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SBP systolic blood pressure

SO slow twitch, oxidative muscle fibers
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The fifth edition of Exercise Physiology for Health, Fitness,
and Performance builds upon and expands the strength of
the first four editions. The purpose of the current edi-
tion, however, remains unchanged. That is, the goal is
to present exercise physiology concepts in a clear and
comprehensive way that will allow students to apply fun-
damental principles of exercise physiology in the widest
variety of possible work situations. The primary audi-
ence is kinesiology, exercise science, health, coaching, and
physical education majors and minors, including students
in teaching preparation programs and students in exer-
cise and sport science tracts where the goal is to prepare
for careers in fitness, rehabilitation, athletic training, or
allied health professions.

As with other textbooks in the field, a great deal of
information is presented. Most of the information has
been summarized and conceptualized based on exten-
sive research findings. However, we have occasionally
included specific research studies to illustrate certain
points, bellevmg that students need to develop an
appreciation for research and the constancy of change
that research precipitates. Focus on Research boxes,
including some that are labeled as Clinically Relevant,
are integrated into the text to help students understand
how research informs our understanding of exercise
physiology and how research findings can be applied in
the field. Our definition of the designation “Clinically
Relevant” is used in the broadest sense to refer to a
variety of situations that students of exercise physiol-
ogy might find themselves in during an internship situ-
ation or eventual employment. All Focus on Research
boxes highlight important classic or recent basic and
applied studies in exercise physiology, as well as rel-
evant experimental design considerations.

All chapters are thoroughly referenced, and a com-
plete list of references is provided at the end of each
chapter. These references should prove to be a useful
resource for students to explore topics in more detail for
laboratory reports or term projects. The extensive refer-
encing also reinforces the point that our knowledge in
exercise physiology is based on a foundation of rigorous
research.

The body of knowledge in exercise physiology is
extensive and growing every day. Each individual faculty
member must determine what is essential for his or her
students. To this end, we have tried to allow for choice
and flexibility, particularly in the organization of the con-
tent of the book.

A Unique Integrative Approach

The intent of this textbook is to present the body of
knowledge based on the traditions of exercise physiology
but in a way that is not bound by those traditions. Instead
of proceeding from a unit on basic science, through units
of applied science, to a final unit of special populations or
situations (which can lead to the false sense that scientific
theories and applications can and should be separated),
we have chosen a completely integrative approach to
make the link between basic theories and applied con-
cepts both strong and logical.

Flexible Organization

The text begins with an introductory chapter: The
Warm-Up. This chapter is intended to prepare students
for the chapters that follow. It explains the text’s organi-
zation, provides an overview of exercise physiology, and
establishes the basic terminology and concepts that will be
covered in each unit. Paying close attention to this chapter
will help the student when studying the ensuing chapters.

Four major units follow: Metabolic System,
Cardiovascular-Respiratory ~ System, Neuromuscular-
Skeletal System, and Neuroendocrine-Immune System.
Although the units are presented in this order, each unit
can stand alone and has been written in such a way that
it may be taught before or after each of the other three
with the assumption that Chapter 1 (The Warm-Up)
will always precede whichever unit the faculty member
decides to present first. Figure 1.1 depicts the circular inte-
gration of the units reinforcing the basic concepts that
all of the systems of the body respond to exercise in an
integrated way and that the order of presentation can
logically begin with any unit. Unit openers and graphics
throughout the text reinforce this concept.

Consistent Sequence of Presentation

To lay a solid pedagogical foundation, the chapters in
each unit follow a consistent sequence of presentation:
basic anatomy and physiology, the measurement and
meaning of variables important to understanding exer-
cise physiology, exercise responses, training principles
and adaptations, and special applications, problems, and
considerations.



Basic Sciences

It is assumed that the students using this text will have
had a basic course in anatomy, physiology, chemistry, and
math. However, sufficient information is presented in the
basic chapters to provide a background for what follows if
this is not the case. For those students with a broad back-
ground, the basic chapters can serve as a review; for those
students who do not need this review, the basic chapters
can be de-emphasized.

Measurement

Inclusion of the measurement sections serves two pur-
poses—to identify how the variables most frequently
used in exercise physiology are obtained and to contrast
criterion or laboratory test results with field test results.
Criterion or laboratory results are essential for accu-
rate determination and understanding of the exercise
responses and training adaptations, but field test results
are often the only items available to professionals in
school or health club settings.

