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FOREWORD

The sixth edition of Sports Nutrition: A Handbook for Professionals is an evidence-based complete reference
manual written by experienced sports dietitians and others with acclaimed expertise in their respective
practice areas. The unique feature of this manual is the focus on key takeaways at the end of every chapter
to guide the reader on how to apply the principles presented. Balancing the evidence-based information
with practical application points will be valuable for all professionals interested in the health and perfor-
mance of athletes, including sports medicine professionals, sports dietitians, athletic and fitness trainers,
coaches, and educators.

This edition provides a comprehensive overview of the expected core topics, such as nutrition assess-
ment, energy balance, macronutrient and micronutrient basics, and body composition, and it also includes
emerging areas of interest. Some of these newly featured topics include detailed discussions on nine
endurance events, emerging areas of opportunity for the sports registered dietitian nutritionist, the gut
microbiome, and the most recent considerations in weight management.

Your understanding of sports nutrition practice will undoubtedly grow, and you will benefit from own-
ing this sixth edition. I strongly recommend this as the best sports nutrition reference manual available
and an absolute must for your professional library! This copy will replace the lovingly worn and repeatedly
highlighted fifth edition in my own library. I can’t wait to startreading this edition again in its published
format!

Hope Barkoukis, PhD, RDN, LD

Interim Department Chair and Associate Professor
School of Medicine, Nutrition Department

Case Western Reserve University

Cleveland, OH




Effectively delivering evidence-based guidelines translated into
practical information for athletes is critical for improving their
health and performance. The sixth edition of Sports Nutrition: A
Handbook for Professionals is a joint venture between the Acad-
emy of Nutrition and Dietetics and the Sports, Cardiovascular,
and Wellness Nutrition (SCAN) dietetic practice group. All six
editions of this manual have involved SCAN registered dietitian
nutritionists, and this edition offers even more chapters written
or reviewed by SCAN registered dietitian nutritionists. We are
pleased with the changes to the sixth edition and hope that you
will find this updated edition useful.
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OVERVIEW OF THE SIXTH EDITION

The sixth edition of Sports Nutrition: A Handbook for Professionals is organized in four sections and designed
to be a complete reference manual for practicing professionals that can also be used as resource for under-
graduate and graduate sports nutrition classes. We think that we have made some excellent changes to this
new edition:

* We have increased the number of authors who are SCAN registered dietitian nutritionists
(RDNs), featuring 11 new lead authors. The manual is anchored by our esteemed returning
authors who are a mix of SCAN RDNS, international sports RDNs, and our exercise physiolo-
gist colleagues.

* We have incorporated more practical information that you can implement into your daily practice.
One way we accomplished this was to have authors provide several takeaway points at the end of
the chapters.

¢ This edition includes updated references. If a related study was conducted since the
last edition, you will most likely see it in the sixth edition.

* We completely revised seven chapters (Chapters 1, 5, 8,9, 12, 17, and 19).

* A brand new chapter (Chapter 23) discusses emerging opportunities in
sports nutrition.

* We include guidelines from the most current position and practice papers, in-
cluding the 2016 Position Statement of the American College of Sports Medicine,
Academy of Nutrition and Dietetics, and Dietitians of Canada: Nutrition and Ath-
letic Performance.

Section 1 covers sports nutrition basics. It begins with a completely revised
overview of exercise physiology (Chapter 1), including a description of train-
ing principles and an important discussion about scope of practice for
sports RDNs. Chapters 2 through 4 cover the basics and sports applica-
tions of dietary carbohydrates, protein, and fat, with updated literature
and practical advice. Chapter 4 also contains a significantly expanded
discussion of high-fat diets and fat adaptation. A completely revamped
vitamin and mineral chapter is featured in this edition (Chapter 5).
Instead of an alphabetical review of the micronutrients, the chapter is
organized into categories based on risk (due to training, risk factors,

and dietary intake) and function. Chapter 7 completes this section of

the manual, focusing on the regulation of sports supplements and fea-
turing the Australian Institute of Sport classification system.




Section 2 focuses on nutrition assessment and energy balance. Chapter 8 has an increased focus on
how sports RDNs can translate and incorporate the Nutrition Care Process and the Standards of Practice
and Standards of Professional Performance into a sports nutrition practice. A sports RDN and an exer-
cise scientist collaborated to provide a different approach to the assessment of body size and composition
(Chapter 9). Three authors worked together to update Chapters 10, which includes a discussion of the
emerging research on gut microbiome. Lastly, the seasoned authors of Chapter 11 provide new research in
the area of weight management.

Section 3 has been renamed Principles in Practice to better reflect the approach of its chapters. Chapters
12 through 19 provide practical application of the sports nutrition basics discussed in Sections 1 and 2. To
that end, we have kept the same population-specific topics as we had in the previous edition. It took the col-
laborative efforts of nine experienced sports RDNs to complete this section, which offers you a plethora of
information that you can incorporate into your practice.

Section 4 digs deep into sport-specific recommendations. Chapters 20 and 21 feature updated research
for sprint, power, and intermittent sports. Chapter 22 discusses the research behind fueling endurance ath-
letes, and brand new to this edition is an in-depth discussion about considerations for specific endurance
events, such as adventure racing, obstacle course racing, cross-country skiing, endurance cycling, endur-

ance running, marathon rowing, triathlons, endurance mountain biking, and multiday events. This section
concludes with a new chapter (Chapter 23), which explores emerging areas of opportunities for sports
RDNS, such as CrossFit, obstacle course races, motorsports, performance artists (eg, dancers, marching
band), first responders, and more.










SPORTS NUTRITION BASICS

A thorough understanding of exercise physiology and the way nutrients support training
and competition is essential for the registered dietitian nutritionist working with
active people. Because of the importance of this topic, the first section of Sports Nutrition
examines the critical role of macronutrients and micronutrients in exercise performance.
The physiology of exercise includes more than just energy production. Athletic
success depends on proper nutrition for growth and development and for an effective
immune system function (Chapter 1). Our knowledge of the interrelated roles of dietary
carbohydrate, protein, and fat has increased tremendously in the past decade, and this new
information is incorporated into Chapters 2, 3, and 4. Micronutrients are covered in detail
in Chapter 5, which presents the most current research on how vitamins and minerals
affect sports performance. The most essential nutrient for athletes, water, is explained
in both scientific and practical terms in the chapter on hydration, electrolytes, and
exercise (Chapter 6). Lastly, this section concludes with a comprehensive look at dietary
supplements and ergogenic aids that athletes use in the hope of improving performance
(Chapter 7). This chapter discusses how the sports dietitian can critically evaluate dietary
supplements and provide sound advice to athletes about using these supplements.

