Back Pain 229
Positive Health Life-style 230
Osteoporosis 233
Positive Health Life-style 233
Arthritis 234
Positive Health Life-style 235
Summary 236
References 236

12

Staying with-the Positive Health
1 1 Life-style 240

Key Terms 240

Healthful Aging: Reducing the Risk of Chronic Key Concepts 240

Health Problems 2711 Introduction 241

Key Terms 277 Adherence 247

Key Concepts 2771 Attitude 247

Introduction 212 Self-efficacy and Self-esteem 242
Aging and Longevity 2712 Planning Goals and Objectives 242

Theories of Aging 213
Longevity 273
Premature Death 2713
Chronic Health Problems 274
Cardiovascular Diseases 215
Coronary Heart Disease (CHD) 217
Arteriosclerosis 2717
Risk Factors 217

Record Keeping 242
Reward System 242
Relapse Prevention 243
Social Environment 243
Summary 243
References 243

Laboratory Inventories 245

High Blood Pressure 219 Appendices
High Blood Lipids 219 A. 1989 Recommended Dietary Allowances 312

Smoking 219 B. Food Exchange Lists 315

ECG Abnormalities 220 C. American College of Sports Medicine “Position Stand on
Obesity 220 Proper and Improper Weight-Loss Programs’ 324
Diabetes 220 D. Scoring Tables for Cooper’s Distance Tests of Aerobic
Stressful Lifestyle 220 Capacity 328

Dietary intake 220
Sedentary Life-style 220
Oral Contraceptives 220
Family History 220

E. Approximate Caloric Expenditure per Minute for Various
Physical Activities 331

F. Calories, Percent Fat, and Cholesteral in Selected Fast-
Food Restaurant Products 338

Gender 220 G. Approximate Metabolic Cost of Various Occupational and
Race 220 Recreational Activities in METS 340
Age 220 H. American College of Sports Medicine Position Stand: The

Positive Health Life-style 220
High Blood Pressure (Hypertension) 2217
Positive Health Life-style 222

Recommended Quantity and Quality of Exercise for
Developing and Maintaining Cardiorespiratory and
Muscular Fitness in Healthy Adults 341

Glossary 347
Credits 358
Index 360

viii Contents



1.1

1.2

2.1

3.1
3.2
33
34
3.5
3.6
4.1

4.2
4.3
4.4
5.1

5.2

5.3
6.1

Laboratory Inventories

N
The Health Life-Style Assessment 6.2
Inventory 245 7.1

Self-Rated Potential for Health Behavior
Change 248

Physical Activity Readiness Questionnaire
(PAR-Q) 250

Heart Rate Palpation 252

Determination of Target HR and RPE 253
Cooper's Distance Tests 256

Step Test 257

The Rockport Fitness Walking Test 259
Exercise Prescription and Contract 261

Tests of Upper Body Strength and
Endurance 262

Test of Lower Body Strength 264
Test for Abdominal Muscle Endurance 265
Weekly Resistance-Training Record 266

Sit-and-Reach Test for Lower Back and
Hamstring Flexibility 267

Shoulder Rotation Test for Shoulder Joint
Flexibility 268

Ankle Flexion Test for Ankle Fléxibility 270

Classification of Daily Food Intake into the
Six Exchange Lists and Determination of
Caloric, Carbohydrate, Fat, and Protein
Intake 271

7.2

7.3

7.4

7.5
7.6
8.1
8.2
9.1

9.2

9.3
9.4
1141

12.1

How Healthful Is Your Diet? 275
Prediction of Body Fat Percentage 277

Determination of Desirable Body
Weight 282

Calculation of Daily Energy Expenditure -
Based on the Physical Activity Factor
Classification System 285

Calculation of Daily Caloric Deficit Needed
to Lose Two Pounds of Body Fat Per
Week 288

Developing Your Personal Diet 290
A Guide to Weight Gaining 291
Daily State Anxiety 293

Stress and You 294

Do You Have a Problem with Substance
Abuse? 298

Self-Test on Drinking Habits and
Alcoholism 299

Why Do You Smoke? 300
Do You Really Want to Quit Smoking? 303

Cardiovascular Disease Risk Factor
Inventory 305

Self-Motivation Assessment 310

ix



Preface

ppiness! We alt want it and tend to seek it in a va-
riety of ways. However, Bertrand Russell, the ven-
erable philosopher, noted that man is an animal whose
happiness depends on his physiology more than he likes to
think. Unfortunately, many Americans have abused their
own natural physiology, the wonderful functioning of the
human body that gives us life, so much that the quality
of life, or happiness, as well as the quantity of life, or lon-
gevity, may be significantly diminished.

Fortunately, the United States is in the midst of a health
and fitness boom that has endured for over a decade and con-
-tinues to grow, with millions of Americans changing their life-
styles by initiating exercise programs, shifting to a more nat-
ural healthful diet, maintaining an ideal body weight, breaking
the smoking habit, decreasing alcohol consumption, recog-
nizing the importance of safe sex practices, and using various
stress-reduction techniques, all in order o look and feel better.
This movernent is a positive one, for these life-style changes
may provide us with the immediate health benefits we desire
now, and may also help us prevent many of the degenerative
discases that plague our modern society and decrease the
quality and quantity of life in later years. Collectively, these
healthful changes characterize a Positive Health Life-style.

The health and fitness boom otiginated among individ-

vals in their thirties and forties; however, increasing numbers
of college-aged students have adopted changes characteristic
of a Positive Health Life-style after being exposed to these
concepts in college courses with titles similar to “Personal
Wellness™ or “Health through Exercise” This textbook is de-
signed to be used in conjunction with such courses, but the
presentation of the material is also suitable for students to use
on an individual basis. It provides contemporary information
concerning the beneficial effects of a Positive Health Life-style
and how to implement and live such a life-style. With proper
knowledge and guidance, the student can design and imiple-
ment his or her own Positive Health Life-style, one that can
last a lifetime. This effort is facilitated by the presence on the
campuses of many colieges and universities of Wellness Cen-
ters.

This book is organized into twelve chapters. Key concepts
and key terms are highlighted at the beginning of each chapter;
numerous figures and tables are included to help explain the
major concepts. Conternporary research findings that support
the chapter congent are documented at the end of each chapter,
grouped as books that provide broad overviews, reviews that
synthesize and interpret current research, and specific studies
that focus on a particular topic of interest.

Chapter | establishes the basis for adopting a Positive
Health Life-style. Chapter 2 presents an overview of human
energy systems and basic principles of designing and imple-
menting an individualized exercise program and other life-
style-changes.

The heart of the textbook, chapters 3 through 9, offers
specific guidelines for adopting a Positive Health Life-style.
Chapter 3 covers aerobic exercise programs; chapier 4 fo-
cuses upon resistance-training programs for muscular strength
and endurance; chapter 5 deals with the development of flex-
ibility; chapter 6 provides the basis for healthy nutrition;
chapter 7 integrates the roles of diet, exercise, and behavior
modification in weight control; chapter 8§ explores stress re-
duction techniques; and chapter 9 discusses the potential health
consequences associated with various high-risk behaviors, such
as substance abuse (particuiarly cigarette smoking and al-
cohol intake) and unsafe sex practices,

Chapter 10 covers several heaith issues of particular in-
terest to females, while chapter 11 stresses a Positive Health
Life-style as a lifelong program contributing to healthful aging.
This chapter emphasizes the impact of a Positive Health Life-
style upon a number of major degenerative diseases in our
society today, such as cardiovascular diseases, metabolic dis-
orders, and musculoskeletal problems. Finally, chapter 12
provides a brief discussion of adherence, or maximizing the
ability to stay with the Positive Health Life-style for a life-
time.

Other features include Laboratory Inventories, which help
assess an individual’s current health life-style and provide
guidelines for modifications; a glossary of terms; and eight
appendices—the Recommended Dietary Allowances; the Foed



Exchange Lists of the American Dietetic Association and the
American Diabetes Association; a position statement on weight
control by the American College of Sports Medicine (ACSM);
scoring charts for Dr. Kenneth Cooper’s aerobic fitness tests;
caloric expenditure for a wide variety of physical activities;
calories, fat, and cholesterol in products sold in common fast-
food restaurants; energy expenditure in METS for a variety
of daily activities; and the ACSM position stand on the rec-
ommended quantity and quality of exercise for developing and
maintaining cardiorespiratory and muscular fitness in healthy
adults.

This text asks the individual to think about the possible
consequences of his or her current life-style, not only for now
but for the future. More importantly, it provides a mechanism
for change by actively involving the student in a number of
laboratory inventories designed to help implement a Positive
Health Life-style.

I would like to acknowledge Mr. Ed Jaffe, editor for Wm.
C. Brown Publishers, who encouraged me to write this text-
book. I would also like to thank my current editors, Scott

Spoolman and Chris Rogers, and my production editor, Marlys
Nekola, for their invaluable assistance throughout the various
stages of development.

The contributions reviewers made to the development of
this text are gratefully acknowledged. They have made many
useful recommendations relative to its reorganization and
content. The reviewers were Joel V. Brothers (North Carolina
State University), John Cheffers (Boston University), Charles
R. Darracott (University of Georgia), Nancy Feagans Smith
(St. Petersburg Junior College), Susan L. Herman (Slippery
Rock University), John Mclntosh (Shoals Community Col-
lege), Beverly F. Mitchell (Kennesaw State College), Charles
E. Raynor (North Carolina State University), Davis Roberts
(CUNY-Lehman College), Gayle Runke (Southwest Mis-
souri State University), and Nancy Stubbs (Wichita State
University).

Melvin H. Williams
- Virginia Beach, Va.
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INTRODUCTION

College and university student populations are becoming
increasingly diverse, particularly in relation to age. It is not
uncommon for a typical college-aged student (one aged
eighteen to twenty-four) to take courses, even fitness and
wellness courses, along with students in their thirties,
forties, and beyond. If you are a young college student, most
of your concerns about the quality of your physical and
mental health are probably grounded in the present.
Basically, you want to look good physically and feel good
mentally—now. You probably do not spend a great deal of
time worrying about the distant future, such as whether or
not you will develop heart disease, cancer, or diabetes, how
you will take care of yourself during your retirement years,
or how long you are going to live. However, such thoughts
may have crossed your mind at one time or another. On the
other hand, if you are older than the typical college-aged
student, these thoughts may have become increasingly
important to you.

Regardless of your age, you can make a number of
changes in your current life-style that will probably help you
to look better physically and to feel better mentally in a
relatively short time. Interestingly, these rather simple life-
style changes that center around fitness and wellness may
not only improve the quality of your life in the present, they
will help enhance the quality of life over time and improve
longevity. Although genetics plays an important role in your
future health, we know more about health promotion and
preventive medicine today than our parents and
grandparents did in the past, so we may be able to prevent
some of the health problems that they experienced, Genetics
is an important factor relative to your health, but so too is
how you deal with your personal environment. Nature deals
you a set of cards, but you play them.

Fitness and wellness are two key buzzwords of the
1990s. Just look around. We have best-selling books
focusing on nutrition and exercise, popular magazines called
American Health and Eating Well, separate sections in our
daily newspapers covering health and fitness, television
channels devoted almost exclusively to medicine and health,
videotapes by movie stars and television celebrities on how
‘to become physically fit at home, and the increased use of
health and fitness to advertise products ranging from
breakfast cereals to beer.

In the United States, the current emphasis on fitness and
wellness was cultivated in the 1960s, sprouted in the 1970s,
blossomed in the 1980s, and appears to be headed for
fruition in the 1990s. This trend has been affected by a
variety of factors, including the influence of a youthful and
fit president, John F. Kennedy, in the early 1960s; the
running boom of the 1970s; and the increasing involvement
of both private business corporations and public
governmental agencies in disease prevention and health
promotion during the 1980s and 1990s.

In 1991 the Public Health Service (PHS) of the United
States Department of Health and Human Services released a
document entitled Healthy People 2000: National Health
Promotion and Disease Prevention Objectives. This document
outlines a national strategy for significantly improving the
health of the nation. More than three hundred specific health

2 Chapter 1

objectives fall into three major categories: health protection,
preventive services, and health promotion. There are also
several subclassifications for each major category.

Health protection services are those related to
environmental or regulatory measures that confer protection
on large segments of the population, such as water
fluoridation for prevention of tooth decay and legislation
requiring seat belt use. Others generally perform these
services to protect our health.

Preventive services include screening, counseling, or
other services provided in a clinical setting. Included in this
category are screening programs for the detection of high
blood pressure and immunization to prevent the
development or spread of certain diseases. Again, others
usually provide these services for our health benefit.

Health promotion practices focus upon eight major
areas, five of which are most relevant to this text: physical
fitness and exercise, nutrition, mental health, smoking and
health, and misuse of alcohol and drugs. In contrast to
health protection services and preventive services, health
promotion practices involve life-style factors basically under
the contrel of the individual. Moreover, health protection
and preventive services will not succeed unless personal
health promotion practices are observed. For example,
legislation will be ineffective if you do not wear your seat
belt every time you drive, as will an education program to
prevent the development of cancer if you do not practice
certain recommendations, such as regular breast or testicular
self-examination.

Although many of the health objectives are designed to
address immediate health problems, such as avoidance of
unintentional injuries, much of the emphasis behind recent
governmental support for health promotion and preventive
medicine programs is the reduction of the magnitude of
future health care costs associated with the “‘graying of
America.” For example, individuals born during the baby
boom era of the late 1940s, now in their late thirties and
early forties, will soon be in their sixties, the time of life
when serious health problems begin to become magnified.
Chronic diseases, such as coronary heart disease, cancer,
diabetes, and osteoporosis, generally occur with advancing
age, particularly if individuals had unhealthy life-styles during
earlier adulthood. Thus, from a financial point of view, it is
important for the government to keep people healthy for as
long as possible.

On the other hand, many of the specific health
objectives for the nation include the young, not only young
children and adolescents, but also young adults of college
age. If healthy life-styles can be developed early, they may be
more likely to persist throughout the years and thus exert a
significant impact upon one’s health later in life.
Consequently, by attempting to educate the young about
healthier life-styles, the federal government is looking even
further down the road to help reduce health-care costs.

However, many young adults exercise or diet to improve
their appearance and to feel good about themselves, not to
prevent health problems such as coronary heart disease or
cancer. Fortunately, with the selection of proper health-
related behaviors, both short-term and long-term benefits
may be achieved concomitantly.



Although relevant information regarding health
orotection and preventive services will be discussed, this
oook focuses upon health promotion practices. It is designed
o help you develop a set of health behaviors that
constitutes a high energy life-style, known throughout this
text as a Positive Health Life-style. Such health behaviors
stress responsibility for one’s health and should enable you
‘o increase control of your life, to maximize your ability to
operate or function at or near your potential, or as a popular
zdvertising phrase goes, to “'be all that you can be.”” A
Sositive Health Life-style can maximize your ability to work
=t your potential in the present and will enable you to
=xperience the joys of aging without the handicaps.

As Browning wrote, ""Grow old along with me! The best
s yet to be."s

Aging and Health Risk Factors

Although we age in different ways, we all begin to age from
the first day of conception. Chronological age represents the
passage of time. It is marked by our birthday each year and
i relatively easy to determine. Functional age represents the
capacity of the body to perform certain specific tasks and is
wsually evaluated in a variety of ways, such as tests of vision
and hearing, physiological functioning during exercise, psy-
chomotor ability, and health status.

Some of the changes in the aging process (such as your
=wiernal appearance) are readily observable, while other in-
t=rnal changes are not as easily detected (fig. 1.1). We can
mote rather easily such changes as gray hair, impaired hearing
2nd vision, increased body weight, stiff joints, and wrinkled
swim: however, clogged arteries, less efficient lungs and heart,
2=c diminished function of certain glands may not be readily
moticed.

At the present time, chronological aging is inevitable, and
=aznv of the changes in body functions that accompany the
s=nz process and increase functional age also appear to be
meviizble. However, in an affluent society that places a high
“2ius on a youthful appearance, certain technological and
medical advances counteract some of these adverse effects.
W can obtain an almost undetectable aid to improve hearing,
ws= s0ft contact lenses to correct vision, or undergo plastic sur-
2=+ to smooth facial wrinkles. Some of these applications,
Sowever, may be unnecessary. Hearing losses may or may not
= preventable, depending on whether hearing loss is a natural
securrence of the aging process or is brought about by ex-
swsure to continuous periods of loud noise during younger
wears. Wrinkling of the skin may be minimized by avoiding
srolonged exposure to the sun or excessive use of tanning beds.

Although there exists this close general relationship be-
“we=n chronological and functional ages, there may be marked
& Ferences between the two, particularly in relationship to
sewsiological functioning and health status. In other words,
Semending upon your life-style, you may have a younger or
“iser functional age compared to your chronological age. For
ewemple, studies from Scandinavia and from the National In-
witute of Aging revealed that highly physically active indi-
waiials in their fifties and sixties had exercise capacities and

The aging process

Vision becomes
worse

Hearing acuity
fades

Heart and lungs
become less
efficient

Skin dries
out and wrinkles

Muscles get
smaller and lose
strength

Joints become
less flexible

Figure 1.1 Physiological changes associated with the aging
process. A number of physiological changes occur during the natural
aging process. Some of the changes, such as decreased visual ability,
are not too preventable. However, others, such as decreased
cardiovascular functions, may be prevented to some degree by a
Positive Health Life-style.

body fat levels comparable to those of healthy but sedentary
twenty-five-year-olds. Conversely, some individuals in their
twenties who have abused their health may have the health
status of someone in their forties or fifties.

Although some of the effects of aging may be inevitable,
many that impact upon your health may be under your con-
trol. By identifying and eliminating or minimizing factors in
your life-style that may be potentially harmful to your health,
you may be able to reduce the rate at which you age func-
tionally. Although you cannot stop the clock chronologically,
you can maintain the physiological function and health status
of a twenty-year-old for years to come.

Since your functional age may be evaluated on the basis
of your health status, usually determined by the number of
health risks you possess, it is often referred to as your risk
age. Over the years, scientists in the field of epidemiology have
identified a number of life-style factors considered to be health
risks; these life-style practices are known as risk factors.

A risk factor is a health behavior or personal character-
istic that has been associated with a particular disease. A

- A Positive Health Life-Style 3



Table 1.1 Risk Factors and Some Associated Health
Problems

Risk Factor Associated Health Problems

Excessive body weight Coronary heart disease
Diabetes

Low leisure-time physical Coronary heart disease

activity Obesity

Low levels of planned exercise Coronary heart disease
Obesity

Poor diet habits Cancer
Obesity

High fat and cholesterol diet Atherosclerosis
Obesity

High salt diet High blood pressure
Stroke

High blood pressure Coronary heart disease
Stroke

Excessive stress Coronary heart disease

Mental illness

Lung cancer
Coronary heart disease

Cirrhosis of the liver
Motor vehicle accidents

Accidents
Cancer

Cigarette smoking
Excessive alcohol consumption

Poor driving habits
Poor physical exam habits

Indiscriminate sex habits Sexually transmitted diseases

cause-and-efTect relationship does not have to be present in
order to label a particular factor as a risk to health, but some
form of statistical relationship between the risk factor and the
presence of the disease in a given population group should be
evident,

Table 1.1 presents a broad overview of some major risk
factors that may be favorably modified with proper health
promotion practices, or the implementation of a Positive
Health Life-style. One or two of the possible health problems
that may occur is listed with each risk factor.

Life-Style Health Risk Factor
Assessment Inventory

There are numerous health assessment inventories available
today. Such inventories are often known as health risk ap-
praisals, or HRAs. Some are very simple and can be com-
pleted in less than a minute, giving you a general measurement
of your health life-style. Other versions are computerized and
may take an hour or so to complete; they offer you an estimate
of the probability of developing a particular chronic disease
or forecast how many years you will live by determining your
functional, or risk, age. Because validity studies of these more
extensive inventories are not yet available and the reliability
of several widely used HRAs has been reported to be less than
desirable, we cannot verify their accuracy and will not dupli-
cate them here. Those who are interested in such an analysis
may contact several of the companies or agencies that ad-
minister them. A listing can be found in the pamphlet Health
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Risk Appraisals: An Inventory, which may be obtained by
writing to the National Health Information Clearinghouse,
P.O. Box 1133, Washington, D.C., 20013. Your course in-
structor may have a source, or you may wish to contact local
distributors of computer software to see what programs are
available. The major point to keep in mind concerning any of
these inventories is that, although they may be effective health-
education tools, they are not to be used for diagnosis or for
general medical screening purposes.

However, an HRA may alert you to health risks in your
present life-style. Moreover, you may use a health risk ap-
praisal to retest yourself after you have implemented behav-
iors consistent with a Positive Health Life-style. It might be
interesting and informative to keep the results of your initial
assessment and compare them to a reassessment at the end
of this course. '

The Life-style Assessment Inventory (Laboratory Inven-
tory 1.1) is designed to assess your current health life-style
and to give you a general idea of areas in your life that may
need to be modified to achieve an optimal Positive Health Life-
style. The inventory is educational in nature and will help you
get a broad look at your overall health life-style. Several more
detailed inventories, presented in later chapters, deal with spe-
cific topics such as dictary habits and stress profiles.

Since this inventory is general and educational in nature,
it has some limitations. For example, it does not take into ac-
count family history of disecases that may exert a significant
influence on your future health. A number of chronic diseases
appear to be related to genetic predisposition and, thus, tend
to run in some families. Moreover, it does not look at your
personal health history. You may have or have had diabetes,
asthma, allergics, rheumatic heart disease, or other disorders
that may influence your health life-style. With these limita-
tions in mind, please complete the Life-style Asscssment In-
ventory at the end of the book before reading any further.

The Positive Health Life-Style

The health objectives published in Healthy People 2000 are
an extension of a previous endeavor. In 1980 the Public Health
Service established a series of health objectives for the nation
with the hope of meeting these objectives in the 1990s. In
subsequent years, a number of studies conducted by the PHS
to evaluate progress towards these objectives found that many
had already been met. In most cases, gains were in the areas
of health protection services and preventive health services and
were the result of legislative action or intensive national pro-
grams. For example, many state legislatures have passed laws
requiring the use of seat belts; this has resulted in a decrease
in motor-accident deaths. In addition, a national campaign
has led to the early detection and subsequent treatment of
high blood pressure-in millions of individuals, resulting in a
significant decrease in the incidence of heart disease and stroke.

On the other hand, the PHS has noted that other areas
continue to pose challenges, particularly the health promotion
area. Little progress has been made in meeting the objectives
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Figure 1.2 Both a sound mind and a sound body are important to optimal health.
Feiffer Copyright ©@ 1974 Jules Feiffer. Reprinted with permission of Universal Press Syndicate.
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Figure 1.3  Mind-body interrelationships. Physical disease may lead to emotional disease, and vice versa. Contributing risk factors to each

tvpe of disease may be modified by positive health behaviors.

related to nutrition, body weight, fitness and exercise, and stress
control. The development of a Positive Health Life-style is
consistent with the health objectives set forth by the PHS in
the area of health promotion.

However, a Positive Health Life-style is not concerned
solely with preventing the onset of chronic disease later in life;
that is only a secondary goal. Its primary goal is to achieve
the healthiest body possible within natural limitations; to
achieve a style of life characterized by high energy levels and
a joie de vivre; in other words, to enhance the quality of life
by increasing your healthy life span. In order to attain optimal
function and optimal health, you must intellectually learn and
understand how the human body functions and how to treat
it well. You need to develop a life-style that, according to cur-
rent medical evidence, provides you with the greatest statis-
tical probability of remaining healthy. Adopting a Positive
Health Life-style is not going to guarantee protection against
all chronic diseases and health problems, but it may delay the
onset of such diseases or reduce the severity of disabling
symptoms and enable you to enjoy life to the fullest.

Mind-Body Interrelationships

A Positive Health Life-style is based on a model that views
the individual as a whole, such that there is a sense of unity
between the mind and body, and disease processes or distur-
bances in one can cause disease in the other. As depicted in
the cartoon in figure 1.2, we often pay a great deal of attention
to our mind while we neglect to care for our body. Figure 1.3
illustrates the interrelationships between the mind and the
body and some possible contributing factors to physical/
emotional diseases. This partial list of contributing factors to
physical and emotional diseases involves a number of life-style
practices over which we have some degree of control..

Promotion and Prevention

versus Treatment

Most of us have been exposed to individuals who have de-
veloped a chronic disease and are aware of the excelient treat-
ment they have received from our technologically sophisticated
medical community. Today, physicians and hospitals are
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equipped with a wide array of diagnostic tools, advanced sur-
gical techniques, medicines, and drugs to treat some of the
major chronic diseases. In many cases, what may have been
a fatal disease in the past now Has a favorabie prognosis for
partial or complete recovery. Medical advances have been
phenomenal during the first 50 to 60 years of this century and
have been instrumental in eradicating many of the previous
causes of premature death—tuberculosis, polio, diphtheria,
ete, Moreover, medical advances in the past 20 years have
been even more phenomenal and are helping to treat the major
chronic diseases that are now the major threats to our heaith,
The research and development of these modern medical tech-
niques for treating chrenic and other diseases, however, has
been extremely costly, with medical care costs expanding at
an extremely rapid rate during the past decade. For example,
at the time of this writing, a coronary artery bypass operation
costs $30,000, while a liver transplant costs $250,000.

This rapid rise in medical care costs and an increasing
tendency towards naticnal health care legislation have helped
to begin to change the focus of medical care from treatment
to prevention. A spokesman for the American Medical As-
sociation has noted that 90 percent of the health problems in
the United States are preventable to one degree or another,
stressing personal health decisions as the key to preventing
disease. In support of these remarks, a study published re-
cently in the Journal of the American Medical Association
has revealed that excess deaths from nine major chronic dis-
eases {coronary heart disease, stroke, diabetes, chronic ob-
structive pulmonary disease, lung cancer, breast cancer,
cervical cancer, colorectal cancer, and chromic liver disease)
in the United States could be prevented by simple life-style
changes, such as stopping cigarette smoking, controlling high
blood pressure, eating a healthier diet, reducing body fat,
meoderating alcohel consumption, becoming physicaily active,
and using available screening techniques for early detection
of cancer.

Prudent Health Behaviors -

How do we know what effect a particular life-style change
will have upon our health? To find answers to specific ques-
tions of concern to you, you should rely primarily on the find-
ings derived from scientific research. Since this book presents
a number of general recommendations concerning the impact
of life-style changes on fitness and wellness, it is important to
review briefly the nature and limitations of scientific research
with humans that support these recommendations.

Several research techniques have been used to explore
the effect of life-style on health, but the two most prevalent
have been epidemiological and experimental rescarch. Epi-
demiological research involves studying large populations to
find relationships between two or more variables. For ex-
ample, obesity is a risk factor associated with the development
of diabetes in adulthood. Individuals who become obese have
a higher statistical probabitity of developing diabetes than those
who remain at a heaithy body weight. However, no exact cause
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(obesity) and effect (diabetes) relationship has yet been de-
termined, although some plausible theories are being studied.
Thus, if you become obese you may not develop diabetes, but
you will increase your risk of doing so,

Epidemiological research is useful in identifving rela-
tionships among variables and inferring causality, but exper-
imental research is essential to help verify a canse-and-effect
relationship. In such studies an independent variabie or vari-
ables (cause) is manipulated so that changes in a dependent
variable or variables {effect) can be studied. With some risk
factors, a direct cause-and-effect relationship can be observed.
The results of epidemiological research, such as ¢irrhosis in
alcoholics due to chronic excessive alcohol intake, often stim-
ulate experimental research in order to establish a cause-and-
effect relationship. For example, experimental studies with
humans have shown significant deteriorative effects in liver
function tests with the consumption of excessive amounts of
alcohol over a shert period of time, while experimentation with
animals over a longer period of time has shown that excessive
aleohol consumption causes cirrhosis of the liver. Experi-
mental research currently is being conducted with many risk
factors in order to help establish such cause-and-effect rela-
tionships.

However, it is important to realize that the results of one
study with humans, even though published in a respected
medical journal, do not prove anything, Studies need to be
repeated by other scientists and a consensus developed; the
experimental evidence should support the epidemiological

" findings. Unfortunately, such a consensus is often lacking to

support recommendations about specific modifications for im-
proved health, for it is very difficult to conduct experimental
research with humans regarding the effect of a single life-
style change on health. For example, many diseases, such as
cancer and heart disease, are caused by the interaction of
multiple risk factors and may take many years to develop. It
is not an easy task to control all of these risk factors in freely
living human beings in order to isolate one independent vari-

-able, such as dietary fat, and to study its effect on the devel-

opment of heart disease over ten to twenty years,

Nevertheless, a tremendous amount of both epidemtolog-
ical and experimental research has been conducted regarding
the effect specific life-style changes may have upon health and
wellness. Although in many cases we still do not have absoluie
proof that a particular health behavior will produce the de-
sired effect, we do have sufficient information to make rec-
ommendations that are prudent, meaning that they are likely
to do some good and cause ne harm. Thus, the recommen-
dations offered in this text should be considered to be prudent
health behaviors; they are based upon a careful analysis and
evaluation of the available scientific literature, including
specific studies or comprehensive reviews of the pertinent
research by individuals or public and private healih organi-
zations. :

What are some recommended prudent behaviors that may
have a positive effect on your health, happiness, and general



well-being? Several surveys have been conducted to deter-
mine whether there are any behaviors that appear to help
attain or maintain a state of good health. As a general over-
view of what is to come in later chapters, a synthesis of these
reports suggests that the following behaviors are associated
with a healthy life-style.

1. Exercise. Get at least 20 minutes per day of regular,
moderate, aerobic exercise at least three to four days a
week. Also, increase the amount of mild exercise, such
as gardening and walking, during your leisure time.

. Nutrition. Eat wholesome, natural foods, including a
good breakfast and two other healthy, well-balanced
meals per day; avoid unnecessary snacking.

3. Body weight. Maintain an optimal body weight

through a sound exercise and diet program.

4, Rest. Get about 7 to 8 hours of restful sleep each night;
use relaxation techniques when necessary.

. Alcohol. If you do drink, use alcohol in moderation.

. Smoking. If you do not smoke, do not begin; stop
smoking if you currently do smoke.

7. Personal environment. Avoid toxins and pollutants

when possible; use care with insecticides and pesticides.

(]
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8. Personal injury. Be safety conscious; when driving, use
seat belts and avoid excessive speed or use of alcohol or
drugs.

9. Stress. Use socially acceptable, yet effective techniques
to deal with daily problems.

10. Healthy sexuality. Practice safe sex habits.

11. Self-worth. Develop a feeling of personal value, a
feeling that you are in control of your personal
environment, a feeling that you are able to make
personal choices. Do not equate money with success.

12. Intelligence and memory. Exercise your mind. Practice
memory techniques.

13. Social ability. Practice social skills. Resolve to be
cheerful and helpful. Learn to talk less and listen more.

Total health involves a balanced relationship between the mind
and the body. To be totally healthy, you should possess an
optimal level of both physical and emotional fitness. Both types
of fitness are interrelated and very complex. Although our
concern in this book is primarily with physical fitness, partic-
ularly health-related physical fitness, and the factors that may
influence it, we shall also emphasize the associated relation-
ships with emotional health.

The prudent key health behaviors addressed in the re-
mainder of this book primarily parallel the major set of health
objectives set forth by the Public Health Service in the area
of health promotion. They include:

1. Physical fitness and exercise (chapters 2 to 5)
2. Nutrition (chapter 6)

Healthy body-weight control (chapter 7)
Stress management (chapter 8)
Cigarette smoking (chapter 9)

Alcohol and drug abuse (chapter 9)
Sexually transmitted diseases (chapter 9)
Health concerns of females (chapter 10)
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Risk reduction for chronic diseases (chapter 11)

Benefits of a Positive
Health Life-Style

Many individuals do not adopt a Positive Health Life-style
because it requires some personal restraint and effort. For ex-
ample, they might not buckle seat belts because it takes a
little effort. Moreover, Americans, in general, expect imme-
diate results and benefits from such personal restraints and
efforts. Unfortunately, many of the physiological benefits of
sound positive health behaviors are not readily observable.
Without medical technology, we cannot see the fall in blood
lipids, the change in blood cholesterol, the increased vitality
of the lungs and liver, the alteration in hormones to reduce
the stress on the heart, and other such physiological changes
that may help to prevent the development of certain chronic
diseases. However, there are some clues that prove a Positive
Health Life-style program is working. We can see our body
weight begin to change, feel our breathing improve, experi-
ence less coughing in the morning, measure our slower heart
rate, suffer less physical and mental fatigue, and develop a
feeling of self-worth.

Although we cannot alter the true aging process at the
present time, it appears that the development of positive health
behaviors may help to prevent some of the adverse effects that
may be due to factors other than the true aging process. One
such factor may involve disuse phenomena, which, simply
translated, means that if we don’t use something, we lose it.
Physical abilities, intellectual capacity, memory, and social
skills may deteriorate if they are not continually utilized. Thus,
disuse may add to the deterioration that usually occurs in these
processes as a natural consequence of the true aging process.

Numerous research studies have indicated that a proper
exercise program and other positive health behaviors can aid
in slowing down many physiological aging processes. Table
1.2 presents some aging factors that may be ameliorated by
personal choice of a positive health behavior.

As noted in figure 1.4, your preparation for a healthy life
in your later years should begin when you are young. Al-
though individuals of all ages, even those in their sixties and
seventies, may obtain health benefits from the implementa-
tion of a Positive Health Life-style, the benefits will be greater
if initiated early in life. As a college-aged student, you are in
an enviable position to initiate such a life-style and reap the
benefits. Nevertheless, it is never too late to reap some of the
benefits resulting from a Positive Health Life-style.

A Positive Health LifeStyle 7
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Figure 1.4 The life-style we lead while young may exert a significant impact on the quality of our lives now and in later years.

Table 1.2 Modifiable Aspects of Aging by Personal
Choice of a Positive Health Behavior

Positive Health Behavior
Required

Aging Factor

Body weight Exercise, diet
Cardiovascular functioning

Dental decay

Exercise, diet, nonsmoking
Diet, proper cleaning

Weight control, exercise,
diet

Training, practice

Glucose tolerance

Intelligence tests
Memory
Osteoporosis
Physical endurance
Physical strength
Pulmonary reserve

Training, practice
Weight-bearing exercise, diet
Exercise, weight control
Exercise

Exercise, nonsmoking
Training, practice

Diet, weight control,
exercise

Reaction time
Serum lipids and cholesterol

Skin aging
Social ability

Sun avoidance, nonsmoking
Practice

Weight control, salt
limitation, exercise

Systolic blood pressure

Source: From Vitality and Aging, by J. Fries and L. Crapo. Copyright @ 1981 by
W. H. Freeman and Company. All rights reserved.

