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Preface

dvanced Fitness Assessment and Exercise Pre-
scription, Sixth Edition is written primarily for
exercise science students in advanced professional
courses dealing with physical fitness appraisal and
exercise prescription. This book is also a resource
for exercise physiologists or personal trainers work-
ing in the public or private sector. Previous editions
of this text have been adopted for course use by
numerous universities and colleges and have been
translated into Greek, Italian, Korean, Portuguese,
and Spanish. Also, the sixth
eB O o} edition is now available as an
. electronic book, potentially
available at . .
HumanKinetics.com allowing this book to reach
a wider audience worldwide.
This book provides exercise scientists with the
knowledge and skills needed to assess the physical
fitness of apparently healthy individuals rather than
individuals who have suspected or documented
cardiovascular disease. Since this text is not clini-
cally oriented, it provides limited information on
the etiology and pathophysiology of chronic dis-
eases, on clinical exercise testing, and on exercise
prescriptions for clinical populations. Exercise
scientists working with clinical populations are
encouraged to consult clinically oriented books that
provide detailed information for exercise testing and
prescriptions for these populations.
In its well-balanced approach to the assessment
of physical fitness, Advanced Fitness Assessment and
Exercise Prescription addresses five components:

» Cardiorespiratory endurance
= Muscular fitness

» Body weight and composition
= Flexibility

= Balance

This text is unique in its scope and in the depth
of its content, organization, and approach to the

subject matter. Introductory texts typically focus
on field testing for evaluating physical fitness.
Although this text includes some field tests, it
emphasizes laboratory techniques for assessment.
The scope and depth of information make this text
an important resource for practitioners, especially
those employed in health and fitness settings.
Generally, the text is organized around physical
fitness components, providing for each of them
one chapter on assessment followed by one chapter
on exercise prescription. The multidisciplinary
approach of this text synthesizes concepts, prin-
ciples, and theories based on research in exercise
physiology, kinesiology, measurement, psychology,
and nutrition. The result is a direct and clear-cut
approach to physical fitness assessment and exer-
cise prescription.

With the exception of the addition of a new
chapter, “Assessing Balance and Designing Bal-
ance Programs,” the scope and organization of the
sixth edition of Advanced Fitness Assessment and
Exercise Prescription are not substantially different
from previous editions. The new chapter contains
information dealing with assessment of balance
and the design of exercise programs for improving
balance.

Pedagogical tools include Key Questions at the
beginning of each chapter and Key Points, Review
Questions, and Key Terms at the end of each chap-
ter. Each of the key terms is defined in the glossary
at the back of the book. These tools will help you
identify the key terms and concepts and test your
knowledge and understanding of the material in
each chapter.

Pertinent information from the latest edition
(2010) of ACSM’s Guidelines for Exercise Testing and
Prescription is incorporated throughout the text.
Updated phone numbers and Web sites for equip-
ment manufacturers and suppliers are included.
The following list highlights some of the changes in
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chapters of Advanced Fitness Assessment and Exercise
Prescription, Sixth Edition:

Chapter 1

= Recent global and U.S. statistics on the preva-
lence of chronic diseases

m New research substantiating the link between
physical activity and disease risk

» New physical activity recommendations from
the U.S. government, the American Heart
Association, and the American College of
Sports Medicine (ACSM)

» Information about beneficial effects of physical
activity on life expectancy

Chapter 2

m Updated information on automated sphyg-
momanometers

» Updated resources for measurement and inter-
pretation of the electrocardiogram

Chapter 3

» Expanded information about psychological
models related to behavior change

» Updated information about the certification
and licensure of exercise professionals

» Comparison of selected professional certifica-
tions

» Use of technology to promote physical activity

Chapter 4

m Latest (2010) ACSM guidelines for exercise
testing

» New equations for predicting maximum heart
rate

m Recumbent stepper maximal exercise test
protocol

» Use of the OMNI pictorial scales for ratings of
perceived exertion during exercise

Chapter 5

m Latest (2010) ACSM guidelines for designing
aerobic exercise programs

m Use of high-intensity interval training to
improve VO, max

Chapter 6

» Use of handheld dynamometers for assessing
isometric strength of muscle groups

m Updated guidelines for testing muscular fit-
ness of children and older adults

Chapter 7

» Updated guidelines for developing resistance
training programs for novice, intermediate,
and advanced weightlifters

» Updated information on designing resistance
training programs for children

m Use of whole-body vibration training to
improve strength and reduce muscle soreness

m Use of stability balls and resistance bands to
increase strength

» Updated information about functional train-
ing and core training

» Updated information about the effectiveness
of supplements for increasing strength