CHAPTER | Physiology of Exercise
CHAPTER 2 Carbohydrate and Exercise
CHAPTER 3 Protein and Exercise

CHAPTER 4 Dietary Fat and Exercise
CHAPTER 5 Vitamins, Minerals, and Exercise
CHAPTER 6 Fluid, Electrolytes, and Exercise
CHAPTER 7 Supplements and Sports Foods

]|
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PHYSIOLOGY OF EXERCISE

Laura J. Kruskall, PhD, RDN, CSSD, LDN, FACSM, FAND, ACSM EP-C

INTRODUCTION

The human body is a dynamic organism composed of molecules, cells, tissues, whole organs, and sys-
tems working together to regulate the environment within itself—a process called homeostasis. Many
factors can threaten the inner environment of the body; the body’s response is always to attempt to main-
tain homeostasis. External extremes and challenges include changes in temperature and altitude. One
deliberate challenge is participation in physical activity and exercise, when homeostasis in systems such
as the cardiorespiratory and musculoskeletal are challenged, triggering a body response. With these
challenges, the organ systems must coordinate and adjust to meet the increased energy and metabolic
demands of the body.

Exercise physiology is the study of these alterations and the responses to exercise that result from acute
bouts of activity, as well as the chronic adaptations that occur from repeated exercise and long-term train-
ing.! This chapter will provide a brief overview of the basics of the physiology of exercise and will include a
discussion of the role of the registered dietitian nutritionist (RDN) or certified specialist in sports dietetics
and appropriate application to practice.

ACUTE RESPONSE TO EXERCISE

Even at rest, the body is in a constant state of flux, metabolically active to maintain physiological func-
tion. This requires a continual supply of energy. During exercise, the energy demands of skeletal muscle
greatly increase, and the respiratory and cardiovascular systems must work harder to allow for increased
respiration and blood supply to the working muscles with a concomitant reduction of blood flow to the
gastrointestinal tract. This can continue for minutes to hours depending on the intensity of exercise and the
condition of the individual. In some sports or events, the increased energy demand is relatively constant for
an extended time (eg, a marathon), while in others it is not constant and is often characterized by periods
of high intensity followed by periods of active recovery or rest (eg, soccer, tennis). During both endurance
and stop-and-go activities, the energy demand increase can be 2 to 20 times that at rest. Very high-inten-
sity activities can exceed this range but can only be sustained for seconds to minutes. Ultimately, the body
systems must work together to meet the increased energy demands.'?

Skeletal Muscle and Exercise

Skeletal muscles are attached to the skeleton. These muscles allow movement of the body as they contract
and relax. The human body has over 600 skeletal muscles that allow fine and gross movement. We often
think of a muscle or muscle group (like the biceps or quadriceps) as a single unit. These units, however, are
made of many complex components working together to complete a single contraction. Muscle fiber is the
term to describe a muscle cell. A single nerve and the group of muscle fibers it innervates are referred to as
a motor unit. Each muscle cell contains organelles, including mitochondria for aerobic energy production,
and hundreds to thousands of myofibrils. Sarcomeres, the functional unit of a myofibril, are responsible
for the contractile properties of the muscle. Sarcomeres are comprised of thin and thick filaments called
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actin and myosin, respectively. Activation of the
motor unit causes these filaments to “slide” over one
another, allowing the muscles to shorten or contract.
This slide, referred to as the sliding filament theory, is
an energy-requiring process. Not all available motor
units are activated at once—only those needed to gen-
erate the appropriate force will be used. The force and
speed of movement needed will determine the extent
of the motor unit recruitment. The higher the force or
speed of contraction required, the greater the num-
ber of individual muscle fibers that must be recruited
for contraction. Muscle groups in opposition cannot
contract at the same time—one contracts while the
other relaxes or lengthens (eg, biceps and triceps).
Nerve transmission is coordinated, so it is unlikely to
stimulate the contraction of two antagonistic muscles
at any time."*”

Different types of muscle fibers contract at dif-

ferent speeds, producing varying amounts of force.
Type I fibers, sometimes referred to as slow-twitch fibers, have a high level of aerobic endurance; they can
use a continuous supply of energy from the aerobic metabolism of carbohydrate and fat. These fibers allow
prolonged muscular contraction for long periods. They are primarily used with activities of daily living, like
walking, or during lower-intensity endurance events, like bike riding or jogging. Type II fibers, sometimes
referred to as fast-twitch, have relatively poor endurance capacity and work better anaerobically. While
these fiber types can be further classified as type Ila, type IIx, and type Ilc, the differences between the types
are not fully understood and are a subject of research.

Most skeletal muscles comprise approximately 50% type I fibers, 25% type Ila fibers, 22% to 24% type
IIx, and only 1% to 3% type Ilc. The precise percentages of fibers can vary greatly among individuals, even
within the specific muscle, and we often see extreme variation in athletes from different sports. Type Ila
fibers are recruited most frequently but are secondary to type I fibers, and type Ilc are recruited least fre-
quently. Type Ila fibers generate more force than type I but fatigue more easily. They tend to be recruited
during higher-intensity events of short duration, such as a half-mile run or a strength-training workout.
The significance of type IIx fibers is poorly understood. It appears they are used with explosive activities
such as a 50-meter dash or weightlifting. Most muscle groups contain both types of fibers and recruit the
type needed for the activity."5"!