Personal Choice and Health
Promotion Behaviors

Personal Choice

The ultimate key to a Positive Health Life-style is an attitude
of self-responsibility for your own health status. The concept
of personal choice in relationship to health behaviors is an im-
portant one. An estimated 90 percent of all illnesses may be
preventable if individuals would make sound personal health
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choices based upon current medical knowledge. We all relish
our freedom of choice and do not like to see it constrained
when it is within the legal and ethical boundaries of society.
The structure of American society allows us to make almost
all personal decisions relevant to our health. If we so desire,
we can smoke, drink excessively, refuse to wear seat belts, cat
whatever foods we want, and live a completely sedentary life-
style without any exercise. The freedom to make such per-
sonal decisions is the crux of our scciety, although the wisdom
of these decisions can be questioned. Personal choices relative
to health often pose a dilemma. As one example, you may
know the health implications relative to a bout of heavy al-
cohol consumption but may be pressured by peer approval
into believing it is the socially accepted thing to do at a party.

A multitude of factors, both inherited and ecnviron-
mental, influence the development of health-related behav-
iors, and it is beyond the scope of this text to discuss all these
factors as they may impact upon any given individual. How-
ever, the decision to adopt a particular health-related behavior
is usually one of personal choice. There are healthy choices
and there are unhealthy choices. In discussing the ethics of
personal choice, Fries and Crapo drew a revealing analogy in
their excellent book, Vitality and Aging. They suggest that
knowingly indulging in a behavior that has a statistical prob-
ability of shortening life is similar to attempting suicide. Thus,
if you are interested in preserving both the quality and quan-
tity of life, personal health choices should refiect those be-
haviors associated with a statistical probability of increased
vitality and longevity, or in other words, adoption of a Positive
Health Life-style.

Personal Health Promotion Behaviors

How can you adopt a Positive Health Life-style? The first
step is to develop an awareness of areas in your life that need
improvement. The Life-style Health Risk Factor Assessment



Inventory (Laboratory Inventory 1.1) should be helpful in this
regard. The ultimate goal is to develop a set of permanent
health behaviors that, based upon current scientific evidence,
should provide you with the greatest opportunity to attain and/
or maintain a state of optimal health.

In order to change from an unhealthy behavior to a
healthy one, you will need to undertake some form of be-
havior modification. Behavior modification is a term you will
see periodically throughout this text. For our purposes, it in-
volves a variety of useful techniques for changing your un-
healthful life-style behaviors to healthy ones. Although some
life-style changes may be done “cold turkey,” such as using
vour wilipower to stop smoking, most behavioral changes are
usually accomplished in small steps and are more moderate
in nature, gradually evolving into a total Positive Health Life-
style. Appropriate guidelines for behavior modification will be
presented in relevant chapters, but it is important for you to
understand some of the key points of behavior modification,
so a general overview will be provided at this point.

A model often used to explain the development of a set
of behaviors involves a sequence of acquisition of knowledge,
formation of an attitude or set of values, and development of
a particular behavior (fig. 1.5). For example, you may acquire
the knowledge that eggs are very high in cholesterol, and that
high levels of some forms of cholesterol in the blood are as-
sociated with the development of atherosclerosis and coronary
heart discase. This knowledge, plus other information you
possess about coronary heart disease, may help you shape a
personal attitude that cggs are bad for your health. This at-
titude may then be reflected in your actual behavior with the
result that you will not eat eggs. On the other hand, you may
have learned that eggs are an inexpensive, excellent source of
complete protein and are high in nutrient value. This knowl-
edge may help you acquire an attitude that eggs are good for
vour nutritional health. Your behavior may reflect this atti-
tude, with the result that you eat a lot of eggs. Thus, one of
the keys to shaping your health behavior patterns is the
knowledge you receive.

In this particular case, there is some truth to both points
of view. Eggs are high in cholesterol, but they are also an ex-
cellent, inexpensive source of protein. Thus, if you are into
badvbuilding but also want to consume a diet that may pro-
tect against elevations of serum cholesterol, you may learn
that all of the cholesterol and fat are in the yolk. Eating only
=zg whites will provide you with the protein but will eliminate
the cholesterol.

Also inherent in this model is the acquisition of a variety
of skills that have important health implications. Learning to
exercise properly, to read food labels and select products that
conform to guidelines for healthful eating, to induce relax-
ation through several techniques, and if you drink, to drink
sensibly, are several of the skills inherent in a healthful life-
style, but may take time to develop.

Accordingly, you may need to establish both long-term
and short-term goals. For example, a long-term goal may be
%o lose 30 pounds in 6 months, but you may have multiple
short-term, or intermediate, related goals, such as to lose 5

Figure 1.5 Development of different health behaviors.
Knowledge influences attitude development, which leads to actual
behavior.

pounds per month. An even shorter term goal in this case
would be to lose 1 pound per week. Both long-term and short-
term goals nced to be reasonable and attainable. Nothing
breeds success like success, so it is extremely important to set
short-term goals that may be attainable in a reasonable length
of time, so that you may experience multiple successes in pur-
suit of your long-term goal. As you achieve each short-term
goal, you should reward yourself with something appropriate
to the occasion, for a reward will provide you with positive
feedback to your commitment to change an unhealthy be-
havior,

This book may be used for self-instructional purposes and
provides you with sufficient information in each chapter to
help you modify unhealthy behaviors. However, it has been
designed primarily to be used in conjunction with a college or
university course, so your instructor will help guide you in the
acquisition of appropriate knowledge and skills conducive to
the Positive Health Life-style and will also help you in estab-
lishing appropriate goals.

Although you may learn the appropriate knowledge and
develop the essential skills to initiate healthful behavior
changes, all will be for naught if it is only for the purpose of
passing this course. If you do not develop a personal health
ethic, an attitude, so to speak, that these behavior changes will
have a positive cffect on your life, you will most likely stop
using them at the end of the semester. To help develop this
attitude, you should generalize the skills you learn beyond the
classroom or exercise room to a variety of other settings and
times. For example, if you learn to monitor your heart rate
during exercise while doing aerobic dancing, do it also as you
incorporate exercise into your weekend with brisk walking or
jogging. Probably the most important factor in determining
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your ability to develop and sustain a healthy behavior is your
belief in your ability to do so. By doing it, and doing it re-
peatedly in a variety of sitnations, you will continually reaf-
firm your ability to sustain a healthful behavior that will
eventually become entrenched as a valued personal health ethic
to help gnide your health behaviors for a lifetime. As a pop-
ular advertising slogan goes, “Just do it!” It might not be a
bad idea to use this slogan, or a similar one, as your own pei-
sonal motto t¢ help reinforce your behavior changes.

Although we have been focusing upon the benefits as-
sociated with behavioral changes leading to a Positive Health
Life-style, it is important to realize that such changes may
not confer equal benefits to everyone. The prudent health be-
haviors discussed previously are general recommendations be-
lieved to be beneficial to the general population, But we are
individuals. We all possess biological individuality and thus
might react differently to a particular intervention. For ex-
ample, increased salt in the diet will increase the blood pres-
sure of some individuals, but not of others. Thus, restricting
salt consumption may be beneficial for one individual but will
have littie effect on another.

It is also important to realize that health behavior changes
may also involve some risks. For example, you may have been
genetically endowed with the ability to be a good runner and
thus might find jogging to be ¢asy and pleasant. Thus, you

may become overzealous and do too much too soon, predis-
posing yourself to an overuse injury that will limit your ability
to jog until you recover. However, if you plan properly, the
risks assoclated with most health behavior interventions are
minimal and are overwhelmingly outweighed by the benefits.
Guidelines to minimize risks associated with behavior changes
will be presented in each chapter where appropriate,

Often, when individuals initiate a health behavior change,
experience the related benefits, and develop a personal health
ethic relative to that behavior, they begin to modify other un-
healthy behaviors as well. Exercise may be a key health be-
havior in this regard, for it may spur interest in other health
behavior changes, such as a change to a healthier diet or ces-
sation of smoking. The more healthful behavior changes you
make, the greater the probability of living life to its fullest.
The next ten chapters will provide you with the knowledge
and skill base to develop a set of health behaviors believed to
be conducive to such a goal, while the last chapter will supply
you with some guidelines for adhering to such a program for
a lifetime. After completing Laboratory Inventory 1.1, Lab-
oratory Inventory 1.2 may help you identify those behaviors
that you mpay desire to change most,

Keep in mind, however, that the Positive Health Life-
style is not simply a set of health behaviors. It is more; it is a
Life-style to be lived daily.
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INTRODUCTION

s mentioned in the last chapter, exercise may be one of the
w2y health behaviors to a total Positive Health Life-style. But
what kind of exercise, and how much? We will try to provide
vou with some answers to these general questions later, but
“rst let us look at the relationships among several terms,
such as physical fithess, health-related fitness, physical
=ctivity, and exercise, that we will use in this chapter a

Fitness, Physical Activity,
and Exercise

In a general sense, physical fitness is defined as a set of abil-
“ies individuals possess in. order to perform specific types of
paysical activity. In the past, most tests of physical fitness
stressed miotor skills important in sports, such as power and
speed. and were not overly concerned with the measurement
of the health-related aspects of fitness. In recent years, the
owerall concept and definition of physical fitness has been
wndergoing some important changes, and there now appears
10 be some consensus on its definition, particularly as it relates
10 health. Some helpful guidelines are provided in later chap-
fers.

The development of physical fitness is an important
concern of the American Alliance for Health, Physical Ed-
wcation, Recreation, and Dance (AAHPERD), which has
c=tegorized fitness components into two different categories,
Scalth-related and motor skill-related. Motor skill-related
covsical fitness, although important for participation in ath-
i=tics, does not appear to emphasize health-related benefits.
On the other hand, health-related fitness components appear
%o be related to the development of cardiovascular-respiratory
sealth, maintenance of an optimal body weight, and the de-
velopment of adequate flexibility and muscular strength and
encurance important for the prevention of low back injury
2ad pain (fig. 2.1). Thus, physical fitness needs to be defined
= relationship to its components. For the purpose of this text-
Suok. the definition of physical fitness refers to physical fitness
2= 11 is related to functional health, not motor-skill ability. The
sxercise programs recommended in this textbook are, in gen-
==l designed to contribute to the development of health-
reiated physical fitness. Table 2.1 presents the components of
Soth health-related and motor skill-related physical fitness.

In general, physical activity involves any bodily move-
ment caused by muscular contraction that results in the ex-
senditure of energy. For purposes of studying its effects on
Sealth, epidemiologists have classified physical activity as
sither unstructured or structured.

Unstructured physical activity includes many of the usual
zcuvities of daily life, such as walking, climbing stairs, cy-
ciing. dancing, gardening and yard work, various domestic and
cccupational activities, and games and other childhood pur-
suits. Although unstructured physical activity, which gener-
21y is of low intensity but for a longer duration than planned
=xsreise, may not improve physical fitness, it may provide some

protection against the development of certain chronic dis-
eases. Both the American College of Sports Medicine
(ACSM) and the American Heart Association (AHA) have
recognized the value of unstructured physical activity in their
recent reports supporting the role of exercise as a health-
promotion behavior, and the ACSM is planning a separate
report on such health benefits. The Public Health Service
(PHS), in Healthy People 2000, has established several ob-
jectives for unstructured physical activity in the section en-
titled **Physical Activity and Fitness™

Increase to at least 30 percent the proportion of people
aged six and older who engage regularly, preferably
daily, in light to moderate physical activity for at least
30 minutes per day

Reduce to no more than 15 percent the proportion of people
aged six and older who engage in no leisure-time
physical activity

At certain points in this book we shall discuss how to incor-
porate more unstructured physical activity into your daily life,
particutarly in chapter 7, which deals with body weight con-
trol. In such cases, you may actually be making an unstruc-
tured physical activity a structured one.

Structured physical activity, as the name implies, is 2
planned program of physical activities usually designed to 1im-
prove physical fitness. For the purpose of this book, we shall
refer to structured physical activity as exercise, particularly
some form of vigorous exercise. The major focus of both the
AHA and the ACSM reports, in concert with a statement by
the International Federation of Sports Medicine (FISM),
stresses the importance of exercise as a means to health-
related fitness. Additionally, the PHS has also established sev-
eral related objectives under “Physical Activity and Fitness™

Increase 10 at least 20 percent the proportion of people
aged cighteen and older and to at least 75 percent the
proportion of children and adolescents aged six through
seventeen who engage in vigorous physical activity that
promotes the development and maintenance of
cardiorespiratory fitness three or more days per week
for 20 or more minutes per occasion

Increase to at least 40 percent the proportion of people
aged six and older who regularly perform physical
activities that enhance and maintain muscular strength,
muscular endurance, and flexibility

Increase to at least 50 percent the proportion of overweight
people aged twelve and over who have adopted sound
dietary practices combined with regular physical
activity to attain an appropriate body weight

Importance of Exercise

in Health Promotion

Why is exercise so important to health? The PHS notes that
physical inactivity, or lack of exercise, is thought to contribute
to a number of health problems, including high blood pres-
sure, chronic fatigue and resulting physical inefficiency, pre-
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Cardiovascular-respiratory fithess

Muscular endurance

Body composition

Flexibility

Figure 2.1 Health-related fitness components. The most important physical-fitness components related to personal health include
cardiovascular-respiratory fitness, body composition, muscular strength, muscular endurance, and flexibility.

Table 2.1 Physical Fitness Categories and

Components

Health-Related Fitness Motor Skill-Related Fitness
Components Components
1. Cardiovascular-respiratory 1. Power

function 2. Speed
2. Body composition 3. Agility
3. Flexibility 4. Balance
4. Muscular strength 5. Coordination
5

. Muscular endurance
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mature aging, poor musculature, and lack of flexibility. Such
factors are the major causes of low back pain and injury,
mental tension, obesity, and coronary heart disease. Relative
to the latter health problem, a recent review of relevant re-
search by the Centers for Disease Control in Atlanta con-
cluded that a causal relationship existed between physical
inactivity and coronary heart disease, and that this relation-
ship was similar to that found for other major risk factors for
coronary heart disease, such as high serum cholesterol and
cigarette smoking. In the Journal of the American Medical
Association, Lundberg noted that because of the multiple
health benefits that can be derived from exercise, the pro-
motion of prudent physical activity should become a national
priority for the PHS.



Other medical groups have supported the value of ex-
ercise as well. In its Special Report: Exercise Standards, the
AHA made a number of key points, including the statement
that a sedentary life-style is a key independent risk factor for
developing cardiovascular disease. Additionally, in the State-
ment on Exercise, the AHA reports that regular exercise can
lower serum lipid levels, reduce the clinical manifestations of
heart disease, improve the efficiency of the heart and circu-
lation, and reduce blood pressure in individuals with hyper-
tension.

Relative to mental health and emotional fitness, William
P. Morgan summarized the consensus statements generated
at a conference conducted by the National Institute of Mental
Health. In brief, Morgan noted that exercisc and physical fit-
ness are associated positively with mental health and well-
being, reduction of stress emotions, and decreased levels of
mild to moderate depression and anxiety.

Several reviews indicate that physicians have begun to
recognize the beneficial effects of exercise in a wide variety
of disease states. They believe that exercise is a neglected
medicine. Borlz even states that there is no product in the
Fhysician’s Desk Reference that offers such an array of ben-
=fts in such a diverse set of pathological conditions as does
exercise. Leach notes that physicians should write exercise
orescriptions and attempt to persuade their patients to view
them in the same light as a drug prescription. The viewpoint
= also advanced that an active exercise program may help to
retard many of the adverse effects commonly attributed to
2zing and, thus, that such a program should be a part of daily
“ving patterns at all age levels. For a detailed review of how
ohysical activity can have an impact upon health, the inter-
=sted reader should refer to the magnificent tome Exercise,
Finess, and Health, edited by Claude Bouchard and his as-
sociates.

The roles that exercise may play in the prevention of some
coromic diseases and other risk factors associated with the
==ing process are discussed throughout this book, particularly
= chapter 11. As you shall see, a well-designed exercise pro-
==m appears to be a key factor in diminishing some of the
sverse processes of aging. Some epidemiological evidence,
notably the extensive research conducted by esteemed epi-
S=mologist Ralph Paffenbarger, suggests that exercise may
L0 mcrease your longevity.

It should be noted, however, that although regular ex-
eroise may be a valuable health adjunct, it is not a panacea.
Athough unusual, it is possible for you to be fit, but not
s=aithy. Thus, exercise should be considered to be only a part
o 2 total Positive Health Life-style, but a very important part,
2= may be a key to other health behavior changes as well.

Personal Physical Fitness Programs

The design of any physical fitness program is based upon the
L mate purposes or goals that have been established by or
“or znv given individual, In some cases, goals are established

for indivicuals. A physician may design an exercise program
for a postcardiac patient entering a rehabilitation program,
with the ultimate goal of regaining normal cardiovascular ef-
ficiency. Similarly, a coach may design a strenuous training
program for a high school athlete with the potential to run a
4-minute mile. Although we may recognize the differences in
the health status of the individuals in these two cases, similar
principles are used in the design of the two vastly different
training programs. Our primary concern in this book is not
with rehabilitative exercise for patients or with training of
athletes for high levels of competition, but with exercise pro-
grams that would improve a normal, healthy individual’s
physical fitness level. Four components are involved in the
design of a personalized physical fitness program: assessment,
planning, implementation, and evaluation.

Your Personal Fitness Needs—
Assessment

Before you are able to design a comprehensive personal phys-
ical fitness program for yourself, you should know your cur-
rent physical fitness status. In other words, in what kind of
shape are you? As mentioned above, physical fitness repre-
sents a complex assortment of components that may be
grouped as either motor skill-related or health-related. Motor
skill-related components include such factors as strength,
power, speed, agility, reaction time, and balance. Although
important to physical performance, they arc more related to
athletics than they are to the health of the average individual.
On the other hand, cardiovascular-respiratory function, mus-
cular strength and endurance, flexibility, and body composi-
tion are important health-related fitness components. Since
the thrust of this book is toward health-related physical fit-
ness, personal fitness needs will be addressed only in relation
to these components. Thus, you will need to assess your cur-
rent status in the following areas:

cardiovascular-respiratory function
. muscular strength

. muscular endurance

flexibility

body composition

Oy Bl B

How do you assess your current status and determine
what your physical fitness needs are in each of these areas?
You will be presented with some guidelines and assessment
techniques in chapter 3 for cardiovascular-respiratory func-
tion, in chapter 4 for muscular strength and endurance, in
chapter 5 for flexibility, and with some body composition tech-
niques in chapter 7.

Your Personal Fitness Goals and
Objectives—The Basis of Planning

The basic short-term goal of the Positive Health Life-style is
to become as healthy, both physically and mentally, as you
possibly can. The long-term goal is o remain in optimal health
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by preventing the development of chronic diseases and by im-
proving your longevity. A properly designed exercise program
can help you reach these goals, but these goals are somewhat
difficult to measure. You need to establish specific, measur-
able objectives that you can attain in the pursuit of these goals,
Once you have assessed your current fitness status relative to
each of the five health-related fitness categories, you will be
in a better position to establish reasonable objectives for your-
self. Overall, these personalized objectives will serve as the
basis for planning your fitness program. _

When planning your fitness program, ask yourself a series
of questions. Some of these questions are addressed briefly at
this point, but more specific information will be provided in
the succeeding chapters.

What type of exercise should I do? The answer to this
question depends primarily upon which fitness objective you
have in mind. For example, for strength development you may
choose resistance training, but for cardiovascular-respiratory
fitness improvement you would choose one of a variety of aer-
obic exercises. We refer to this as the exercise mode,

How hard should I exercise? This question refers to ex-
ercise intensity, which may be measured in a variety of ways.
For example, in the next chapter yvou will learn to use your
heart rate t0 measure exercise intensity during aerobic ex-
ercises.

How long should I exercise? Exercise duration, the
amount of time you need to exercise to reap benefits, is an-

other important concept of training: it interacts with exercise

intensity. Thus, the amount of time vou need to exercise daily
may vary depending upon your fitness objective. For example,
in weight loss programs, increased duration of exercise is im-
portant.

How often should I exercise? This question refers to ex-
ercise frequency, usually interpreted as how many times you
- should exercise per week. Again, exercise frequency depends
upon your fitness objectives and may vary from three to seven
days per week.

How do I determine my health-related fitness objectives,
and how long will it take me to achieve them? One of the
distinguishing characteristics of the health-related physical
fitness companents is that they can be improved through a
proper training program. Later on in this text you will per-
form several tests that will provide an assessment of your fit-
ness level in each of the health-related physical fitness
components. For each of these areas, you are provided with
norms and/or other data to determine your current fitness
status. Based upon this information, you will be able to es-
tablish specific objectives. You may establish short-term and
long-term cbjectives, but it is important in the initiai stages
of a training program to establish perscnal fitness objectives
that are attainable.. For example, you may set a short-term
goal o Iose 5 pounds in a month or run a mile nonstop; you
may set a long-term goal to jose 40 pounds or complete a
10-kilometer race. Guidetines are presented for each major
health-related physical fitness component in the following
chapters. o
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Starting and Staying with the Plan—
Implementation

You should consider a number of factors before you imple-
ment your personal fitness program. At this point, several fac-
tors involved in starting and staying with your exercise
program will be briefly discussed.

Medical Clearance

Of concern is the type of medical clearance you should have
before initiating an exercise program or taking an exercise
test, particularly one that stresses the cardiovascular system.
There appears to be some controversy over who needs to see
a physician before initiating or increasing the intensity of an
exercise program, particularly when the physical examination
includes an exercise ECG stress test. The National Heart,
Lung, and Blood Instituie (NHLBI), American Heart As-
sociation {(AHA}, and American College of Sports Medicine
(ACSM) have all developed guidelines relative to this issue;
some differences do exist in their recommendations. No thor-
ough review of these guidelines is presented here because they
are extensive and beyond the scope of this text. However, some
practical suggestions that represent a synthesis of these and
other viewpoints are offered.

1. If you have concern about any facet of your health,
check with your physician before starting an exercise
program. Complete Laboratory Inventory 2.1, Physical
Activity Readiness Questionnaire (FAR-Q) prior to
taking an exercise test or increasing the amount of
physical activity in your life, particularly initiating an

. exercise program.

2. No matter what your age, if you have any of the
coronary heart disease risk factors noted in table 2.2,
you should have a physical examination.

3. If you are young (twenties or early thirties), healthy,
and have no risk factors, it is probably safe to initiate
an exercise program. As a matter of fact, it is probably
more dangerous to your health in the long run not to
exercise than it is to remain inactive simply because
you have not had a physician’s examination.

4. Controversy begins after you reach age thirty-five, If
you are physically active and have no risk factors, you
may continue with your customary program and even
progressively increase the intensity on a gradual basis.
If you possess any risk factors, see your physician. If
you are sedentary without any risk factors, it would be
a good idea to check with your physician, although you
may be able to initiate a gradual, sensible exercise
program, such as walking, with minimal risk. The clder
you are, the better the idea to get a medical
examination. In fact, it is prudent for those over forty- -
five to have an examination.

For individuals whe do have a physical examination, the
physician may recommend an ¢xercise ECG stress test. An
exercise EE€G stress test, usualfy prescribed in suspected cases
of oc)rgn‘arf hea‘rt,dise@e, may serve a very useful purpose. It



Table 2.2 Major and Predisposing Risk Factors
Associated with Coronary Heart Disease

High blood pressure
Cigarette smoking

[PV ]

High blood lipid levels: cholesterol and triglycerides
Diabetes

Obesity

Abnormal resting electrocardiogram (ECG)

J o s

Family history of coronary heart disease before age fifty

Source: Data from American College of Sports Medicine. Guidelines for Graded
Ss=rcise Testing and Exercise Prescription, 4th, ed., 1991; and from American
=eart Association, Coronary Risk Factor Statement for the American Public, 7986,

can be used to diagnose the presence of coronary heart dis-
=ase, to prescribe a safe exercise program, and to evaluate the
rehabilitative effects of such a program. In essence, the pa-
tient exercises on 4 treadmill under the supervision of trained
medical personnel. The ECG is monitored continuously, and
the individual exercises to the point of exhaustion or to some
sther predetermined termination point. You should take an
ECG stress test only if it is prescribed by a physician and
soncucted under proper medical supervision. Some fitness or-
z=mizations advertise a heart-rate stress test without medical
comtrol for a lesser cost, but such tests should not be regarded
== 2 substitute for the ECG test.

Zenefit /Risk Ratio

75z benefit/risk ratio refers to the relationship between the
sotential benefits you expect to get from your exercise pro-
==m and the potential risks you may encounter in the pro-
===m. The potential benefits, discussed previously, include less
Socy fat. improved cardiovascular functioning, more strength
2o in general, enhanced physical and mental health. Al-
“nouszh some forms of exercise may aggravate existing health
sroblems, such as heavy weight lifting with a hernia, most of
==z potential risks focus upon injuries. The type of injury you
===y incur is usually specific to the exercise mode you choose.
Same sports pose a risk for accidental injury, such as falls in
swsdoor bicycling. Others pose a problem with overuse inju-
=== such as sore muscles in the calves of runners or the shoul-
Zer= of swimmers from exercising too much or too strenuously
% =en not prepared. Although the scope of this book does not
2 ow for a detailed coverage of injury prevention and treat-
ment. some key points will be provided where appropriate.

Seills and Equipment

4 high degree of skill is not necessary to reap fitness benefits
“wrough exercise. Although elite swimmers and bicyclists have
Zeveloped highly technical skills in order to succeed in com-
oetition, most of us can learn the rudiments of swimming and
Secveling that are essential for fitness. Moreover, some of the
most effective exercises, such as walking, jogging, and run-
ning, are so natural that they require little or no skill training.
Because of this and other factors important to the develop-

Although you do not need any special equipment or fa-
cilities at all for some types of exercise programs, proper
equipment may help to make some activities more enjoyable
and may also be important to help minimize the risk of injury.
For example, special clothing may help keep you warm while
bicycling in cold weather, while an approved helmet will pro-
tect your head in case of a fall. In activities such as jogging
and running, your major investment will be in a good pair of
shoes, but proper clothing may be an important consideration
under certain environmental conditions. Depending upon the
nature of the exercise activity that you choose and the size of
your wallet or purse, you will find a variety of equipment
available to help make exercise more enjoyable and safe.

Adherence

Starting an exercise program is the casy part. For many people,
staying with it, or adherence, is the hard part. Research has
shown that many individuals will stay with an exercise pro-
gram for approximately six months and then drop out for one
reason or another. If you are initiating an exercise program
in conjunction with a health-related fitness or wellness course,
you most likely will stay with the program at least through
the end of the semester, at least if you want a good grade in
the course. Whether you continuc beyond that time will depend
on the personal health ethic you develop towards exercise, as
discussed in chapter 1. Since principles of adherence relate to
other health behaviors besides exercise, we shall discuss these
principles in the last chapter, “Staying with the Positive Health
Life-style,” after you have been exposed to other health-
related behaviors such as healthful nutrition, management of
stress, and avoidance of substance abuse.

Meeting Your Objectives—Evaluation

After you have assessed your needs, set your objectives,
planned your program, and implemented it for a period of
time, you need to evaluate your progress towards your estab-
lished objectives. Often, simply doing your daily exercise pro-
gram serves as an evaluation; for example, one of your short-
term objectives may be to run one mile nonstop, which may
actually be achieved in one of your daily workouts. Other ob-
jectives, such as to lose 10 pounds or to reduce your body fat
by 3 percent, may be evaluated by the use of weight scales
or appropriate body composition techniques.

In some cases you may not have met your specific {itness
objectives, so you will need to give yourself more time. In
others, you may have met or exceeded your objectives, and
at this point you can either plan to maintain yourself at the
attained level or to set your sights a little higher. Evaluation
on a periodic basis is important, for it provides information
relative to your progress towards or maintenance of a health-
related fitness objective or goal.

General Principles of Training
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proving appearance; others may want to improve cardiovas-
cular endurance capacity. The major principles underlying the
development of any physical training program are the prin-
ciples of use and disuse. In essence, the principle of use in-
dicates that you need to do a specific fitness component to
improve it. Unlike machines, which tend to deteriorate with
use, the human body possesses the ability to adapt to use and
1o increase the capacity and efficiency of the body systems
being utilized. Conversely, the principle of disuse dictates that
if you are (it but stop training, your level of fitness will decline.
In other words, use it or lose il. Several other principles clab-
orate on the concepts of the use-disuse principles,

The Overload Principle

The overload principle is the most important principle for all
conditioning programs. [t relates to the principle of use in that
your body systems must be stressed beyond their normal levels
of activity if they are to improve. The three major components
of the overload principle are intensity, duration, and fre-
quency of exercise. All three may be adjusted in order to
impose an overload.

The intensity of the exercise is a very important com-
ponent of the overload principle. Intensity is synonymous with
rate of exercise, or tempo, in such activities as running and
swimming. In weight lifting, intensity is related to the amount
of resistance offered (fig. 2.2). There are a number of ways
1o express the intensity of an exercise task, such as amount
of weight lifted, speed, and heart rate. Heart rate is a com-
monly used method in many general conditioning programs
for cardiovascular fitness. Other methods for determining
proper intensity levels for specific exercise programs, in-
cluding a newer technique involving psychological perception
of exercise intensity (rating of perceived exertion), are also
presented in the next chapters.

A second component of the overload principle is duration.
An overload may be imposed by simply increasing the length
of the exercise period. The intensity of the exercise is gener-
ally inversely related to the duration —as intensity increases,
duration decreases and vice versa. If duration of exercise is
an important concern, the intensity level must be decreased
correspondingly.

The frequency of training refers to the number of days
per week that an individual exercises. For the average indi-
vidual, three to four days per week are sufficient to elicit a
training effect (improvement in physiological functions), but
increased frequency may be necessary for athletes training
for competition.

The Principle of Progression
Associated with the overload principle as applied to a physical
conditioning program is the principle of progression, often re-
ferred to as progressive overload or progressive resistance. In
resistance training, this principle is often known as progressive
resistance exercise (PRE).

All too often individuals will initiate exercise programs
with great enthusiasm but with little planning, such as a New
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Figure 2.2

The overload principle in action with resistance
training. In order to continue to improve strength, weights must be
increased.

Year's resolution. Unfortunately, for one reason or another,
these programs usually result in a high rate of dropouts after
a relatively short period of time. One reason may be the lack
of a plan for progression. For example, an individual may recall
that three years ago she was able to run two miles nonstop,
50 she tries this on her first couple of exercise sessions, de-
velops severe muscle soreness, and terminates the program.

Thus, progression of overload is an important planning
concept. The initial stages of the training program, especially
for the habitually sedentary individual, should be mild to
moderate. As the body begins to adapt to the exercise routine,
the intensity, duration, and/or frequency may be increased.
However, it is important to progress slowly, as too rapid a pro-
gression may contribute to the development of overuse inju-
ries.

The Principle of Specificity

In the next chapter, we will discuss the three human cnergy
systems in the muscles. One of the most important of these
for health-related fitness is the oxygen system. The principle
of specificity indicates that you must train a specific energy
system and specific muscle groups in order for them to im-
prove. Training a specific energy system is often known as
metabolic specificity, while training a specific muscle group is
known as neuromuscular specificity.

In relation to the three energy systems, metabolic spec-
ificity is critical; a specific energy system must be overloaded
if it is to improve. If you want to develop the oxygen system,
you must design a training program that primarily utilizes
that particular energy system. Physical activities that involve
large muscle groups over sustained periods of time depend on
the oxygen system and will eventually increase its cfficiency
and capacity.

Neuromuscular specificity is important in relation to the
mode of exercise that you use to develop the oxygen system.
Three common exercise modes for conditioning the oxygen
system are running, swimming, and cycling, Appropriate con-
ditioning programs in each activity increase the capacity of



the oxygen system in general, but the improvement in per-
formance level is greatest for that activity in which the in-
dividual trains. One person training via a running program
and another via a swimming program may make equal gains
in utilization of oxygen. However, the swimmer will perform
better in a swimming test, while the runner will do better in
a running test. This indicates that specific neuromuscular
mvolvement is extremely important if one is training for in-
creased performance in a given activity. The particular mus-
cles, including the neuromuscular pattern, involved in any
given activity in which improvement is desired should be in-
cluded in the conditioning program.

The Warm-Up Principle

A properly designed exercise session will include three com-
ponents —a warm-up, a stimulus period, and a warm-down.
The stimulus period, the heart of your exercise program, ap-
plies the overload principle to improve your fitness. Warm-up
is a term used to describe activities used to prepare your body
for the more strenuous exercise in the stimulus period. Al-
though there are a variety of ways to do a warm-up, the usual
technique involves the use of less intense levels of the actual
=xercise you will do during the stimulus period, followed by
some gentle stretching exercises. The warm-down, often called
the cool-down, is done immediately after the conclusion of the
stimulus period. Like the warm-up, it involves milder exer-
cises than those used during the stimulus period. Stretching
is very important during the warm-down. At this time your
muscles are warm from the body heat produced during the
=xercise bout, and they are more flexible and less likely to be
overstretched or torn.

Both the warm-up and warm-down may be important in
the prevention of several problems associated with more
strenuous exercise, such as muscle soreness and injury. They
may also help in the prevention of excessive strain on the heart,
Research has shown that engaging in sudden strenuous ex-
ercise may lead to an abnormal heart rhythm that could be
dangerous to someone with hidden heart problems. A warm-
up will gradually increase the circulation and will help to
chiminate this effect. Furthermore, if you suddenly stop ex-
ercising (for instance, if you abruptly stop running), there is
2 tendency for the blood to pool in the legs; this decreases the
Slood’s return to the heart. This may also stress the heart and
lzad to abnormal rhythms in some individuals. A warm-down,
= gradual tapering of your exercise, such as walking or jog-
ging easily at the completion of more strenuous running, will
el to maintain blood flow to your heart and will help pre-
vent this potential problem. An adequate warm-down is prob-
zbly more important than the warm-up.

The Principle of Recuperation

As noted above, exercise places a stress on the body during
active exercise and for a short time afterwards. During your
recovery period over the following day or so, your body sys-
tems will adapt to this stress and become stronger and more

efficient. Thus, a period of rest or recuperation is essential if
you wish to benefit from your exercise program. In most in-
dividuals, a day or two is adequate. Inadequate recuperation
time may lead to injuries associated with excessive exercise,
often known as overuse injuries. On the other hand, extended
periods of rest may lead to deterioration in fitness.

The Principle of Reversibility

The principle of reversibility is another way of stating the
principle of disuse. If one of your energy systems is not uti-
lized, it deteriorates to a level congruent with your level of
activity. For example, research has shown that bedridden in-
dividuals experience tremendous decreases in the oxygen
energy system in relatively short periods of time, as do highly
conditioned endurance athletes who go through a period of
detraining. Thus, in order to maintain a desired level of fit-
ness, you need to continue to provide an exercise overload.
Unfortunately, we cannot “bank™ fitness.

Exercise as a Prescription

Your personal fitness goals and specific fitness objectives to
meet these goals are the major determinants of your exercise
prescription. Exercise may be used to improve your perfor-
mance in all five health-related fitness components—cardio-
vascular endurance, muscular strength, muscular endurance,
flexibility and body composition.