Chapter 8

» Updated information about air displacement
plethysmography and dual-energy X-ray
absorptiometry as reference methods for body
composition assessment

» Use of bioimpedance spectroscopy to estimate
body composition

» Newly developed skinfold prediction equation
for athletes

» Updated information on using anthropometric
indices to classify disease risk

Chapter 9

m Updated statistics on the global prevalence of
obesity in children and adults

m Use of high-intensity aerobic exercise for
weight loss

m Updated information on weight loss diets,
including OmniHeart diets

» Updated information on protein requirements
for active individuals

m New guidelines from the ACSM and the Amer-
ican Dietetic Association for physical activity
interventions for weight loss and weight gain



Chapter 10

= Updated information on ballistic stretching

» Validity of clinical tests for measuring ham-
string flexibility

Chapter 11

m Updated guidelines for designing stretching
programs

m Use of vibration training for improving flex-
ibility

m Updated information about stretching and
injury prevention

m New information from the North American
Spine Society about exercises to prevent back
pain

Preface | xi

Chapter 12

m Factors affecting balance
» Guidelines for balance testing
m Field and laboratory tests for assessing balance

m Recommendations for designing balance
training programs

Appendixes

» Updated Web sites for professional organiza-
tions

m OMNI pictorial scales for assessing ratings
of perceived exertion of adults and children

These updates and additions provide a compre-
hensive approach to physical fitness appraisal and
exercise prescription. I hope you will use Advanced
Fitness Assessment and Exercise Prescription, Sixth Edi-
tion, to improve your knowledge, skill, and profes-
sional competence as an exercise scientist.
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chapter

Physical Activity, Health,
and Chronic Disease

KEY QUESTIONS

m Are adults in the United States getting
enough physical activity?

m What diseases are associated with a sed-
entary lifestyle, and what are the major risk
factors for these diseases?

m What are the benefits of regular physical
activity in terms of disease prevention, and
how does physical activity improve health?

= How much physical activity is needed for
improved health benefits?

m What kinds of physical activities are suit-
able for typical people, and how often
should they exercise?

Ithough physical activity plays an important

role in the prevention of chronic diseases, an
alarming percentage of adults in the United States
report no physical activity during leisure time. One
of the national health objectives for the year 2010 is
to increase to 30% the proportion of people aged 18
yrand older who regularly (preferably daily) engage
in moderate physical activity at least 30 min per day
(U.S. Department of Health and Human Services
2000a). According to a U.S. national survey from the
Centers for Disease Control and Prevention (CDC
2005), less than half (49.1%) of the adults met this
physical activity recommendation. Approximately
24% of the American population report no leisure-
time physical activity. Generally, women (47.9%) are

less likely to meet this recommendation than men
(50.7%), and older (=65 yr) adults are less likely
(39.0%) to meet it than younger (18-24 yr) adults
(59.6%) (American Heart Association 2008g).

Physical inactivity is not just a problem in the
United States; it is a global issue. According to the
World Health Organization (2002b), ~60% of the
global population did not meet the daily minimum
recommendation of 30 min of moderate-intensity
physical activity. In 2003, only 37% of men and
25% of women in the United Kingdom met the
government’s physical activity guidelines (British
Heart Foundation 2006). Also, the Canadian Fit-
ness and Lifestyle Research Institute reported that
67% of Canadians (25-55 yr) were physically inac-
tive (Public Health Agency of Canada 2009). Thus,
as an exercise specialist, you face the challenge of
educating and motivating your clients to incorporate
physical activity as a regular part of their lifestyles.

This chapter deals with physical activity trends,
risk factors associated with chronic diseases, the
role of regular physical activity in disease preven-
tion and health, and physical activity guidelines
and recommendations for improved health. For
definitions of terminology used in this chapter, see
the glossary on page 411.

PHYSICAL ACTIVITY, HEALTH,
AND DISEASE: AN OVERVIEW

Our increased reliance on technology has substan-
tially lessened work-related physical activity, as well
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as the energy expenditure required for activities of
daily living like cleaning the house, washing clothes
and dishes, mowing the lawn, and traveling to
work. What would have once required an hour of
physical work now can be accomplished in just a
few seconds by pushing a button or setting a dial.
As a result, more time is available to pursue leisure
activities. The unfortunate fact is, however, that
many individuals do not engage in physical activity
during their leisure time.