It is plausible to suspect a difference in skeletal muscle fiber types between different types of athletes and
untrained individuals. Most studies show little to no difference in the proportion of type I muscle fibers
between athletes and controls (but, in contrast, some studies show large differences).’>'® One study exam-
ining bodybuilders reported extremely high values of type IIx fibers,' yet other similar studies do not
support this finding.'*'*" There does, however, appear to be proportional differences in type Ila and type
IIx muscle fibers between strength and power athletes and untrained control subjects. Studies support the
notion that strength and power athletes have a greater proportion of type IIa and a smaller proportion of
type IIx fibers, while others do not.'**® The majority of studies show a shift from type IIx to type Ila fibers
with long-term resistance training.'*'”"

Endurance athletes tend to possess a greater proportion of type I muscle fibers, but the difference
does not appear to be caused by training for shifts between type II and type I. Furthermore, it seems that
endurance athletes do not have significant changes in their type Ila fiber profile.?** Lack of concrete evi-
dence leads many to scientists ask: Is there a relationship between fiber type and endurance performance
success? We would expect that more type I fibers would enhance long-endurance performance activities
and more type II fibers would benefit high-intensity activities. Studies reporting on muscle fiber types
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in the gastrocnemius muscle in distance runners and sprinters support this concept: Endurance athletes
have more type I fibers and sprinters have more type II fibers. It is important to keep in mind that fiber
type is just one piece of the puzzle. Other factors, such as training, nutrition, and motivation, also affect
performance.>¢%

Cardiovascular and Respiratory Systems

The cardiovascular and respiratory systems work together seamlessly to deliver oxygen and nutrients to the
working muscle and all tissues and to remove metabolic waste products and carbon dioxide from these tis-
sues. These systems working together, often called the cardiorespiratory system, consist of the heart, blood
vessels, airways, and lungs. Pulmonary ventilation is the term to describe breathing (air moving in and out
of the lungs). Ventilation happens in two phases: inspiration and expiration. Inspiration is an active process
involving the activation of the diaphragm and external
intercostal muscles, while expiration is usually a pas-
sive process as muscles relax and air is expelled from
the lungs. Most of the oxygen in the blood is bound
to hemoglobin and delivered to the working muscle.
Once inside the muscle, oxygen is transported to the
mitochondria by myoglobin and is then available for
aerobic energy production in the muscle cell."’

The cardiorespiratory system has many func-
tions and supports all other physiological systems.
In addition to those already identified, key functions
include transportating hormones and other com-
pounds, assisting thermoregulation and fluid balance,
and maintaining acid-base balance. The cardiac cycle
occurs during each heartbeat and includes both elec-
trical and mechanical events."’

Heart rate is the number of heartbeats per unit of
time, usually measured and expressed as beats per
minute (bpm). Heart rate is based on the number
of contractions of the ventricles (the lower cham-
bers of the heart). Normal range for heart rate is 60
to 100 bpm. A heart rate that is faster than normal is

called tachycardia; a heart rate this is slower than normal is called bradycardia. Volume of blood pumped
during one heartbeat is called stroke volume. Cardiac output is the total volume of blood pumped from one
heartbeat, a product of the heart rate and the stroke volume. Resting cardiac output averages 5 L/min but
can vary with body size. Cardiac output increases with exercise and can range from less than 20 L/min in
an untrained, sedentary person to 40 L/min or more for those with elite endurance training."*

The volume of blood distributed throughout the body depends on the metabolic demands of the tissues,
with the most active tissues receiving the greatest amount. At rest, many organs require more blood than
skeletal muscles. At rest, the muscle receives approximately 15% of the cardiac output, but this can increase
to as much as 80% during intense exercise to deliver oxygen and nutrients to the active muscle."*

Cardiovascular and Respiratory Responses to Acute Exercise

The initiation of exercise requires increased muscle oxygen and nutrient demand and the removal of more
metabolic waste products. Almost immediately upon beginning exercise, ventilation increases to meet the
oxygen demand of the muscle. During lower-intensity activities, this can be accomplished by simply mov-
ing more air in and out of the lungs. As exercise intensity increases, respiration rate increases. During most

SECTION I




common forms of endurance exercise, pulmonary ventilation is usually not at its maximum capacity and
therefore not the limiting factor in performance. The exception may occur during very high-intensity
exercise. Usually the respiratory muscles can withstand fatigue during prolonged endurance exercise. There
is a point where athletes cannot take in any higher volume of air and respiration rate cannot be any faster.
At this point, they are at aerobic capacity, and the energy required for any activity in excess of this must
come entirely from anaerobic metabolism. The term to describe this is maximal oxygen uptake (VO, max).
VO, max, an important consideration for performance lasting more than a few minutes, can be measured
in an exercise physiology laboratory. It is considered the best measurement of cardiovascular or aerobic fit-
ness."”* VO, max is usually expressed as mL x kg x min™'. A sedentary person may see a 10-fold increase
in maximal oxygen transport with exercise, while an endurance athlete may see a 23-fold increase. A sed-
entary man has an average VO, max of 35 mL x kg x min"', whilea world-class endurance athlete can have
one as high as 80 mL x kg™ x min™.?**

The lungs-gas exchange is not considered a limiting factor in exercise performance. Instead, with
longer-term endurance exercise, glycogen availability, or its utilization by the working skeletal muscles,
is the more important factor. The key element seems to be the maximum cardiac output (heart rate mul-
tiplied by stroke volume) that can be achieved, as this is closely related to both VO, max and endurance
performance. Heart rate increases linearly as exercise intensity increases, but ultimately a maximum rate is
achieved, and the heart rate plateaus. Maximum heart rate differs little between trained and untrained indi-
viduals, although the intensity level at which these individuals will reach maximum heart rate will vary. For
example, both a trained and untrained person may have a maximum heart rate of 170 bpm, but the trained
person can work at a higher oxygen uptake before reaching that maximum heart rate.