As related to a Positive Health Life-style, exercise may
also be effective in the prevention or treatment of a variety of
health disorders, including coronary heart disease, high blood
pressure, diabetes, obesity, and low back problems. Some
epidemiological evidence even indicates that exercise, partic-
ularly early in life, may help in the prevention of cancer. In
this sense, exercise may be thought of as medication; it can
exert its effect upon the body in a number of ways. Exercise
can increase the efficiency of the cardiovascular system, ox-
idize body fats, expend energy, strengthen muscle tissues, and
increase flexibility, to name but a few of its implications for
health. However, just as a physician must prescribe an ap-
propriate dose of a specific medication for a given disease, so
too must a specific type of exercise and appropriate dosage
be prescribed for different fitness goals. The principle of spec-
ificity deals with the type of exercise to be prescribed; the
overload principle relates to the dosage.

When we have a serious medical problem we need to
consult a physician, who will diagnose our condition and pre-
scribe some form of treatment, which in many cases may in-
volve prescription drugs. However, for minor ailments such as
colds and headaches, we may do our own diagnosis and pre-
scribe our own over-the-counter medication, such as taking
several aspirin. Although some individuals, particularly those
at high risk for cardiovascular disease, may need an exercise
prescription from a physician, most of us may be able to pre-
scribe our own exercise regimen if we have adequate infor-
mation. :
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In the succeeding chapters, you will learn the details for
prescribing your own exercise program. In chapter 3 you will
learn the specific types of exercises that may be used to train
the cardiovascular system and the appropriate guidelines for
the dosage of intensity, duration, and frequency. Chapter 4
will focus upon exercise programs designed to improve mus-
cular strength and endurance. Chapter 5 will help you im-
prove flexibility. Chapter 7 explains the role of exercise,
combined with dieting, as a means to increase muscle mass
or lose excess body fat. Finally, chapter & indicates how ex-
ercise may be used to help reduce stress.

Some therapies are effective in a single dose; a shot of
penicillin may kelp cure an infection somewhere in the body.
Other drugs need to be taken repeatedly for only a certain
period of time; aspirin may be used for several weeks to help
treat a persistent inflasnmation in a muscle tendon. Still others
must be taken for a lifetime; insufin must be administered
daily in some diabetic patients. As an analogy to medication,

exercise falls into this last category. A single dose elicits some
physiologtcal effects in the body. but does not produce any
long-lasting changes in body structure or function, On the other
hand, the body adapts to repeated doses of exercise, and, if
the exercise is appropriate, many of these adaptations have
beneficial health effects. However, these beneficial bodily ad-
aptations revert to normal if exercise is discontinued. For ex-
ample, a study on blood pressure presented at an American
Heart Association meeting revealed that moderate exercise
three days per week helped to reduce blood pressure and re-
verse heart damage, but that beneficial effects disappeared if
the exercise was not continued.

Thus, for a Positive Health Life-style, exercise is a life-
long prescription. Combined with proper nutrition and relax-
ation techniques, you will maximize your opportunity to fecl
and be healthy, both physically and mentally.
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Key Terms '

aerobic dancing

AEROBIC EXERCISE

circuit aerobics

maximal oxygen consumption

aerobic fitness energy (VOmax)
aerobic walking "~ fatigue *megajoule (MJj
“anaerchic threshold interval training MET.

ATP lactic acid system | oxygen debt | -

ATP-PC systern
Calorie

Key Con&epts

The human body has three basic
systems 10 produce energy for exercise:
the ATP-PC system, the lactic acid
system, and the c_;*yg'en system.

Two comman methods used to express
energy expenditure are measuring
Calories and measuring oxygen
consumption; ather methods include the
MET and the megajoule (M.

Aerobic fitness (cardiovascular-
| respiratory efficiency) is the single most
important health comporent of physical
fitness.
 Aerobic fitness involves the interaction
of four physiological functions—
respiration, central circulation,
peripheral circulation, and muscle
metabolism.

Maximal oxygen uptake (VOzmax),
expressed in ml O, /kg body weight/
minute, is one important measure of
aerobic fitness, Another important
measure is the ability to sustain exercise
at a high percentage of VO, max.

maximal heart rate reserve
(HRMAX reserve)

axygen system

~(RPE)

indirect tests such as walking, distance
running, swimming, and bicycling are

_ the most practical means available to

evaluate aerobic fitriess. Step tests are.
valuable in demonstrating the :
adaptation of the heart to aerobic.
training. : :

_ In general, most healthy young adults do
not need an exerc ise stress fest prior to :

starting an aerobic exercise program,
but if you have concern about any facet

-of your health, check with your -

physician.

The four key components of an aerobic
program areé mode, intensity, durat;on
and frequency of exsrcise.

Exercise intensity is the most lmportant
component of an aerobic exercise
prescription. Measurement of the
threshold (target) heart rate is a valuable
method of assessing exerc;se intensity.

Aerobic exercise programs must :nvotve ;

large muscle groups. Although a number
ot different modes of exercise may be
used to achieve aerobic ﬁ_tness!_a_walk_

jogrun program is probably the most -
‘practical one available. :

ratmg of perce;;\ed exertion

stimulus period
~ steady state threshold
target heart rate range
{target HR)

threshold stimulus .~~~ =

According to the American College of
Sparts Medicine (ACSM), the minimum

“amount of exercise for aerabic fitness | is

an intensity level of 50 to 85 percent of

‘ the heart rate reserve, for adurationof =
15 to 60 minutes, at a- frequency Of 310

i t1mes per week;

htis lm'portant jro také.if'eésy-when &

beginning an aerobic exercise program.

. Aerobic walking is a recommended

approach, particularly for those whoare
habitually sedentary, The intensity of the

- exercise should gradually be increased.

Unstructured phys'ical activity .may ;
provide some health benefits, but an

“optimal program involves structured

aerobic exercise. An exercise equlva}ent

: of about 2,000 Calories per week
~appears to be a reasonable goal.

Although there are some risks
associated with any aercbic exercise
program, the benefits to your health -
appear to outweigh them, particularly if

you are aware of potential problems

and take precautions to avoid them.

Heat is one serjous problem that
confronts the normal individual who'

~exercises. You must be aware of means
. to avoid heat illnesses when exercising
‘under hot and/or humid conditions.



INTRODUCTION

Of all of the different types of exercise programs available,
those that stress aerobic exercise appear to possess the
greatest potential for improving your health. William Haskell
of Stanford University, an internationally respected authority
on the therapeutic aspects of exercise, has noted that
although aerobic exercise by itself is obviously not a panacea
for all diseases, available research data support its use as a
treatment for various medical conditions and its value in an
overall program of health promotion. In this latter regard,
zerobic exercise also may serve as a catalyst to other
Positive Health Life-style changes, such as nutrition, weight
control, and smoking. In a sense, then, aerobic exercise is
medicine. It has tremendous potential to elicit substantial
oenefits for physical and mental health, as documented
=xtensively in Exercise, Fitness, and Health, the proceedings
of an international conference edited by Claude Bouchard
and his associates.

But how much aerobic exercise do you need to reap
mealth benefits? Although there is no simple answer to this
guestion for each individual, research has provided us with
some very reasonable guidelines. Literally thousands of
=pidemiological and experimental studies have been
conducted over the past decade to explore the medical
=spects of physical activity and exercise, and many of these
studies have looked at the intensity, duration, frequency and
—ode of aerobic exercise and how these variables affect risk
factors associated with certain diseases.

The effectiveness of any given medicine may be related
0 its dosage. In order to achieve some benefit, a minimum
zose must be given, and increasing benefits may accrue to
some maximum dose. However, an overdose may actually be
marmful, not helpful. The amount of exercise you need may
o= compared to medical dosages. For example, there is some
=vidence to suggest that even a minimum threshold dose of
=xercise, such as simply increasing your exercise energy
=xpenditure through unstructured physical activity like
walking or yard work, or participating in recreational sports
such as golf and bowling in your leisure time, may confer
some health benefits. Research also indicates a dose-
r=sponse relationship, suggestive of increased health
cenefits with higher dosages of exercise, at least up to some
—aximal level. No additional benefits appear to accrue
o=yond this maximal level, and if exercise becomes excessive
overdosage), health risks, instead of benefits, may increase.

Based upon a synthesis of the prevailing research, the
curpose of this chapter is to discuss the basic principles
wnderlying the development and implementation of your
c=rsonalized aerobic exercise programs

Human Energy

Scfore discussing the principles of exercise training, it is im-
portant to provide an overview of the human energy processes,
“or these processes serve as the basis for all exercise training
srograms. Knowledge of energy storage and production in the
=uman body is also essential background for weight control.
Exercise demands energy. In this section, we shall cover how
emergy is stored in the human body and how the body uses
toree different energy systems to produce muscular energy at

various rates., We shall also introduce you to the concept of
energy equivalents, for when you read scientific literature you
may see energy expressed in ways other than Calories.

Energy Forms in the Body

Energy is the capacity to do work and, although energy may
exist in six different forms, our concern is primarily with
chemical energy, mechanical energy, and thermal energy. One
of the major characteristics of energy is that one form may
be transformed into another. For example, the chemical energy
that is stored in a gallon of gas can be converted into thermal
energy in an automobile engine and then into mechanical
energy to drive the pistons and move the car.

The sun 1s the ultimate source of energy. Solar energy is
harnessed by plants, through photosynthesis, to produce cither
plant carbohydrates, fats, or proteins, all forms of stored
chemical energy. When humans consume plant and animal
products, the carbohydrates, fats, and proteins undergo a series
of metabolic changes and are utilized to develop body struc-
ture, to regulate body processes, or to provide a storage form
of chemical energy (fig. 3.1). Chemical energy may be stored
in a variety of forms in the human body. Carbohydrate may
be found in the blood as glucose, a simple sugar. Carbohy-
drate may also be stored in the muscle or liver as glycogen,
a combination of glucose molecules. Fat may be stored as tri-
glycerides, primarily in the blood, muscle tissue, and adipose
tissue. Although protein is not usually a major source of human
energy, it may be under certain conditions, such as starvation.
Most of the soft tissue of the body, such as the muscles, con-
sists of protein. Although chemical energy may be stored as
carbohydrate, fat, or protein, the body cannot use them as an
immediate source of energy for such functions as muscle con-
traction. They must be converted into ATP (adenosine tri-
phosphate), another form of chemical energy in the human
body. ATP, a high-energy compound, is the immediate source
of energy in humans. Another compound, PC (creatine phos-
phate), also formed in the body, serves to replace ATP very
rapidly as it is used up.

In order to do mechanical work (exercise), ATP must be
utilized. The faster you work, the more ATP your body needs.
However, since the ATP available in the muscle is sufficient
for only about one second of maximal work, it must be re-
stored rapidly if work is to continue. The faster or harder you
work, the more rapidly the ATP must be replenished.

Exercise is classified as being aerobic or anaerobic. Aer-
obic ATP production utilizes oxygen in the body. Carbohy-
drates and fats combine with oxygen in a serics of complex
metabolic reactions to produce ATP. Anaerobic ATP produc-
tion occurs in the absence of oxygen by one of two processes.
ATP itself may provide energy anaerobically and be resyn-
thesized by the utilization of PC. Or, ATP may be formed
anaerobically when carbohydrate (muscle glycogen), in the
absence of adequate oxygen, breaks down into lactic acid. Note
that carbohydrate may be a source of ATP production under
both aerobic and anaerobic conditions.

Aerobic Exercise 23



- Animals (chemical energy)
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ATP-PC

Figure 3.1 Through photosynthesis, plants utilize solar energy
from the sun and convert it to chemical energy in the form of
carbohydrates, fats, or proteins. Animals eat plants and convert the
chemical energy into their own stores of chemical energy—primarily
fat and protein. Humans ingest food from both plant and animal
sources and convert the chemical energy for their own stores

and use.

Human Energy Systems

There are three major classifications of energy systems in the
human body. The major characteristics of these systems are
presented in table 3.1. All three systems are designed to re-
plenish ATP. Although all systems appear to operate under
a wide variety of exercise intensities, one system usually pre-
dominates. In sprinting activities lasting less than 10 seconds,
the ATP-PC system predominates. In maximal exercise of
about 1 to 2 minutes duration, such as running a fast 400- or
800-meter race, the lactic acid system predominates. In low
levels of activity, such as rest and long slow-distance running,
the oxygen system predominates. Thus, the ATP-PC and lactic
acid system can produce ATP rapidly, while the oxygen system
produces ATP at a slower rate but can sustain production for
a longer time. It is important to keep in mind that, in most
exercises, all of the energy systems are used to one degree or
another. The lactic acid system may predominate in a fast
400- 1o 800-meter run, but it is not the exclusive energy system;
the oxygen system also contributes some portion of the energy
demand.

An important distinction between the oxygen (aerobic)
energy system and the anacrobic energy systems is the rate
of fatigue. Fatigue is a complex phenomenon that may have
a variety of causes. For our purposes here, it is important to
note that the anaerobic processes involving the lactic acid
system result in fatigue within a relatively short period of time
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largely due to the accumulation of lactic acid in the muscle
cell, which may disrupt normal functioning. On the other hand,
aerobic exercise does not lead to lactic acid accumulation and
may be continued for longer periods of time, although fatigue
may also occur due to other factors, such as fuel depletion or
dchydration.

A summary of the three human energy systems is pre-
sented in figure 3.2.

Energy Equivalents

The oxygen system is utilized as the main energy source during
rest and at low levels of exercise. It may also be the major
energy source for high levels of sustained aerobic activity. For
the time being, however, we are concerned about the rela-
tionship of oxygen to energy expenditure.

Increasing oxygen consumption results in an increased
caloric expenditure, which can have considerable value in a
weight control program. In order for the oxygen to be utilized,
it must be transported from the atmospheric air to the muscle
tissues. This is the major function of the cardiovascular-
respiratory system -the heart, lungs, and blood. Exercise
programs designed to stress the oxygen system concomitantly
benefit the cardiovascular-respiratory system and hence are
known as aerobic exercises.

Through a series of complex metabolic processes in the
body, oxygen is eventually utilized in order to relcase the
chemical energy of carbohydrate and fat stored in the body.
During rest, most of this chemical energy is utilized to provide
energy for our basic metabolic functions. In the process, heat
is liberated (thermal energy), which helps to keep our body
temperature at about 98.6° F. When we exercise, about 25
percent of the energy we produce by oxidation of carbohy-
drate and fat is converted into mechanical energy (muscle
contraction to actually move the body). However, about 75
percent of the energy produced during exercise is still relcased
as heat (thermal encrgy).

Thus, in the human body, chemical energy can be con-
verted to either thermal or mechanical energy. Since oxygen
is the key to the energy release, the amount of oxygen used
can be equated to measures of chemical, thermal, and me-
chanical energy. There are numerous units of measurecment
used 1o express energy in the different forms in which it exists.
An international system of units has been developed in order
to standardize measurements. However, in the United States,
the Calorie still appears to be the most popular means of ex-
pressing energy, both for exercise and for food. For practical
purposes, we shall use it as the basic unit of measurement for
human energy. The Calorie is especially relevant when ex-
ercise is used as a means to control body weight.

A calorie, or gram calorie, is the amount of heat neces-
sary to raise the temperature of 1 gram of water one degree
Celsius. A kilocalorie, or Calorie, is 1,000 gram calories. We
shall refer only to the Calorie in this text. Oxygen in itself
does not contain any Calories, but carbohydrate and fat do.
Oxygen releases the Calories from the carbohydrate and fat.



Table 2.1 Characteristics of Human Energy Systems

Characteristic ATP-PC Lactic Acid Oxygen
Aerobic/anaerobic Anaerobic Anaerobic Aerobic
Rate of ATP production Fast Fast Slow.
Time limits for maximal exercise 4-5 seconds 1-2 minutes Hours
Capacity for ATP production Low Low High
Lactic acid production No Yes No
Fatigability High High Low
Energy source ATP-PC Carbohydrate Carbohydrate, fat
Track event 100 meters 400-800 meters 5 kilometers
Expected time for elite athlete (0:09) (1:45) (8:25)
Carbohydrates Carbohydrates
“and fats {muscle glycogen)

Oxygen

ATP

Oxygen system (aerobic)

B

PC ————p P + C + Energy

ATP ]

b

y

Lactic acid

Lactic acid system (anaerobic)

i vl
/ ATP e ADP + P + Energy
Energy + ADP + P =i ATP ENBrgy e

ATP-PC system (anaerobic)

Figure 3,2 The three human energy systems. ATP, the
mmediate source of energy for most processes in the human bady,
===ds to be replenished.

The oxygen system. Through complex changes, the muscle stores
oF carbohydrates and fats can enter the Krebs cycle, an array of
=nzymes that modify the structure of carbohydrates and fats so they
slease epergy. Glucose and free fatty acids may enter the cell
“om the bloodstream. When carbohydrates and fats eventually
combine with oxygen, large amounts of ATP may be produced. The
oxygen system (s utilized during endurance exercises lasting longer
=man four or five minutes,

The lactic acid energy system. Muscle glycogen can be broken
sown without the utilization of oxygen. This process is called
=-zerobic glycolysis. ATP is produced rapidly, but lactic acid is the
=2 product. Lactic acid can be a major cause of fatigue in the
muscle. The lactic acid system fs utilized during exercise bouts of
very high intensity conducted at maximal rates for about one to two
mnutes.

For a given amount of oxygen, carbohydrate provides a slightly
zreater amount of Calories than fat. For example, 1 liter (1,000
milliliters) of oxygen will release 5.05 Calories from carbo-
aydrate and 4.70 Calories from fat. However, without losing
2 great deal of accuracy, we can state that 1 liter of oxygen
=quals approximately 5.0 Calories. The average person con-
sumes about .25 of a liter (250 milliliters) of oxygen per minute

Muscle
contraction

The ATP-PC energy system. ATP and PC are high-cnergy
phosphates stared in the muscle that can provide encrgy very
rapidly. ATP (adenosine triphosphate) is stored in the muscle in
limited amounts and can be used for many body processes,
including muscular contraction. The ATP stores are used for fast, ail-
out bursts of power that last about one second. ATP must be
replenished from other sources in order for muscle contraction to
continue, PC (phosphocreatine) is stored in the muscle in limited
amounts and can be used to rapidly synthesize ATP. ATP and PC are
called phosphagens and together represent the ATP-PC energy
system. This system is utilized for quick, maximal exercises, such as
sprinting, lasting about one to six seconds.

at rest and about 3 to 3.5 liters per minute during maximal
exercise. Highly trained athletes may consume as much as
6.0 liters per minute during exercise. Thus, in the average in-
dividual, the caloric expenditure may vary from 1.25 per
minute during rest (.25 [. X 5 = 1.25 Calories) to about
15 per minute during maximal exercise (3 L X § = 1[5
Calories).
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Rest Slow walk (2 MPH)

Liters of

oxygen/minute 25 .5-75
Calories/minute 1.25 2.5-3.75
METS 1 2-3

Fast walk (5 MPH) Run (8 MPH)
1.5-1.75 2.5-3.0
7.5-8.75 12.5-15.0

6-7 10-12

1 liter oxygen/minute = 5 Calories/minute

Figure 3.3  Energy equivalents in oxygen consumption and Calories, and METS. This figure depicts three means of expressing energy
expenditure during four levels of activity. These values are for an average male of 154 pounds (70 kg). If you weigh more or less, the values will

increase or decrease accordingly.

The MET is another related energy concept. One MET
represents energy consumption during rest. By technical def-
inition, 1 MET equals 3.5 milliliters (ml) of oxygen con-
sumption per kilogram of body weight per minute (the resting
metabolic rate). For the average individual, 10 to 12 METS
would represent hard exercise.

Finally, an energy term you might find in nutritional sci-
entific literature is the megajoule (MJ). A joule is a very small
amount of work, defined as the energy needed to move one
newton (about 0.22 pounds) through a distance of one meter
(about 3.28 feet). A kilojoule (kJ) is 1,000 joules, while a
megajoule (MJ) is 1,000,000 joules. In case you see the energy
values of diets expressed in MJ, it may be important for you
to know that one MJ equals about 240 Calories, or 4.2 MJ
is the equivalent of approximately 1,000 Calories.

Figure 3.3 represents some of the interrelationships be-
tween oxygen uptake, Calories, and METS during rest and
at different levels of exercise.
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Aerobic Fitness

Although the basic principles for training the oxygen energy
system have been established for a long time, it was not until
1968 that the term aerobics came into popular usage with the
publication of a book of the same name by Dr. Kenneth
Cooper. This classic fitness book served a major role in Amer-
ica’s fitness revolution.

Acrobic fitness is probably the single most important
health component of physical fitness. Aerobic fitness repre-
sents the ability of the cardiovascular and respiratory systems
to accommodate the oxygen needs of the muscular system
over a sustained period of time, as in endurance events such
as distance running, swimming, and bicycling. A number of
other terms are associated with aerobic fitness—cardiovas-
cular endurance, cardiovascular fitness, cardiorespiratory fit-
ness, aerobic endurance, and physical working capacity—and
have the same essential meaning. Other associated terms are
aerobic capacity and maximal oxygen uptake.



Respiration
Lungs take in
oxygen from the
atmosphere.

Cardiovascular
1. Central circulation.
Heart pumps oxygen-
enriched blood.

2. Peripheral circulation.
Arteries carry oxygen-
rich blood to muscle

Metabolism

Muscle cells take in and
use oxygen to produce
energy (ATP) from
carbohydrates and fats.

Figure 3.4 Physiological processes involved in oxygen uptake.

Aerobic fitness is a complex component of physical fit-
== It involves the interaction of numerous physiological pro-
cesses in the cardiovascular, respiratory, and muscular systems,
sciuding the capacity of the lungs to take up oxygen, the
cepacity of the blood in the lungs to pick up oxygen, the
cepacity of the heart to pump this oxygenated blood to
“== muscle tissues, and the capacity of the tissues to extract
“z oxyveen from the blood and use it to generate energy in
“se form of ATP via the oxygen system. Thus, the combined
~erdiovascular and respiratory systems are the oxygen supply
mechanism for the muscles. As the energy demands of the
wuscles increase, so do the demands on the cardiovascular
o respiratory systems. Refer to figure 3.4 for an overall
wooematic of these systems as they relate to oxygen con-
SEmption.

A number of physiological processes are critical com-
~wments of acrobic fitness. These physiological processes may
“= zrouped under four general areas of physiological func-
“oming during exercise: respiration, central circulation, pe-
~ooeral circulation, and metabolism. The important aerobic

Tabie 3.2 Human Physiological Functions Related to
Aerobic Fitness

Respiration
1. Lung ventilation. Ability to take in sufficient air
2. Lung perfusion. Adequate blood distribution in lungs

3. Diffusion capacity. Ability of oxygen to go from lungs to
blood rapidly

Central Circulation
1. Heart rate. Ability to sustain high heart rate

2. Stroke volume, Ability of heart to pump sufficient amounts
of blood in each beat

3. Hemoglobin level. Sufficient to transport adequate
amounts of oxygen

4. Blood volume. Optimal amount of blood in vascular system

Peripheral Circulation

1. Blood flow. Adeguate blood to deliver oxygen and
nutrients to exercising muscles

2. Capillary density. Adeguate number of capillaries in muscle
tissue

3. Diffusion capacity. Ability of oxygen to go from blood into
muscle cells

Metabolism
1. Energy stores. Adequate energy present in muscle cells

2. Muscle fiber types. Proportion of aerobic muscle fibers to
anaerobic fibers

3. Muscle myaglobin. Sufficient to transport oxygen within
the muscle cell

4. Mitochondria and oxidative enzymes. Ability to use oxygen
to produce ATP in muscle cell

fitness aspects of cach of these general areas are listed in table
3.2. Respiration is responsible for taking adequate amounts
of oxygen into the lungs and blood; central circulation gen-
erates the force to pump the blood; peripheral circulation
transports the oxygenated blood throughout the body; me-
tabolism uses the oxygen in the muscle cells to produce ATP.

The interaction of these four physiological functions de-
termines the level of aerobic fitness. The most common mea-
sure of aerobic fitness that evaluates the effectiveness of these
physiological functions is maximal oxygen consumption, or
VO,;MAX (pronounced vee-oh-two-max). It represents the in-
teraction of the cardiovascular and respiratory systems to de-
liver oxygen to the muscles, and the ability of muscles to use
the oxygen to generate energy. VO,MAX is usually expressed
in two ways: first, as liters of ‘O, per minute (L O,/min);
second, as milliliters of O, per kilogram of body weight per
minute (ml O,/kg/min). VO,MAX is partially dependent upon
body weight. The larger the individual, the greater the po-
tential VO,MaX. All other things equal, a 200-pound man
has twice the VO;MAX of a 100-pound man (perhaps 4 liters
versus 2 liters). For this reason, it is best to express VO,MAX
relative to body weight. Expressed in this way, a 132-pound
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VO, max; liters/minute 3.6 L (3600 mi)
KG body weight 60 80
VO, max: ml O,/kg/minute 60 50

4.0 L (4000 mi)

Figure 3.5 Maximal oxygen uptake (VO,max). The best way to express VO,MAX is in milfiliters of oxygen per kilogram (kg) of body weight
per minute (ml Oy/kg/minute). As noted in the figure, the smaller individual has a lower VO,max in liters, but a higher VO;MmAx when expressed
relative to weight. In this case, the smaller individual has a higher degree of aerobic fitness.

person (Subject A) with a VO,MAX of 3.0 liters is considered
acrobically equivalent to a 176-pound person (Subject B) with
a VOMAX of 4.0 liters. To illustrate:

Subject A

132 lbs + 2.2 = 60 kg
3.0 liters = 3000 ml
3000 ml O, -+ 60 kg = 50 ml O,/kg/min

Subject B

176 lbs =~ 2.2 = BO kg
4.0 liters = 4000 ml
4000 ml O, = 80 kg = 50 ml O,/kg/min

In this example, both subjects A and B have an identical
VO,MAX when expressed per unit of body weight. On the
other hand, figure 3.5 illustrates how an individual may have
a lower VO,MAX in liters, but a higher value when expressed
in milliliters /kilogram body weight.

Although VO,MAX is a very important measure of aer-
obic fitness, it does not represent the total concept of aerobic
fitness. Of equal or greater importance is the ability to exer-
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cise at a higher percentage of your VO,MAX without expe-
riencing fatigue. Figure 3.6 illustrates this concept. The figure
represents the possible effects of an aerobic exercise training
program over a six-month period. Note that the VO,MAX does
increase somewhat; a 10 to 20 percent increase is about all
that can be expected in most inactive individuals, However,
the ability to perform at a greater percentage of VO,MAX
increases much more. In essence, you have improved your
steady-state threshold.

In exercise, the steady-state threshold is that point where
you are able to supply enough oxygen to meet the oxygen de-
mands of the exercise; the contribution of anaerobic energy
sources is minimal. If you exercise at an intensity above the
steady-state threshold, the contribution of energy from the
lactic acid energy system, an anaerobic system, will increase
rapidly since you are now not able to provide enough oxygen
to meet your energy demands. Other terms associated with
the steady-state threshold include anaerobic threshold, lactic
acid threshold, or onset of blood lactic acid (OBLA). Exer-
cising above your steady-state threshold increases your oxygen
debt, a term often used to label the extra amount of oxygen



VO (10 O/t

Training (months)

Fguwre 2.6 The effect of training upon VO,max and the steady-
=== ~r=shold. Training increases both your VO,mMax and your
===, state threshold, which is the ability to work at a greater
ser=mrzge of your VO,max without producing excessive lactic

- =—az causative factor in fatigue. For example, before training, the
_ wsx may be 40 mi, while the steady-state threshold is only 20
S0 oF VO,MmAx), After training, VO,max may rise to 50 ml, but the
w==c, state threshold may rise to 40 ml (80% of the VO,mAx).

o consume immediately after the completion of intense ex-
wse- it is the amount of oxygen above your normal resting
== A number of physiological factors contribute to the
eznitude of the oxygen debt, but excess production of lactic
o & also important; it stimulates respiration to help you
“wtumn the blood pH, or acidity, back to normal.

As you may recall, this increased production of lactic acid
“mescs up the onset of fatigue. By raising your steady-state
“wreshold through training, you may be able to perform at 80
sescent of your VO;MAX, as compared to only 50 percent
= e training. You will be able to perform at a greater per-
e=taze of your maximal ability without accumulaling ex-
=ssve amounts of lactic acid that could cause you to fatigue
ar slow down,

What are the implications of this concept? Figure 3.7
“lustrates the effect of oxygen uptake on the ability to run
ez distances at a particular speed without the early onset of
“stzue. At an oxygen delivery rate of 30 ml/kg, running speed
= oy about 5.6 miles per hour (MPH); at 60 ml/kg, speed
wmest doubles to about 11.1 MPH. For an individual who
e only do about an 11-minute mile before training, this
=zt reduces the time to approximately 5.5 minutes.

In summary, we can see that aerobic fitness may be ex-
seessed in terms of VO;MAX and the percentage of VO,;MAX
‘& wiach an individual is able to sustain exercise. Both of these
sctors may be improved by a proper training program. More
“moortantly, the major determinants of VO,MAX are the
usiological functions of the cardiovascular, respiratory, and
mescalar systems, which will improve and bring significant
“emehts to the health of the individual.

VO, (mifkg/minute)

37 56 75 93 111 13 15
Running velocity (miles per hour)

Figure 3.7 Oxygen uptake necessary to prevent fatigue at

different running speeds. The greater your running speed, the more

oxygen you need. In order to prevent fatigue, the amount of oxygen
needed should be under your steady-state threshold.

Measurement of Aerobic Fitness

Now that we know what aerobic fitness is, how do we mea-
sure it in a given individual? As mentioned previously,
VO,MAX is probably the best single indicator of aerobic fit-
ness and should be expressed in relation to the body weight
of the individual (ml O,/kg/min). The two general means to
measure aerobic fitness include direct tests of VO,MAX and
indirect tests utilized to predict acrobic fitness or VO,MAX.

A variety of test protocols measure VO;MaX directly, but
the general procedure is to monilor oxygen consumption while
an individual exercises to exhaustion. This test is usually done
on a motor-driven treadmill or on a bicycle ergometer, al-
though other exercise modes may also be used. The work load
is gradually increased and, through the use of sophisticated
monitoring devices and gas analyzers, the maximal level of
oxygen uptake is recorded at or near exhaustion. An illustra-
tion is provided in figure 3.8. This type of test requires con-
siderable time and expense, making it impractical for use with
large numbers of individuals. However, if the facilities are
available, this test does provide the most valid measure. With
the increasing popularity and decreased cost of computers that
are combined with electronic means to analyze respiratory
gases, it is anticipated that direct tests will become increas-
ingly more available for aerobic fitness assessment.

At the present time, however, a number of indirect tests
are used to assess aerobic fitness. The two most common are
distance runs and step tests.

Over the years, Dr. Kenneth Cooper has collected and
analyzed data on thousands of individuals relative to VOMAX
and performance in distance running, distance swimming, and
distance cycling. Based upon his analysis, Cooper suggests that
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Figure 3.8 A laboratory stress test. A laboratory stress test with
a 12-lead EKG and measurement of maximal oxygen uptake
(VO,MmAx) can provide some highly technical data related to
cardiovascular-respiratory function.

a given performance on his running, swimming, or bicycling
test is indicative of a certain level of VO,MAX. His research,
and resultant fitness programs, are presented in a series of
books. The most recent of these is The Aerobics Program for
Total Well-Being.

Cooper’s tests are designed for men and women between
the ages of thirteen and sixty. An individual may take any of
the following tests:

3-mile walking test (no running)
1'A-mile running test

12-minute walking/running test
12-minute swimming test
12-minute cycling test

wok W

For the 12-minute tests, the goal is to cover as great a
distance as possible during the allotted time; finishing in the
shortest time possible is the criterion in the 1%- and 3-mile
tests. To conduct these tests, you will need accurately mea-
sured distances and a stopwatch. An indoor and outdoor track
are excellent for the running, walking, and cycling tests; a
25-yard (or longer) pool is appropriate for the swimming test.
Scoring tables for the 3-mile walking test and the 1'2-mile
running test are presented in Appendix D.
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Although there is general agreement that these types of
indirect tests do measure the ability to produce aerobic energy
over a prolonged period of time, they may not be highly ac-
curate predictors of VO;Max. The factors that contribute to
running, swimming, and bicycling performance are complex;
they include VO;MaXx and other factors such as steady-state
threshold, body fatness, and mechanical efficiency. Neverthe-
less, they appear to be some of the best practical means avail-
able to assess aerobic fitness. Moreover, since the steady-state
threshold is a component of aerobic fitness, and body fat is a
health-related component of fitness, these indirect tests do
appear to be useful as fitness measuring techniques. Improved
performance would most likely be due to increased fitness
levels.

Laboratory Inventory 3.3 (at the end of the book) may
be used to predict VO,MAX and assess aerobic fitness. Be sure
to read the instructions prior to taking any of the distance
tests. Sedentary individuals should exercise regularly for sev-
eral weeks before taking any of the tests. A recommended
sequence is

1. Train 2 weeks; take 3-mile walking test.

2. Train 4 more weeks; take 3-mile walking test or
1}2-mile running test.

3. Train 6 more weeks; take 1!2-mile running test.

4. Repeat 1/2-mile running test about once a month to
check on progress.

Another indirect technique commonly used to measure
aerobic fitness involves the heart rate response during the re-
covery period after an exercise step test. Since the heart rate
is the most readily obtainable measure of the cardiovascular
response to exercise, it has commonly been used to predict
VO,MAX or to assess aerobic fitness. Unfortunately, research
has shown that the heart rate response to various step tests is
not a good predictor of VO;MAX or even of performance on
the other indirect tests such as distance runs. However, the
heart rate response may be useful in evaluating the effect of
a conditioning regimen on a given individual. One of the ben-
eficial effects of training is a lower resting heart rate and a
lower heart rate response to a submaximal exercise task.
Hence, the results of a step test administered prior to the ini-
tiation of a conditioning program could be compared with the
results of a test administered toward the conclusion of the pro-
gram. A lowered heart rate response would be indicative that
the heart has become more efficient. This should serve to mo-
tivate the individual to continue the training program. This
may be the most valuable use of the step test. Laboratory In-
ventory 3.4 describes the protocol for a step test, but you could
actually design your own to help measure your progress during
training.

Both the Cooper test and step tests are useful in mea-
suring certain aspects of cardiovascular-respiratory fitness;
however, the Cooper test does not monitor heart rate, and the
step test is not normally selected as an aerobic exercise in a
training program to improve fitness. However, the Rockport
Walking Institute, in cooperation with medical researchers at



Time 1 month

Short-term goals

Long-term goals

6 months

Running 1 mile nonstop 5 miles nonstop

Weight
Sawre 3.9 Goal setting is an important factor in an exercise program.

Lose 6 pounds Lose 30 pounds

e University of Massachusetts, developed a fitness evalua-
“» ==t that combines walking with measurement of heart
s Laboratory Inventory 3.5 provides you with information
w=uw= 1o the conduct and interpretation of the Rockport Fit-
s Walking Test.