Exercise Responses and Training Adaptations

The chapters or sections on exercise responses and
training adaptations present the definitive and core
information for exercise physiology. Exercise response
chapters are organized by exercise modality and inten-
sity. Specifically, physiological responses to the following
six categories of exercise (based on the duration, intensity,
and type of muscle contraction) are presented when suffi-
cient data are available: (1) short-term, light to moderate
submaximal aerobic exercise; (2) long-term, moderate to
heavy submaximal aerobic exercise; (3) incremental aero-
bic exercise to maximum; (4) static exercise; (5) dynamic
resistance exercise; and (6) very short-term, high-inten-
sity anaerobic exercise. Training principles for the pre-
scription of exercise training programs are presented for
each physical fitness component: aerobic and anaerobic
metabolism, body composition, cardiovascular endur-
ance, muscular strength and endurance, flexibility, and
balance. These principles are followed by the training
adaptations that will result from a well-prescribed train-
ing program.

Special Applications

The special applications chapters always relate the
unit topic to health-related fitness and then deal with
such diverse topics as altitude and thermoregulation
(Cardiovascular-Respiratory ~ Unit); making weight
and eating disorders (Metabolic Unit); muscle fatigue
and soreness (Neuromuscular-Skeletal Unit); and
Overreaching/Overtraining Syndrome (Neuroendocrine
Immune Unit). Focus on Application and Focus on
Application—Clinically Relevant boxes emphasize how
research and underlying exercise physiology principles
are relevant to the practitioner.

Complete Integration of Age Groups
and Sexes

A major departure from tradition in the organization of
this text is the complete integration of information rel-
evant to all age groups and both sexes. In the past, there
was good reason to describe evidence and derive con-
cepts based on information from male college students
and elite male athletes. These were the samples of the
population most involved in physical activity and sport,
and they were the groups most frequently studied. As
more women, children, and older adults began partici-
pating in sport and fitness programs, information became
available on these groups. Chapters on females, children/
adolescents, and the elderly were often added to the back
of an exercise physiology text as supplemental material.
However, most physical education, kinesiology, exercise
science, and allied health professionals will be dealing
with both male and female children and adolescents in
school settings, average middle-aged adults in health
clubs or fitness centers, older adults in special programs,
and both sexes of all ages in allied health settings. Very
few will be dealing strictly with college-aged students,
and fewer still will work with elite athletes. This does
not mean that information based on young adult males
has been excluded or even de-emphasized. However, it
does mean that it is time to move coverage of the groups
that make up most of the population from the back of
the book and integrate information about males and
females at various ages throughout the text. That being
said, these sections are typically stand-alone, allowing the
faculty member to give the individual students freedom
to select a population they are primarily interested in
learning about.

Pedagogical Considerations

This text incorporates multiple pedagogical techniques
to support student learning. These techniques include a
list of learning objectives at the beginning of each chap-
ter as well as a chapter summary, review questions, and
references at the end of each chapter. Another peda-
gogical aid is the use of a running glossary. Terms are
presented in definition boxes as they are introduced and
are colored in bold type and defined in the text where
they first appear to emphasize the context in which they
are used. A glossary is included in the back matter of the
book for easy reference. Additional important technical
terms with which students should be familiar are itali-
cized in the text to emphasize their importance. Because
so many are used, a list of commonly used symbols and
abbreviations with their meanings is printed on the front
endpapers of the text for quick and easy reference. Each
chapter contains a multitude of tables, charts, diagrams,
and photographs to underscore the pedagogy, to aid in
the organization of material, and to enhance the visual



appeal of the text. Figure and table numbers are high-
lighted in color in the text to identify the relevant textual
material instantly.

Unique Color Coding

A unique aspect of the graphs is color coding, which
allows for quick recognition of the condition repre-
sented. Because it is so critical to recognize the differ-
ences among exercise responses to different types of
exercise, we use a specific background color for each cat-
egory of exercise. Further, we differentiate the responses
to an acute bout of exercise from training adaptations
that occur as a result of a consistent training program
with a specific background color. For exercise response
patterns, each of the six exercise categories has its own
shaded representative color and accompanying icon. A
key to these colors and icons is included in Table 1.2.
Population comparisons (male-female, children/adoles-
cents-adults, trained-untrained) are also color coded on
graphs where applicable.