Stroke volume is also a determining factor for cardiovascular endurance capacity. In untrained per-
sons, stroke volume increases proportionally as exercise intensity increases but usually does not further
increase once a person is exercising at 40% to 60% of his or her VO, max. In trained individuals, stroke
volume can increase even further as exercise intensity increases. Since heart rate and stroke volume
increase with exercise, total increased cardiac output parallels the intensity of the exercise to meet the
increased blood flow demands of the working muscle. Individuals do not usually exercise at maximum
heart rate; instead, they perform submaximal exercise for an extended time. The point where the car-
diovascular system is delivering the optimal amount of oxygen and nutrients to the muscle is called
steady-state heart rate."*"%%2

FUEL FOR EXERCISE

The biologically usable form of energy in the human body is adenosine triphosphate (ATP). Each time skel-
etal muscles contract or relax, ATP is required. All movement, including intentional exercise, requires an
increased energy demand on skeletal muscles. If energy cannot be supplied in a timely manner and in ade-
quate amounts, movement will cease. As the intensity or duration of exercise increases, the body may have
difficulty keeping up with this increased energy demand, and ultimately fatigue ensues. One of the limit-
ing factors in ATP production is exogenous fuel from the energy nutrients once endogenous carbohydrate
stores are exhausted.">*

Energy Substrates

Plants rely on the process of photosynthesis to convert light from the sun into chemical energy. Humans
obtain energy from consuming plants and animals, thereby taking in energy nutrients. Energy nutrients
come in the form of carbohydrate, fat, or protein. All cells in the body have the ability to oxidize these nutri-
ents, causing a breakdown and release of stored energy. The cells also have metabolic pathways to process
these energy substrates, resulting in the generation of ATP. In muscle cells, ATP is hydrolyzed, releasing a
phosphate group, adenosine diphosphate (ADP), and energy."**>*
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In addition to gaining energy from the ingestion of nutrients from foods and beverages (exogenous
sources), the human body has the ability to store and utilize substrates for later use (endogenous sources).
Under normal circumstances, the primary nutrients for energy production come from carbohydrate and fat.
Usually, protein contributes less than 5% to 10% to the body’s energy needs because it has so many other
important functions, such as acting as enzymes, hormones, and immune proteins and performing func-
tions such as tissue maintenance, growth, and repair. The exception to this is during the later stages of
prolonged endurance exercise where proteins can contribute up to 15% of the energy needs if exogenous
carbohydrate is not consumed and glycogen stores become depleted. In this chapter, we will focus on car-
bohydrate and fat being the fuel sources for working muscle during exercise.

The storage form of carbohydrate in humans, glycogen, is found in both skeletal muscle and liver.
Glycogen storage has a maximum capacity, and, on average, these organs can store approximately 1,600
to 2,500 kcal of energy. The liver can store up to 75 to 100 g (300 to 400 kcal) of glycogen, while skeletal
muscle can hold up to 300 to 400 g (1,200 to 1,600 kcal). Plasma glucose is a small source of carbo-
hydrate, containing approximately 5 to 25 g (20 to 100 kcal). Under normal circumstances, we cannot
fully depend on any of these stores to fuel exercise because the brain and central nervous system require
glucose and take priority. Fat (adipose tissue) is stored as triglycerides within adipose tissue and skel-
etal muscle. Unlike glycogen, adipose tissue triglyceride is limitless and can provide 70,000 kcal of
energy or more.>**%

Energy Systems

ATP is stored in body cells in very limited quantities, so the body must constantly have the ability to gen-
erate ATP to meet the demands of cellular metabolism and especially muscle contraction during exercise.
During rest, most of the cells and organs use a constant supply of ATP. With increased activity, skeletal
muscle ATP demand can increase greatly, depending on the intensity and duration of exercise. As ATP is
used—with each muscle contraction generating ADP and a single phosphate group—the ADP and phos-
phate group must be rephosphorylized to ATP. There are three basic metabolic pathways to accomplish this:
those that generate ATP without the use of oxygen, called anaerobic; those that require oxygen involve-
ment, called aerobic; and those that rely on the large amount of creatine found in muscle cells, called the
phosphocreatine (PC) system. Approximately 95% of the body’s creatine is found in skeletal muscle and
can easily be replenished by the diet. Athletes who include meat in their diet obtain plenty of creatine,
but creatine can also be synthesized from the amino acids methionine, arginine, and glycine, which are
obtained from other dietary sources."**%

ADENOSINE TRIPHOSPHATE-PHOSPHOCREATINE SYSTEM

The most rapid method that the body uses to produce ATP is the ATP-PC system. This anaerobic system
is used during intensive, explosive movements, such as a tennis serve or a power lift. This system generates
ATP rapidly; however, it is very limited and only supplies ATP for up to 10 seconds. A key component in
the ATP-PC system is PC, which is stored in skeletal muscle. PC is simply a molecule of creatine attached
to a single molecule of phosphate. A creatine kinase enzyme breaks the two molecules apart, and the free
phosphate molecule then combines with ADP, forming new ATP. The ATP-PC system is limited because
there is a very small pool of PC stored in the skeletal muscle. Once all PC molecules have donated their
phosphate group to ADP, the system can no longer facilitate further ATP production until PC is replen-
ished, which normally happens during recovery with rest and dietary intake."?

ANAEROBIC GLYCOLYSIS

This system oxidizes one glucose molecule (six carbons) to form two pyruvic acid molecules (three car-
bons). Glucose can come from dietary intake (circulating blood glucose) or from glycogen stored in the
muscle or liver. In the process, potential energy is generated in two ways. First, ATP is directly generated
from the breakdown process of glucose to pyruvate. Second, while glucose is being oxidized, hydrogen
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molecules are being removed. Nicotinamide adenine dinucleotide (NAD) is a coenzyme that carries elec-
trons. NAD receives these molecules, accepts an electron (hydrogen molecule [H]), and forms NADH,
transporting hydrogen to a mitochondrial location, called the electron transport chain (ETC), where the
body can generate ATP aerobically. This pathway does not produce large amounts of ATP but does generate
it fairly rapidly. This system and the ATP-PC system are the predominant energy systems for the first few
minutes of intense, continuous activity."** Anaerobic glycolysis also provides energy during the first few
moments of moderate, longer-duration activity as the aerobic system begins to generate ATP.>*"%
Another limitation of this system is the production and accumulation of lactate during high-intensity
situations, when skeletal muscle ATP demand is high. Production of pyruvic acid is not problematic when
oxygen is present and metabolism continues. When oxygen is limited, such as during very high-intensity
activity, the pyruvic acid gets converted to lactic acid. Lactic acid is relatively unstable at normal body pH:
it loses a hydrogen ion or dissociates to lactate. As hydrogen molecules accumulate, the pH of the muscle
cell drops, glycolytic enzymatic activity is hampered, and skele-
tal muscle fatigue results. The body must slow down to recover
before intense activity can continue. Lactate is constantly being
produced, but, fortunately, it is easily cleared with time by a few
mechanisms. First, lactate is taken up and oxidized by the mito-
chondria in the same muscle cell. This occurs primarily in type
I muscle fibers. Second, much more lactate is produced in the
type II muscle fibers, but that lactate is transported to the type I
fibers or to other cells in the body for oxidation. Third, via the Cori
cycle, lactate travels from the muscle to the liver, gets converted to
glucose via gluconeogenesis, and then is sent back to the working
muscle for fuel. Once lactate is cleared, activity can continue.>*’*