1= order to achieve valid and reliable results for these tests,
= w=1 s for any fitness test, identical protocol must be used
== =me the test is taken. If walking or running, the same
s should be used, if possible, and the step height and
ez cadence should remain the same for step tests. Ex-
‘“swmeous factors such as the environmental temperature and
W conditions may influence test results. Try to minimize
e extraneous influences whenever possible.

Exercise tests can be used to establish short-term and long-
= zoals. The results of these tests may also provide excel-
‘e 2=tz for evaluating progress during an exercise program.

Prescription for Aerobic Exercise

 ===r=l outline for an exercise prescription for aerobic fit-
== should include goals, mode of exercise, a warm-up period,
+ w—ulus period, and a warm-down period. Although re-
e does provide sufficient information to enable us to offer
=== recommendations to the general population, it is im-
swrast 1o note that the exercise dosage, as with many med-
“=woms. may need to be prescribed carefully for individuals
W= certain preexisting risks. Although such risks are rela-

tively rare in the average college student, and most healthy
adults can initiate an exercise program without risk, you should
be aware of your personal medical background. You should
check the guidelines in chapter 2 on pages 16-17 to see
whether you should seek medical clearance before you un-
dertake your own exercise program.

Goals

As illustrated in figure 3.9, the goals you set for yourself should
be of two types- short-term and long-term. They should be
personal goals and should reflect why you are initiating an
aerobic fitness program. For example, a short-term goal may
be to lose 5 pounds of body fat in one month, while a long-
term goal may be to lose 60 pounds in a year. Another ex-
ample is a short-term goal of nonstop jogging for 1 mile and
a long-term goal of entering and completing a 10-kilometer
road race. When you achieve your short-term goal, a new
short-term goal should be established as you progress toward
your long-term goal. It is important to remember that no ini-
tial short-term goal is too small, nor is any new short-term
goal too small in the progress towards your long-term goal.
The initial goals you establish will be dependent upon your
initial level of physical fitness. If you have been completely
sedentary, your initial goal may be simply to walk more each
day. On the other hand, if you are somewhat fit, you may
establish somewhat higher initial goals.
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Warm-up Stimulus Warm-down
Duration 5-10 minutes 15-60 minutes 5-10 minutes
Intensity Low Medium-high Low

Figure 3.10 The exercise prescription. The exercise prescription is divided into three phases: warm-up period, stimulus period, and warm-

down period. The stimulus period is the key.

Mode of Exercise

The mode of exercise represents the aerobic activity choice
you participate in to achieve aerobic fitness. You may use a
wide variety of physical activities for this purpose. This topic
is discussed in a later section of this chapter.

Warm-Up and Warm-Down

A proper warm-up and warm-down are important compo-
nents of the aerobic exercise prescription. Both may help to
prevent excessive strain on the heart and may also be helpful
in the prevention of muscular soreness or injuries.

The warm-up precedes the stimulus period and may be
done in several ways. It may be general in nature, such as
calisthenics, or be specific to the type of exercise you plan to
do, such as initially exercising at a lower level of intensity of
the actual mode of exercise. Some stretching exercises, such
as those illustrated in chapter 35, are also helpful in the warm-
up period. Five to 10 minutes should provide an adequate
warm-up time.

For most acrobic-type exercise, it is probably better to
warm up the specific muscles to be used. For example, if you
plan to use jogging as your mode of aerobic exercise, you
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should stretch your leg muscles gently at first and then jog at
a slower than normal pace for several minutes. Breaking a
sweat is a good external sign that you have sufficiently ele-
vated your body temperature; by using a specific type of warm-
up, the temperature of your exercising muscles will also be
increased.

At the end of your stimulus period, a gradual tapering
of exercise intensity will provide an appropriate warm-down
(cool-down). If you are jogging, simply slow your pace and
gradually begin to walk. A warm-down may take about 3 to
10 minutes to get your heart rate near normal (see fig. 3.10).
Complete your warm-down by gently stretching the muscles
you have used. Since your muscles are now warm from the
excrcise, they are easier to stretch; such stretching may help
to improve your flexibility and prevent muscle stiffness.

Stimulus Period

The stimulus period is based upon the overload principle and
is the most important part of any exercise program. It is the
heart of the exercise prescription for aerobic fitness. As illus-
trated in figure 3.11, several important physiological and psy-
chological measures increase in proportion to an increase in
exercise intensity.



High
F-

Rosponse

Low

Low — High
Exercise intensity in a steady state

Figure 3.11 The relationship among various measures of energy
s«penditure. Heart rate, oxygen consumption, caloric expenditure,

o RPE are, in general, directly related to the intensity of the

cise under steady-state conditions, i.e., when the oxygen supply
= adequate for the energy cost of the exercise.

The two major components of the stimulus period are
mtensity and duration of exercise. In any exercise session, these
wo components are usually inversely related. In other words,
if intensity is high, duration is short, and if intensity is low,
duration is long. Frequency (the number of exercise sessions
per week) is also an important part of the exercise prescrip-
Son. A number of medical groups, including the American
Heart Association (AHA), the International Federation of
Sports Medicine (IFSM), and the American College of Sports
Medicine (ACSM), have made specific recommendations
soncerning the quality and quantity of exercise for developing
2nd maintaining cardiorespiratory fitness in adults. The rec-
smmendations from these groups are slightly different, but
t5e differences are very minor.

The recommendations of the ACSM, which follow, are
Sased on an exhaustive review of the pertinent research. They
will be used as the basis for developing an aerobic fitness pro-
£ram here, although they may be modified somewhat under
=riain circumstances. Such modifications will be noted where
appropriate.

Intensity of training. 60 to 90 percent of maximum
heart rate (HRMAX) or 50 to 85 percent of maximum
oxygen uptake (VO,MAX) or HRMAX reserve (sec
definition below),

~ Duration of training. 20 to 60 minutes of continuous
aerobic activity

- Frequency of training. 3 to 5 days per week
The Threshold Stimulus

~5¢ intensity of exercise is the most important component of
e stimulus period; in order to receive the optimal bencfits
“wom the exercise program, you must attain a certain threshold

[FY]

stimulus, the minimal stimulus intensity that will produce a
training effect. The intensity of exercise can be expressed in
a number of different ways, such as percentage of VO,MAX,
calories/minute, or heart rate. In general, there is a high degree
of relationship among these variables during exercise at a
steady state. For example, the heart rate may reflect a certain
level of oxygen consumption or caloric expenditure. Since the
heart rate is easily obtained, it is usually used to determine
the threshold Jevel of excrcise intensity. Another means to
Judge exercise intensity is the RPE, or rating of perceived ex-
ertion, your perception of how strenuous the exercise is that
you are doing.

The Target Heart Rate

How do you determine your threshold level? Let’s look at two
ways the heart rate and RPE. To obtain the heart rate, press
lightly with the index and middle fingers on the carotid artery,
located just under the jawbone and beside the Adam’s apple.
Do not use your thumb as it also has a pulse, and do not press
hard on the carotid artery, for it may cause a reflex slowing
of the beat in some persons. The radial artery pulse is ob-
tained by placing your fingers on the inside of the wrist on
the thumb side. These are the two most common locations for
monitoring pulse rate, but other locations (the temple, inside
the upper arm, and directly over the heart) may be used (see
fig. 3.12).

To obtain the heart rate per minute, simply count the
pulse rate for 6 seconds and add a zero. Restin g and recovery
heart rates are easily obtainable, since they may be taken while
you are motionless, but it is difficult to manually monitor the
heart rate while exercising. Rescarch has shown that the ex-
ercise heart rate correlates very highly with the heart rate
during the carly stages of recovery. Hence, to monitor exercise
heart rate, secure the pulse immediately upon cessation of
exercise and count the beats for 6 seconds. This provides a
reliable measure of exercise heart rate, although it may be
slightly lower due to the beginning of the recovery effect. If
it is difficult for you to monitor your heart rate for 6 seconds,
then use a 10-second period and multiply the count by six to
obtain your heart rate per minute. Laboratory Inventory 3.1
gives you some practical experience. in palpating your heart
rate. You probably should use 30 seconds to determine your
resting heart rate; multiply your results by two. It may also
be better to measure your pulse early in the morning, just
after rising. Additionally, for the calculations below, you should
take your resting heart rate in the position in which you will
exercise, for example lying down if you swim, seated if you
cycle, or standing if you walk or run.

One of the most prevalent techniques to determine the
threshold stimulus for exercise is based upon the maximal heart
rate reserve (HRMAX reserve), the difference between the
resting heart rate and the maximum heart rate. You may de-
termine your resting heart rate shortly after you arise in the
morning. If you have not been physically active in some time,
it may not be advisable for you to engage in strenuous phys-
ical activity in order to determine your actual maximal heart
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Figure 3.12

rate (HRMAX), but there are ways to predict it based upon
your age. Although there are individual variations, a general
guide for the prediction of HRMAX in women and untrained
men is 220 minus the person’s age. For physically trained men,
the formula 205 minus one-half the person’s age may be more
appropriate. Based upon the first formula, a forty-year-old
untrained individual would have a predicted HRMAX of 180.
Using the second formula, a trained forty-year-old male would
have a predicted HRMAX of 185. Keep in mind, however,
that there is considerable individual variation relative to pre-
dicted HRMAX. For example, a forty-year-old man may pre-
dict a HRMAX of 180, yet it may be 200, 160, or much lower
if he was a victim of coronary heart disease.

There is rather widespread general agreement that, in
order to obtain a training effect, the heart rate response should
be increased above the resting level by about 50-85 percent
of the HRMAX reserve. Recent research has revealed that
lower levels, 45 percent, may also be effective, particularly in
individuals with poor levels of physical fitness.

Continuing with our example of the forty-year-old man,
we can calculate the heart rate range needed to elicit a training
effect. This is called the target heart rate range, or target HR.
In order to complete the calculations, we need to know the
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Palpation of the heart rate. The pulse rate may be taken at a variety of body locations (a),
but the two most common locations are (b) the neck (carotid artery) and (c) the wrist (radial artery).

age-predicted HRMAX and the resting heart rate (RHR); the
latter should be determined under relaxed circumstances. 1f
we assume a RHR of 70 and a HRMAX of 180, the following
formula would give us the target range:

Target HR = X% (HRMAX — RHR) + RHR

For the 50 percent threshold level, the target heart rate
for our example would be calculated as follows:

5 (180 — 70) + 70 =
5(110) + 70 = 55 +70 = 125

For the 85 percent level, the target heart rate would be:

85 (180 — 70) + 70 =
.85 (110) + 70 = 93 +70 = 163

Thus, in order to achieve a training effect, our forty-year-old
man needs to train within a target HR range of 125-163.
If you wish to bypass the calculations, table 3.3 presents
the target HR ranges for various age groups with RHR be-
tween 45 and 90 beats/minute. Simply find your age group
and RHR in the headings and locate your target HR range.
The table is based on a predicted HRMAX of 220 — age.




Table 3.3 Target Heart Rate Zones

RHR Age
15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 |55-59 |[60-64 |65-69 |[70-74
45-49 |125 123 120 118 115 113 110 108 105 103 100 98
180 175 171 167 163 158 154 150 146 141 137 133
50-54 |[127 125 122 120 117 115 112 110 107 105 102 100
181 176 172 168 164 159 155 151 147 142 138 134
55-59 (130 128 .| 125 123 120 118 115 113 110 108 105 103
181 176 172 168 164 159 155 151 147 142 138 134
80-64 132 130 127 125 122 120 117 115 112 110 107 105
182 177 173 169 165 160 156 152 148 143 139 135
65-69 (135 133 130 128 125 123 120 118 115 113 110 108
183 178 174 170 166 161 157 153 149 144 140 136
J0-74 |139 135 132 130 127 125 122 120 117 115 112 110
184 179 175 171 167 162 158 154 150 145 141 137
75-79 |[140 138 135 133 130 128 125 123 120 118 115 113
184 180 176 172 168 163 159 155 151 146 142 138
20-34 | 142 140 137 135 132 130 127. 125 122 120 117 115
185 181 177 173 169 164 160 156 152 147 143 139
£5-89 | 145 143 140 138 135 133 130 128 125 123 120 118
186 181 177 173 169 164 160 156 152 147 143 139
The rarget zone (50-85 percent threshold) is based upon the median figure for each age range and resting heart rate range.
In general, this table is a useful guide to tht.a thres_hold Table 3.4 The RPE Scale
S=art rate and target HR range. However, there is consider-
25lc variability in HRMAX among individuals, particularly in 6 14
15 hard

¢ older age groups. If your true HRMAX is below the pre-
Sicted value (220 — age), the target HR range in the table
»ould be higher than the recommended level. If your true
HEMaxX is higher than the predicted value, the target HR
mimze in the table is lower than the recommended level. Al-
“hough the target HR range might vary by a few beats, if
woer actual HRMAX is slightly higher or lower than the pre-
Suted value, you will still receive a good training effect—
sss=ming you are in the middle of the range.

Once you have been training for a month or so, you may
Z=re to determine your HRMAX in the specific activity you
2o You may use the procedures described in Laboratory In-
we=tory 3.2, modifying it dependent upon your aerobic exer-
~u= For example, recent research has revealed that HRMAX
= Lwwer in swimming, possibly as much as 10 to 15 beats per
wumute, so the target heart rate may be slightly lower if this
e of exercise is used. William McArdle of Queens Col-
=== recommends use of the formula 205 minus age to predict
wemal heart rate while swimming.

The Target RPE

% nough the target heart rate approach is a sound means for
Tesmoring exercise intensity, you may also wish to use the
#FE scale developed by Gunnar Borg, This scale was origi-
2y designed to reflect heart rate responses by adding a zero
o the rating, You simply rate the perceived difficulty or stren-
wousness of the exercise task according to the scale in table

7 very, very light
8 16

9 very light 17 very hard
10 18
11 fairly light 19 very, very hard
12 20

13 somewhat hard

3.4. If you are running, how do your legs feel? Do they feel
light and easy to move, or are they heavy, or possibly begin-
ning to ache or burn? How is your breathing? Are you
breathing easily and able to carry on a conversation, or are
your sentences shortened to a few words. In general, how does
your total body feel? Is the exercise too easy, or are you
working too hard? A new ten-point rating scale has been de-
veloped by Borg, but the American College of Sports Medi-
cine notes that the original one is still useful since it is based
on the heart rate response to exercise.

When you determine your exercise heart rate, it is a good
idea to associate an appropriate RPE value with it. For ex-
ample, at an exercise heart rate of 150 you might make a
mental note of the exercise difficulty and assign a value of 15,
or hard, to that level of exercise intensity. Research has shown
that the RPE can be an effective means to measure exercise
intensity in healthy individuals, particularly at heart rates
above 150 beats/minute. A general rule of thumb is: If you
cannot maintain a conversation with a friend while exercising,
you are probably exercising too hard.
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Figure 3.13 Aerobic-mode exercises such as running, bicycling, or swimming must involve large muscle groups.

Modes of Aerobic Exercise

Aerobic exercises involve large muscle groups in a rhythmical
manner (fig. 3.13). The muscles of the legs compose a good
portion of the total body musculature, so exercises such as
rapid walking, running, and bicycling have a high potential
for developing aerobic fitness. The major muscles in the chest
and back, which are actively involved in most arm move-
ments, are also relatively large and may be used to obtain an
aerobic training effect. Most types of swimming strokes depend
primarily upon the arms for movement. Some forms of ex-
ercise, such as cross-country skiing and rowing, use both the
arms and the legs rather vigorously. Although many different
types of activities may be used to develop the cardiovascular
system, you should recall the principal of specificity, whereby
the muscles that develop are specific to the type of exercise
that is used.

Needless to say, there are many good large muscle
rhythmical activities that may be used to improve aerobic fit-
ness. Table 3.5 presents a variety of physical activities grouped
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according to their potential for development of aerobic [itness.
Keep in mind, however, that in order for these activities to be
effective, they must adhere to the overload principle. The ex-
ercise intensity must pass the threshold level, that level must
be maintained for a set duration, and the exercise must be
done frequently. For example, bicycling possesses high poten-
tial for improving your aerobic fitness, but if the intensity level
is low, such as in leisurely cycling around your neighborhood,
then the potential for aerobic fitness is also low. In chapter 7,
some additional guidelines will be presented when we discuss
the role of aerobic exercise in a weight control program.
One of the most important factors regarding your chosen
mode of exercise is enjoyment. To be effective in the long run,
you should select an activity that you enjoy, that has a rec-

~ ommended intensity level, and that can be performed over a

long period of time. If you do not enjoy jogging or running,
other activities may be substituted. Fast walking (with vig-
orous arm action), swimming, bicycling, tennis, handball, rac-
quetball, or a variety of other activities, including the use of



Table 3.5 The Potential of Various Physical
. Activities for the Development of Aerobic

Fitness
High Potential Moderate Low Potential
Potential
Lerobic dancing Basketball Archery
2=robic walking Calisthenics Baseball
Bicycling Downhill skiing Bowling
Cross-country skiing Field hockey Football
=iking uphill Handball Golf
Jogging Racquetball Softball
Soccer Volleyball
Squash

Running Tennis (singles)

Figure 3.14 Rope jumping may be an excellent indoor
==obic exercise.

=xercise machines for rowing, stair climbing, or cross-country
skiing, may produce a greater feeling of enjoyment and may
licit an aerobic fitness training effect. Enjoy your exercise.
Trv to make it a lifelong habit.

Practicality is also important. You may enjoy swimming,
tennis, racquetball, and a variety of other sports, but lack of
facilities, poor weather conditions, no partner, or high costs
may limit your ability to participate. For the person who travels
frequently, this may be a major concern. Practicality is the

Figure 3.15 Stair climbing machines can provide an effective
aerobic workout.

Photo courtesy of Randal™ Sports Medical Products, Inc. Stairmaster® Exercise
Systems,

major reason that a walking-jogging-running program is
stressed in this book. This mode of aerobic training is not su-
perior to other modes of equal intensity, duration, and fre-
quency, but it can be done almost anytime and anywhere-
which is not the case for many other types of aerobic activi-
ties. All you need are a good pair of shoes and proper clothing
to suit the weather. Nothing short of an injury should deter
you from your daily exercise routine, be it fast walking, jog-
ging, or running. You may not learn to enjoy jogging, but it
can be a very practical substitute on those days when you
cannot participate in your regular physical activity. Other
practical modes of aerobic exercise include aerobic dancing,
rope jumping, and stair climbing (figs. 3.14, 3.15).

Implementing an Aerobic
Fitness Program

Now that you have all this information about aerobic exer-
cise, how do you begin your own personal program? In this
section, we discuss some general guidelines for selecting your
aerobic exercise program, show you a technique to determine
the exercise intensity necessary to elicit your target heart rate,
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discuss the concept of progression, and provide you with some
samiple exercise programs that satisfy the principles set forth
in the preceding section.

After finishing this section, you should be able to com-
plete Laboratory Inventory 3.6, an aerobic exercise prescrip-
tion and contract.

General Guidelines

One of the most important factors to consider before begin-
ning your acrobic fitness prograrn is your current level of
physical fitness. If you are sedentary or have been inactive for
some time, you should begin with a less vigorous activity such
as aerobic walking. As you improve your physical fitness, the
intensity of the exercise program may be increased. Review
the practical suggestions on pages 16-17 concerning health
status and the initiation of an aerobic fitness program. In gen-
eral, if you are young and healthy (twenties or early thirties)
and have no coronary risk factors, it is probably safe to begin
an aerobic exercise program without a medical examination,
Otherwise, check with your physncmn

The time of the day you exercise is immaterial, for the
effects will be the same if you train in the morning, afternoon,
or evening, The key point is to schedule your exercise as a
part of your regular daily activities. Allot yourself that 40 to
60 minuies for a total workout at least three days each week.
If you regularly exercise in the evening bui have something
else scheduled on the evening of your exercise day, then try
to work the exercise into vour schedule earlier in the day,
raybe getting up an hour earlier than usual. Commitment is
a key to developing a lifetime fitness program. Make exercise
a part of your life-style.

Learn a variety of modes of acrobic exercise. You may
prefer handball as your exercise mode, but lack of a partner
or playing facilities may elintinate this means of exercise. Jog-
ging is a good substitute, You may enjoy running outdoors
because of the variety of scenery and the fresh air, but incle-
ment weather may force you to exercise indoors. Aerobic
dancing, rope jumping, stationary running or a wide variety
of exercise machines are good indoor substitutes.

Determination of Your Target Heart Rate

As you may recall from our previous discussion, exercise in-
tensity is a key factor in developing aerobic fitness. Duration
and frequency are basically self-evident; that is, you exercise
for 20 to 60 minutes on three or four days per week. However,
you must determine the intensity of exercise necessary to elicit
your target heart rate. Laboratory Inventory 3.1 introduces
you to heart rate palpation techniques; Laboratory Inventory
3.2 enables you to determine the level of exercise intensity for
your target zone.

Since the concept of the target HR or RPE is so impor-
tant, let us illustrate with an example of Laboratory Inventory
3.2 for someone who is twenty years old and has a RHR of
70, From table 3.3, the target range is 135 (50 percent) 10
179 (85 percent).
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This person takes the test outlined in Laboratory Inven-
tory 3.2 with the following results:

Test Time RPE HR Minutes/Mile
1 7:30 12 125 15:00
2 6:00 15 150 12:00
3 4:00 17 174 8:00
4 3:15 19 193 6:30

Obviously, as the speed increases for each test, so do the
heart rate and RPE. In this case, the RPE correlates fairly
well with the heart rate, ie, adding a zero to the RPE ap-
proximates the heart rate response. In this exampie, the first
test at a pace of 7% minutes for a ¥ mile does not reach the
target zone because the heart rate of 125 is below the 50 per-
cent threshold of 135, Test two does reach the threshold value
with a heart rate of 150. Tests three and four lead to higher
heart rates, with test four exceeding the 85 percent level of
the target HR range. The data are plotted in figure 3.16. The
RPE offers a means of judging the intensity of the exercise
when you do not have a known distance or a watch.

To determine the speed for these tests, simply double the
time for the Y2 mile and you have the time per mile. In our
example, the first test was a 15-minute mile, and subsequent
tests were 12-, 8-, and 6%-minute miles.

The exercise intensity necessary to achieve the target
heart rate should be developed specific to the type of exercise
program you are geing to do. For example, if you plan to swim
for your aerobic exercise, then you should use the swim test
protocol at different speeds to determine your heart rate re-
sponse, It should be noted that the HRMAX is generally lower
when swimming than running, so the target HR range for
swimming might be 8 to 10 beats lower. This is due to the
different body position for exercise in swimming. The heart
can pump more blood per beat while the body is in a hori-
zontal position rather than in a vertical position as in running,.
A lower HRMaX has also been noted during bicycling. Thus,
it may be advisable {0 determine your HRMAX specific to
your mode of exercise once you become conditioned. Using
your RHR and your HRmMax for a specific type of exercise,
you can calculate your target HR range from the table on

page 35.

Progression

Progression of exercise intensity is an important concept. The
intensity of exercise necessary to elicit the target heart rate
at the higher levels of the target HR range may be too severe
for some beginners; hence, the initial stages of the training
program, especially for the habitually sedentary individual,

. should be mild to moderate. For a forty-year-old individual

with a RHR of 72, the target HR might be in the range of
126 to 164. Obviously, the intensity of exercise needed to pro-
duce an HR of 126 is much less than that needed for an HR
of 164. During the early stages of training, the 126 HR may
be tolerated easily, while a 164 HR may produce a rapid onset
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Figure 3.16  pjot of heart rate and RPE in determination of
=reshold heart rate.

of fatigue or intolerance. Hence, the intensity of the exercise
may be regulated towards the lower end of the target range
during the early weeks of training, increasing gradually so
that the HR begins to approach the upper limits of the target
range.

It is important to reiterate that individuals who have been
s=dentary should begin their exercise programs no higher than
the 50 percent level of the heart rate reserve, possibly only 40
0 45 percent. Many individuals start out at too high a work
load and experience problems. It will take time to get back
i shape and improve your fitness level. Start slowly, following
the progressive programs offered later in this chapter. Training
2t a lower intensity level at first will still improve your fitness.

A modified training program, such as the walk-jog-walk
program described below, to produce a varying HR response
Suring the exercise period may be advisable. For example, the
mdwidual may walk at a pace sufficient to achieve an HR of
126 for several minutes; increase the intensity by jogging to
achieve an HR of 164 for several minutes; then walk again
%o reduce the heart rate to the lower levels of the target range.
By alternating intensity levels, the HR can be made to vary
from the lower to upper levels of the target HR range. Let
wour RPE also serve as a guide to exercise intensity.

As the body begins to adapt to the exercise routine over
the weeks, the intensity, duration, and /or frequency may be
mcreased. For example, one of the effects of training is a de-
crease in both the resting HR and the HR and RPE responses
0 2 given work load. For example, initially, you may be able
%0 reach a target heart rate of 160 by running a mile in 10
=unutes. However, as you become conditioned, that same speed
may elicit a heart rate of only 140 (see fig. 3.17). Hence, you
must increase your intensity, or speed, in order to continue to
=hicit the target heart rate of 160. Eventually, you progress to
2 training level that helps maintain the desired target heart

Heart rate

10

%}

0
Months

figw' € 3.17  As you become trained over several months, your

heart-rate response to a standard exercise, such as running a nine-

minute mile, decreases significantly. Thus, to hit your target HR, you
may have to increase your exercise intensity.

rate. The resting HR also decreases as you become better
conditioned, and this decrease then modifies the heart rate
reserve. Check your RHR periodically in order to calculate
the ehanges in your threshold HR. Mathematically, the min-
imal threshold decreases, but, as that happens, you become
able to work at higher threshold levels (70 to 80 percent), so
a good training effect still occurs.

Aerobic Exercise Programs

Although diverse modes of acrobic exercise may be used to
elicit a training effect for the cardiovascular system, only three
of the more practical ones are described here. They can be
done alone and with a minimum of equipment. However, these
examples may be modified and applied to other forms of
structured physical activity, such as cycling, swimming, or a
variety of aerobic exercise machines.

Aerobic Walk-Jog-Run Programs

There is a wide variety of methods to initiate an aerobic ex-
ercise program of walking, jogging, or running. The key is to
begin slowly, gradually increasing the exercise intensity as you
become better conditioned. Leisurely walking is not usually
an adequate stimulus to reach the target heart rate range,
although it may still confer some health benefits, as noted later
in this chapter. To reach the recommended level of 50 to 85
percent of HRMAX reserve, the walking pace must be brisk.
Walking at a faster-than-normal pace is often called aerobic
walking, and many recent rescarch studies have shown that
it may be an adequate stimulus to improve aerobic fitness in
individuals of varying fitness levels, particularly so with vig-
orous arm action and/or carrying of hand weights. The energy
expenditure of vigorous aerobic walking can parallel that of
jogging.

One style of aerobic walking is 10 bend your elbows at a
90° angle, clench your fists loosely, and move your arms nat-
urally, making as wide an arc as possible, with your elbows
coming up to chest level in the front and to the shoulder blade
level in the back. Your stomach should be tightened in order
to tuck your pelvis bone back to help avoid arching the lower
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Figure 3.18 Brisk aerobic exercise is an excellent mode of
exercise to develop cardiovascular fitness. See text for description.

back. The path of your fect should be as wide as your shoul-
ders. You should land on your heel with the foot at about a
45° angle to the ground, rolling your foot naturally on the
outside to your toes, and then pushing off vigorously (figure
3.18).

Table 3.6 details a walking program for individuals who
may be at a low level of physical fitness, so jogging may be
too strenuous for them. Individuals with excess body fat should
also start with such a walking program. The target heart rate
method should be used here and may be adjusted downward
during the initial week, maybe to a level of 40 to 50 percent.
As you improve your fitness, you may wish to include skip-
ping in your walking program; it is more strenuous and will
help to increase your heart rate, but it is also more likely to
cause injuries due to the increased force of foot impact.

Jogging and running are strenuous activities and will
usually be effective means for reaching your target heart rate.
Table 3.7 provides for a rapid progression to jogging, using
an interval training approach. Interval training was developed
primarily for athletes, but its principles of alternating rest and
exercise periods may also be applied to aerobic training for
the nonathlete. Again, the heart rate should be palpated during
this program to check whether you are within the target HR
range.

Aerobic Dancing

By now, you should know the meaning of the word aerobic
as it relates to exercise. And, for most of us, dancing is fun.
Combining the two, we have a fun way to exercise. Exercise
to music has been around for years, but it was not until the
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1970s that aerobic dancing was developed. In essence, aerobic
dancing is simply exercising to music. In a stricter sense, such
as the method pioneered by Jackie Sorensen, acrobic dancing
has been choreographed to contain certain percentages of
(1) simple vigorous dance steps to improve aerobic capacity,
(2) stretching movements to improve flexibility, and
(3) muscle-toning movements (fig. 3.19).

Aerobic dancing has become increasingly popular in the
past ten years, particularly among women. As a result, a
number of organizations have been developed to capitalize on
this trend—some reputable, others not. If you are interested
in joining a commercial aerobic dance program, you should
ask questions to see if it meets the guidelines set forth in this
chapter and in chapter 12.

What are the qualifications of the instructor?

Does the program screen for medical problems?

Does the program use the ACSM exercise prescription
guidelines in relation to intensity, duration, and
frequency?

Is the program progressive in nature?

Does the prégram allow for a warm-up and a warm-down
period?

Research has shown that both high-impact and low-impact

(soft) aerobic dancing are effective means to reach the target

HR range. High-impact aerobic dancing is more vigorous as

the legs are lifted higher and the foot may land with greater

impact; in soft aerobics, onc foot usually remains in contact
with the exercise surface. Step aerobics, use of hand weights,
and water aerobics can help to modify exercise intensity.

It may be quite expensive to enroll in a commercial aer-
obic dance class, but most colleges and universities offer phys-
ical education classes for credit or free workouts through
recreation or student activities programs. Another option is to
design your own aerobic exercise program to music. Simply
follow these steps.

1. Compile a number of your favorite records that have
good 4-count beats to them. Use your stopwatch to
count the total number of 4-count beats per minute
(4-count BPM); 1-2-3-4 would be one 4-count beat. If
a record had thirty 4-count BPM and if you exercised
with the beat, you would do thirty repetitions of a
4-count exercise each minute.

2. Select records with different 4-count BPM. Use the
following as a guide to developing your aerobic dance

workout. _

Exercise 4-Count Time
Phase BPM (Minutes)
Warm-up 20-30 5-10
Stretching 15-20 35
Stimulus 35-45 1545
Warm-down 20-30 5-10



Table 3.6 sample Aerobic Walking Program*

Warm-up Target Zone Exercising Warm-down Total Time

Week 1 Walk slowly 5 minutes Walk briskly 5 minutes Walk slowly 5 minutes 15 minutes

| Week2  Walk slowly 5 minutes Walk briskly 7 minutes Walk slowly 5 minutes 17 minutes
Week 3 Walk slowly 5 minutes Walk briskly 9 minutes Walk slowly 5 minutes 19 minutes

Week 4 Walk slowly 5 minutes Walk briskly 11 minutes Walk slowly 5 minutes 21 minutes

Week 5  Walk slowly 5 minutes Walk briskly 13 minutes Walk slowly 5 minutes 23 minutes

Week 6  Walk slowly 5 minutes Walk briskly 15 minutes Walk slowly 5 minutes 25 minutes

Week 7 Walk slowly 5 minutes Walk briskly 18 minutes Walk slowly 5 minutes 28 minutes

| Week 8  Walk slowly 5 minutes Walk briskly 20 minutes Walk slowly 5 minutes 30 minutes
| Week 9 Walk slowly 5 minutes Walk briskly 23 minutes Walk slowly 5 minutes 33 minutes
| Week 10 Walk slowly 5 minutes Walk briskly 26 minutes Walk slowly 5 minutes 36 minutes
Week 11 Walk slowly 5 minutes Walk briskly 28 minutes Walk slowly 5 minutes ' 38 minutes

Week 12 Walk slowly 5 minutes Walk briskly 30 minutes Walk slowly 5 minutes 40 minutes

“~om week 13 on, check your pulse periodically to see if you are exercising within your target heart rate range. As you become more fit, walk
i “==t=r to increase your heart rate toward the upper levels of your target range. Follow the principle of progression. )
Note: If you find a particular week's pattern tiring, repeat it before going on to the next pattern. You do not have to complete the walking

=rooram in 12 weeks. Remember that your goals are to continue getting the benefits you are seeking and to enjoy your activity. Listen to your
=ocy and progress less rapidly, if necessary.
“Frogram should include at Jeast three exercise sessions per week.
Source: U.S, Department of Health and Human Services.
Table 3.7 Sample Aerobic Jogging Program (Interval Training)*
Warm-up Target Zone Exercising Warm-down Total Time
Week 1 Stretch and limber up 5 Walk (nonstop) 10 minutes  Walk slowly 3 minutes; 20 minutes
minutes stretch 2 minutes
Week 2 Stretch and limber up 5 Walk 5§ minutes; jog 1 Walk slowly 3 minutes; 22 minutes
minutes minute; walk 5 minutes; stretch 2 minutes
jog 1 minute
W=ek 3 Stretch and limber up 5 Walk 5 minutes; jog 3 Walk slowly 3 minutes; 26 minutes
minutes minutes; walk 5 minutes; stretch 2 minutes
jog 3 minutes
Week 4 Stretch and [imber up 5 Walk 5 minutes; jog 4 Walk slowly 3 minutes; 28 minutes
minutes rninutes; walk 5 minutes; stretch 2 minutes
jog 4 minutes
[ Week 5 Stretch and limber up 5 Walk 4 minutes; jog 5 Walk slowly 3 minutes; 28 minutes
minutes minutes; walk 4 minutes; stretch 2 minutes
jog 5 minutes
Week 6 Stretch and limber up 5 Walk 4 minutes; jog & Walk slowly 3 minutes; 30 minutes
minutes minutes, walk 4 minutes; stretch 2 minutes
jog 6 minutes
Week 7 Stretch and limber up 5 Walk 4 minutes; jog 7 Walk slowly 2 minutes; 32 minutes
minutes minutes; walk 4 minutes; stretch 2 minutes
jog 7 minutes
Wesk 8 Stretch and limber up 5 Walk 4 minutes; jog 8 Walk slowly 3 minutes; 34 minutes
minutes minutes; walk 4 minutes; stretch 2 minutes
jog 8 minutes
Wesk 3 Stretch and limber up 5 Walk 4 minutes; jog 9 Walk slowly 3 minutes; 36 minutes
minutes minutes: walk 4 minutes; stretch 2 minutes
jog 9 minutes
Wesk 70 Stretch and limber up 5 Walk 4 minutes; jog 13 Walk slowly 3 minutes; 27 minutes
minutes minutes stretch 2 minutes
Wesk 11 Stretch and limber up 5 Walk 4 minutes; jog 15 Walk slowly 3 minutes; 29 minutes
minutes minutes stretch 2 minutes
Week 12 Stretch and limber up 5 Walk 4 minutes; jog 17 Walk slowly 3 minutes: 31 minutes
minutes minutes stretch 2 minutes
Week 13 Stretch and limber up 5 Walk 2 minutes; jog slowly 2 Walk slowly 3 minutes; 31 minutes
minutes minutes; jog 17 minutes stretch 2 minutes
Wesk 14 Stretch and limber up 5 Walk 1 minute; jog slowly 3 Walk slowly 3 minutes; 31 minutes
minutes minutes; jog 17 minutes stretch 2 minutes
Weesk 15 Stretch and limber up 5 Jog slowly 3 minutes; jog 17 Walk slowly 3 minutes; 30 minutes

minutes

minutes

stretch 2 minutes

“o week 16 on, check your pulse periodically to see if you are exercising within your target zone. As you become more fit, try exercising
st the upper range of your target zone.