Although the human body is designed for move-
ment and strenuous physical activity, exercise is not
a part of the average lifestyle. One cannot expect the
human body to function optimally and to remain
healthy for extended periods if the body is abused
oris not used as intended. Physical inactivity has led
to a rise in chronic diseases. Some experts believe
that physical inactivity is the most important public
health problem in the 21st century (Blair 2009).
Each year at least 1.9 million people die as a result of
physical inactivity (Cavill, Kahlmeier, and Racioppi
2006). Data from the Aerobics Center Longitudinal
Study (Blair 2009) indicated that low cardiorespira-
tory fitness accounts for substantially more deaths
(16%) compared to other risk factors (i.e., obesity

Coronary heart disease

2-3%; smoking 8-10%; high cholesterol 2-4%; dia-
betes 2-4%; and hypertension 8-16%). Individuals
who do not exercise regularly are at greater risk
than others of developing chronic diseases such as
coronary heart disease, hypertension, hypercho-
lesterolemia, cancer, obesity, and musculoskeletal
disorders (see figure 1.1).

For years, exercise scientists and health and
fitness professionals have maintained that regular
physical activity is the best defense against the
development of many diseases, disorders, and ill-
nesses. The importance of regular physical activity
in preventing disease and premature death and
in maintaining a high quality of life received rec-
ognition in the first U.S. surgeon general’s report
on physical activity and health, in which physical
activity was identified as a national health objective
(U.S. Department of Health and Human Services
1996). This report identified physical inactivity as a
serious nationwide health problem, provided clear-
cut scientific evidence linking physical activity to
numerous health benefits, presented demographic
data describing physical activity patterns and trends
in the U.S. population, and made physical activity
recommendations for improved health. In 1995 the
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Figure 1.1 Role of physical activity and exercise in disease prevention and rehabilitation.



CDC and the American College of Sports Medicine
(ACSM) recommended that every U.S. adult should
accumulate 30 min or more of moderate-intensity
physical activity on most, preferably all, days of the
week (Pate et al. 1995).

Since 1995, new scientific evidence has increased
our understanding of the benefits of physical activ-
ity for improved health and quality of life. In light
of these findings, the ACSM and American Heart
Association (AHA) updated physical activity rec-
ommendations for healthy adults and older adults
(Haskell et al. 2007; Nelson et al. 2007). These
recommendations address how much and what
kind of physical activity are needed to promote
health and reduce the risk of chronic disease in
adults. Table 1.1 summarizes the ACSM and AHA
physical activity recommendations for adults. The
recommended amounts of physical activity are in
addition to routine activities of daily living (ADL)
such as cooking, shopping, and walking around
the home or from the parking lot. The intensity
of exercise is expressed in metabolic equivalents
(METs). A MET is the ratio of the person’s working
(exercising) metabolic rate to the resting metabolic
rate. One MET is defined as the energy cost of sitting
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quietly. Moderate-intensity aerobic activity (3.0 to
6.0 METs or 5 to 6 on a 10-point perceived exer-
tion scale) is operationally defined as activity that
noticeably increases heart rate and lasts more than
10 min (e.g., brisk walking for 10 min). Vigorous-
intensity activity (>6.0 METs or 7 to 8 on a 10-point
perceived exertion scale) causes rapid breathing
and increases heart rate substantially (e.g., jogging).
For adults (18-64 yr) and older adults (=65 yr), the
ACSM and AHA recommend a minimum of 30
min of moderate-intensity aerobic activity 5 days
per week, or 20 min of vigorous-intensity aerobic
exercise 3 days per week. They also recommend
moderate- to high-intensity (8- to 12-repetition
maximum [RM] for adults and 10- to 15-RM for
older adults) resistance training for a minimum of
2 nonconsecutive days per week. Balance and flex-
ibility exercises are also suggested for older adults.

The U.S. Department of Health and Human
Services released the 2008 “Physical Activity
Guidelines for Americans” (Howley 2008). Table
1.2 summarizes these guidelines for children and
adolescents (6-17 yr), adults (18-64 yr), and older
adults (=65 yr). The key message in these guidelines
is that for substantial health benefits, adults should