AEROBIC METABOLISM

The system described in the preceding section is also known
as oxidative phosphorylation. Oxidative phosphorylation can
break down carbohydrate, fats, or proteins with the involvement
of oxygen. It uses the Krebs cycle and the ETC. Unlike the other
two energy systems, oxidative phosphorylation can supply ATP on a fairly limitless basis as long as macro-
nutrients and oxygen are available. Acetyl coenzyme A (CoA), a metabolic intermediate from both glucose
and fat oxidation, is ultimately oxidized via aerobic metabolism. This compound combines with oxaloacetate
to begin the Krebs cycle. Many hydrogen molecules produced during the Krebs cycle are shuttled by NAD
and flavin adenine dinucleotide (FAD) to the ETC. As the hydrogen molecules are passed along the chain,
ATP is generated. Oxygen, the final hydrogen acceptor, combines to form water. The ETC is the most effi-
cient way that our bodies produce ATP because there are no metabolic by-products that produce fatigue."***

CROSSOVER CONCEPT

All metabolic systems work concurrently. One system does not shut off as another turns on; rather, all the
systems are working at any given time. The relative contribution of each system will depend on the physio-
logical need for ATP. Fatty acid oxidation produces more ATP per gram than carbohydrate oxidation, but
it is a much slower process and requires more oxygen to complete. Oxidation of a 6-carbon glucose mole-
cule nets approximately 32 molecules of ATP, but a 16-carbon fatty acid can produce 106 ATP molecules.
More ATP can be produced with increased carbon length of the fatty acid. ATP can only be generated from
fat aerobically. A glucose molecule does not yield as much ATP, but it can be oxidized rapidly and without
oxygen when necessary.>*

During rest or low-intensity activity, ATP demand is low, and oxygen is plentiful. As a result, fat is the pre-
ferred fuel source at this time. As exercise intensity increases, skeletal muscle ATP demand increases and
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oxygen delivery becomes more limited. In this case, there is more reliance on carbohydrate for fuel because
glucose is oxidized more rapidly and is more oxygen efficient (more ATP is generated per oxygen molecule
used) than fat. Remember, both carbohydrate and fat are always being used, but the ATP demand and oxy-
gen availability will determine which substrate and metabolic system is predominant in ATP generation.***

FATIGUE

Muscular fatigue refers to the impairment or inability to produce force at the level of the muscle. At rest and
lower-intensity exercise, humans are capable of producing enough ATP to fuel activity without muscular
fatigue, as long as there are sufficient energy substrates (primarily carbohydrate and fat) readily available in
our bodies. At low exercise intensity, carbon-containing pyruvate is consistently oxidized to acetyl CoA. At
the same time, hydrogen molecules are shuttled smoothly within cells to the ETC by the compounds NAD
and FAD. At such low exercise intensities, ATP is readily produced in required amounts, and there are no
metabolic by-products that contribute to fatigue."*+*

Short-Term Fatigue

Short-term fatigue occurs when exercise intensity rises to levels that disturb our body’s ability to derive
energy from our primary exercise fuel substrates: carbohydrate and fat. Possible causes include the accu-
mulation of metabolic products such as inorganic phosphate and lactate, depletion of creatine phosphate,
and changes in cellular calcium. The primary culprit in metabolic fatigue is the limited ability to inspire and
transport oxygen to working muscles at a rate sufficient to keep up with increased ATP demand as exercise
intensity rises. When oxygen levels at the working muscle are insufficient, hydrogen molecules that nor-
mally bind with oxygen to form water start to accumulate and eventually overwhelm the capacity for NAD
and FAD to accept and transport the hydrogen molecules. Pyruvate’s normal metabolism to acetyl CoA
diminishes, and instead, pyruvate accepts these hydrogen molecules and forms lactic acid, which rapidly
dissociates to lactate. Lactate is formed faster than it can be cleared, and the acidic environment in the cell
disrupts glycolysis enzymatic activity. At this point, ATP production is hindered, and skeletal muscle con-
traction is impaired. The only way to restore homeostasis is to reduce exercise intensity to enhance oxygen
uptake and clear metabolic by-products. Lactate is not just a waste product of metabolism; it is a fuel source
for resting tissues and contracting cardiac and skeletal muscles, and endurance-trained individuals can bet-
ter utilize lactate for energy. Once the lactate is cleared—and this is a rapid process—the fatigue dissipates
and the skeletal muscle can once again contract.***2

Long-Term Fatigue

Lactate accumulation is not significantly related to fatigue in prolonged endurance activities. Long-term
fatigue or substrate fatigue, sometimes referred to as “hitting the wall” or “bonking,” is thought to be a con-
sequence of glycogen depletion. Because liver and muscle glycogen storage capacity is limited, depletion
can occur fairly rapidly. Once glycogen stores are depleted, dietary carbohydrate absorption and gluconeo-
genesis cannot keep up with the skeletal muscle ATP demand, and movement must stop. The body cannot
continue to perform until more carbohydrate (glucose) becomes available for ATP production. For endur-
ance athletes, any strategy to maximize glycogen stores and provide a continuous supply of glucose during
exercise will help delay the onset of substrate depletion."***

PRINCIPLES OF EXERCISE TRAINING

Exercise training refers to the body’s response to physical activity repeated over time, resulting in posi-
tive physiological adaptations. Appropriate training, coupled with proper fueling and adequate rest and
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recovery, generally results in improved perfor-
mance. Overtraining or undertraining will not
result in a desired effect. The principles of exercise
training apply to the novice beginning an exercise
program to improve health as well as to the elite
athlete wishing to compete.

Individuality

Both genetic and environmental factors contribute

to body composition. While genetics creates start-

ing points and boundaries that determine our fat

patterning and muscularity, this does not mean that

our ultimate body shape and size are completely

outside our control. We have the ability to alter our

physique, to an extent, with nutrition and train-

ing. It is, however, important to understand that we

must be realistic about our genetic potential. Peo-

ple have different body shapes, separated into three

categories: the ectomorph is generally tall and lean;

the endomorph is rounder; and the mesomorph is

somewhere in between. People from different cate-

gories can respond differently to the same training.