Note: if you find a particular week's pattern tiring, repeat it before going on to the next pattern. You do not have to complete the jogging
“rozrzm in 15 weeks. Remember that your goals are to continue getting the benefits you are seeking and to enjoy your activity.
““rooram should include at feast three exercise sessions per week.

Sowrce: U.S. Department of Health and Human Services.
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Figure 3.19 Aerobic dancing can be an effective means of improving cardiovascular fitness for both males and females.

3. Select the exercises you will do for each phase; arrange
them in a logical sequence. Determine how many
exercises you want to do for each song; if a song has
forty 4-count BPM and is 5 minutes long, you could do
5 different exercises for one minute each, or 40
repetitions for each.

4. Use a high-quality tape to record your songs in the
sequence of warm-up, stretching, stimulus, and warm-
down. Design a program to fit your needs, about 30 to
60 minutes total time.

5. Check your heart rate responses before, during, and

after your dance or exercise routine. Determine your
target HR from table 3.3.

Still another option is to purchase one of the many vid-
eotapes on aerobic dancing exercise for home use. There are
a number of good programs on the market that are relatively
inexpensive.

You may also apply the concept of interval training to
aerobic dancing. Simply intersperse your more active stim-
ulus periods with periods of less intense exercise, such as
stretching or walking in place. Another recent innovative ap-
proach is circuit aerobics, a form of exercise in which aerobic
dancing and resistance exercises, such as weight lifting, are
combined. Such programs provide an adequate aerobic stim-
ulus and also facilitate the development of muscle tone. Some
additional information will be presented in the next chapter.
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In the beginning, if you want to start with a less intense
aerobic dancing program, try the low-impact or soft aerobics
versions in which there is less jarring motion of the legs to the
floor. Done properly, they may be vigorous and provide an
excellent aerobic workout, and they are less likely than the
high-impact version to lead to injury. Both high- and low-
impact aerobic dance styles can be high intensity, requiring
10-11 Calories per minute.

Rope Jumping

A number of recent research studies have shown that rope
jumping may be a very effective means to achieve the target
HR range and thus is an effective mode for an aerobic fitness
program. In fact, it may be too strenuous for the sedentary
individual who is just beginning an exercise program. For such
a person, a walking-jogging program might precede a rope-
Jjumping program. In these studies, the turn rates for the rope
varied from 66 to 160 per minute (RPM).

Rope jumping at a high RPM requires skill, but you can
learn the skill through practice. You are more prone to foot
and knee injuries due to the repeated force of foot impact.
Using a padded landing surface may help to prevent injuries.

In order to individualize a rope-jumping program in re-
lation to your target HR range, simply follow the protocol of
Laboratory Inventory 3.2 and vary the RPM of the rope for
each test. Heavier, weighted ropes are available that will in-
crease the exercise intensity; however, they may be more likely
to contribute to injuries.



Table 3.8 Motivation for Running at Different Levels of Consciousness

Consciousness | Consciousness Il Consciousness Il

Activity Jogging Running Racing
Weekly Mileage 5-15 30-50 50 and up
Type of Training Jog/walk Long slow distance Hard day/easy day

Short-Term Goal
Long-Term Goal

Aerobic points Finish a marathon Qualify for Boston Marathon

Avoid heart disease Improve best times Age-group awards

Primary Motivation Health and appearance

Accomplishment

Success

Source: From Hal Higdon, in The Runner, 4:52-53. Copyright © 1983 Hal Higdon. Reprinted by permission of the author,

Other Aerobic Activities

Although the emphasis here has been on a walk-jog-run mode
of training, a wide variety of activities may be utilized to elicit
zn aerobic training effect. For those who desire to exercise
=doors, particularly during inclement weather, rope jumping,
sationary jogging, or stair climbing may be effective. More-
wer, a host of exercise machines are available. Treadmills may
e used for a walk-jog-run program, but stationary bicycles,
rowing apparati, and cross-country skiing machines may also
== used to provide adequate aerobic exercise stimulus. Many
o these exercise devices use modern computer technology to
motivate you to exercise, such as a video display of you racing
= rival in a 2,500-meter rowing race. One advantage of some
Bome exercises is that you may be able to do two things at
ane time. You may not only exercise, but study, read, or watch
tzlevision at the same time. Become a super spud instead of
2 couch potato.

The interested student should consult Dr. Kenneth Coop-
=r's most recent book on aerobics, The Aerobics Program for
Total Well-Being, for aerobic data on such activities as bas-
kethall, bicycling, swimming, stationary running, and many
sthers, An alternative method is to select exercises presented
= chapter 7 as means to control body weight. These exercises
2r¢ based upon approximate caloric expenditure per minute.
Appendix E has been developed to facilitate the implemen-
wztion of this approach.

In essence, however, the application of the overload prin-
ciple, using the target HR as the method to determine ex-
ercise intensity, may be used with almost any mode of exercise
o develop your personal aerobic exercise program. Exercise
= your target zone for 15 to 60 minutes at least three to four
2avs per week.

Aerobic Competitive Sports

Although improvement of your personal health or appearance
may be the primary motivation for initiating a fitness pro-
gram, it appears that the motivational stimulus may change
s the fitness revolution goes through several evolutionary
siages. Hal Higdon, an accomplished runner and a popular
writer on the running scene, described three levels of con-
sciousness through which many runners progress after initi-
ating their personal fitness program (see table 3.8). Although

accomplishment and success may replace health and appear-
ance as the primary motivational factors for exercising, the
health-related benefits will be the same, and possibly of a
greater magnitude.

If you get into training for athletic competition, you may
ask yourself, how good can I be? What are my physical lim-
itations and how may these guide me in determining my fit-
ness objectives above and beyond those necessary for health?
The two key determinants responsible for your success in ath-
letics are genetics and training.

Genetics, the traits and characteristics we inherit from
our parents, endow some of us with the physical ability to be
very strong or very fast, while others may have inherited the
capability for endurance activitics. Somatotype, or body build,
is also inherited. Some individuals are predisposed towards a
muscular body, while others may have a tendency towards
leanness or heaviness. The upper limits of such factors as
maximal oxygen uptake and muscle fiber type, important de-
terminants of endurance capacity, are estimated to be over 90
percent determined by your genetic endowment.

What do these genetic limitations mean to you? Let us
explore the role of genctic endowment relative to maximal
oxygen uptake, a very important determinant of endurance
capacity. Individuals such as Belayneh Dinsamo from Ethiopia
and Ingrid Christensen from Norway, male and female world
record holders for the marathon, inherited a high maximal
oxygen uptake capacity and, hence, the potential for world-
class performance. However, they would not have become
world record holders if they had not undergone an intensive
program of physical training to not only develop their max-
imal oxygen uptake to its greatest capacity, but to exercise at
a high percentage of their maximum without inducing early
fatigue. The rest of us, even if we trained as intensively as
Belayneh and Ingrid, would not be able to reach their per-
formance levels because we do not have their genetic poten-
tial. However, with a proper training program, almost all of
us could complete a 26.2-mile marathon. A proper training
program will increase your maximal oxygen uptake toward
its genetic potential and will increase your ability to perform
at a higher percentage of that maximum without fatigue.
Thus, although genetics may set the upper limits, an optimal
performance within your own genetic limitations can still be
attained with proper training.
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Although there are sophisticated laboratory techniques
to determine physiological and biomechanical characteristics
essential for success in various sports, for most of us the proof
is in our performances. For example, a friend of mine has
been trying for a number of years to break the 3-hour barrier
in the marathon; he even has a personalized license plate on
his car, 2:59:59. He has established a specific measure of how
good he believes he can be, and his achievement of that ob-
jective will be the proof he needs to substantiate that belief.

There are a number of opportunities to become involved
in competitive sports that are aerobic in nature, but the most
common involve running, cycling, swimming, and the com-
bination of the three, triathloning. If you enjoy running, you
may get involved in competition such as a 10K road race (10
kilometers or 6.2 miles), and often the first goal is simply to
finish the race. In subsequent races, your goal may be to run
faster than the last race, to establish a personal record (PR),
or to eventually place in the top five in your age group. In
order to become more competitive, you will need to train
harder. You will still use the same general training principles
of overload, progression, and specificity. However, one or two
workouts per week should be devoted to higher levels of in-
tensity, training at race pace or faster for shorter distances,
often referred to as interval, tempo, or repetition training.
These workouts should stress specific energy systems and
muscle groups (see fig. 3.20). It is beyond the scope of this
book to discuss such training methods in detail. Most com-
munities, and some colleges and universities, have clubs that
focus on training and competition in acrobic sports, including
acrobic dancing. Local contacts may be stores that market
running or cycling equipment or the recreational sports de-
partment on campus, for such organizations can often provide
resources to help guide you in your training.

Although training for sports competition may enhance
your motivation to adhere to an aerobic exercise program, it
may not confer any additional health benefits beyond a
threshold maximal level of aerobic exercise, as discussed below.
Moreover, such training programs often increase markedly in
intensity and duration, two factors that may increase risks,
particularly injuries, associated with overtraining.

Aerobic Leisure and Unstructured
Physical Activity

One of the major reasons for the decline in the fitness of
Americans is an increasingly sedentary life-style; one of the
major villains is excessive television viewing. Because so many
Americans are completely sedentary, and because even a cer-
tain minimal level of aerobic exercise may confer some health
benefits, there may be considerable value in simply getting
people to increase the amount of exercise they do during their
daily activities and leisure time. Two excellent books, Fitness
without Exercise by Bryant Stamford and Porter Shimer and
Living with Exercise by Steven Blair, have focused on this
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Figure 3.20  Specificity of training. There are two general
aspects of training specificity. First, if you want to improve a
particular energy system, exercise at an intensity level that stresses
that particular system. Second, the training effect is better if you use
the actual activity for which you are training. For example, if you
want to improve in swimming, you should swim to train the specific
neural patterns and muscle groups involved.

approach to health-related fitness. The major thesis in both
books is “just get moving”.

As mentioned in chapter 2, unstructured physical ac-
tivity includes many of the usual activities of daily living, such
as climbing stairs, gardening, and housework. In order to in-
crease the amount of acrobic energy we expend in these ac-
tivitics, we may have to make them somewhat structured,
mostly by increasing two components of the exercise prescrip-
tion, frequency and duration. Blair suggests giving yoursell
occasional reminders, perhaps taping the words Move or Ex-
ercise on your refrigerator at home, the dashboard of your
car, or your telephone at work. This strategy may help remind
you to climb the stairs more at home or at work (frequency)
or to park your car some distance from your office so you need
to walk farther (duration). You can probably think of dozens
of ways to incorporate more unstructured physical activity into
your daily schedule, depending upon your particular life-style,
but one idea is to simply take five or six miniwalks during the
day. Don’t just sit, but stand, walk, move!

What you do during your leisure time may also help im-
prove your health, for a number of sports or recreational ac-
tivities of low intensity may confer some health benefits. For
example, research has shown that playing golf three times a
week, walking eighteen holes, would improve serum choles-
terol levels. Other activities, such as softball, badminton, soccer,
racquet sports, and dancing, will also help increase energy ex-
penditure. Appendix E lists a wide variety of recreational ac-
tivities and related levels of caloric expenditure. Such activities
may also enhance opportunities for social interaction, and, for
those with families, may provide for some quality family time.

As noted below, involvement in leisure activities and in-
creased frequency and duration of unstructured physical ac-
tivity may confer some health benefits, but possibly not to the
level associated with a structured aerobic exercise program.
Nevertheless, these types of activities are highly recom-
mended, not only because of possible health benefits, but be-
cause they may stimulate interest and participation in more
structured aerobic exercise programs.



Benefit-Risk Ratio

Medicines are developed because they provide some benefits
=2 us. However, the dosage has to be appropriate. In the same
way, the “dosage” of exercise must be considered. There is
some debate about exactly how much exercise is needed to
s=ap certain health benefits, but some general recommenda-
“ons are available. Based primarily upon epidemiological re-
scarch that involves the relationship between physical activity
2nd all causes of mortality, it appears that a minimal threshold
=vel of physical activity, structured or unstructured, that may
confer some health benefits is the equivalent of approximately
500 Calories per week. We shall deal with exercise and caloric
=xpenditure in chapter 7 and learn how to use Appendix D,
=ut vou can peruse Appendix D at this time to determine ap-
sroximately how many Calories per minute you use for a wide
variety of physical activities. As an example, however, 500
_zlories would be the equivalent of about 8 miles of leisurely
wzlking for an average-sized adult male.

There also appears to be a dose-response relationship be-
“ween physical activity and reduced mortality rates. Research
wonducted with Americans by Blair and Paffenbarger sug-
sosts that increased benefits will occur with a weekly energy
=xpenditure of 2,000 Calories or more, which may be achieved
“wrough unstructured or structured physical activity or a
combination of the two. A recent study by Morris, who pi-
sneered the relationship between exercise and mortality in his
=ndmark 1953 report, supports these findings of Blair and
“aFenbarger. However, in order to be effective, Morris con-
tends that the intensity of the physical activity in the British
sunjects he studied needed to be moderately intense, also re-
“erred to as being vigorous or causing the individual to be “out
o breath” at times. Such activity included swimming, bad-
munton, tennis, football (soccer), rowing, jogging, and brisk
walking. For a structured exercise program, 2,000 Calories
oer week would be the equivalent of jogging 15-20 miles or
walking about 32 miles.

Based on the available data, a recommended short-range
==zl would be to increase physical activity to 500 Calories per
wesk, with a long-range goal of 2,000 Calories or more per
weck. Although some research suggests that vigorous aerobic
scuvity or structured aerobic exercise programs, such as those
schering to the ACSM guidelines, might be more beneficial,
=mply increasing the frequency and duration of unstructured
2nd leisure-time physical activity will confer significant health
Senefits.

Risks

Medicines may also be associated with a certain degree of risk
%0 the patient. For example, penicillin and other antibiotics
=clp cure infections. However, some individuals are allergic
o penicillin. For them, the allergic reaction may be more se-
mous than the infection it was designed to cure. In a related
manner, although exercise will elicit health benefits in most

individuals, it may not be advisable for others, such as those
with certain cardiac complications. Moreover, exercisc may
pose some risk even to the apparently healthy individual.

The risks of exercise can be categorized under five gen-
eral headings: hidden heart problems, muscular soreness and
injuries, heat illnesses, cold-weather running risks, and safety
concerns.

Hidden Heart Problems

One of the most popular forms of exercise to sweep the United
States in the past decade is an aerobic program of jogging
and running. Periodically, however, the communications media
question the safety of such an exercise program by publishing
such articles as “Running is dangerous to your health” or
“Jogging can kill you.” Occasionally, you will also read in the
newspaper that a jogger died while exercising. Such incidents
are likely to raise a question in your mind about the actual
safety of an exercise program. Several startling incidents were
the cardiac deaths of Jim Fixx, author of a best-selling book
on running, while running on a country road, and “Pistol”
Pete Maravich, a former star in professional basketball, during
a pick-up basketball game.

This issue has been studied by several groups of re-
searchers, and they suggest that a small (though not negli-
gible) risk exists of acute cardiovascular problems (such as
heart attack) for adults participating in a vigorous exercise
program. The prevalence of such problems is most common
in individuals who are susceptible to cardiovascular disorders.
These deaths occur in susceptible individuals who may be
participating in competitive events that overexcite the heart,
who are heavy smokers, or who do not exercise on a regular
basis. The death rate during jogging is about seven times
greater than the estimated death rate during more sedentary
activities, but only in susceptible individuals. There have been
no deaths reported for those whose hearts were tested and
found to be healthy. Most reported deaths during jogging are
in middle-aged individuals who already had a diseased heart,
such as Jim Fixx.

However, one often reads of sudden deaths in young,
highly-trained athletes who do not appear to have diseased
hearts. In a recent review of such deaths, atherosclerotic heart
disease was not a very common occurrence, although it was
noted in several cases. The most common cause was a struc-
tural cardiovascular abnormality that appeared to interfere
with normal heart function. Again, although different in
nature, a cardiovascular problem existed in these victims prior
to exercise. A case in point was Hank Gathers, a collegiate
basketball standout who collapsed and died during an inter-
collegiate contest.

Exercise may aggravate existing hidden heart problems.
Individuals who may be prone to coronary heart disease should
consult a physician before initiating an exercise program. This
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Dizziness or
lightheadedness

Abnormal heart
rhythm

Pain in the chest
under the
breastbone
and/or down the
arm

Figure 3.21 Body signals to stop exercising. If you experience
any of these symptoms during exercise, stop immediately and rest.
Consult a physician if they persist.

topic was covered previously; you may want to consult pages
1617 for a review, particularly if you are over thirty-five years
of age.

Whether or not you have had a medical examination,
you should be aware of symptoms occurring during or after
exercise that may be indicative of cardiovascular problems.
Stop exercising and consult a physician if you experience any
of the following (fig. 3.21):

1. Pain in the chest, under the breastbone, or in the arm;
any other unexplained pain

2. Irregular pulse rate (flutters, or changes rate very
rapidly —either too fast or too slow)

3. Palpitations in the chest or throat

4. Dizziness, light-headedness, confusion, or fainting

Muscular Soreness and Injuries

If you develop and implement an exercise program properly,
you should experience little problem as you continue to train.
The key to avoiding problems is to start easily and to progress
slowly. However, most individuals overdo it at one time or an-
other and eventually end up with either sore muscles or an
injury.
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Basically there are two types of muscle soreness. Acute
soreness occurs during exercise and appears to be due to in-
adequate circulation to the exercising muscle. The lack of
blood flow leads to an accumulation of metabolic by-products
of exercise in the muscle. These by-products can stimulate
pain receptors and cause pain or soreness, which usually dis-
appears when you stop exercising. A second type, called de-
layed soreness, usually occurs 24 to 48 hours after an exercise
period and may persist for several days. This type of muscle
soreness is usually caused by exercise bouts that involve re-
petitive, strenuous muscle contractions. For example, as you
run downhill, you put a tremendous stress on the leg muscles
as they try to control your body from moving too fast (due to
gravity’s pull). In aerobic dance, you may land repeatedly on
your toes, which will overwork the muscles in your lower leg.
This stress appears to tear the connective tissue and/or muscle
fibers, causing inflammation that, according to the most cur-
rent theory, may be the cause of the delayed soreness. A
stretching program may be helpful for relief, but generally
rest and/or reduced activity levels for several days are nec-
essary to let the soreness run its course and gradually fade
away.

Muscle soreness will usually limit exercise for a few days
at the most. However, an injury may incapacitate you for
weeks or months—depending upon its type and severity. All
individuals who become physically active can, at one time or
another, expect to be injured. Certain types of activities pre-
dispose to a specific injury (bruised palms in handball, heel
bruises in running). In many cases, injuries can be prevented
by the use of proper equipment, technique, and conditioning,
but even these factors are not able to prevent some acute in-
juries that happen very suddenly (a sprained ankle due to
uneven terrain, a sprained wrist incurred during a fall).

A common cause of several types of injuries is overuse,
particularly during the early stages of an exercise program.
The exercise may be too intense, too long, or too frequent, not
allowing sufficient time for recovery. As you begin an exercise
program, you make rapid gains in fitness; this often encour-
ages you to overexert yourself. For example, your normal pro-
gression on a jogging program may call for a 2-mile jog, but
you may feel good and decide to do 5 miles that day. The next
day you feel some tenderness in your shin bone, Achilles
tendon, or knee. It may not be sore enough to prevent you
from running, so you continue to overdo it. Eventually, the
pain gets so severe that you must stop training due to a case
of shinsplints, Achilles tendinitis, or chondromalacia of the
knee. You are a victim of the overuse syndrome. Hence, one
of the keys to injury prevention is to follow a proper progres-
sion in your training program and to avoid sudden increases
in the intensity and duration of exercise.

Since walking, jogging, running, aerobic dance, and rope
jumping are recommended aerobic exercises, several of the
main injuries that occur are highlighted in table 3.9. Most of
these injuries are due to overuse and the force of impact when
you land, so walking may be less likely to lead to such injuries.
Poor foot mechanics may also be a contributing factor to injury.



Table 3.9 Common Injuries in Running, Aerobic Dance, and Rope Jumping

Ty

Symptoms

Cause

Prevention/Treatment

Sartar fasciitis; an inflammation  Tenderness or pain on the

=¢ the plantar fascia, a tough
2and of tissue on the bottom
of your foot

o =s tendinitis; an
=S=mmation in the Achilles
“==don on the lower back
sartion of your calf

“ne=piints; a general term for
#=n around the tibia (shin);
==t common form is
~#=mmation of tendons

“sencromalacia; a softening of
"= cartilage around the
‘me=cap (patella)

Seenal band injury;
= =mmation of the iliotibial
%end a strong layer of
commective tissue near the
Suts 0= area of the knee

“w==s fracture; a small crack in
& sone, usually in the foot or
snm bone

S in the side

bottom of the foot near the
heel

Tenderness, swelling, or pain
where the Achilles attaches to
the back of your heel or where
the tendon emerges from your
muscle

Tenderness, swelling, or pain
just behind and above the
bony protrusion (malleolus) on
the inside of the lower leg

Tenderness or pain near the top
of the kneecap; movement,
such as climbing stairs, will
elicit pain; may hear a
crunching sound while moving
the kneecap around with your
fingers

Tenderness or severe pain on
the lateral outside part of your
knee; bending of the knee,
such as squatting, will elicit
pain

Tenderness, pain, and possible
swelling in the area of the
fracture

Pain, mild to severe, during
exercise occurring just under
the lower part of the rib cage

Landing on hard surfaces
Inadequate cushioning in shoes
Landing on toes

Running uphill

Overuse causes tears in the
tendon

Landing on toes

Running uphill, excessively
stretching the tendon

Inadequate cushioning in heel

Poor foot biomechanics

Poor foot biomechanics leading
to overpronation; the foot
rolls to the inside excessively

Running consistently on a road
with an inclination (camber)

Excessive running mileage; rapid
increase in number of miles/
week

Excessive aerobic dancing; high
impact on toes

Excessive movement of the
kneecap while exercising
irritates the cartilage under
the kneecap

Poar foot biomechanics

Qveruse injury caused by
excessive exercise
Poor foot biomechanics

Excessive exercise placing too
much stress on the foot or
shin

Exercising on hard surfaces

Poor foot biomechanics

Unknown, but believed due to
inadequate blood supply or
oxygen to the diaphragm or
other respiratory muscles

Exercise on soft surfaces

Use well-cushioned shoes or
customized orthotics

Ice after exercise

Rest if pain is severe; switch to
other exercises like cycling

Stretching and warm-up

Proper shoes or orthotic inserts

Use of a heel lift, such as a
sponge insert

Ice and anti-inflammatory drugs

Rest if pain is severe

Proper shoes or orthotics to
prevent poor biomechanics

Exercise on soft surfaces

Ice and anti-inflammatory drugs

Rest if pain is severe; switch to
other aerobic exercises

Proper shoes or orthotics to
correct faulty foot
biomechanics

Strengthen your quadriceps
(thigh) muscles

Ice and anti-inflammatory drugs

Rest if pain is severe; switch to
other aerobic exercises

Decrease intensity and duration
of exercise

Ice and anti-inflammatory drugs

Proper shoes or orthotics to
correct poor foot
biomechanics

Complete rest may be required;
switch to other aerobic
exercises

Exercise on soft surfaces

Proper cushioning in shoes

Adequate stretching before and
after exercise

Complete rest if stress fracture
is diagnosed

Stop exercising, stretch arm by
raising arm overhead. Massage
area. If onset is mild, try
shallow breathing

Space does not permit a full coverage of all the means

“ geevent injuries in all types of activities, but the following
=y be helpful.

(=]

(2

Warm up thoroughly before your activity. Stretching
=x=reises for the Achilles tendon and groin area are
=elpful before and after jogging or running. See
chapter 5 for appropriate stretching exercises.

Do not progress too rapidly in the early stages of
w=ining, Take it easy and follow a gradual progression.
Listen to your body. Minor aches and pains are early
warning signals. If they persist when you are resting,

lay off for a day or so to help avoid developing a more
serious condition. Minor aches and pains may be
relieved by rest, aspirin, or the application of ice to the
injured area.

Try to avoid situations that may change your running
biomechanics and lead to ankle, knee, or hip problems.
Avoid running too much in one direction on a slanted
road. Keep the soles of your shoes in good repair so
that one side is not worn down excessively. Avoid a lot
of downhill running. Check your shoes for proper fit so
your foot does not roll in toward the inside excessively.
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Figure 3.22  |f proper precautions are not taken, exercise in the
heat may lead to weakness or severe heat injury.

5. Avoid hard surfaces (concrete surfaces for jogging and
hard floors for aerobic dancing and rope jumping), as
persistent impact may contribute to shinsplints.

6. If you are injured, substitute other aerobic activities
that do not aggravate the injury. Cycling, rowing or
cross-country skiing or exercise machines may help
preserve cardiorespiratory fitness. If you have access 1o
a pool, you may be able to maintain your aerobic
fitness through water exercises. For example, you may
run in the low end of the pool if the water is about
chest level. The buoyancy will reduce the force of your
foot impact. Flotation vests are also available to keep
your head out of the water in the deep end. Wearing a
pair of running shoes will help to increase the
resistance and give you a better training effect.

Heat llinesses
Be aware of the signs of heat illnesses when exercising in hot
weather. Excessive fatigue, weakness, nausea, and cramps may
be indicative of heat exhaustion. Headache, disorientation, and
a high body temperature may signal the onset of heat stroke.
If you experience these symptoms, stop exercising, seek a cool
place to rest, and drink cool fluids (fig. 3.22).

The following suggestions may be helpful in the preven-
tion of heat illnesses.

1. Check the temperature and humidity conditions before
exercising. Adjust your intensity as needed. Hot, humid
conditions cause fatigue sooner, so slow your pace or
decrease the duration of your activity.

2. Exercise in the cool of the morning or evening in order
to avoid the heat of the day.

3. Exercise in the shade, if possible, in order to avoid
radiation from the sun.

4. Wear as little clothing as possible. That which is worn
should be loose to allow air circulation, white to reflect
radiant heat, and porous to permit evaporation to
occur. Some of the new sportswear available satisfy
these criteria. In particular, avoid the use of plastic or
rubberized sweatsuits; such suits may increase your
sweat rate, but since evaporation is prevented, your
body temperature may increase rapidly.
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5. Drink fluids periodically. If on a long training run, have
your route planned so you know where some watering
holes may be (gas stations or other public sources of
water). Take frequent water breaks, consuming about 6
to 8 ounces of water every 15 minutes or so. During
exercise, thirst is not an adequate stimulus to replace
water losses, so you should drink before you get thirsty.
To help cool down, pour water over your head and
chest.

6. Replenish your water daily. Keep a record of your body
weight. For each pound you lose, drink 1 pint of fluid.
Your body weight should be back to normal before
your next exercise workout.

7. Hyperhydrate if you plan to perform prolonged
strenuous exercise in the heat. This means drinking
about 16 to 32 ounces of fluid 30 to 60 minutes prior to
exercising.

8. Replenish lost electrolytes (salt) if you have sweat
excessively. Put a little extra salt on your meals unless
you have a problem with high blood pressure that is
aggrayated by excess sodium. Eat foods high in
potassium, such as bananas and citrus fruits.
Additional information on nutrition is presented in
chapter 6.

9. If you are sedentary, overweight, or older, you are less
likely to tolerate exercise in the heat and should,
thercfore, use extra caution.

10. If you are going to compete in a sport that is held
under hot environmental conditions, you must become
acclimatized to exercise in the heat. You can do this by
exercising in the heat for seven to nine days before the
event, but exercise at a much reduced intensity. Your
body will gradually adjust to exercise in the heat, but
you still will not be able to perform as well as you do in
cooler weather.

If you are monitoring your heart rate as a guide to your
training intensity, you will probably note that you have a higher
exercise heart rate at a lower exercise intensity while per-
forming in the heat. The nced to channel extra blood to both
your muscles and skin (for cooling purposes) imposes an ad-
ditional work load on the heart. Consequently, exercise inten-
sity must be reduced somewhat in order not to exceed the
recommended target HR range.

Cold-Weather Running
Cold weather does not usually pose a problem if you dress
properly for it. Some general suggestions are

1. Cover your head, hands, and wrists. Your head and
neck can lose up to 40 percent of your body heat, and
you feel warmer if your hands and wrists are warm.

2. Wear several layers of light clothing with a
windbreaker on the outside. Some of the newer cold-
weather running gear is designed to be lightweight yet
very warm and allows sweat to dissipate without
getting your clothing too wet,




(FY)

Check the prevailing wind conditions. It is usually best
0 go out against the wind and return with the wind at
vour back. Since the wind chill is less when the wind is
with you, you are less likely to chill down if your
clothes are wet with sweat produced while exercising in
several layers of clothing,

< Do not remain outside after finishing your workout.
You are likely to cool down rapidly. Change to dry
clothing and seek a warmer environment.

Properly dressed, you can exercise outside in almost any
wether. However, 1f you would prefer to stay inside and avoid
= old, home aerobic exercise programs such as stationary
“owcing, treadmill running, jogging in place, stair climbing,
“oe skipping, and aerobic dancing can be beneficial alter-
=owes

S=r=ty Concerns

“. wiih injuries, space will not permit a full coverage of the
= concerns associated with all aerobic activities, but the
~owing suggestions may be helpful.

sz proper equipment, such as eye goggles for
sandball and racquetball sports.

~ Joggers and runners should be on the lookout for cars.
Se cautious at all intersections. If you must run on the
suad, run facing traffic.

~ Do not use headphones; if you do, keep the volume at a
‘evel so you can still hear traffic,

< Wzar light-colored clothing or reflective material at
==zht. Do not assume that drivers see you.

© “woid heavy traffic areas. Research has shown that
suoning in polluted air exposes you to potentially
sarmful effects of carbon monoxide. 1f you must run in
such areas, try to run on the side of the road where the
wind is blowing the automobile pollutants away from
WOl

“suid exercising in areas with severe smog; pollutants
such as ozone and nitrogen oxides may be damaging to
wour lungs.

w

Sicvelists should use all safety devices available,
wciuding reflectors, flags, and a safety helmet. Ride in
e direction of traffic. Obey traffic lights and signs.
Se=k out bike trails, not busy roads.

+ Never swim alone.

* Females should be cautious running alone at night.
Onher guidelines for female runners are presented in
chapter 10.

SEmer Risks

" s are other risks associated with exercise, usually with
“werraining. As you get involved in an exercise program and
“wse o experience success, you may feel that if a little bit is

good, then a lot is better. Such may not be the case, and, ac-
tually, too much exercise may be counterproductive. As men-
tioned above, it may predispose you to overuse injuries, but
overtraining may also lead to more serious conditions, which
will be discussed in later chapters. For example, in chapter 8,
we shall note that although exercise may be used to reduce
stress, it may actually increase stress in those who become
overzealous in pursuit of exercise goals. Overtraining may also
predispose females to menstrual dysfunctions, possibly con-
tributing to premature osteoporosis, a topic that will be dis-
cussed in chapter 10. Additionally, overtraining may interfere
with optimal functioning of the immune system, possibly pre-
disposing one to upper respiratory tract infections.

As with all life-style behavior changes recommended in
this book, moderation is the key.

Benefits

Epidemiological research supports a significant relationship
between physical activity and reduced rates of mortality or
increased longevity, while experimental research has provided
us with dati relative to the underlying mechanisms of this
relationship. A more detailed discussion of this relationship is
presented in chapter 11, while other health-related benefits of
exercise are presented in chapters 7-10. As an overview, the
following are some of the major potential benefits of exercise
as they relate to health enhancement. According to Morris,
however, it is important to note that these benefits may be
transient; aerobic exercise needs to be continuing and current.
Fitness cannot be stored.

Potential Benefits of Aerobic Exercise
1. Reduces risk of heart attack by
a. increasing blood serum HDL cholesterol levels, the
*“good” cholesterol
b. decreasing blood serum triglyceride levels
c. reducing high blood pressure
d. reducing the desire to smoke
e. improving the efficiency of the heart
2. Reduces risk of developing certain forms of cancer
3. Reduces risk of developing noninsulin-dependent
diabetes
4. Reduces excess body weight and helps to maintain
optimal weight
5. Reduces risk of developing osteoporosis
6. Increases resistance to stress, anxiety, and fatigue;
enhances mood and lowers depression
7. Increases stamina, strength, and working ability
8. Improves self-esteem

A proper aerobic exercise program, in conjunction with
a proper diet and other Positive Health Life-style practices,

can produce lifelong health benefits.
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INTRODUCTION

~= “iness movement that began in the late 1960s and early
=7 s centered around aerobic exercise. Millions of

== cuals became engaged in a variety of aerobic activities,
== terally thousands of health spas developed around the
~oumtry to capitalize on this emerging interest in fitness,

wa cularly aerobic dancing for females. A number of fitness
“=a= =xisted prior to this aerobic fitness movement, even a
“=- onzl chain with spas in most major cities. However, their
“oo.s was not on aerobics, but rather on resistance (weight-
= g) programs designed to develop muscular mass,
~=nath, and endurance in their primarily male clientele.
“rese Ttness spas did not seem to benefit financially from
= zerobic fitness movement to better health, since medical
“= = on suggested that weight-training programs conferred
“=u 7 any, health benefits. In recent years, however, weight
= 02 has again become increasingly popular for males and
" “emales. Many current programs focus not only on

“=.= oping muscular strength and endurance but on aerobic
Somess as well.

= storically, most physical-fitness tests have usually
~ _o=c measures of muscular strength and endurance, not
o m==1h-related reasons, but primarily because such fitness
~wmoonents have been related to performance in athletics.
“owe=ver, in recent years, evidence has shown that training
“owr=ms designed primarily to improve muscular strength
w0 endurance might also confer some health benefits as
W= The American College of Sports Medicine (ACSM) now
= ommends that resistance training be part of a total
~==s program for healthy Americans. Increased
“=cpation in such training is one of the specific physical
=y and fitness objectives of Healthy People 2000:

" onz Health Promotion and Disease Prevention
Sectives.