Active Learning

Throughout the text, Check Your Comprehension
and Check Your Comprehension-Case Study boxes
engage the student in active learning beyond just read-
ing. The number of these has been expanded for this
edition at faculty request. In some instances, the boxes
require students to work through problems that address
their understanding of the material. In other instances,
students are asked to interpret a set of circumstances or
deduce an answer based on previously presented infor-
mation. Scattered throughout the text and occasionally
used in Check Your Comprehension boxes are equa-
tions and problems used to calculate specific variables
in exercise physiology. Examples using all equations are
included in discrete sections in the text. Individual fac-
ulty members can determine how best to use or not use
these portions of the text to fit their individual situations
and student needs. Each chapter ends with a set of essay
review questions.

Preface m

Appendices

Appendix A provides information on the metric system,
units, symbols, and conversion both with and between the
metric and English systems. Appendix B offers supple-
mentary material, consisting of three parts that deal with
aspects of oxygen consumption calculation. Appendix C
provides answers to the Check Your Comprehension/
Check Your Comprehension-Case Study boxes that
appear throughout the text.

Online Resources

A comprehensive set of ancillary materials designed to
facilitate classroom preparation and ease the transition
into a new text is available to students and instructors
using Exercise Physiology for Health, Fitness, and Performance,
Fifth Edidion.

For Students

® Crossword puzzles using key terms and definitions.
Answers are accessible.

® Quiz bank of multiple choice questions intended
to assist in studying the material or for self-testing.
Answers are accessible.

* Worksheets that include true/false questions (with
space for correcting false statements), fill-in tables,
figure labeling, matching, and calculations to assist
in studying or for self-testing. Worksheet answers are
also available to students.

® Laboratory manual

* Online animations

For Faculty

* E-book

Image bank of all figures in the text
PowerPoint lecture outlines

Brownstone test generator

Laboratory manual

Answers to in-text chapter review questions



User’s Guide

This User’s Guide explains the key features
found in the fifth edition of Exercise Physiology
for Health, Fitness, and Performance.

Respiration

Get the most out of your learning and study time so you
can master exercise physiology principles and move on
to career success!

Commonly Used Symbols
and Abbreviations

You can find this useful
resource just inside the front
cover of the text.
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how research affects changing practices in the field.
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'he decrement in PCO, with hyperventila-  amms, legs, and breathing who simply put their  that underwater swimming be limited to one

These features apply basic

concepts, principles, or
research findings to relevant
practical situations, concerns,
or recommendations.

tion can have serious consequences. Many
people know that hyperventilating can extend

head in the water and try to go as far as pos-
sible without breathing are also vulnerable. As

length of a standard 25-yd or 25-m pool.

breath-holding time but erroneously believe
it does so because more oxygen is taken in.
They are unaware that it is not 0, but CO,
levels that are changing (being blown off)
and that respiration is more sensitive to PCO,
changes than to PO, changes. Craig (1976)
summarized 58 cases of loss of conscious-
ness during underwater swimming and diving
following hyperventilation. Of these 58 cases,
23 (40%) ended as fatalities, with most occur-
ring in guarded pools. Because an individual
continues patterned motor activity (swim-
ming) for a short time after loss of conscious-
ness caused by a lack of oxygen to the brain,
these life-threatening cases are difficult for.a
lifeguard to detect quickly. Beginning Swim-
mers frustrated by trying to.coordinate their

aresult of these findings, it is recommended

Source: Craig (1976).
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(PO),) at altitude or with asthma causes a reduction in
VO, max. Medications (such as beta-blockers) thar limi
cardiac output also cause a decrease in VO, max, as does a
reduction in hemoglobin associated with anemia, Certain
diseases in which muscle enzymes involved in metabo-
lism are deficient can also result in reduced VO, max.
Although factors in each of these systems may limit

Research evidence suggests that oxygen uptake is
not limited by pulmenary ventilation in normal, healthy
athletes without -induced arterial hypoxemia
Chapter 10). Generally, the functional capacity of the
respiratory system is believed to exceed the demands of
maximal exercise (Rowell. 1993). The only respiratory or
cardiovascular variable likely to impose a limitation on

exerc:

. VO,max, the question remainy: What limits VO,max  oxygen transport is a~vO,diff 4 S S R R T g e
3 stem sponses to £xercise

Cardiovascular System

Central circulation
«Cardiac output (heart rate,
stroke volume)

«Arterial blood flow
*Hemoglobin concentration

Peripheral circulation
+Flow to nonexercising regions
*Muscle blood flow

«Muscle capillary density
+Oxygen diffusion

+Oxygen extraction
*Hemogiobin-oxygen exchange

FIGURE 1210 Possible Limitations to Maximal Oxygen Consumption.

Source: Modified from Rowell (1993).