For example, a very tall and lean person may never

be able to participate in a resistance training regimen

resulting in the physique of a professional body-

builder. On the other hand, a stout, muscular person

may never be light or fast enough to compete as an elite marathon runner. Furthermore, some people are con-
sidered higher responders to training and seem to achieve desired results more than lower responders. Being
realistic in terms of body type and accomplishments for specific types is an important consideration.**

Specificity

This principle dictates that physiological adaptations and performance enhancements are specific to the
mode, intensity, and duration of the exercise training. A training regimen must induce a physical stress
specific to the system needed for performance gains. For example, a distance runner must perform endur-
ance activities long enough in duration to promote cellular training adaptations, such as increases in
mitochondrial density. Anaerobic sprints or weight lifting promote increased muscle strength and hyper-
trophy, which are detrimental to an endurance athlete. Similarly, cardiovascular training will not result in
the increased muscular strength and hypertrophy desired for high-intensity activity and stop-and-go sport
athletes. The training program must mimic the desired activity."*

Progressive Overload

To see improvements, athletes need to overload the system being trained (eg, cardiovascular, muscular),
resulting in continuous demands on that system. For example, if a person wants to gain strength, he or she
may initially bench press 100 Ibs for 8 repetitions, and, over time, he or she will be able to do 12 to 15 repe-
titions before fatigue. As training continues, he or she needs to add weight until again reaching fatigue at 8
repetitions. In addition to the weight and number of repetitions performed, muscle can reach fatigue in other
ways. For example, one can increase the number of sets of the exercise, decrease the rest period between sets,
or emphasize the eccentric contraction by slowing the speed of the lowering motion. With endurance perfor-
mance, one must increase the total training volume with intensity, duration, or both to see an improvement."*
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Variation/Periodization

The principle of periodization involves exercise training for a particular
sport or event in smaller periods based on the desired outcome. Proper
periodization allows for the intensity of training needed for the desired
performance outcome while working in adequate rest and recovery to
prevent overtraining. Traditional periodization usually consisted of a
long time frame, such as 1 to 4 years. Within that time, there were various
cycles of months (macrocycles), weeks (mesocycles), days (microcycles),
and individual training sessions. This plan may work well for individuals
training for a specific, single competition like a marathon. The focus here
is on the cardiovascular system. This is not as effective for well-rounded
athletes who wish to compete in multiple types of events across seasons.
Well-rounded athletes require many systems and skills that make use of
a combination of aerobic, anaerobic, and strength training.

A newer area of training uses training blocks (or block periodization)
that can be individualized based on the desired sport or event. These
blocks can focus on a minimum number of performance outcomes.
Training consists of performing a small number of blocks at one time
(eg, three or four), and the blocks may last a few weeks. The sequence

can be customized for the sport or event. One example comes from top-performing canoe and kayak pad-
dlers. The first block of their training focused on accumulating the skills needed for the sport with general
conditioning for aerobic endurance and muscular strength and endurance. Block two focused on specialized
movements and proper technique, combining anaerobic and aerobic conditioning along with continued
muscular strength and endurance. Block three emphasized specific race modeling and obtaining optimal
speed and recovery between sessions. This regimen resulted in outstanding performance outcomes."*

Detraining

As both resistance and aerobic training result in increased strength and cardiovascular endurance, stopping
this training (detraining) results in the opposite. Continued training is necessary to prevent this detrain-
ing effect. Systematically increasing the physical demands on the body with training will be necessary
for further improvements, while maintenance-level training regimens prevent physiological decline from
the trained state. Detraining can be defined as partial or full reductions in training-induced physiologi-
cal adaptations in response to a lower training load or inactivity. It appears there is a more significant loss
of cardiorespiratory endurance gains than loss of muscular endurance, strength, and power. While these
data are not concrete, some research shows that athletes can lose approximately 25% of cardiorespiratory
gains in about 10 to 20 days of inactivity. Data vary regarding muscle strength, power, and endurance, but
2 weeks of inactivity often results in declines in muscular endurance and strength. Fortunately, three train-
ing session per week at approximately 70% VO, max can maintain cardiorespiratory fitness levels and
provide adequate skeletal muscle stimulatory load to retain any gains made with strength training."*

PHYSIOLOGICAL ADAPTATIONS TO ENDURANCE TRAINING

Cardiorespiratory fitness is the term for the ability to perform prolonged endurance exercise using large mus-
cle groups. VO, max is one of the best measures of cardiorespiratory endurance. As discussed previously, with
acute responses to exercise, both the respiratory and cardiovascular systems play an important role in facili-
tating endurance activity. Training has minimal effect on lung structure and function, but maximal effort does
increase pulmonary ventilation, pulmonary diffusion, distribution of arterial blood away from inactive tissue
toward active skeletal muscle, and the ability of the muscle to take up delivered oxygen."*
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The cardiovascular system has numerous adaptations to regular endurance training, summarized below.
All changes result in greater delivery of oxygen and nutrients to the working skeletal muscle."*

* Increases in left ventricular internal space, wall thickness, and mass allow for a stronger
contraction and ultimately greater stroke volume. Increased stroke volume in trained individuals is
seen at rest and exercise.

* Resting heart rate decreases with endurance training; the rate and can be 40 bpm or lower
(compared with the 60 to 80 bpm in the typical sedentary person).

* Exercise heart rate is also lower at a given training load (eg, 60% VO, max) with endurance
training, but maximum heart rate does not drastically change.

* Cardiac output does not change much during rest and submaximal exercise but does increase
considerably during maximal effort and is a significant contributor to the increased VO, max with
training.

* Resting blood pressure is reduced.

* Increased capillarization, blood volume, plasma volume, and red blood cell volume, improve tissue
perfusion and oxygen delivery.

* There are increases in percentage and cross-sectional area of type I muscle fibers (those primarily
used in endurance activities).

* There are increases in mitochondria, oxidative enzymes, and myoglobin content (more machinery
for ATP production).