S=sistance training may contribute to health-related
=== 0 several ways. First, it is generally accepted that
== =i=nce-training programs do not improve the efficiency or
“w=n of the cardiovascular system comparable to the
~=="1= from an aerobic-training program. However,
~==s=d muscular strength and endurance levels will reduce
= ==ss of many work tasks, such as lifting heavy objects,
8 —hus may result in less stress on the heart. Other cardiac
“» “=ctors, such as high blood pressure and high serum lipid
=== may be favorably modified by properly prescribed
= —=nce training. In this regard, muscular strength and
“iir=nce training is even incorporated in many cardiac
=SSt tation programs.

S=cond, resistance-training programs have been shown
= == body composition, primarily by increasing muscle
=== =nd decreasing total body fat and percent body fat—
~=roe=s that are believed to be healthful. In chapter 7, we
W =szore the role of resistance training in programs to
== g=in or lose weight.

Thrd, resistance training may confer significant benefits
== = 10 psychological, or mental, health. Most young
= use resistance training as a means to improve their
=<2 appearance; such improvement may help them to
= "oogically feel better about themselves.

=nzlly, improvement in muscular strength and
“urance may help to prevent some common injuries,
oo arly the syndrome of low back pain. In combination

with appropriate flexibility programs to be discussed in the
following chapter, the development of strength and
endurance in the abdominal muscles may be one of the best
means to prevent injury and resultant pain to the low back
region.

In this chapter, we shall present a brief overview of the
muscular system, the basic principles of exercise as related
to resistance training, the benefit/risk ratio of resistance
training, general guidelines to program design, a basic
resistance-training program, exercises specifically for the
abdominal muscles, and programs focusing upon
development of aerobic fitness as well as muscular strength
and endurances

The Muscular System

The primary purpose of most weight-training programs is to
improve the size, shape, and function of the muscular system.
Athletes involved in the sport of bodybuilding want to max-
imize their muscle size, but they also want to highlight muscle
shape in order to receive higher ratings from the judges. In
the sports of weight lifting and power lifting, athletes are pri-
marily interested in developing the strength necessary to lift
several hundred pounds. Other athletes, such as swimmers,
may be interested in developing both strength and endurance
in the specific muscles used in their stroke. Most of us, how-
ever, do not lift weights for athletic competition; we lift weights
to look better physically. But as we train with weights to im-
prove our appearance, we also improve our muscular strength
and endurance.

In this section we shall look briefly at the structure and
function of the muscular system, the determinants of muscle
strength and endurance, and muscular hypertrophy.

Muscle Structure

Figure 4.1 represents a cross section of various parts of a
muscle. The entire muscle, such as the biceps, is composed of
bundles of muscle tissue. The bundles are composed of a
number of muscle fibers, the actual muscle cells. The muscle
fiber is composed of myofibrils, the contractile units within
the muscle fiber. Finally, the myofibrils are composed of thin
protein filaments that interact and slide by one another during
contraction. Figure 4.2 is a schematic of the sliding filaments.

The whole muscle-—the bundles and the muscle fibers—
is covered by layers of connective tissue that bind the tissue
and the fibers together. The connective tissue blends together
and forms the tendon, such as the biceps tendon that can be
felt in the front bend of the elbow, which attaches to the bones.
When your muscle contracts and shortens, the force is trans-
mitted through the tendon to bones in the forearm, and thus
the elbow bends.

Muscle Function

In chapter 3, you were introduced to the three different human
energy systems. You may recall that ATP is the immediate
source of energy for muscle contraction, and that the three
energy systems are designed to replenish ATP stores at varying
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Figure 4.1 Muscle structure. The whole muscle (a) is composed ot separate bundles of individual muscle fibers (b). Each fiber is composed
of numerous myofibrils (c), each of which contains thin pratein filaments (d) arranged so they can slide by one another to cause muscle
shortening or lengthening. Various layers of connective tissue surround the muscle fibers, bundles, and whole muscles, which eventually bind

together to form the tendon.

rates. In terms of the speed at which each of the three systems
restores ATP, the ATP-PC system is the fastest, the lactic
acid system is fast, while the oxygen system is the slowest.
You may wish to review the characteristics of the three human
energy systems in table 3.1 and in figure 3.2 on page 25.

The use of muscle biopsy techniques has revealed that
humans possess several different types of muscle cells, or
muscle fibers. A needle is inserted into a muscle, a piece of
muscle is extracted, and it is stained for its physiological, or
functional, characteristics. These physiological characteristics
relate to the human energy systems.
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In general, we have three different muscle fiber types in
each muscle, and these fiber types have been classified by the
speed at which they contract and also by their predominant
energy system. Figure 4.3 presents a schematic of these three
fiber types.

The slow twitch, oxidative fiber type is characterized by
a slower rate of muscle contraction; it primarily uses the
oxygen energy system, which replenishes ATP slowly. We use
the slow twitch fiber mainly in aerobic endurance activities.
In the scientific literature, this fiber type is often referred to
as Type 1, or slow oxidative (SO).



(b)

Sgure 4.2 (a) Sliding protein filaments. (b) The muscle shortens
wmen thin protein filaments are pulled inward by projections from
TcE protein filaments.

Sigwure 4.3 The three muscle fiber types. This schematic of a
musce shows three different muscle fiber types. SO is the slow,
“wsztve fiber type: FOG is the fast, oxidative, glycolytic fiber type;
ans 55 s the fast glycolytic fiber type.

The fast twitch, oxidative, glycolytic fiber type is char-
acterized by a faster speed of contraction; it may use both the
oxygen and lactic acid (rapid glycolytic) energy systems to
replenish ATP. This fiber type is used in both acrobic and
anaerobic type activities. It is referred to as the Type I1a fiber,
or fast, oxidative, glycolytic fiber (FOG).

The fast twitch, glycolytic fiber type is characterized by
a very fast speed of contraction; it primarily uses the lactic
acid energy system and has the ability to use ATP rapidly.
This fiber type is used primarily in fast, anaerobic type ac-
tivities. It is also the largest of the three fiber types. 1t is re-
ferred to as the Type IIb fiber, or fast glycolytic (FG).

Since the slow, oxidative muscle fiber uses the oxygen
cnergy system, it is very resistant to the development of fa-
tigue. However, since both the fast twitch muscle fibers use
the lactic acid energy system, they are more prone to develop
fatigue early, particularly the fast twitch, glycolytic fiber.

Muscular Strength and Endurance

In the preceding chapter we discussed the development of
aerobic endurance, which uses the oxygen energy system.
When doing an activity such as aerobic walking or jogging,
you use a large muscle mass, your legs, to help lift your body
weight on each step. By exercising at a speed within the ca-
pacity of your oxygen energy system, the steady state, you
are able to exercise continuously for a long period of time.

Aerobic endurance is primarily dependent upon the ox-
idative, or aerobic, muscle fibers to produce ATP to meet your
energy needs, On the other hand, muscular strength and mus-
cular endurance are primarily dependent upon energy pro-
duction via the two anaerobic energy systems, the ATP-PC
and the lactic acid systems, particularly as they function in
the fast twitch muscle fibers.

Muscle strength, the ability of a muscle or muscle group
to develop force in one maximal effort, is dependent upon a
large number of factors. For our purposes, the main factors
arc the size, type, and number of muscle fibers in the muscle
and the ability of the nervous system to fully activate these
fibers. The greater the number and size of fast-twitch muscle
fibers you possess and the greater your ability to use them,
the greater will be your muscle strength. Although the total
strength you can develop is determined by your genetic back-
ground, you can maximize your potential through a proper
training program.

Muscle endurance, often known as local muscle endur-
ance or anacrobic endurance, is defined as the ability of a
muscle or muscle group to repeatedly exert force by use of
the anaerobic energy systems. It is distinguished from aerobic
endurance in that fatigue usually occurs in a relatively short
period of time. For example, lifting your body weight in a
pull-up may lead to fatigue rapidly because the small muscle
groups in your arms are not able to produce ATP at a rate to
meet your needs. Local muscular endurance, like muscular
strength, is dependent upon a number of different factors, but
probably the most important factor is the capacity of the lactic
acid energy system to generate ATP.
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As you might suspect, there are a wide variety of mus-
cular strength and endurance tests available. If you have ever
attempted to do as many pull-ups or push-ups as you could,
you have tested the muscular endurance of several different
muscle groups. Laboratory Inventories 4.1 and 4.2 provide an
opportunity to test yourself for muscular strength and /or en-
durance in several basic exercises. By using a similar protocol,
you may be able to develop your own tests of strength and
endurance for any weight-training exercise you choose.

In a later section, we will discuss various resistance-
fraining programs to improve muscular strength and endur-
ance, but for now let’s look at the major result of such pro-
grams and at why most of us engage in resistance training to
increase muscle mass, or muscle size.

Muscle Hypertrophy

Muscle hypertrophy means increased muscle size. Resistance-
training exercises place a heavy overload on the muscle cell;
over time the muscle cell tends to adapt to such stress by in-
creasing its size. It may do so in several possible ways. First,
the individual muscle cells and myofibrils may simply in-
crease their size by incorporating more protein. Second, the
myofibrils in each cell may increase in number, which will
increase the size of each muscle fiber. Third, the amount of
connective tissue around each muscle fiber and around each
bundle of muscle may increase and thicken, leading to an
overall increase in the size of the total muscle. Finally, the
muscle fibers themselves may increase in number, an effect
known as muscle hyperplasia.

Although all of these are proposed mechanisms to ex-
plain muscle hypertrophy, the first three are fairly well es-
tablished and are the most likely causes for the hypertrophy
experienced by most of us when we train with weights. Re-
search using muscle biopsies has revealed a significant in-
crease in the size of individual muscle fibers, primarily the
fast-twitch fibers, following a 10-week resistance-training
program. Such increases help improve muscular strength and
endurance and may be important components in body weight-
control programs. Although females do not normally expe-
rience the same amount of hypertrophy that males do, they
do experience proportional gains in strength and endurance.
Moreover, recent research with women has revealed a signif-
icant increase in muscle-cell size when they engaged in an
intense, concentrated resistance-training program.

Principles of Resistance Training

In chapter 2 we discussed a variety of principles important in
the design of any exercise program. Those principles relative
to resistance training include overload, progressive resistance,
specificity, exercise sequence, and recuperation. In the last
chapter we discussed interval training and introduced terms
such as exercise intensity and recovery. Before we discuss each
principle, let’s look at some important terms as they apply to
resistance training. Although resistance may be applied in a
variety of ways, this chapter will emphasize the use of weights.
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Repetition simply means the number of consecutive times
you do a specific exercise. Intensity is determined by the
weight, or resistance, that is lifted. A term used to describe
the interrelationship between repetitions and intensity in
weight training is repetition maximum (RM). If you perform
an exercise such as a bench press and lift 150 pounds once,
but you cannot do a second repetition, you have done one rep-
etition maximum, or 1RM. If you bench press a lighter weight,
say 120 pounds for five repetitions, but cannot do a sixth, you
have done five repetition maximum, or SRM. A set is any
particular number of repetitions, such as five or ten. The total
volume of work you do in a single workout is the product of
sets, repetitions, and resistance. For example, if you bench press
three sets with five repetitions and a resistance of 100 pounds,
your total volume of work is 1,500 pounds (3 X 5 X 100).
The recovery period may represent the rest intervals between
sets in a single workout or the rest interval between each
workout during the week.

The Overload Principle

The overload principle is the most important principle in all
resistance-training programs. The use of weights places a
greater than normal stress on the muscle cell. This overload
stress stimulates the muscle to grow- —to become stronger—
in order to effectively overcome the increased resistance im-
posed by the weights.

To overload the muscle you must increase the volume of
work it must do. There are basically two ways to do this. One
is to increase the amount of resistance or weight that you use;
the other way is to increase the number of repetitions and sets
you do. Although there is no single best combination of sets
and repetitions, usually one to three sets with 5-12 RM pro-
vide an adequate stimulus for muscle growth. The ACSM
recommendation is one set of 8~12 repetitions for minimum
strength gains. If you know your 1RM, you should be able to
do 5 to 10 RM if you use 70 to 80 percent of your IRM value.
For example, if your bench press IRM is 150 pounds, you
should be able to do at least SRM with 80 percent of that
value, or 120 pounds (.80 X 150).

The Principle of Progressive

Resistance Exercise (PRE)

As the muscle continues to get stronger during your training
program, you must increase the amount of resistance, the
overload, in order to continue to get the proper stimulus for
sustained muscle growth. As noted in chapter 2, this is known
as progressive resistance exercise and is another basic prin-
ciple of resistance training.

Following a learning period, a recommended program for
beginners is one to three sets with 8 RM in each set, The first
step is to determine the maximum amount of weight that you
can lift for eight repetitions. If you can do more than eight
repetitions, the weight is too light and you need to add more
poundage. As you get stronger during the succeeding weeks,
you will be able to lift the original weight more easily. When
you can perform twelve repetitions, add more weight to force



e back down to eight repetitions; this is the progressive re-
sstance principle. Over several months time, the weight will
srobably need to be increased several times as you continue
= g=t stronger. Such a transition is illustrated in figure 4.4.

The Principle of Specificity

Soecificity of training is a broad principle with many impli-
===ons for resistance training, including specificity for various
“oerts movements, strength gains, endurance gains, and body-
w=zht gains. For example, a swimmer who wanted to gain
“rength and endurance for a stroke should attempt to find a
w=sstance-training program that exercises the specific mus-
“= in a way as close as possible to the form used in that
wmoke=. If you want to gain muscle mass in a certain part of
5= body, those muscles must be exercised.

The Principle of Exercise Sequence

 sur exercise routine should be based upon the principle of
swercise sequence. This means that if you have ten exercises
= wour routine, they should be arranged in a logical order so
“mat fatigue does not limit your lifting ability. Another general
~==ommendation is to exercise the larger muscles first and the
wmaler muscle groups later in the sequence of exercises. For
=umple, the first exercise in a sequence of ten might stress
%= guadriceps muscle, the second the abdominals, the third
e pectorals, and so forth. After you perform one full set of
=ucs of the ten exercises, you then do a complete second set,
“lowed by a third set. This approach may be best for be-
Emmers.

Another popular option is to do three sets of the same
=uzroise, with a rest between each set; then do three sets of
= second exercise, and so on. This approach may be a little
mere fatiguing since you are using the same muscle group in
== successive sets, but it appears to be very effective.

The Principle of Recuperation
#=sstance training, if done properly to achieve the greatest
=ums, imposes a rather severe stress on the muscles, requiring
+ memiod of recovery both during the workout and between
worwouts, Research has shown that exercises of 5 to 10RM
== =ad to rapid depletion of ATP and PC in the muscles;
Sowever, most of these high-energy compounds may be re-
“ured i about 2 to 3 minutes’ recovery. Thus, several minutes
“woeid intervene between sets if you are using the same ex-
=ose Additionally, for beginners, resistance training should
semerally be done about three days per week, with a rest or
w=woeration day in between. This day of rest allows sufficient
e for your muscle to repair itself and to synthesize new
“roiem as it continues to grow,

These general principles should serve as guidelines during
e seginning phase of your resistance-training program and
“ouid be used to guide your progress during the first three
=wmihs of the basic resistance-training program described later
= 55 chapter.

Week: 1 4 7 10 13 16
Weight: 50 50 60 60 70 70
Repetitions: 8 12 8 12 8 12
Sets: 3 3 3 3 3 3

Figure 4.4 The principle of progressive resistance exercise (PRE)
states that as you get stronger, you need to progressively increase
the resistance in order to continue to gain strength and muscle.

Benefits and Risks of
Resistance Training

In the past, most of the benefits derived from resistance
training were thought to be of importance only to athletes,
but increasing evidence suggests that resistance training may
also confer some health benefits for others. On the other hand,
although resistance training is generally considered safe, there
are some potential risks if proper precautions are not taken.

Benefits

As might be expected, for those athletes involved in sports in
which high levels of muscular mass, strength, power, and en-
durance are important, resistance-training programs may
confer some very significant benefits. Such findings are sup-
ported by numerous research studies. Furthermore, some
recent research has even found that resistance training may
increase maximal oxygen uptake, although the gains do not
appear to be comparable to those that may be derived from
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aerobic training. Thus, many athletes may benefit from a
property designed resistance-training program specific to their
individual needs.

But what health benefits might accrue from resistance
training? The increase in strength and muscular endurance
through resistance training may help prevent injuries. In par-
ticular, injury resulting in low back pain may be prevented
by developing a balance of strength and fexibility of the ab-
dominals and back extensors.

Another benefit may involve improved mental health.
Although a number of factors determine our state of mental
health, an important one is our self-concept, or how we view
ourselves. Our self-concept may be influenced markedly by
obr body image, or how we feel about our bodies. Do we look
the way we want to look? Such feelings may be revealed by
tests of body image, which have been used in studies to in-
vestigate the effect of resistance training. In this regard, sev-
eral studies with college-aged males revealed a significant
improvement in body image and self-concept following a
16-week resistance-training program. The students who im-
proved the most were those who perceived their body
image to be less than ideal at the beginning of the program.
Resistance-training programs have also tmproved strength in
the elderly, even those in their nineties, with accompanying
feelings of increased independence and sense of well-being.

Another benefit may oceur in body weight-control pro-
grams, One of the problems associated with low-Calorie diets
to lose body fat is that muscle protein is also lost at the same
time. The reason for this is complex, but, in general, if there
is insufficient carbohydrate in the diet to provide glucose, which
is essential for brain functions, the liver converts muscle pro-
tein into glucose. This loss of muscle tissue may lead to a de-
crease in resting metabolism, which may be counterproductive
on a weight-loss program since energy expenditure would be
decreased. Recent research has shown that resistance training
may help to prevent this loss of muscle tissue, As shall be
noted in chapter 7, aerobic exercise may also be effective in
this regard. '

Some data are also available suggesting that resistance
training, particularly programs such as circuit aerobics (de-
scribed later in this chapter), may help to reduce risk factors
associated with coronary heart disease, although the benefits
are ot as great as those derived from an aerobic exercise pro-
gram. In reviews of the available literature, Fleck and
Kraemer, as well as Stone and Wilson, noted that resistive
weight training may help lower the resting heart rate, reduce
the strain on the heart during exercise, decrease blood pres-
sure, and elicit beneficial changes in serum lipid levels. Al-
though Kokkinos and Hurley, in a major review, noted that
most resistance-training studies report favorable changes in
blood lipids, they recommend additional research to control
some possible methodological problems in previous studies,
Some of these beneficial effects may be related to the total
volume of work done; a greater total volume of work may be
done with less resistance and more repetitions. This might in-
troduce a significant aerobic component during the workout,
as suggested by Wallace and others in a recent study.
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Recent evidence also suggests that resistance training may
stimulate increases in bone mineral content, and could com-
plement weight-bearing exercise, such as running, as a means
to enhance optimal bone devefopment. Such training may help
to increase bone mineral content during the growth years to
age twenty-five and possibly help retard bone loss in later years,

Risks

The risks associated with resistance training fall into two gen-
eral categories—those associated with preexisting health
problems that may be aggravated by resistance training and
those associated with unsafe weight-lifting practices that may
lead to injury.

Preexisting Health Problems

Several health problems may be aggravated during resistance
training due to the increased pressures that occur within the
body, such as when you strain to lift heavy weights and hold
your breath at the same time. Such straining will increase the
resistance to blood flow so the blood pressure in your arterics
rises dramatically, possibly to levels of 300 to 400 mmHg or
more. Fortunately, since the pressure surrounding your ar-
teries also increases, there is little danger for most healthy
individuals, However, for individuals with high blood pressure
or weak points in their arterial walls, resistance training may
lead to excessive pressures and possible rupture of the artery.
Individuals with resting blood pressures over 90 mmHyg dia-
stolic or 140 mmHg systolic should consult with their phy-
sician before engaging in heavy resistance training,

Lifting with the arms and straining exercises also in-
crease the stress on the heart. Individuals with heart disease
should consult their cardiologist about safe resistance-training
programs, Although such programs may be used in a cardiac
rehabilitation program, they should be individuaily pre-
scribed,

Individuals with a hernia, a weakness in the abdominal
wall, should refrain from strenuous weight lifting; the in-
creased pressure in the abdominal area may cause a rupture,
Low back problems may also be aggravated by lifting im-
properly.

Individuals who have any of these problems should seek
medical advice prior to initiating a resistance-training pro-
gram.

Safety Concerns
Resistance training is generally regarded as a relatively safe
sport, particularly if these guidelines are followed.

1. Learn io breathe properly. During the most strenuous
part of the exercise you are likely to hold your breath.
This is a natural response; it helps stabilize your chest
cavity in order to provide a more stable base for your
muscles to function. Usually the breath hoeld is short,
and no problems occur. However, if prolonged, it may
increase the chances of suffering some of the problems
noted previously, such as a hernia.



(a)

Figure 4.5 Avoid exercises or body positions that place excessive stress on the Jow back region. Poor form in exercises like (a) the bench
oress and (b) the curl exaggerates the lumbar curve. Be sure to keep the lower back as flat as possible. Exercises simifar to (c) the bentover row
oace tremendous forces on the lower back because the weight or resistance is so far in front of the body.

[ %]

Also associated with prolonged breath holding is a
response known as the Valsalva phenomenon, which
may lead to a possible blackout. Here is what happens.
As you reach a sticking point in your lift and strain to
overcome it, you normally hold your breath; this causes
your glottis to close over your windpipe and the
pressure in your chest and abdominal area to rise
rapidly. This pressure provides resistance to blood flow,
reducing the return of blood to the heart, and
eventually leads to decreased blood flow to the brain
and a possible blackout.

A recommended breathing system that will help to
minimize these adverse effects is to breathe out while
lifting the weight and breathe in while lowering it. You
should breathe through both your mouth and nose
while cxercising. Practice proper breathing when you
learn new resistance-training exercises.

- When using free weights, use spotters when doing

excrcises that may be potentially dangerous, such as
the bench press. If you are doing a bench press alone
and reach a sticking point in your lift, the Valsalva
phenomenon may lead to serious consequences if you
lose control of the weight directly above your head. The
use of various machines, such as Nautilus® and
Universal Gym®, helps eliminate the need for spotters.

. If using free weights, place lock collars on the bar ends

so the plates do not fall off and cause injury to the feet.
Again, the use of machines eliminates this safety
hazard. However, do not attempt to change weight

plates on machines while they are being used. Your
fingers may get caught between the weights.

4. Warm up with proper stretching exercises. The next
chapter on flexibility provides you with some guidelines.

5. Use light weights to learn the proper technique of a
given exercise so you do not strain yourself if an
improper technique is used. When the proper technigue
is mastered, the weights may be increased.

6. Avoid exercises that may cause or aggravate low back
problems. A properly fitted weight belt may help
prevent low back injury when lifting heavy weights.
Try to prevent an excessive forward motion or stress in
the lower back region. Figure 4.5 illustrates some
positions to be avoided. Additional information is
provided in chapter 5.

7. Lower weights slowly. If you lower them rapidly, your
muscles have to contract rapidly in order to slow the
weights down as you reach the starting position. This
necessitates the development of a large amount of force
that may tear sorne muscle and connective tissue and
cause muscle soreness.

Program Design Considerations

There are numerous types of resistance-training programs
available to you; all of them will help you gain strength and
endurance if they adhere to the basic principles discussed car-
lier in this chapter. The type of training program you develop
for yourself will be dependent not only upon your specific goals,
but also upon the equipment available to you.
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Figure 4.6 The strength-endurance continuum. To gain strength, you need to train on the strength end of the continuum; to gain

endurance, you need to train on the endurance end of the continuum.

Goals and the Strength-Endurance
Continuum

As is probably obvious to you, there is an inverse relationship
between the amount of weight you can lift and the number
of repetitions you can do. If your 1RM in the bench press is
150 pounds, you can do more repetitions with 100 pounds than
you can with 140. The strength-endurance continuum is a
training concept that focuses upon the interrelationship be-
tween resistance and repetitions. As depicted in figure 4.6, to
train for strength you must combine high resistance with a
low number of repetitions. Conversely, to train for endurance,
you must combine a low resistance with a high number of
repetitions.

Since the ATP-PC energy system predominates in
strength and power activities and the oxygen system is in-
volved in aerobic endurance activities, resistance-training pro-
grams may be designed to train all three of the human energy
systems.

To train the anaerobic ATP-PC system for strength and
power, select a resistance of about 85 to 90 percent of your
1RM. With this resistance, you will be able to do only several
repetitions; you are on the strength end of the continuum. Since
this type of lifting will rapidly deplete your ATP and PC stores,
you will need to rest 2 to 3 minutes between sets. Do the same
exercise in several consecutive sets.

To train the anaerobic lactic acid energy system, or the
ability to do high-intensity exercise for 1 to 2 minutes, select
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a resistance of about 65 to 80 percent of your IRM. You will
be able to do more repetitions with this lower resistance, and
you should produce significant amounts of lactic acid. By
resting only about one minute between sets, you will put more
stress on the lactic acid system, because recovery will not be
complete. Do the same exercise in several consecutive sets.

To train the aerobic oxygen system, select a resistance of
about 30 to 60 percent of your 1RM. This low resistance
should enable you to do a high number of repetitions; you are
near the endurance end of the continuum. Rest periods be-
tween sets should be relatively brief, about 20 to 30 seconds,
since you should not be accumulating significant amounts of
lactic acid. This type of resistance training is usually incor-
porated into programs known as circuit training. Although
you may do the same exercise in consecutive sets, many
circuit-training programs alternate exercises from one part of
the body to another. The last section in this chapter focuses
upon circuit aerobics. It should be noted that although this
type of resistance training is designed to stress the oxygen
system, the gains are only moderate in comparison to those
achieved with the aerobics-training program described in the
preceding chapter.

You may desire to modify your body appearance through
weight training. If you wish to improve your muscle tone and
reduce body fat, the circuit aerobics program described later



Concentric muscular tension

Eccentric muscular tension

Figure 4.7 Isotonic concentric and eccentric muscle contractions in the biceps curl. Lifting the weight upwards is caused by shortening of
== muscle fibers, or a concentric contraction. Lowering the weight to the starting point is caused by the force of gravity, the biceps muscle
== os to lower the weight slowly through an isotonic eccentric contraction. The muscle is developing force to shorten, but the force is less than

=t exerted by gravity. Thus, the muscle is being lengthened.

= this chapter may be appropriate. It will help you burn Cal-
“nes as a means to reduce body fat, but the resistance-training
=xercises will also help to improve muscle tone throughout
sour body.

Types of Muscle Contraction

S=zanve to resistance training, there are basically four dif-
“ement types of muscle contraction—isometric, isotonic con-
“eminic, isotonic eccentric, and isokinetic. Let’s look at a simple
s=stance-training exercise, the biceps curl, to explain these
w=rms. The biceps curl is done by holding a weight in your
Sunds with your arms straight down in front of your body,
7e s facing away from your body. Using your biceps muscle
~and several others), you curl the weight towards your shoulder
“» Sending your elbows and then lower it back to the starting
sesition (fig. 4.7).

An isometric contraction involves no shortening of the
wmscle. It occurs when the muscular force you generate is
‘macdequate to overcome the resistance. For example, if your
%M for the biceps curl is 80 pounds and you attempted to
= 100 pounds, no movement would occur. Your muscle is
w==mpting to shorten, but it cannot because the resistance is
0 great.

There are two types of isotonic contractions. An isotonic
ssmcentric contraction represents muscle shortening (fig. 4.7a).
= accurs when you are able to curl the weight, a weight lower
“um vour 1RM. The biceps muscle shortens and provides the
“wrce for you to move the weight against the pull of gravity,

which of course is attempting to pull the weight back to earth.
When you lower the weight, your biceps muscle is still con-
tracting, but now it is classified as an isotonic eccentric con-
traction, and the muscle is actually lengthening (fig. 4.7b).
Gravity is the force that is attempting to pull the weight down,
and your biceps muscle is opposing this gravitational pull so
the weight is lowered slowly. For example, if gravity is pulling
the 100-pound weight to earth, and your biceps is providing
90 pounds of force to counteract this gravitational pull, then
the net gravitational force is only 10 pounds.

If your biceps did not provide some resistance to gravity,
the weight would drop rapidly due to gravitational forces. If
you then tried to stop the rapid fall of the weight by con-
tracting your biceps, the force might be so great that some of
your muscles and connective tissue might tear. A slow, con-
trolled eccentric contraction, involved in all isotonic exercises
when you lower the weight, poses no problem, but if the
movement is rapid, muscle soreness or tissue damage may
Occur.

An isokinetic muscle contraction is one in which the
muscle can shorten only at a set speed. In order to control the
speed of your biceps curl, a machine or device of some type
is necessary to provide a resistance that changes depending
upon how much force you exert (fig. 4.8). If you exert a strong
force in an attempt to do a fast curl, the resistance will in-
crease so that you can move only as fast as the machine will
allow. If you exert a lesser force, the resistance will decrease,
again permitting you to move at the speed set by the machine.
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Figure 4.8 Machines such as the Kin-Com® are needed to
control the speed of muscle shortening. Muscle shortening at a set
speed is known as an isokinetic contraction.

The term accommodating resistance is used to describe the
machines or devices used for isokinetic contractions, such as
the Kin-Com® and Hydra-Gym®, that use either electrical
forces or hydraulic fluid to provide the accommodating resis-
tance. If you exert your maximal force throughout the entire
range of motion in the curl, theoretically you will receive max-
imal resistance at each point throughout that range.

Some machines used for isotonic concentric and eccentric
exercises provide a variable resistance, which is slightly dif-
ferent from accommodating resistance. As you move the
weight in an isotonic contraction, the resistance actually
changes. For example, in the biceps curl illustrated in figure
4.9, the resistance provided by the weight is the product of
the weight times the perpendicular distance to the elbow joint.
To simplify, we might say that in the starting position of the
curl, the resistance is 100 inch-pounds; as you move the weight
upward, the resistance may increase to 300 inch-pounds. Also,
as your muscle shortens, its ability to exert force changes due
to a number of factors. Thus, your biceps are stronger in some
positions than in others. For example, in the starting position
for the curl, your biceps might have the ability to generate
100 pounds of force, but as you curl through the range of
motion, your ability changes, so that in another position it may
be able to generate 150 pounds of force. In essence, then, the
theory is that by lifting only 100 pounds, the force you can
generate in the starting position, you are not adequately
stressing your muscle when it reaches the position where it
can generate 150 pounds. Unfortunately, the increases in the
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(a) 100 inch-pounds (b) 300 inch-pounds
Figure 4.9 The total amount of resistance created by a weight
is the product of the weight times the perpendicular distance to the
fulcrum, the elbow joint in this example. In position (a), the total
resistance is 100 inch-pounds, or 100 pounds times one inch. In
position (b), the total resistance is now 300 inch-pounds, or 100
pounds times three inches.

Figure 4.10 Nautilus® machines use devices known as cams to
automatically adjust the resistance as you move through the range
of motion in an exercise.

resistance and the increases in your strength potential do not
match perfectly as you lift the weight, Thus, machines such
as Nautilus® have devices called cams designed to automat-

ically change the resistance arm as you curl the weight so that

you will have the optimal resistance through the full range of
motion (fig. 4.10). Although the idea is basically sound, the
construction of the cams is based upon the average values of
strength data obtained from large groups of people. If your



sirength curve varies from that average, the cam will not pro-
wide you with the optimal resistance throughout the range of
motion.

Methods of Training

There are numerous methods to train with resistance, but each
method is based upon one or more of the four basic types of
=uscle contraction. You can train isometrically with almost
s=yv immovable object. You may train isotonically with free
we=ghts such as barbells and dumbbells, but many machines
“kz Nautilus® and Universal Gym® provide variable resis-
“ance for isotonic contractions. In order to train isokinetically,
+ou will need some machine or device that will provide ac-
commodating resistance to control your speed of contraction.
W hich method should you choose?

A number of research studies have been conducted to de-
s=rmine which of these methods is best, but most of this re-
s==rch focused upon strength and power gains. The results of
many of these studies are contradictory, particularly when
sceonic and isokinetic programs are compared. However, at
5= present time it is probably safe to say that isotonic and
sokanetic programs are comparable in their ability to produce
su=s in strength as well as gains in muscle mass.

Although you may train isometrically, it does not appear
2 5 a popular technique because you do not see any actual
work being accomplished. Maximal isometric exercises also
wmoke a powerful Valsalva response, which may increase the
wiood pressure excessively. Since isokinetic exercises necessi-
“ui= the use of complex machines, usually expensive ones, most
mciduals train isotonically either with free weights or with
soparatus such as Nautilus®. Again, research has shown very
= difference between free weights or machines as a means
W mcrease strength or muscle mass, so the choice is up to you.
= comparison to machines, free weights are less expensive
wnt allow the performance of a wider variety of exercises.
“owever, they may also require a greater degree of skill, the
se=sence of spotters, greater attention to safety precautions,
wnt more time, due to the need to change weights often.

All methods may be effective provided the basic princi-
2= of resistance training, particularly the overload principle
W the progressive resistance principle, are followed.

A Basic Resistance-Training
Program for Muscular Strength,
Muscular Endurance, and Increased
Muscle Mass

= ts section, you find one exercise for each of the major
oy areas. Since barbells and dumbbells appear to be the
st common means of doing resistance training, this is the
method utilized. However, as mentioned previously, other ap-
suratus such as the Nautilus®, Universal Gym®, and others
=am also be used effectively to gain weight and strength, Most
W 5= exercises described here using barbells or dumbbells
Suse similar counterparts on other apparatus, and a sche-
et of such machines is illustrated with each exercise.

Figure 4.11 Bodybuilders use a variety of techniques to
maximize individual muscle development.

Note that muscles seldom operate alone, and that most
resistance-training exercises stress more than one muscle
group. Thus, keep in mind that although an exercise may be
listed specifically for the chest muscle, it may also stress the
arm and shoulder muscles. The exercises described in this sec-
tion generally stress more than one body area, although their
main effect is on the area noted.

These eight exercises stress most of the major muscle
groups in the body, and thus provide an adequate stimulus for
gaining body weight and strength through an increase in
muscle mass. Literally hundreds of different resistance-
training exercises and techniques to train are available; if you
become interested in diversifying your program (such as get-
ting involved in bodybuilding), consult a book specific to re-
sistance training (fig. 4.11). Several may be found in the
reference list at the end of this chapter.

The beginner should adhere to the following procedure
using the basic resistance-training program.

1. Learn the proper technique for each exercise with a
light weight, possibly only the bar itself, for two weeks.
Do ten to twelve repetitions of each exericse to develop
form. Do not strain during this initial learning phase.

2. For each exercise, determine the maximum weight that
you can [ift for eight repetitions after the two-week
learning phase. :

3. Do one set of the eight exercises in the sequence as
listed on figures 4.12 through 4.19.

Muscular Strength and Endurance 63



(a) Starting position

Figure 4.12 The bench press. The bench press primarily
develops the pectoralis major muscle group in the chest; it also
develops the deltoid in the shoulder and the triceps at the back of
the arm. The weight machine (c) exercises the same muscles.