Consmtently formatted diagrams clearly show
how each body system responds to exercise in an
integrated fashion and how those responses are

interdependent.
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Once % BF has been determined, body weight at any
selected fat percentage can be caleulated using the fol-
lowing sequence of formulas. The first formula simply
deternines the amount of fat-free weight an individual
currently has (W),

fat - free weight = current body weight {Ib or kg)
; [ 100% - percent body fat ]
100

or
100% -BF%

FFW:WT"' 100

The second formala calculates the desired weight
(WT>).
body weight at the selected percent of body
fat (Ib or kg) =[100 xFFW (Ib or kg)] +
(100% - selected %BF)
or
100« FFW
100% — %BF

W,

“I'he third formula calculates the amount of waght to
le gained or lost.

weight to gain or lose (Ib or kg) = body weight at
selected %BF - current body weight

or
AWT = WT, - WT,

EXAMPLE

For example, an individual who

150 Ib at a body fat of 25% wishes to re

body fat to 17%. Equation 7.4 is used to.

current fat-free weight.

100%— 25%]
100

FAW =150 Ib x( =112501b

Her current fat-free weight and selected % BF
are then substituted into Equation 7.5 to obtain her

weight goal.
100x112.50 b
T g

Comparing her current weight to her goal weight
in Equation 7.6, we get

AWT =13551b-150Ib= -145 Ib

heck Your Comprehension Boxes

These engaging mini-

quizzes challenge you to work

through problems, interpret circumstances, analyze

information, or deduce answers to reinforce your learning

as you move through each chapter.

CHECK YOUR comn_ >

1. From the following information, calculate M,.
Subject name: Phyllis Elizabeth Major
Sex: F Age: 18
Weight with bathing suit:
Weight of bathing suit:
Nude weight (M,):
Residual volume = 12774 L
Underwater weighing trials in kg
Select the representative weight.
a. Highest obtained weight if obtained more than
twice
b. Second-highest obtained weight if observed
more than once
< Third-highest obtained weight
Trial 78

9.83 10.8275
Tare weight* = 7.06 k
Water temperature = 35°C
Water density (D) = 0.9941
Underwater weight (M,,)
= selected weight — tare weight
Mu=___-__=__ kg
*Tare weight equals the weight of the
apparatus without the subject in it.

From the information presented and calc.

in 1 and 2, use Equation 7.1 to calculate

Equation 7.2 to cakulate %BF.

4. Phyllis would like to be 19% BF. Use E
7.5, and 7.6 to determine whether she
gain or lose weight to achieve this goal,
how much. :

Check your answer in Appendix C.

125 ____kg
05lb kg
11201b____kg(M)

~

W

Now read the Check Your Comprehens
answer the problems given. The data are
they would be recorded during an actual ¢
will need to do some conversions and anal
the correct M and My As you do each cal
tally review the reasons for each step to e
understand the underlying principles.

When the measunng techmique s propes
the error of %BF determined by den
approximately 2.7% for adults. This e
primarily due 1o variations i the comjx
FI'M (Lohman. 1981). The error is always
the individual being tested closely matches
on which the equation was developed (
Swolarezyk. 1996). s

This means that to be 17% BF. this indi
must reduce her current weight by 14.5 Ib. Of course,
these caleulations assume that in the process of losing
weight, muscle mass is maintained. This assumption
is not always true.

Example Boxes

These highlighted equations

enable you to visualize working

out problems and calculate specific

variables in exercise physiology. 4

Densil y: Children and Adolescent
and the Older Adult

T'he previous section outlined the basic 3
underlying hydrostatic weighing (densitom ety
has challenged these assumptions with regard
and adolescents (Lohman ctal., 1984).

Clear and Accurate Artwork

Detailed anatomic illustrations and practice-related
photos place key concepts in context.
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FIGURE 112 Blood Flow through the Heart.

Aortic semilunar valve
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A. Schematic of the heart. B. Summary of blood flow through the heart.

different from skeletal muscle cells. Both are striated in
appearance because they contain the contractile proteins
actin and myosin. The primary difference between car-
diac and skeletal muscle cells is that cardiac muscle cells
arc highly interconnected. that is, the cell membranes of
adjacent cardiac cells are structurally and functionally
linked by intercalated discs (Figure 113). The intercalated
dises conain specialized intracellular junctions (gap jusc-
tons) that allow the electrical activity in one myocyte o
pass to adjacent myocytes. Thus, the individual cells of the
myocardium function collectively: when one cell is stimu-
lated electrically, the stimulation spreads from cell to cell

over the entire area. This electrical coupling allows the
myocardium to function as a single coordinated unit or a
functional syncytium. Each of the two functional syncy-
tia, the atnal and ventricular, contracts as a unit.