PHYSIOLOGICAL ADAPTATIONS TO RESISTANCE TRAINING

Individuals undergo regular resistance training to improve muscular strength and power. Strength can
be defined as the maximum force generated by the muscle, whereas power is a product of muscle force
x velocity and, therefore, is an indicator of the rate at which the work is performed. Changes in strength
and power require numerous adaptations in the neuromuscular system depending on the type of resis-
tance training. The neuromuscular system is highly responsive to training, and improvements can be seen
within months. Skeletal muscle is very dynamic. Training can improve size (hypertrophy) and strength,
while disuse or immobility can result in decreased size (atrophy) and strength. Muscle size and strength are
somewhat related: Training causes an increase in both and detraining causes a decrease in both. The pri-
mary neuromuscular adaptations to regular resistance training include:
* improved neural adaptations (increased motor unit recruitment, decreasing neurologic inhibition)
with strength gains, with or without hypertrophy, especially in the early stages of training;
* strength gains related to muscle hypertrophy in later stages of training; and
* increased size of the individual skeletal muscle fibers and increased myofibrils and actin and
myosin filaments from hypertrophy.

Muscles can be trained to improve strength and size, but there is a limit beyond which further adapta-
tion is not possible. Genetic potential plays a large role in body type. For example, it may be impossible for
a tall, slender person to look like a professional bodybuilder, and likewise it may be impossible for a large
muscular person to become a lean, slim runner.*>*

OVERTRAINING

It is clear that proper training and adequate recovery result in increased performance, but many athletes
develop the belief that more is better and that there is not a ceiling for performance enhancement. Exces-
sive training usually results in a performance decrement, which the athlete often follows with even more
effort to compensate. The American College of Sports Medicine (ACSM) and the European College of
Sports Science issued a Joint Consensus Statement on this topic.*” The two terms to describe this condition
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are overreaching and overtraining. Overreaching describes excessive training that results in short-term
performance decrements that can be reversed in several days to several weeks with proper training and
rest. In addition, adequate fluid to restore hydration, adequate carbohydrate to replenish glycogen stores,
and adequate protein to optimize protein synthesis and healing are critical. The symptoms leading to per-
formance decrements include overall fatigue, muscular fatigue, chronic muscle tenderness and soreness,
lack of concentration, and disrupted eating habits or loss of interest in eating. This is characteristic during
periods of competition training. Overtraining results in a series of symptoms referred to as the overtrain-
ing syndrome (OTS). OTS is more serious because long-term decrements in performance can take several
weeks or months to recover from. OTS includes both physiological maladaptations and often psycholog-
ical factors stemming from stress of competition, family and social relationships, and other life demands.
There are no set diagnostic criteria for OTS because symptoms vary from person to person and are highly
individualized. It is important for an athlete with suspected OTS to seek medical care to rule out other con-
founding diseases or conditions and to develop a sound recovery plan.””** See Box 1.1 for a list of some
symptoms.

Signs and Symptoms of Overtraining Syndrome**¢

These are some of the common signs and symptoms of overtraining syndrome:

+ Decline in performance despite continued training

+ Fatigue, with loss of skeletal muscle strength, endurance capacity, and overall coordination
+ Decrease in appetite

+ Weight or fat loss

+ Anxiousness, restlessness, and sleep disruption

+ Inability to concentrate, loss of motivation, and even depression

SCOPE OF PRACTICE FOR REGISTERED DIETITIAN NUTRITIONISTS

Scope of practice is an important issue for all health professionals. States that license the various
health professions have a very specific defined scope of practice for each profession. For RDNs inter-
ested in sports dietetics, there is a natural desire to discuss exercise with patients and clients, regardless
of whether the RDN has the appropriate educational training or certification to do so. Current Didac-
tic Programs in Nutrition and Dietetics do not require courses in exercise science, and student learning
outcomes do not have a knowledge requirement for this area. As a result, many RDNs graduating from
traditional dietetics programs are not qualified to discuss detailed issues regarding fitness assessment and
exercise prescription.

It is critical for the practitioner to understand the laws of the state or states where they live and practice.
The exercise profession relies largely on self-regulated certification. Many states regulate the profession of
dietetics, yet most states (except Louisiana) do not regulate the practice of exercise professionals. If you live
in a state that licenses any health profession, licensure supersedes any registration or certification.

Physical Activity Guidance

RDNs with an interest in sports dietetics should be comfortable discussing some aspects of exercise and
physical activity with their patients and clients. They should, at a minimum, be familiar with the current
federal Physical Activity Guidelines for Americans* and the overall health benefits of exercise. From a gen-
eral standpoint, RDNs should assist medically cleared patients and clients with planning and implementing
ways to increase their physical activity levels to match these guidelines. RDNs should use the patient or cli-
ent’s current level of physical activity and stage of readiness to change as a basis for physical activity plans
and goals. When should an RDN refer a client to a qualified exercise professional? It is critical for the RDN
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to fully assess their current knowledge and scope of practice in the area of exercise science. Most RDNs
who specialize in sports dietetics should be able to discuss the health benefits of exercise and the principles
of exercise training discussed earlier in this chapter. Conducting a fitness assessment and prescribing exer-
cise require specialized knowledge and skills and, ideally, an appropriate certification.

Fitness Assessment and Exercise Prescription

Fitness assessments and exercise prescriptions may be out of the scope of practice for RDNs, depending
on whether or not they hold additional training and certification. A fitness assessment measures cardio-
respiratory fitness, musculoskeletal strength and endurance, flexibility, balance, and body composition.
This information is used to develop a detailed exercise plan, known as an exercise prescription, tailored
to the individual’s current fitness level and health goals. This should be created by qualified exercise pro-
fessionals. There are two reputable places to find qualified exercise professionals: The ACSM ProFinder
(http://certification.acsm.org/pro-finder) and the US Registry of Exercise Professionals (USREPS) web-
site (www.usreps.org/Pages/default.aspx).**° ACSM has certified over 32,000 health professionals in 44
countries. The USREPS is a nationally recognized registry of exercise professionals and an advocate for the
exercise professionals who hold accredited exercise certifications from the National Commission of Certi-
fying Agencies (NCCA).

Reputable Exercise and Fitness Certifications

Unlike nutrition and dietetics, no single accrediting body for programs in kinesiology or exercise science
results in a nationally recognized credential. These academic programs may voluntarily become accredited
through the Commission on Accreditation of Allied Health Education Programs (CAAHEP)*" with the
goal to have some consistency among all exercise science programs. Many CAAHEP-accredited programs
provide a track for students to prepare for and earn an exercise-based certification.