Chest
Figure 4.12
Exercise Bench press
Chest Muscles Pectoralis major
Other Muscles Deltoid, triceps
Sets 1-3
Repetitions 8-12, PRE concept
Safety Have spotter stand between bar to assist
as fatigue sets in.
Equipment Bench with support for weight, or two
spotters to hand weight to you
Description Lie supine on bench. Use wide grip for

chest development. Secure bar and lower
slowly to chest. Press bar straight up to
full extension. Do not arch back.

4. Since the exercise sequence is designed to stress
different muscle groups in order, not much
recuperation is necessary between exercises — possibly
only 30 seconds or so.

5. Do one to three complete sets. You may wish to rest 2
to 3 minutes between sets.

6. Exercise two to three days per week; in each
succeeding day try to do as many repetitions as possible
for each exercise in each set. When you can do twelve
repetitions each after a month or so, add more weight
to the bars so you can do only eight repetitions (figs.
4.12-4.19).

7. Repeat Step 6 as you progressively increase your
strength.
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(b) Ending position

(c) Weight machine for
pectoralis major




Latissimus dorsi

(b) Ending position

(c) Another type of
machine for the
latissimus dorsi

Figure 4.13A  The lat machine pull down. The lat machine pulldown
==ns the latissimus dorsi in the back and side of the upper body, but it
==0 develops the biceps on the front of the upper arm and the pectoralis
==or in the chest. Another type of weight machine (c) exercises the same
mescles.
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| Latissimus dorsi

(a) Starting position (b) Ending position

Figure 4,138 The bentarm pullover. The bent-arm pullover
trains the latissimus dorsi and develops the pectoralis major. The
weight machine in figure 4.13A trains the same muscles.

Back .

Figures 4.13A 4.13B
Exercise Lat machine pull down
Back Muscles Latissimus dorsi
Other Muscles Biceps, pectoralis major
Sets 1-3
Repetitions 8-12, PRE concept
Safety A very safe exercise
Equipment Lat machine
Description From seated or kneeling position, take a wide grip at arm’s length on the bar

overhead. Pull bar down until it reaches back of the neck. Return slowly to
starting position,

Note: If a lat machine is nat available, the bent arm pullover may be substituted.

Alternate Exercise Bent-arm pullover

Back Muscles Latissimus dorsi

Other Muscles Pectoralis major

Sets 1-3

Repetitions 8-12, PRE concept

Safety Do not arch back. Start with light weights when learning the technigue.

Equipment Bench

Description Lie supine on bench, entire back in contact with the bench, feet on the bench, knees bent. Hold weight on chest with

elbows bent. Swing weight over head, just brushing hair, and lower as far as possible without taking back off the
bench, Keeping elbows in, return the weight to the chest.
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(a) Starting position

Quadriceps

Hamstrings

{b) Ending position

Figure 4.14  The half-squat or parallel squat. The half-squat develops the quadriceps muscle group on the front of the thigh and the

hamstrings on the back of the thigh. The weight machines (c) develop the same muscles.

Thigh
Figure 4.14

Exercise

Thigh Muscles
Other Muscles
Sets
Repetitions
Safety

Equipment

Description

Half-squat or parallel squat

Quadriceps (front), hamstrings (back)

Gluteus maximus

1-3

8-12, PRE concept

Have two spotters to assist if using free
weights. Keep back straight. Drop
weight behind you if you lose balance.
Do not squat more than halfway down.

Squat rack if available. Pad the bar with
towels if necessary.

In standing position, take bar from squat
rack or spotters and rest on the
shoulders behind the head. Squat until
thighs are parallel to ground or until
buttocks touch a chair at this parallel
position. Do not squat beyond halfway.
Keep back as straight as possible. Return
to standing position.
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{c) Weight machines for
the quadriceps and
hamstrings muscle
groups

Figure 4.14 The half-squat or parallel squat. The half-squat develops the quadriceps muscle group on the front of the thigh and the
hamstrings on the back of the thigh. The weight machines (c) develop the same muscles.
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(a) Starting position (b) Ending position

Figure 4.15 Standing lateral raise, The standing lateral raise
primarily develops the deltoid muscle in the shoulder; the trapezius
in the upper back and neck area is also trained. The weight machine
(c) exercises the same muscles.

Shoulders
Figure 4.15

Exercise Standing lateral raise

Shoulder Muscles Deltoid

Other Muscles Trapezius

Sets 1-3

Repetitions 8-12, PRE concept

Safety Do not arch back.

Equipment Dumbbells

Description Stand with dumbbells in hands at sides.
With palms down, bend arms slightly at
the elbows and raise straight arms
sideways to shoulder level. Return slowly
to starting position.

(c) Weight machine for
the deltoids
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Gastrocnemius
and soleus

(b) Ending position

Figure 4.16 Heel raise. The heel raise develops the two major
calf muscles—the gastrocnemius and the soleus.

Calf

Figure 4.16
Exercise Heel raises
Calf Muscles Gastrocnemius, soleus
Other Muscles Deep calf muscles
Sets 1-3
Repetitions 8-12, PRE concept
Safety Have two spotters if you use free weights.
Equipment Squat rack, if available. Pad the bar with a towel if necessary.
Description Place bar on back of shoulders as in squat exercise. Rise up on your toes as high as

possible, and then return to standing position. Place the toes on a board so heels
can drop down lower than normal. Point toes in, out, and straight ahead during
different sets in order to work the muscles from different angles,
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Biceps

(a) Starting position

Figure 4.17 The standing curl. The standing curl strengthens
the biceps muscle in the front of the upper arm as well as several
other muscles in the region that bend the elbow. The weight
machine (c) trains the same muscles.

Front of arm

Figure 4.17

Exercise Standing curl

Arm Muscle Biceps

Other Muscles Several elbow flexors

Sets 1-3

Repetitions 8-12, PRE concept

Safety Do not arch back. Place back against wall
to control arching motion.

Equipment Curl bar if available

Description Stand with weight held in front of body,

palms forward. Place back against wall.
Bend the elbows and bring the weight to
the chest. Lower it slowly.

(c) Weight machine for
the biceps
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(a) Starting position (b) Ending position
Figure 4.18 The seated overhead press. The seated overhead

press primarily develops the triceps muscle on the back of the upper
arm; the exercise also trains the trapezius in the upper back and
neck. The weight machine (c) develops the same muscles.

Back of arm

Figure 4.18
Exercise Seated overhead press
Arm Triceps
Muscle Trapezius
Other Muscles 1-3
Sets 8-12, PRE concept
Repetitions Do not arch back excessively. Have spotter
Safety available as fatigue sets in.
Equipment Bench or chair
Description Sit on bench with weight held behind the

head near the neck. Hands should be
close together, elbows bent. Straighten
elbows and press weight over head to
arm’s length. Lower weight slowly to
starting position.

(c) Weight machine for
the triceps
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Rectus abdominis

(b) Ending position

(c) Weight machine for
the abdominals

Sgure 4.19  The curl-up. The curl-up trains the rectus abdominis and the oblique abdominis muscles. The weight machine (c) strengthens
W& s=me muscles.

Abdominal area

Figure 4.19
Exercise Curl-ups
Abdominal Muscles  Rectus abdominis
Other Muscles Oblique abdominis muscles
Sets 1-3
R®=pititions 8-12, PRE concept
Safety Develop sufficient abdominal strength before using weights with this exercise. Do
not arch back when exercising.
Eguipment Free weight plates; incline sit-up bench if available.
Description Lie on back, knees bent with heels close toc buttocks, hands should hold weights on

chest. Curl up about a third to half way. Return to starting position slowly.

W= T exercise may be done without weights, but with an increased number of repetitions. See the next section for more information on the sit-up exercise.
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Sternum

Ribs

Rectus
abdominis

Pelvic
bone

Figure 4.20 (a) The rectus abdominis muscle connects to the ribs and to the lower part of the pelvic bone. Contraction of the rectus

abdominis can cause (b) spinal flexion or (c) backward pelvic tilt.

Abdominal Strength and Endurance

As shall be noted in the next chapter, stretching exercises to
improve the flexibility of the lumbar region are very impor-
tant in the prevention of low back pain, but so too are exer-
cises to strengthen the abdominal musculature. A wide variety
of exercises help improve abdominal strength, but some may
actually predispose an individual to low back problems rather
than help prevent them. In order to understand why, let us
look at the movements that occur in some of these exercises
and at the primary muscles involved.

For our discussion, it is important to understand the dif-
ference between flexion of the spine and flexion of the hip.
Spinal flexion occurs only between the vertebrae in the spinal
column. If you lie flat on the floor on your back and then begin
to curl your head, neck, and shoulders forward while keeping
your lower back flat against the floor, you are doing spinal
flexion. This movement is often called the curl-up or trunk
curl; we shall refer to it later. It is important to realize that
no movement occurs where the spine joins the pelvis. This is
an immovable joint called the sacroiliac joint where the sacrum
(part of the spine) fuses with the iliac bones of the pelvis.

The muscles we are primarily interested in are the ab-
dominals, particularly the rectus abdominis. The rectus ab-
dominis is illustrated in figure 4.20. As the rectus abdominis
contracts, it causes one of two movements. First, it pulls on
the ribs. Because the ribs are attached to the spine, this causes
spinal flexion. Second, it pulls up on the lower part of the pelvic
bone, thus tilting it backward and helping to flatten out the
lower back. Thus, exercises that highlight spinal flexion or
backward pelvic tilt help to strengthen the abdominal mus-
cles. These movements are presented in figure 4.20.
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Hip flexion occurs only at the hip joint, the joint between
the pelvic bone and the thigh bone. As illustrated in figure
4.21, if you stand and lift one leg forward, you are doing hip
flexion; if you keep your back straight and bend over to touch
your toes, you are also doing hip flexion. In some exercises,
you may do both spinal flexion and hip flexion, For example,
spinal flexion occurs in the early phase of a full sit-up, but
after about 30 degrees, hip flexion takes over. It is also im-
portant to realize that, although the pelvic bone usually moves
in order to facilitate spine and thigh movements, it may also
be moved independently. For example, if you stand with your
back against a wall and simply pull in your stomach to flatten
your back against the wall, you are primarily moving the pelvic
bone.

Several muscles that cause hip flexion may also act on
the spine or pelvis. A deep muscle, the psoas major, is pri-
marily a hip flexor, but as you can see in figure 4.22, it may
also pull forward on the lumbar spine area. The rectus femoris
(see fig. 4.22), the main muscle in the front of the thigh, is
also a hip flexor, but it can also pull forward on the pelvic
bone. The actions of both of these muscles may cause an in-
creased curve in the lumbar area, which is exactly the op-
posite of the purpose of abdominal exercises. Thus, exercises
that increase this forward curve should be avoided as much
as possible,

One good way to help avoid. the adverse effects of the
psoas major and rectus femoris muscles is simply to flex the
hips in the starting position for abdominal exercises. Figure
4.23 illustrates one possible method. In this position the psoas
major and rectus femoris are shortened somewhat so they are
not in a position to increase the lumbar curve. Do not anchor
your feet, for holding them down will increase the role of these
muscles and decrease the effect on the abdominals.



@ ®)
Figure 4.21 Hip flexion occurs at the joint between the pelvic bone and the thigh bone. Both (a) and (b) are examples of hip flexion. (B is
not 2 highly recommended exercise.)

Psoas major Rectus femoris

(b)

Figure 4.22  The effect of the psoas major on the spine. The psoas major is shown in (a). In the straight leg position, (b), the psoas major
=2y pull forward on the fower spine area, thus increasing the fumbar lordosis. This is particularly true if the abdominal muscles are weak. The
r=ctus femoris can also pull forward on the pelvis and increase the lumbar lordosis.
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Figure 4.23 The bent-knee position. By bending the knees while
on the back, thus flexing the hips, the psoas major and rectus
femoris are somewhat shortened and have a lesser tendency to
accentuate the curve in the low back area. Putting the feet flat on
the floor with the knees bent achieves the same effect.

Recommended and Nonrecommended
Abdominal Exercises

Individuals with lower levels of abdominal strength may need
to progress gradually from the less strenuous to the more dif-
ficult abdominal exercises. For those with very low levels of
abdominal strength, the pelvic tilt should be used as the pri-
mary exercise, with eventual progression through the various
levels of the modified curl-up.

A. Backward pelvic tilt (fig. 4.20c). Do ten repetitions of
fifteen seconds each. The backward pelvic tilt is an
excellent abdominal exercise that can be done almost
any time of the day. You can do it sitting, standing, or
lying down. Simply contract your abdominal muscles to
tuck in your stomach and flatten out your lower back.
For example, you may stand with your back against a
wall and attempt to flatten your lower back so that it
touches the wall. These tummy tucks help to stretch
tight muscles in your lower back region while
strengthening your abdominal muscles.

B. Curl-up with modifications (fig. 4.24a-€). Research has
shown that the curl-up exercise is very effective for
increasing abdominal strength and is least likely to
create increased pressure in the lumbar area. The curl-
up should be performed to the point where only the
shoulder blades are lifted off the floor. For each level,
work up to fifty repetitions before progressing to the
next level.

Level 1-—Grasp back of both thighs with your hands
and assist the curl-up by pulling yourself up.
Go back slowly (fig. 4.24a).

Level 2—Place hands at sides of legs, arms straight as
in figure 4.24b. Curl up with no pulling
assistance. Go back down slowly.

Level 3—Cross arms on stomach. Do curl-up. Go back
down slowly (fig. 4.24c).

Level 4 —Fold arms across chest. Do curl-up. Go back
down slowly (fig. 4.24d).
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(b)

(d)

(e)

Figure 4.24 The curl-up. The curl-up involves only spinal flexion.
Sit up part way (about 30°), and return slowly to the starting
position. Do not anchor the feet. Figures (a) through (e) show
progressive increases in difficulty. (a) If the abdominal muscles are
very weak, pull yourself up by holding on to your thighs. (b) Hold
arms straight down in front. (c) Fold your arms across your
stomach. (d) Cross your arms over your chest with fingertips on
opposite shoulders, (e) Hold weights on your chest.

Level 5— Place weights on chest. Do curl-up. Be sure
lower back maintains contact with the floor.
Go back down slowly. Only do this exercise
after you are able to complete Level 4 )
comfortably. Start with light weights (e.g., 5
pounds) and follow the progression noted
earlier in this chapter (fig. 4.24e).



A number of other exercises may be used to develop ab-
Zominal strength, but you should avoid those that cause an
mcreased lumbar curve as shown in figure 4.25. Tt is impor-
“znt to incorporate the backward pelvic tilt in all exercises,
Always try to keep the lower part of the back flat against the
supporting surface, an action that will ensure that the abdom-
=zl muscles are being exercised.

Circuit Aerobics

“lthough the principles underlying the development of an
serobic-training program and a resistance-training program
o= similar, the purposes of each are rather different. An aer-
“ic exercise program is designed to improve the efficiency of
2= cardiovascular system; the basic purpose of a resistance-
“aining program is to increase muscle size, strength, and en-
@arance,

One form of resistance training that has been used to
wrovide some moderate benefits to the cardiovascular system
= gircuit weight training, a method in which the individual
=wwes rapidly from one exercise to the next. Generally, this
e of program has used lighter weights with greater num-
“e=s of repetitions, thus increasing the aerobic component of
T==ming.

A newer version of this method is circuit aerobics. Circuit
w==obics may be done in a variety of ways, but basically it
voives an integration of aerobic and resistance-training ex-

ercises. It is actually a form of interval aerobic training, but
instead of resting or doing a lower level of aerobic activity
during the recovery interval, you do resistance-training ex-
ercises. Circuit aerobics may offer you benefits such as im-
proved cardiovascular fitness, increased caloric expenditure
for loss of body fat, improved muscular strength and endur-
ance, and increased muscle tone in body areas not normally
stressed by aerobic exercise alone (fig. 4.26).

Figure 4.25 Slow leg lowering. Exercises such as this help to
strengthen the abdominal muscles, but they may place a tremendous
stress on the low back area. If you do exercises like this, keep the
lower back flat against the floor throughout.

1 hour = 600-800 Calories

1 hour = 150-200 Calories

e 4,26 All modes of exercise increase caloric expenditure. However, an hour of regular weight training expends only about one-third
h as many Calories as vigorous aerobic activity. Combining aerobic exercises with weight training (circuit aerobics) helps burn more
than weight training alone; it also provides cardiovascular health benefits while increasing muscular strength and endurance.
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If interested, you may develop your own program. How
you design it depends upon the facilities and equipment avail-
able. One technique would be to integrate the self-constructed
aerobic dance exercise program presented in the last chapter
with the resistance-training program presented in this chapter.
Simply do the aerobic exercise bout for 2 to 4 minutes and
follow it with one of the resistance-training exercises during
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MNTRODUCTION

ooz flexibility has not received the attention that other
== related fitness factors such as aerobic fitness have, it
== yincluded in fitness tests associated with a Positive
w2 Uifestyle. In general, improved flexibility is believed
== moortant in the prevention of certain injuries and in
"= correction of poor posture.

Sexibility is simply the range of motion that the bones
= 2o through at the various joints in your body. Flexibility
~ ==c"c to each joint and is primarily limited by the nature
~ —uciure of the joint. For example, the elbow joint is
~=ucted like a hinge. You may bend the forearm forward
. —==ly, but it becomes locked when you extend it to its
= Thus, the hinge structure of the elbow joint limits the
2= of motion to about 160 degrees (see figure 5.1a).
~=2uer, the hinged joint allows movement only forward
= s=ceward. On the other hand, joints such as the
== constructed like a ball and socket, allow movement
= c—r=ctions and permit a greater range of motion (see
S 1h, c, d).

= “=xibility were limited only by the structure of the
. w= would not be able to improve it through a
= = program because we could not change the basic
o =ucture. However, other body tissues, called soft
mmees, =iso limit flexibility. These tissues include the
= =2 =2nd the sheaths of tissue that surround them, the
- o=ct = tissue (tendons and ligaments), and the skin.
== ssues possess varying amounts of elastic fibers that
== them to change their lengths (see fig. 5.2). Thus, as
= == our bodies, the elasticity, or flexibility, of these
~ ~=sues usually allows for a normal range of mation.
== if the body assumes a certain position for a
. =rz=o period of time, then the soft tissues will adjust to

& o= ton. An example is illustrated in figure 5.3, which
== = condition of round shoulders caused by habitual
o2 of the shoulders. The soft tissues in the chest area
“=come rather shortened and tight, whereas those in
“ser back region have become lengthened. Fortunately,
ser =xercise program can help increase flexibility by
== g those soft tissues that have become shortened
= sirengthening those that have lengthened.

e major thrust of the flexibility exercise programs
““=2 in this chapter is to help prevent or relieve low
© =2~ 2 common health problem discussed in detail in
~= 1. Combined with exercises presented in the
chapter to strengthen the abdominal muscles,
W= fexibility in various muscle groups appears to be
~muorant component of preventive medicine.
“meroved flexibility may be helpful for other reasons
== =0 ‘mproved health. Postural problems caused by

=C soft tissues may be ameliorated. Such changes in

body posture may improve physical appearance and body
image, important components related to mental health.
Furthermore, the current thinking among many medical
advisors is that flexibility exercises are important in
preventing some of the common injuries associated with
aerobic exercise programs such as jogging, running, and
aerobic dance. Since aerobic exercise is advocated in this
book as a major component of the Positive Health Life-style,
proper flexibility exercises for muscles involved in these
activities may help you continue to exercise without injury.
In their position stand on exercise programs for healthy
adults, the American College of Sports Medicine
recommends that flexibility exercises be incorporated in the
warm-up or warm-down for aerobic or resistance exercises.
Finally, improved flexibility will help you to move more
easily, such as when turning your head to back out a car.

In addition, flexibility is an important factor for success
in many sports. Athletes who participate in sports that
require a great deal of flexibility may need to increase
flexibility to the maximum possible. A good example of
maximum flexibility is the cheerleader or gymnast doing a
split. It is important to note that if you are training for a
particular sport, the exercise program you develop to
improve your flexibility must be specific to that sport. For
example, a swimmer might be particularly interested in
improved flexibility in the shoulder area, whereas a hurdler in
track may want improved hip and leg flexibility. The
principles underlying the development of a basic flexibility
program may be applied to training the appropriate muscle
groups for sports as well,

The flexibility exercises presented in this chapter are
designed for three different purposes: to help prevent or
relieve low back pain, to improve posture (such as the
correction of kyphosis [round shoulders]), and to stretch
soft tissues that are commonly injured in aerobic exercise
programs, particularly jogging and running. But first, let’s
look at some of the basic principles underlying the
development of a flexibility exercise program =

Principles of Flexibility Exercises

Types of Flexibility and Methods

of Training

Flexibility may be subdivided into two different types: static
and dynamic. Static flexibility represents the range of motion
that you may achieve through a slow steady stretch to the
limits of the joint movement. Dynamic flexibility is charac-
terized by the range of motion obtained when moving a body
part rapidly to its limits. A variety of different programs using
either static or dynamic techniques have been developed to
improve flexibility.

Flexibility &1
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Figure 5.1 The elbow joint and shoulder joint showing different ranges of motion. (a) The elbow joint may move in only one plane through
a range of about 160°. (b-d) The shoulder joint permits 180° of motion or mare in three planes.
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Sgmre 5.2 Flastic fibers are found throughout the body,
.= g the muscle tissues as illustrated here. These elastic fibers
== == shortened under such circumstances as habitual poor
= or they may be lengthened through a flexibility exercise
oy,

Swre 5.3 Round shoulders. Round shoulders are accompanied
& sv=tching of the muscles in the upper back region and a
= ==ng. or shortening, of muscles in the chest area.

Static techniques simply use slow stretching exercises. You
may do these exercises by yourself, using the force of gravity
to gradually stretch your muscles. For example, if you hang
from a pull-up bar by your hands, the muscles of your chest
are stretched as gravity exerts its force to pull you down. You
may also have another individual apply a gradual stretching
force, such as the technique illustrated in figure 5.4a, to stretch
the chest muscles. This technique is often known as passive
stretching.

A static stretching technique popular with athletic trainers
is proprioceptive neuromuscular facilitation, or PNF. A full
discussion of the neurological basis of PNF is beyond the scope
of this text, but basically the movements involved help you
relax the muscle so that stretching may be facilitated. There
are a number of different PNF techniques, but one that is
effective involves a five-step protocol involving a prestretch,
isometric contraction, relaxation, concentric contraction, and
a poststretch; this technique is often referred to as the slow-
reversal-hold-relax (SRHR) maneuver. For example, to
stretch your chest muscles as in figure 5.4a, you follow this
procedure:

1. Prestretch —Your partner prestretches your chest
muscles gently by pulling back on your elbows for
about 6 seconds.

2. Isometric contraction— Your partner provides increased
resistance to you by holding your elbows back as you
contract your chest muscles isometrically for about 6
seconds in an attempt to bring your elbows forward.

3. Relaxation- You and your partner relax for about 2
seconds.

4. Concentric contraction— You actively contract your
back muscles, not your chest muscles, concentrically to
pull your elbows back; when you pull your elbows as
far back as you can, you hold for 6 seconds, continuing
to contract the back muscles.

5. Poststretch —Your partner again pulls back gradually
on your elbows to stretch your chest muscles, holding
for about 10 seconds.

Similar techniques may be applied to other muscle groups,
such as the hamstrings, illustrated in figure 5.4b.

You may also use the PNF technique without a partner,
as illustrated in figure 5.4c to stretch the calf muscles and
Achilles tendon. Using the same five-step protocol, apply force
with a towel to prestretch the calf (Step 1), and to provide
resistance by pulling back on your foot as you isometrically
contract your calf muscles in an attempt to push your foot
forward (Step 2). Relax (Step 3), then contract the muscles
on the front of your leg in an attempt to move your toes toward
your leg (Step 4), then stretch the calf in the poststretch
(Step 5).

Although PNF has been shown to be one of the most
effective means to improve flexibility, research has suggested
that the basic static technique is also very effective.
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Figure 5.4 Examples of passive stretching. In (a), the partner
applies a gentle pulling force to the elbows to help stretch the chest
muscles. The partner may also use proprioceptive neuromuscular
facilitation (PNF) techniques as discussed in the text. Figure (b)
illustrates passive stretching and a PNF position for the hamstrings
muscle group. Figure (c) illustrates the use of a towel to perform
PNF without a partner. The PNF protocol known as the slow-reversal
hold-relax (SRHR) maneuver may be applied to any muscle group.
The following is an example of the SRHR technique for figure 5.4(a):
(1) Prestretch—your partner prestretches your chest muscles by
pulling gently back on your elbows for about six seconds. (2)
Isometric contraction—your partner provides increased resistence to
you by holding your elbows back for about six seconds as you
attempt to bring your elbows forward, contracting your chest
muscles isometrically. (3) Relaxation—you and your partner relax
for about two seconds. (4) Concentric contraction—concentrically,
you actively contract your back muscles, not your chest muscles, to
pull your elbows back; when you pull your elbows as far back as
you can, hold for six seconds and continue to contract the back
muscles. (5) Poststretch—your partner again pulls back gradually on
your elbows to stretch your chest muscles, holding for about ten

(b)



Figure 5.5 The Nautilus Double Chest® may force the chest
— <-l=s into a stretched position prior to the start of strength
T=ning exercises.

Some machines are available to provide the force for static
wretching. For example, some Nautilus® machines are de-
sened to put your muscles on stretch prior to lifting, as il-
‘wsirated for the chest muscles in figure 5.5. Recently, some
s=2lth spas have used machines to exercise you passively; ba-
sally, you just lie there and let the machine do the work for
wou. Although these latter machines may help improve flex-
=iy, they do nothing for aerobic fitness (fig. 5.6).

Ballistic stretching exercises, or bouncing type exercises,
== usually used in a dynamic flexibility program. For ex-
w=ole, to improve dynamic flexibility of the chest muscles,
o might do a number of elbow-flinging exercises. Your
arting position is similar to that depicted in figure 5.4a or
“zure 5.15. You vigorously and repeatedly move your elbows
~ackwards to the limits of their flexibility.

Most flexibility exercises may be done using both static
2 hallistic techniques. For example, from a standing posi-
“or. vou could bend over slowly, touch your fingers to the
%o and hold this position (remain static) for a period of time.
= the other hand, you could move rapidly to touch the floor,
wsighten up rapidly, and repeat this ballistic exercise several
“mes. Although research has shown that both types of ex-
=-se programs will equally improve flexibility, there appears
+ 5 a trend away from the ballistic exercises and toward the
watic type. The major reason for this is that ballistic exercises
=y exceed the normal range of motion and tear the muscle
“ssue or connective tissue. For example, as you bounce down
% touch your toes as described, the soft tissues in the lower
“ack are stretched rapidly; at the end of the movement, the
—wscles contract to stop your back from flexing too far for-
ward. The stress created may exceed the elasticity of the soft
“ssues in the lower back and may damage the discs in the

Figure 5.6 Some fitness spas contain passive exercise machines
designed to improve flexibility and muscle tone.

Figure 5.7 Devices such as goniometers and protractors are
used to measure the range of motion or flexibility of a joint.

spinal column as well. The result may be a disabling back
injury or muscle soreness. This does not mean that all indi-
viduals should refrain from all ballistic flexibility exercises.
Many athletes, for example, may include ballistic exercises in
their training regimen, since such movements may be an in-
herent part of their sport. However, for the vast majority of
us, a static stretching program is an effective and safe ap-
proach.

Measurement of Flexibility

The techniques used to measure flexibility are specific to each
joint in the body and usually involve devices such as goniom-
eters and protractors to measure range of motion in degrees
(fig. 5.7). Unless we have had an injury, most of us have normal
ranges of motion in most joints throughout our body, so mea-
surement of specific joints is of minor concern to us. If you
do have some concern about specific joint flexibility, medical
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specialists or allied health personnel such as physical thera-
pists or athletic trainers may be able to provide an evaluation
for you.

In health-related fitness tests, the most commonly used
measure of flexibility involves the sit-and-reach test, which
basically measures [lexibility in several major muscle groups
involved in the etiology of low back pain the lower back
muscles in the lumbar region of the spine and the hamstring
muscles at the back of the thigh. Such tests are often known
as low back-hamstring muscle flexibility tests.

There are several caveats to consider in using the sit-and-
reach test as a measure of low back health. First, Jackson and
Langford indicate that no hard research data are available
demonstrating that low back flexibility is important in pre-
venting low back pain. Other research actually indicates that
the sit-and-reach test is not a very good measure of lower back
muscle flexibility, although it may be a good indicator of
hamstring flexibility. Thus, the use of this test is based on the
concept of logical validity, i.e., it may be logical to assume
that muscle groups that lose flexibility, such as the hamstrings
and lower back muscles, may contribute to the development
of low back pain or injury by changing the normal relation-
ship between the pelvic bone and the lower spine, or by being
more prone to injury if overstretched.

Although it is not known for certain how much flexibility
you need for good health, including prevention of low back
pain, Laboratory Inventory 5.1 may provide you with some
guidelines for the sit-and-reach test. Other tests of flexibility
are found in Laboratory Inventories 5.2 and 5.3.

Basic Guidelines for a Flexibility Program

Static stretching exercise programs appear to be the safest
way to improve flexibility for most individuals. In order to
improve flexibility, however, you must adhere to the same basic
principles of training that underlie the development of other
fitness components. In essence, the principles of overload (in-
tensity, duration, and frequency), progressive resistance, and
specificity are the bases for your flexibility program.

The following specific guidelines should be followed for
a beginning static stretching program:

1. For intensity, the muscle must be stretched, or .
overloaded, beyond its normal range of motion. Stretch
until you feel mild to moderate tension or discomfort.
You should not stretch to a point of excessive pain; this
may cause an injury in itself. Be very cautious when
stretching the muscles in the low back area. Pain
indicates trouble.

2. For duration, hold this static position for about 15 to 60
seconds. Repeat three or four times. In the beginning,
stretch 15 seconds and use the principle of progression
to increase it to 60 seconds. When you can hold a set
position for 60 seconds, stretch a little further and hold
the new position for 15 seconds. Continue with this
progression principle.
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3. For frequency, you may do flexibility exercises on a
daily basis if you desire, but at least three to four days
per week appear to be necessary for flexibility
improvement to occur. Many of the exercises in the
following sections can be done any time of the day. You
are only limited by your imagination as to how these
exercises may be worked into your daily schedule.

4. For specificity, select those exercises designed to
improve flexibility in a specific body area. Try to do
several exercises for each area that interests you.

5. Stretching before doing aerobic exercise should be a
gentle, slow, steady stretch, particularly if the muscles
are relatively cold.

6. Since a warm muscle has a decreased resistance to
stretching, a good time to stretch is after your aerobic
exercise bout and warm-down.

7. Use Laboratory Inventory 5.1 to evaluate your progress
for improving flexibility in the low back-hamstring area
and Laboratory Inventories 5.2 and 5.3 for other body
areas.

8. Avoid ballistic stretching of injured muscles.

9. Avoid exercises involving an increased forward
curvature in the lower back area, creating the hollow
back look. See figures 4.25 on page 77 or 5.12 on
page 88.

10. You may use the PNF techniques with a partner or by
yourself by following the instructions on pages 83-84.

Flexibility Exercises for
the Low Back Area

The key to flexibility exercises for the low back area is to flatten
out the forward curve in the lumbar region of the spine, which
is lumbar spinal flexion. This movement is depicted in figure
5.8. Another way to flatten the lumbar spine is to rotate the
hips backward. This movement, illustrated in figure 5.9, was
introduced in the previous chapter and should be a part of all
flexibility and abdominal exercises for the low back area. These
movements help to stretch the tight muscles in the lower back
region and those muscles, such as the psoas major, which tend
to pull the hips forward.

When doing flexibility exercises for the low back area
you should be especially cautious. Although a mild degree of
discomfort is normally needed to improve flexibility of the
muscle groups in this area, it should be the type of discomfort
associated with muscle stretching. If you experience any pain,
particularly a sharp pain, discontinue the exercise immedi-
ately. For those who do suffer from low back pain, select those
exercises that will flatten your lower back and also those that
help relieve the pain when you are in the stretched position.
Figures 5.8, 5.9, 5.10, and 5.11 illustrate some useful exer-
cises to improve flexibility in the low back area; these exer-
cises may also relieve low back pain and be helpful in the
prevention and treatment of pain associated with dysmenor-
rhea, or painful menstruation.



Spinal column

Sacroiliac
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Hip joint

Figure 5.8 spinal flexion, forward curvature in the spine, occurs primarily in the spine itself, with little or no movement at the hip joint.
sumbar curve tends to flatten out or reverse its direction, as illustrated in the forward bend. A good exercise to imprave flexibility in the low
fack area is shown in (a). Bend forward slowly while sitting, reaching as far as you can until you experience mild discomfort. Hold a static

ososition for 15-60 seconds. Repeat three times. An alternative approach is to do unilateral stretching of each leg as illustrated in (b). Alternate
=ach leg for 15 to 60 seconds. Repeat three times for each leg.

Figure 5.9 Backward pelvic tilt exercise. Lie on back with knees bent and feet flat on floor. Tighten the abdominal muscles and other
muscles necessary to flatten the lower back against the floor. This exercise may also be done standing against a wall or sitting in & chair. Hold
static position for 15-60 seconds. Repeat three times.

Figure 5.10 Single or double knee to chest. Lie with back on the floor, knees bent, and feet flat on the floor. in single knee exercise (a),
Z-=w one knee to the chest and pull it in tightly with the arms. In double knee exercise (b), draw both knees in. Pull tightly for 15-60 seconds.
2zpeat three times each for single knee or total of three times for double knee exercise.
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Figure 5.11 (a) The cat stretch position. Take a deep breath, drop your head, and arch your lower back upwards by pulling in with your
abdominal muscles. Hold for 15-60 seconds. Repeat three times. (b) You can also mimic the cat position while seated, something you can do

throughout the day.

Figure 5.12 - Avoid exercises that increase the lumbar curve by placing excessive stress on the lower back region.

It is important to reiterate that certain exercises may
contribute to low back injury, such as those that cause an ex-
cessive increase in the lumbar curve as noted in figure 5.12.
Additionally, some exercises that flatten the lumbar curve may
not be advisable. For example, both exercises in figure 5.13
have been advocated to increase flexibility in the low back
region, but position (a) may place an excessive stress on the
muscles in the lower back as the individual begins to straighten
up, while this yoga position (b) may overload the spine in the
neck region.
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Flexibility Exercises for
Round Shoulders

In the condition of round shoulders, the muscular forces in
the chest and upper back are out of balance. The chest mus-
cles are shortened and stronger while those in the back are
lengthened and weaker, thus allowing the shoulders to be
pulled forward. Exercises to help correct this condition should
be designed to increase the length or flexibility of the chest
muscles and to strengthen the back muscles. Several exercises
for round shoulders are depicted in figures 5.14, 5.15, and
5.26.