Table 1.1 ACSM and AHA Physical Activity Recommendations

FLEXIBILITY
MUSCLE-STRENGTHENING OR BALANCE
AEROBIC ACTIVITY® ACTIVITY ACTIVITY
Population Duration® Frequency Intensity and | Frequency
group (min/day) | Intensity | (days/wk) Sets | no. exercises | (days/wk)
Healthy adults | 30 Moderate Minimum 5 8-12 RM; 8-10 =2 noncon- No specific rec-
18-64 yr (3.0-6.0 exercises for secutive days | ommendation
METs) major muscle
groups
20 Vigorous Minimum 3
(>6.0 METSs)
Older adults 30 Moderate Minimum 5 10-15 RM; 8-10 | 2 nonconsec- | For flexibility at
265 yr (5-6 on 10- exercises for utive days least 2 days/wk
pt. scale) major muscle for at least 10 min
groups each day, includ-
ing balance exer-
cises for those at
risk for falls
20 Vigorous Minimum 3
(7-8 on 10-
pt. scale)

aCombinations of moderate and vigorous intensity may be performed to meet recommendation (e.g., jogging 20 min on 2 days and brisk walking

on 2 other days).

bMultiple bouts of moderate-intensity activity, each lasting more than 10 min, can be accumulated to meet the minimum duration of 30 min.
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engage in aerobic exercise at least 150 min per
week at a moderate intensity or 75 min per week
at a vigorous intensity. In addition, adults and older
adults should do muscle-strengthening activities at
least 2 days per week. Children should do at least
60 min of physical activity every day. Most of the
60 min per day should be either moderate or vig-
orous aerobic activity and should include vigorous
aerobic activities at least 3 days per week. Part of
the 60 min or more of daily physical activity should
be muscle-strengthening activities (at least 3 days
a week) and bone-strengthening activities (at least
3 days a week).

Exercising 150 min/wk equates to expending
approximately 1000 kcal-wk™. Participating in
moderate-intensity physical activity on a daily
basis reduces the risk of coronary heart disease by
50% and the risk of hypertension, diabetes, and
colon cancer by 30% (U.S. Department of Health
and Human Services 1996). Also, the risk of breast
cancer decreases by 18% in women who walk
briskly 1.25 to 2.5 hr/wk (McTiernan et al. 2003).

“Canada’s Physical Activity Guide to Healthy
Active Living” (Health Canada 2003) recommends
accumulating 60 min of daily physical activity to
stay healthy and participating in aerobic activities
(4-7 days/wk), strength activities (2-4 days/wk),
and flexibility activities (4-7 days/wk) to improve
health. The duration of the activity depends on
the intensity or effort: Perform light activities (e.g.,
walking or gardening) for 60 min, moderate activi-
ties (e.g., brisk walking or swimming) for 30 to 60
min, and vigorous activities (e.g., jogging or hockey)
for 20 to 30 min.

Improvements in health benefits depend on the
volume (i.e., combination of frequency, intensity,
and duration) of physical activity. This is known as
the dose-response relationship (Bouchard 2001;
Canadian Society of Exercise Physiology 2003; Kes-
aniemi et al. 2001). Because of the dose-response
relationship between physical activity and health,
the ACSM and AHA physical activity recommenda-
tion states that “persons who wish to improve their
personal fitness, reduce their risk for chronic dis-
eases and disabilities, or prevent unhealthy weight
gain will likely benefit by exceeding the minimum
recommended amount of physical activity” (Haskell
et al. 2007, p. 1431D).

Figure 1.2 illustrates the general dose—response
relationship between the volume of physical activity
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Health Benefits of Physical Activity

Lower risk of

premature death;
coronary artery disease;
stroke;

type 2 diabetes and metabolic syndrome;
high blood pressure;
adverse blood lipid profile;

colon, breast, lung, and endometrial
cancers; and

= hip fractures.

Reduction of
m abdominal obesity and
m feelings of depression and anxiety.
Helps in
m weight loss, weight maintenance, and
prevention of weight gain;

m prevention of falls and better functional
health for older adults;

m improved cognitive function for older
adults;

m increased bone density; and
m improved quality of sleep.

Data from U.S. Department of Health and Human Services, 2008, Physical
Activity Guidelines for Americans (Washington, DC).

participation and selected health benefits that do not
require a minimal threshold intensity for improve-
ment like muscular strength and aerobic fitness. The
volume of physical activity participation needed for
the same degree of relative improvement (%) varies
among health benefit indicators. For example, to
improve triglycerides from 0% to 40% requires
250 kcal- wk of physical activity compared to 1800
kcal-wk for the same relative improvement (0% to
40%) in high-density lipoprotein (see figure 1.2).
Additionally, you should note that too much physi-
cal activity, defined as engaging in 5 hr of structured
high-intensity activity per week, may be associated
with negative health consequences or overuse inju-
ries. For extensive reviews of literature dealing with
the dose-response relationship between physical
activity and health, see Medicine & Science in Sports
& Exercise (June 2001, Supplement).