Intercalated Discs The junction between adjacent
cardiac muscle cells that forms a mechanicaland
electrical connection between cells.

Syncytium A group of cells of the myocardium that
function collectively as a unit.

Definition Boxes

Important terms are boldfaced in the text where
they first appear to emphasize the context in which
they are used. Definitions are provided in a callout
box to create an on-the-spot glossary.
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Essay—style questions help you bulld your critical-
thinking, problem-solving, and decision-making

Concise copy points review the chapter’s core
content.

skills.

blood concentrations would allow researchers to draw
more meaningful conclusions regarding the influence of
IL-6 on muscle size structure (Mitchell et al., 2013).

SUMMARY

The nervous system and hormonal system both help

maintain homeostasis and respond to the stress of

exercise. These systems interact and overlap in mul-

R

1.

EVIEW QUESTIONS

Define homeostasis, and identify the role of the ner-
vous system and hormonal system in maintaining
homeostasis.

2. Why are the nervous system and the endocrine sys-

tem often referred to collectively as the neuroendo-
ere ‘\‘[Ql“

Whar role does rhe antanomic nervons svstem nlay
end- d\astoll( volume (mL) =100

as [iu number of cardiac cycles per minute, expressed as

i beats per minute (b-min-'). or ges
i See animation, Cardiac Cycle, at http://thePoint.lww. SV Jtor
. com/Plowman5e £ EF =y X100
¥ con ywma € EDV
. i or-
?\' CHECK YOUR COMPREHENSW -
. - : ; SR s
Icons throughout the text direct (l What heart valves are open during the VFP? EXAMPLE i Iy
o Where is the blood flowing from and to? L "
readers to useful resources that are | What heart valves are open during the ICP? ?a\cullate the cjection fraction for the pi =
available online. % Where is the blood flowing from and to? e
| What heart valves are open during the VEP? 70 mL ¢
§ Where is the blood flowina from and to? EF= [ ]xIOO 54% b
5. The neuroendocrine system and the immune sys- 9. What is the role of exercise training for cancer .
tem overlap considerably. Hormonal control of the survivors? e tof
immune response is mediated primarily by the action  10. Describe the role and benefits of physical activity for
of epinephrine and cortisol. an individual infected with HIV.
6. A sustained mismatch between exercise training U‘lhl&‘r e
stress and inadequate recovery can lead to training N o astohe
- Sy Y. s;( maladaptation. Maladaptation occurs over 4 Far further.revlew and study tools; visie http:// oaches p—
e ‘f b .Qé. ' g - tinuum. The ‘LJ‘-! Serious 18 '\H\L'l\()“;l] overrea ﬂ|ePoint.lww.comlpla\vmanse Po‘m - 1€ two.
Key publlshed artlcles areidentified | (FOR). FOR refers to short-term performance decre- jected;
: 1 ment (days to weeks) and 1s often done intentionally REFERENCES in the
for further m-depth exploration and during a shock microcycle of periodization. Non- thdivi-
can be used as a source of additional i functional overreaching (NFOR) is more severe with  Achten, J., & A . Jeukendrup: Heart rate monitoring: Applications ings, it ;I"trl‘
a puhmn\nu durunmt that L\sn from weeks to and limitations. Sports Medicine. 33:517-538 (2003). under- ol
H H ns American College of Sports Medicine: ACSMY Gurdelines for ”
information for Iaboratory reports and “mpmm\ Ihn Ommmm m,dmm (OTS) Exercise Testing and Prescription (9th ed.). Balimore, MD: blood and
and class papers. is the most serious stage of the continuum with th Lippincott Williams & Wilkins (2014). reases, I
] greatest disruption and a performance recovery that American College of Sports Medicine, American Dietetic g law i
| takes months to years, Assaciation, Dietitians of Canad utrition and athletic point, y
| 7. Although no single marker has been identified to performance joint position statement. Medicine & Science in ime of .
| pudm \FOR or OTS, it is important to moni- Sports & Exercise. 32:2130-2145 (2000), . etches ied
\ tor training load, performance, and mood state Archer, R, A. Fredriksson, E. Schiitz, & R. M. Kostrzewa: “action
| il ensiire adexiate Festiveco Ly ATl FETtO i Tnfluence of physical excreise on neuroimmunological finc-—ments e
an attempt to prevent maladaptation. The primary :mnlng and health: Aging and stress. Newrotoxicity Rescarch. i)
f‘ 20:69-83 (2011).
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