(b)

Figure 5.13  Some exercises that flatten the lumbar curve should be avoided. In (a), excessive stress may be placed upon the muscles and
“gaments of the lower back region when straightening up, particularly with knees locked. This exercise may be safer when done with the knees
sightly bent. The Yoga position in (b) may subject the neck region to injury.

Figure 5.14 Doorway stretch. Stand in a doorway with arms
outstretched and placed against wall on one side of the doorway.
Lean forward gradually until tension and mild pain is experienced in
muscles of the chest. Hold static position for 15-60 seconds. Repeat
three times.
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Figure 5.15 isometric chest stretcher. (a) In standing or sitting position, raise
arms sideways to shoulder level with elbows bent and hands near the chest. (b) Try
to move your elbows back sideways as far as possible by pulling your shoulder
blades together. Hold static position for 15-60 seconds. Repeat three times.
Alternatively, (c) lock your hands or hold a towel behind you as shown, raising arms
back and up as far as possible. Hold for 15-60 seconds.




Fgure 5.16 [sometric upper back stretcher. Cross your arms
2.7 n front of you as shown, putting your hands together with your
“_mbs pointed towards the floor. Stretch as far forward as
sos=ble. Hold static position for 15-60 seconds. Repeat three times.

Flexibility Exercises for Tight
Upper Back and Neck

Zaccss tension often contributes to tightness in the upper back
== neck, which may be relieved by a variety of flexibility
=xercises. Figure 5.16 illustrates a simple exercise for
s==rching tight muscles in the upper back region. Flexibility
cxercises for the neck should not use a full circle rotation, for
“me impingement may occur in the neck vertebrae. Instead,
===ty lower your chin to your chest and gently roll your head
“om side to side. See figure 5.17 for proper and improper
seck flexibility exercise.

Flexibility Exercises for Joggers,
Runners, and Other Aerobic
Exercisers

Josgers, runners, swimmers, bicyclists, aerobic dancers, and
“ier acrobic exercisers often may develop minor aches, pains,
o minor injuries in various parts of their bodies, particularly
Zuring the beginning stages of an exercise program, Those
=0 are strong advocates of flexibility exercises for joggers,
munners, and other exercisers suggest that these minor injuries
=y be prevented by a proper flexibility exercise program.
“5e theory that a more flexible muscle may be less suscep-
“5= 10 injury appears to be sound. At the least, since im-
sroved flexibility should not be harmful, joggers, runners, and
“ther acrobic exercisers may want to do flexibility exercises
“ir Gve body areas that are commonly subject to minor in-

First, the low back area may be prone to injury through
w=oroper running form or overuse injuries in a variety of aer-
“mic activities. The exercises suggested for relief or prevention
o low back pain presented earlier in this chapter are highly
s=commended.
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Figure 5.17 Neck flexibility exercise. (a) Do not rotate your
head in a full circle. (b) Instead, lower your chin gently to your
chest and roll carefully side to side. Stretch to a point near your
shoulder and hold for 15-60 seconds. Repeat three times for each
side.

Second, the hamstrings, a muscle group at the back of
the thigh, should be stretched. Some of the exercises for low
back pain, such as those in figures 5.8 and 5.10, help improve
hamstring flexibility. Other more strenuous exercises for
hamstring flexibility are depicted in figures 5.18 and 5.19.

Third, the calf muscles in the back of the lower leg should
be stretched to prevent possible problems with the Achilles
tendon, a common injury among joggers, runners, and aerobic
dancers. Two examples of appropriate flexibility exercises are
presented in figure 5.20.

The fourth general area to stretch includes the hip and
thigh, including the groin, muscle areas that often tighten up
or become aggravated in runners. Figures 5.21, 5.22, 5.23,
and 5.24 are common flexibility exercises for these muscle

groups.
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@ (b)
Figure 5.18 Hurdle stretch for hamstrings. (a) Place one leg out on some type of support. Bend forward at the waist, keep back straight,

and try to place your head as close to your leg as possible. Keep knee bent slightly. (b) Flatten back upward to also help stretch low back area.
Hold forward position for 15-60 seconds. Repeat three times for each leg.

Figure 5.19 Hamstring stretcher. Lie on your back with your
knees bent and feet flat on the floor. Raise one leg and grasp toes
with hand on same side. Grasp back of thigh with opposite hand.
Pull down on toes, push heel towards the ceiling, and pull down on
thigh. Hold 15-60 seconds. Repeat three times for each leg.
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@ (b)
Figure 5.20 Achilles stretcher. In (a), place the balls of feet on a solid object like a book, stair step, or street curb, and then lower the heel
z00ut two inches below the top surface. Hold static position for 15-60 seconds. Repeat three times. An alternate approach is fffustrated in ().
=zce your hands against a wall or tree for balance. Bend the knee of the front leg and keep the rear leg straight with the heel flat on the floor.
Liove your hip forward slowly until you feel stretch and tension in the calf of the rear leg. Hold for 15-60 seconds. Repeat three times for each
ﬂ!g.

Figure 5.21 Hip and thigh stretcher. Hold onto a chair or other Figure 5.22 Groin stretcher. Sit on floor with knees bent and
object for balance. To stretch hip and thigh, place one leg out in feet turned so that the soles of both feet are together. Bring feet as
font with the knee directly over the foot. Place knee and foot of close to crotch as possible. While in this position, push down on
trailing leg on the floor. Press hips forward to stretch upper thigh knees until mild pain is experienced in the groin muscle. Hold this
2nd deep hip muscles. Keep back straight. Hold forward position position for 15-60 seconds. Repeat three times. Caution: Avoid this

560 seconds. Repeat three times for each leg. exercise if undue pain is experienced in the knees.



Figure 5.23  lLateral hip stretcher. In seated position, cross one
leg over the other straight leg. Grasp knee on the outside and pull
towards opposite side of chest. Do both sides. Hold position 15-60
seconds. Repeat three times,

Figure 5.24  The chiropractic stretch. To stretch hips, buttocks,
and lower back, lie on back and cross one leg over the other as
shown, pulling the knee gently to the floor with your opposite hand.
Hold for 15-60 seconds. Repeat three times for both sides.

Fifth, stretching the lateral trunk muscles and the un-
derlying respiratory muscles, as illustrated in figure 5.25, may
help relieve, and possibly help prevent, the stitch-in-the-side
phenomenon in runners. Although this finding is based on an-
ecdotal evidence, it may possibly help by relieving a muscle
spasm or other underlying cause of the pain.
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Figure 5.25 lateral trunk stretcher.
This stretch may be used to relieve or
prevent the stitch-in-the-side occurrence.
Stretch arm overhead as shown, reaching
opposite arm down the leg. Do both
sides, but focus on the side that gets the
stitch. Hold 15-60 seconds. Repeat three
times.

You can develop a flexibility exercise program for any
joint in your body simply by finding a safe position that puts
the muscles around that joint on stretch and by following the
guidelines provided earlier. A towel may be a very simple yet
effective means to help you stretch almost any joint in your
body. Figure 5.26 illustrates two stretches that may be done
with a towel.




(d)

5.26 A towel may be a simple yet effective means to stretch the muscles around most joints in the body. in (a) the towel is used to
=on the Achilles tendon, while in (b) the towel is used to stretch the chest muscles.

Benefits/Risks

The benefits of improved flexibility are more difficult to study
“me= those associated with aerobic and resistance training.
Sl=whility-training programs will increase the range of motion
= e joints that are stretched, and this may benefit perfor-
mamce in certain athletic endeavors, as noted previously.
“owever, the benefit most often associated with enhanced
Sewnility is the prevention of injury during exercise. The re-
wuts of epidemiological studies are inconsistent, probably be-
suse 50 many variables other than a flexibility-exercise
rogram can contribute to sports injuries. Experimental studies

of flexibility training and prevention of injuries are difficult to
conduct with humans, but laboratory studies with animals have
suggested that stretching programs will improve the visco-
elastic properties of tendons so that an increased load is tol-
erated before the tendon tears. If we can generalize these
findings to humans, improved flexibility may help prevent
overstretching-type injuries.

Improved flexibility may also enhance relaxation by de-
creasing tension in the muscle. Relaxation techniques for stress
management incorporating a form of flexibility exercise are
discussed in chapter 8.
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INTRODUCTION

When the current fitness boom materialized nearly twenty
years ago, some enthusiasts claimed that exercise was a
panacea for a variety of chronic diseases. One physician
even reported that anyone who completed a marathon, a
26.2-mile run, was immune to coronary heart disease, a
claim repeatedly shown to be false. As noted in the previous
chapters, a properly developed exercise program is a very
important component of a Positive Health Life-style, but
unfortunately, extravagant claims that exercise is a cure-all
are not valid. Proper nutrition is of equal or even greater
importance in the prevention of certain chronic diseases.

Nutrition is usually defined as the sum total of the
processes involved in the intake and utilization of food
substances by living organisms. From a health standpoint,
the most important factors relative to the prevention of
disease are the biochemical and physiological functions of
the various nutrients in foods as they are processed in our
bodies. It is theorized that some nutrients cause health
problems, while other nutrients prevent them.

A deficiency or excess of any nutrient may lead to acute
health problems. Experimentation with the effects of
nutrient deficiencies or excesses on both animals and
humans may be conducted under well-controlled conditions
in a nutrition research laboratory. Such research has shown
that an iron deficiency will lead to anemia, while excessive
iron consumption will lead to liver damage and possible
death. Unfortunately, it is much more difficult to design an
experimental study to investigate the effect of a particular
nutrient upon the development of chronic diseases in
humans.

Most chronic diseases have a genetic basis; if one of
your parents has had coronary heart disease or cancer, you
have an increased probability of contracting that disease.
Such diseases may go through three stages: initiation,
promotion, and progression. Your genetic predisposition
may lead to the initiation stage of the disease, but factors in
your environment promote its development and eventual
progression. In this regard, some nutrients are believed to be
promoters that lead to the progression of the disease,
while other nutrients are believed to be antipromoters that
deter the initiation process from progressing to a serious
health problem. What you eat plays an important role in the
development or progress of a variety of chronic diseases,
such as coronary heart disease, diabetes, high blood
pressure, osteoporosis, obesity, and a variety of different
cancers. In this regard, the National Cancer Institute
estimates that one-third of all cancers are linked in some
way to diet. (See fig. 6.1.)

A number of research techniques have been used in
attempts to determine what nutrients are possible
promoters or antipromoters in the development of chronic
diseases. This is a difficult area of study. These diseases take
considerable time, many years, to develop. Furthermore, it is
nearly impossible to precisely control the intake of nutrients
in the diets of large groups of people. Thus, most of the
currently available evidence has been derived from
epidemiological studies that compare characteristics of
different populations. For example, population groups that
consume diets high in fat generally have a greater incidence
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Stress
Caffeine (1)

Mouth, esophagus cancer
Alcohol ()

High blood pressure
Salt (1)
Alcohol (1)

Lung cancer
Beta carotene (1)

Heart disease
Saturated fat ()
Cholesteral (1)
Dietary fiber (1)

Breast cancer
Alcohol (1)
Dietary fat (1)

Liver disease
Alcohol (1)

Colon cancer
Dietary fat ()
Dietary fiber ({)

~———— Osteoporosis
Calcium (1)

Figure 6.1 Some possible health problems associated with poor
dietary habits. An upward arrow (1) indicates excessive intake while
a downward arrow (|) indicates low intake or deficiency.

rate of heart disease when compared to populations that
consume a low-fat diet. It is important to reiterate that
although epidemiological research may show a statistical
relationship between two variables, such as a high-fat diet
and coronary heart disease, there is not necessarily a cause-
and-effect relationship. Although causality may be inferred
from epidemiological research, this relationship must be
determined by properly designed experiments. Although
some quality experimental research has been conducted
under well-controlled laboratory conditions, most studies
have used animals, not humans; however, some data from
long-term human studies are available.

Because the prevention of chronic diseases is of critical
importance, thousands of studies have been and are being
conducted in order to discover the intricacies of how various
nutrients may affect our health. Particular interest is focused
on nutrient function in body cells at the molecular level, the
interaction effect of various nutrients, and the identification
of other protective factors in certain foods. All of the
answers are not in, but sufficient evidence is available to
provide us with some useful, prudent guidelines for healthful
eating practices, as suggested in two major reports, Diet and



=== Implications for Reducing Chronic Disease Risk and
==y People 2000: National Health Promotion and Disease
S=wention Objectives.

The Public Health Service, a branch of the U.S.
~===—ment of Health and Human Services, in their report
wnt=d Healthy People 2000: National Health Promotion and
= u==s= Prevention Objectives, noted that poor nutrition is
~% o7 the major health problems in our country. In this
woard a2 variety of nutritional risk-reduction objectives have
~== ceveloped for the year 2000. Among the most relevant
. s chapter are the following:

S=duce dietary fat intake to an average of 30 percent of
Czlories or less and average saturated-fat intake to less
“mz2n 10 percent of Calories

~ =orease complex-carbohydrate and fiber-containing
“00ds in the diets to five or more daily servings for
vegetables (including legumes) and fruits, and to six or
—ore daily servings for grain products

mcrease to at least 50 percent the proportion of
swerweight people aged twelve and older who have
=copted sound dietary practices combined with regular
ooysical activity to attain an appropriate body weight

~ ~crease calcium intake so that at least 50 percent of
wouth aged twelve through twenty-four and 50 percent
=% pregnant and lactating women consume three or
~ore servings daily of foods rich in calcium, and at least
=0 percent of people aged twenty-five and older
consume two or more servings daily

De=crease salt and sodium intake so that at least 65
z=rcent of home-meal preparers prepare foods without
23ding salt, at least 80 percent of people avoid using
==2'7 at the table, and at least 40 percent of adults
=gularly purchase foods modified or lower in sodium
#=duce iron deficiency to less than 3 percent among
children and among women of childbearing age
mcrease to at least 85 percent the proportion of people

=2ed eighteen and older who use food labels to make
nutritious food selections

i
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These objectives represent an updating of an earlier
w==0on proposed in 1980 when health objectives were
===nlished for the 1990s. To help implement these earlier
“o=ctives, various governmental agencies, professional
"=z 1h associations, community health organizations, and
“=rsumer health groups promoted legislation and applied
=2 ticzl pressure to the food industry to increase the
wrowision of foods believed to be more healthful. Because of
= =fforts, we have more choices of healthier foods today.
“=ztive to fat, for example, the meat industry has used
s===tic technigues to provide leaner beef, national bakeries
=rocuce fat-free Danish rolls, and many national fast-food
~"=ns provide a variety of low-fat menu items. However, we
= have an abundance of high-fat products available. In
“rzer to achieve the health-related benefits of these
sroducts, you have to know which foods are lower in fat,
=2 you have to choose them rather than the high-fat
Enetics.

Over the past decade, these same health organizations
"= promoted educational programs to help Americans
=2opt more healthful diets, and although recent research

suggests that the diet of some health-conscious Americans
appears to be changing for the better, there is still
considerable room for improvement for the majority of the
population. As suggested by the risk-reduction objectives
above, many Americans still have unhealthy eating habits,
which may be related to poor nutritional knowledge. For
example, in a recent study of over 2,300 individuals, even
those who should be knowledgeable concerning healthy
eating habits, such as university graduate students, health-
care workers, and health-club attendees, Schapira and others
reported that 80 percent were unaware of the major health
recommendations regarding fat intake and could not
calculate the fat content of a food product. As mentioned in
chapter 1, awareness through proper knowledge may be the
initial step in a behavior modification program.

To relate nutrition to health in simplistic terms, most
Americans eat more food than they need and eat less of the
food they need more. The purpose of this chapter is to
provide you with current nutritional knowledge and
recommendations believed to promote health and prevent
disease so you can plan and eat a healthier diet, the Healthy
American Diet. The three major sections in this chapter deal
with the major nutrients and implications for health, the
basis of diet planning, and general guides to healthier
eating. The following chapter will discuss the role of diet in
weight control =

The Major Nutrients

The food we eat provides us with a variety of nutrients, spe-
cific substances found in food that perform one or more bio-
chemical or physiological functions in the body. Six general
classes of nutrients are considered necessary in human nutri-
tion. They are carbohydrates, fats, proteins, vitamins, min-
erals, and water. Within several of thesc general classes
(notably proteins, vitamins and minerals), there are a number
of specific nutrients necessary for life. For example, over a
dozen vitamins are needed for optimal physiological func-
tioning. Although several of these nutrients may be manu-
factured in our bodies, such as vitamin D through the action
of sunlight on the skin, the vast majority need to be obtained
through the diet.

Table 6.1 represents the specific nutrients known to be
essential or probably essential to humans at this time. Some
of the nutrients listed have been shown to be essential for var-
ious animals and are theorized to be essential for humans. It
is possible that this list may be expanded in the future as more
accurate analytical methods are developed to study the effects
of certain minerals in human nutrition. Although carbohy-
drates are not an essential nutrient in the strictest sense, many
nutritionists consider dietary fiber, which is primarily carbo-
hydrate, a specific necessity in the diet for prevention of cer-
tain health problems.

These nutrients perform three major functions. First, they
provide energy for human metabolism. Carbohydrates and fats
are the prime sources of energy. Second, nutrients are used to
build and repair body tissues. Protein is the major building
material for muscles, other soft tissues, and enzymes, while
certain minerals such as calcium and phosphorus make up the

Basic Nutrition for Healthful Eating 99



Table 6.1 Essential Nutrients

1. Proteins (Essential Amino Acids)

Histidine Phenylalanine
Isoleucine Threonine
Leucine Tryptophan
Lysine Valine
Methionine

2. Fats (Essential Fatty Acids)
Linoleic

3. Carbohydrates

Fiber
4. Vitamins
Water-soluble Fat-soluble
B Complex A (Retinol)
By (Thiamin) D (Calciferol)

B, (Riboflavin) E (Tocopherol)
Niacin K (Phyllogquinone)
Bg (Pyridoxine)

Pantothenic acid

Folacin
Byz (Cyanocobalamin)
Biotin
C (Ascorbic acid)
5. Minerals
Calcium Iron Selenium
Chloride Magnesium Silicon
Chromium Manganese Sodium
Cobalt Molybdenum Sulfur
Copper Nickel Tin
Fluoride Phosphorus Vanadium
lodine Potassium Zinc
6. Water

Essential nutrients are necessary for human life. An inadequate
intake may result in disturbed body metabolism, certain disease
states, or death.

Some of the nutrients listed have been shown to be
essential for various animals and are probably essential for
humans. Essential nutrients, or nutrients from which they may be
formed, must be obtained from the foods we eat.

skeletal framework. Third, nutrients are used to help regulate
body processes. Vitamins, minerals, and proteins work closely
together to maintain the diverse physiological processes of
human metabolism. For example, hemoglobin in the red blood
cell (RBC) is essential for the transportation of oxygen to the
muscle tissue via the blood. Hemoglobin is a complex com-
bination of protein and iron; however, other minerals and vi-
tamins are needed for its synthesis and for full development
of the RBC.

As mentioned previously, a deficiency or excess of any
nutrient may lead to disease or to some health problem. Since
space does not permit a detailed discussion of each specific
nutrient, we will cover briefly the general role of each major
nutrient in human metabolism and focus upon some of the
major health implications as supported by current epide-
miological or experimental research.

Carbohydrates

Carbohydrates are the basic foodstuffs formed when energy
from the sun is harnessed in plants. They are organic com-
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pounds that contain carbon, hydrogen, and oxygen in various
combinations. Their major function in human nutrition is to
provide a source of energy. They are one of the least expensive
forms of Calories to produce, and, hence, represent one of the
major food supplies for the vast majority of the world’s pop-
ulation.

In general terms, carbohydrates may be categorized as
either simple or complex. Simple carbohydrates, usually known
as sugars, occur naturally in some foods, particularly fruits.
Although there are many different types of sugars, the most
common one in the typical American diet is sucrose, or plain
table sugar. The complex carbohydrates are commonly known
as starches; the vast majority of carbohydrates in the plant
world are in this form, including grain products such as wheat,
rice, and corn, legumes such as beans and peas, and all veg-
etables. Some food exchanges high in carbohydrate content
are found in table 6.2. A more detailed discussion of the food
exchange system is presented later in this chapter.

For the most part, all dietary carbohydrates are digested
and eventually converted to glucose, a simple carbohydrate
absorbed into the blood from the intestines. Blood glucose may
have several metabolic fates. It may be utilized directly by
some tissues, such as the brain, for energy, or it may be stored
in the liver or muscles as glycogen (a complex carbohydrate).
Excess blood glucose may be excreted in the urine or con-
verted into fat and stored in the body’s adipose tissue. Figure
6.2 illustrates the general fates of blood glucose.

Health Implications of Dietary Carbohydrates

In the past, dietary carbohydrates have had a poor reputation
in the mind of the general public, particularly in those at-
tempting to lose body weight. Now, carbohydrates, particu-
larly complex carbohydrates, are considered to be one of the
most important components of a healthy diet. They are rich
in many nutrients (vitamins and minerals), are the major
source of fiber in the diet, and may also serve as the basis for
a low-Calorie diet.

Dietary fiber is the carbohydrate in plants that is resis-
tant to digestive enzymes; hence, it leaves some residue in the
digestive tract. Although the nature of dietary fiber is com-
plex, in simplistic terms dietary fiber exists in two basic forms:
water-soluble fibers-and water-insoluble fibers. Water-soluble
fibers include gums and pectins, while the major water-
insoluble fibers are cellulose, hemicellulose, and lignin (a non-
carbohydrate). Increasing the intake of complex carbohy-
drates will lead to an increase in dietary fiber. There is
considerable epidemiological evidence and some experimental
evidence that increased fiber intake may help reduce the in-
cidence rates of colon cancer and other intestinal disorders.
In addition, some studies have also reported reduced choles-
terol levels in the blood following a diet high in soluble fibers.

Exactly how dietary fiber may be protective is not known,
but several mechanisms have been proposed. First, fiber may
add bulk to the contents of the large intestine and hence dilute
any possible cancer-causing agents (carcinogens) that might



Table 6.2 Foods High in Carbohydrates

Starch/  FruitList  Vegetable Meat List** Milk List
Sread List
m!
Apples Beets Navy beans Ice milk
Apricots Carrots Kidney beans  Skim milk
Bananas Cauliflower  Split peas Yogurt
Cantaloupe Eggplant
Cherries Squash
Dried fruit  5tring beans
Figs Tomatoes
Oranges Zucchini
Peaches
Pineapple

“#woid processed foods with added fat and refined sugar.

“anhough classified as a starch/bread, legumes such as beans and split peas may
o used as a meat substitute.

sttack cell walls. Second, the additional bulk stimulates peri-
sizlsis and speeds up the transit time of food through the in-
s=stines, Thus, any carcinogenic agent present will have less
“me to function. Third, fiber may bind with carcinogens so
2at they are excreted by the bowel. Fiber also may bind with
2=d lead to the excretion of bile salts, which contain choles-
“zrol; normally the bile salts are reabsorbed into the body.
Foarth, fiber slows down gastric (stomach) emptying and
thereby slows glucose absorption in the small intestine. This
=7ect may lead to better control of blood sugar and may also
wogthen the sensation of fullness or saticty, which may be
==portant to individuals on weight-loss diets. Fifth, diets high
= fiber are usually low in fat and cholesterol, which may sup-
sort these healthful effects. Other independent mechanisms
mav also be functioning. For example, a compound known as
sulforaphane, which has recently been isolated from broccoli,
=ay interfere with cancer development.

Although this area is still under investigation, several hy-
sotheses link potential health benefits to the specific type of
“her consumed. Foods that are rich in the water-insoluble type
o fiber, such as whole-wheat products, wheat-bran cereals,
~cown rice, and lentils, are more likely to increase the fecal
sulk, maximizing the dilutant effect and speed of transit
“=rough the colon, and hence helping prevent diseases of the
“erze intestine and rectum. Foods richer in water-soluble fiber,
such as apples, bananas, citrus fruits, and oats, have more of
= binding effect and are theorized to be more likely to reduce
serum cholesterol. However, it should be noted that research
=as now shown that oat bran or wheat products added to the
Zict are equally effective in lowering serum cholesterol. Foods
=ch in both soluble and insoluble fiber, such as kidney beans,
=avy beans, and green peas, may provide both benefits.

The National Research Council has cautioned that data
relative to a protective effect of fiber per se against the de-
velopment of certain chronic diseases are inconclusive at
oresent. Nevertheless, the council recognizes the value of the
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Figure 6.2 fates of blood glucose. After assimilation into the
blood, glucose may be stored in the liver or muscles as glycogen or
may be utilized as a source of energy by these and other tissues,
particularly the nervous system. Excess glucose may be partially
excreted by the kidneys, but major excesses are converted to fat and
stored in the adipose tissues.

Table 6.3 Fiber Content in Some Common Foods

Beans 7-9 grams per Y2 cup, cooked
Vegetables 3-5 grams per V> cup, cooked
Fruits 1-3 grams per piece

Breads and cereals 1-3 grams per serving

Bran cereal 5-13 grams per ounce

Nuts and seeds* 2-5 grams per ounce

*Nuts and seeds are also high in fat.

epidemiological data supportive of a protective effect of a diet
high in whole-grain products, legumes, fruits, and vegetables,
Its current recommendation is to obtain approximately
25 40 grams of dietary fiber through the consumption of nat-
ural wholesome foods, not fiber supplements. It is important
to recognize that the health benefits attributed to fiber may
be associated with the form in which the fiber is consumed,
as part of a whole, natural food containing other potential
health-promoting nutrients such as vitamins, rather than by
consumption of a purified supplement form.

Table 6.3 presents the average fiber content in some
common foods, High-fiber foods in the six food exchanges are
also highlighted in Appendix B.

If you consume the typical American diet, approximately
20-25 percent of your daily caloric intake is derived from re-
fined sugars, such as ordinary table sugar and the high-
fructose corn syrup added to numerous processed foods. Over
the years, refined sugar has been alleged to contribute to a
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wide variety of health disorders, such as dental caries, dia-
betes, cardiovascular disease, obesity, the premenstrual syn-
drome (PMS), hyperactivity in children, mental illness, and
even accelerated aging. Although the role carbohydrates, in-
cluding refined sugars, may play in the development of sev-
eral of these health problems is still under investigation, the
National Research Council, in its major treatise on Diet and
Health, stated that with the exception of dental caries, there
is minimal evidence linking refined sugar intake per se to spe-
cific health problems. Nevertheless, many health organiza-
tions around the world have recommended a reduced intake
of refined sugars, generally to amounts less than 10 percent
of the daily caloric intake. Because refined sugar contains no
nutrients, but only Calories, its intake should be limited in any
well-balanced diet,

Fat

The fats in our diet are technically known as lipids, a general
term for a number of different water-insoluble compounds
found in the body. The two major lipids of dietary importance
to humans are triglycerides and cholesterol.

Triglycerides are the true fats, the type we normally con-
sume in our diet. They are composed of two different com-
pounds—glycerol and fatty acids. Glycerol, an alcohol, is a
clear, colorless syrupy liquid that is similar to carbohydrate.

Fatty acids, one of the components of fat, are chains of
carbon and hydrogen atoms that vary in the degree of hy-
drogen saturation. A saturated fatty acid contains a full quota
of hydrogen; unsaturated fatty acids may absorb more hy-
drogen. These latter fatty acids may be classified as monoun-
saturated (capable of absorbing two or more hydrogen ions),
and polyunsaturated fatty acids (capable of absorbing four or
more hydrogen ions). Saturated fats are usually solid; unsat-
urated fats are usually liquid at room temperature. Hydro-
genated fats or oils have been treated by a process that adds
hydrogen to some of the unfilled bonds, thus hardening the
fat or oil. In essence, the fat becomes more saturated with a
possible realignment of hydrogen atoms, creating a form
known as trans fatty acids. Omega-3 fatty acids are a special
class of polyunsaturated fatty acids found primarily in fish.
Figure 6.3 represents the structural differences among fatty
acids.

Cholesterol is not a fat; it is a fatlike, pearly substance
that is an essential component in the formation of the cell
membrane and several hormones. Some cholesterol is ob-
tained in the diet; however, the liver manufactures most of the
cholesterol needed by your body from fatty acids and other
products derived from carbohydrate and protein.

The fat content in foods can vary from 100 percent, as
found in most cooking oils, to less than | percent, as found in
most fruits and vegetables. Some foods obviously have a high
fat content: butter, oils, shortening, margarine, and visible fat
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Figure 6.3 Structural differences between saturated and
unsaturated fatty acids. Note the double bonds between carbon
atoms in the unsaturated fatty acid. These indicate that more
hydrogen atoms may be added. In the omega-3 fatty acids, the
double bond is located three carbons from the last, or omega,
carbon. The R represents the radical, or the presence of many more
C—H bonds. In the hydrogenation process, the cis configuration
(both hydrogen ions at the double bond on the same side) may be
changed to the trans configuration.

on meat. In other foods, the fat content may be high but not
as obvious. This is known as hidden fat. For example, whole
milk, cheese, nuts, desserts, crackers, potato chips, and a wide
variety of commercially prepared foods may contain consid-
erable amounts of fat. Table 6.4 presents the percentage of
Calories in the fat contained in some common foods. Some
examples of hidden fat are illustrated in figure 6.4.

Cholesterol is found only in animal food products; it is
not found in fruits, vegetables, nuts, grains, or other plant
sources. Table 6.5 represents some foods from the meat and
milk exchanges with the cholesterol content in milligrams per
serving. Several foods from the starch/bread exchange are
also included, indicating that the preparation of some starch/
bread products may add cholesterol by including some animal
product with cholesterol, mainly egg yolk.



Table 6.4 Fat and Saturated Fat Content in Some Table 6.5 Cholesterol Content in Some

Common Foods Common Foods
Foo0d Exchange Total Fat Saturated Fat Food Amount Cholesterol
(% Calories) (% Calories) (milligrams)
Meat List Meat List
3o 80 30 Beef 1oz 25
2==% lean only 32 13 Park, ham 1oz 25
Hem 70 23 Poultry 1oz 23
—=mourger, reqular 62 29 Fish 10z 21
T=icken, breast 23 8 Shrimp 10z 45
Ssusage, pork 79 29 Lobster 1oz 25
“=ddoack 32 6 Sausage 2 links 45
Sags, whole 67 22 Tuna, salmon 102 0
s, dry navy 4 — Frankfurter 1 50
S==nut butter 76 19 Bacon 1 strip g5
2 Egas 1 220
(L= ¢ :
\hix, Luf;oie 45 28 Liver 1az 120
M, skim trace trace Milk List
_re=sse, cheddar 62 39 Milk, whole 1¢ 27
vegetable List Milk, 2% 1¢ 12
Z=an<. green trace trace bk, ‘skim « JE ‘
trace trace Butter 1 tsp 12
trace trace Margarine 1 tsp 0
Cream cheese 1 thsp 18
Ice milk 1¢ 10
::ggz fur-:?: Ice cream 1¢c 85
Bread List
Whole grains and nuts contain no cholesterol, but cholesterol
12 =3 may be added in the preparation of some foods (such as eggs in
?; 8 French toast or other baked foods).
43 _}' Bread 1 slice 0
5 . Biscuit 1 17
. 46 20 Pancake 1 40
S=wneal 13 _ Sweet roll 1 25
S=mcakes wheat 30 . French toast 1 130
=ods, dinner 22 7 Doughnut 1 28
. Cereal, cooked 1€ 0
Surtor 99 54 Fruit List
W _'L;rine 99 19 Fruits contain no cholesterol
ol com 100 10 Vegetable List
=23 dressing, French 68 14 Vegetables contain no cholesterol
Jestes indicate no value was found, although it Is believed some is present. Source: U.S. Department of Agriculture.

Sowstes U5, Department of Agriculture,

Figure 6.5 presents a diagram of the metabolic break-

Calories Grams Percent down and use of dietary fat. Dietary fat is digested into its

of fat

fat  Calories constituents (fatty acids, glycerol, and cholesterol) and even-
tually used for energy, incorporated in the formation of cer-
8 ounces 150 8 48% tain cell structures, or stored as fat. Since lipids are insoluble
whole milk in water, the liver constantly makes compounds called lipo-
proteins, combinations of lipids covered by a protein coat. The
1 ounce protein component, known as an apoprotein, allows the lipid
cheddar 15 9 70% to be transported in the blood. Figure 6.6 presents a schematic
chbeso of a lipoprotein.
- Different types of apoproteins, such as alpha and beta,
1 tablespoon 95 8 76% determine the functions of the lipoproteins in the blood. This
peanut butter i o T ¢ A
may have significant health implications, particularly in the
development of atherosclerosis, a condition associated with
% coronary heart disease. For our purposes, the major classifi-
%‘%" 1 doughnut 100 5 45% cations of lipoproteins, along with their suggested composition
Sgure 6.4 Hidden fat. Many of the foods we consume may and function, are listed below; a graphic illustration is pre-
“w=r== significant numbers of Calories in the form of hidden fat. sented in figure 6.7.
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Dietary fats VLDL (very low-density lipoproteins). VLDL consist pri-
marily of triglycerides, which are transported to the tissues to

Action of lipase and bile

_— deliver fatty acids and glycerol.
- AW*% OGRS LDL (low-density lipoproteins). LDL contain a high pro-
f ) portion of cholesterol and are associated with beta apopro-
[ FFATG:C+fPh-P | g‘;?s;*;‘ﬁ' teins. Increased levels of LDL, particularly if oxidized or

modified, are associated with increased risk for coronary heart

{ Chylomicron / Biood disease. LDL are often referred to as the bad cholesterol, for
T l/ \& high levels are believed to contribute to the development of
wusce FFA + — FFA-G-C-Ph-Pr heart disease.
di Storage or Broken down and| L iver
ze:lpsose energy us recombined
Apoproteins
Lipoproteins
vLDL-LDLHpL | Blo°d
Storage e
Eergy s By Phospholipid ?
Cell structure _|tissues
Cholesterol Q
Legend: Cholesterol ester Q
C Cholesterol
FFA Free fatty acid i i
G Glycerol Triglyceride %3
Ph Phospholipid
Pr Protein Figure 6.6 Schematic of a lipoprotein. Lipoproteins contain a
VLDL Very low Qen‘siiy lipoprotein core of triglycerides and cholesterol esters surrounded by a coat of
LDL LQw density lipoprotein apoproteins, cholesterol, and phospholipids. The proportion of the
HDL High density lipoprotein protein, cholesterol, triglycerides, and phospholipids varies between
Figure 6.5 Simplified diagram of fat metabolism. After the different types pf lipoproteins. The_apoprotem component
digestion, fats are carried in the blood as chylomicrons. Through the regulates the function of the lipoprotein.

metabolic processes in the body, fat may be utilized as a major
source of energy, used to help develop cell structure, or stored as a
future energy source.

Chylomicron

| Phospholipids (Ph)

Cholesterol and cholesterol esters (C)

- Protein (Pr)
=

Triglycerides (T)

Figure 6.7 The approximate content of four types of lipoproteins.
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