It is important for the RDN who is not qualified to conduct fitness assessments and provide exercise pre-
scriptions to have a network of qualified exercise professionals for patient/client referral, and this should
be documented when using the Nutrition Care Process. There are numerous exercise-related certifications
available, so it is important to research the qualifications for certification and the knowledge and skills
assessed in the process. The NCCA governs many of the exercise certifications. A few reputable organiza-
tions and their certifications are listed in Table 1.1.

Examples of Reputable Organizations that Certify Exercise Professionals®

Name of Name of
Organization Certification Qualifications Purpose
American Certified Personal Trainer 18 years old Plan and implement
College of Sports exercise programs for
Medicine High school diploma healthy individuals
or equivalent
Adult CPR®/AED¢ certification
American Certified Group 18 years old Supervise participants or
College of Sports  Exercise Instructor lead instructional sessions
Medicine High school diploma CPR/AED for healthy individuals
American Certified Exercise Bachelor of science degree Fitness assessments,
College of Sports  Physiologist in exercise science, exercise exercise plans, personal
Medicine physiology, or kinesiology training for those with
medically controlled
CPR/AED diseases

Continued on next page
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Examples of Reputable Organizations that Certify Exercise Professionals? (Continued)

Name of
Organization

Name of
Certification

Qualifications

Purpose

American Certified Clinical Bachelor of science degree Fitness assessments,
College of Sports  Exercise Physiologist in exercise science, exercise exercise plans, personal
Medicine physiology, or kinesiology training for those with
medically controlled
400-500 hours of supervised diseases and those with
experience cardiovascular, pulmonary,
and metabolic diseases
Basic Life Support certification
American Registered Clinical Master of Science degree in Fitness assessments,
College of Sports  Exercise Physiologist exercise science, exercise exercise plans, personal
Medicine physiology, or kinesiology training for those with
medically controlled
600 hours of supervised diseases and those with
experience cardiovascular, pulmonary,
and metabolic diseases
Basic Life Support certification
Rehabilitative strategies
American Specialty Certifications Bachelor of Science degree See American College of
College of Sports in exercise science, exercise Sports Medicine website for
Medicine Exercise Is physiology, or kinesiology specifics (www.acsm.org)
Medicine Credential
Another American College of
Certified Cancer Sports Medicine certification
Exercise Trainer or National Commission of
Certifying Agencies-accredited
Certified Inclusive health and fitness certification
Fitness Trainer
CPR/AED
Certified Physical Activity
in Public Health Specialist
National Certified Personal Trainer 18 years old Work with healthy clients in
Strength and one-on-one situations
Conditioning High school diploma
Association
CPR/AED
National Certified Special Current National Strength Use an individualized
Strength and Population Specialist and Conditioning Association approach to assess,
Conditioning certification or RDN¢ credential motivate, educate, and
Association train special population
CPR/AED clients
Supervised practice experience
National Certified Strength and Bachelor of science from an Implement strength and

Strength and
Conditioning

Conditioning Specialist

accredited institution

conditioning programs for
athletes in a team setting

Association CPR/AED

American Personal Trainer 18 years old One-on-one or small-
Council on Certification group training for healthy
Exercise High school diploma CPR/AED individuals
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Examples of Reputable Organizations that Certify Exercise Professionals? (Continued)

Name of Name of
Organization Certification Qualifications Purpose
American Group Fitness 18 years old Lead fitness classes for
Council on Instructor Certification healthy individuals
Exercise High school diploma
CPR/AED
American Health Coach Certification 18 years old Lead healthy clients to
Council on sustainable, healthy change
Exercise CPR/AED by applying knowledge in
behavior change, physical
Current National Strength activity, and nutrition
and Conditioning Association-
accredited certification or license
in nutrition (RDNs may qualify)
or associates of science degree
or higher in nutrition
2 years of work experience
American Specialty Certifications National Strength and See American Council
Council on Conditioning Association- on Exercise website for
Exercise Mind Body accredited certification or specifics (www.nsca.org)
equivalent professional
Fitness Nutrition credentials, including NDTR®
and RDN

Weight Management

2 This is not an all-inclusive list. Please see the organization websites for updated information.
b CPR = cardiopulmonary resuscitation

¢ AED = automated external defibrillator

9 RDN = registered dietitian nutritionist.

¢ NDTR = nutrition dietetic technician, registered;

Physical Activity Guidance and the Nutrition Care Process

The first step in the Nutrition Care Process is assessment. During this step, the RDN should refer to the
current Nutrition Terminology Reference Manual (eNCPT) website (http:\\ncpt.webaturhor.com).’* The
RDN may assess readiness to change, weight and body composition, and physical activity history and cur-
rent level of physical activity. During the diagnosis step, the RDN can document any problems and create
a diagnostic statement. Usually the diagnosis refers to level of physical activity or inactivity, readiness to
change, or something in the behavioral domain. For the intervention step, the RDN can choose to provide
education if it is within his or her scope, can refer to a qualified exercise professional, or can do a combina-
tion of both. For most RDNG, education can include the health benefits of exercise, how to start an exercise
program, the key concepts presented in the Physical Activity Guidelines for Americans, and provision of
additional resources (eg, handouts, names of community centers, list of professionals). Monitoring and
evaluation should include follow-up on the physical activity-related goals set for the patient or client.

Federal Physical Activity Guidelines

RDNs with an interest in sports dietetics should be familiar with the federal Physical Activity Guidelines
for Americans and be comfortable discussing these guidelines with their patients or clients.” The guide-
lines may be downloaded for free at the Health.gov website (http://health.gov/paguidelines). Some key
concepts from this document are discussed in this section. Principles of training were discussed previously
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and are again presented in these guidelines. Box 1.2 provides definitions of the levels, components, and
intensity of physical activity.

Another way of defining exercise intensity is the use of metabolic equivalents (METs). MET is the ratio
of rate of energy expended during exercise to the rate of energy expended at rest. One MET is equiva-
lent to a VO, of 3.5 mL x kg x min™'. Multiples of this value can be used to quantify energy expenditure
and will be discussed in detail in Chapter 10. METs are a simple concept: 1 MET is the work at rest, while
5 METs would be work at 5 times rest. The Physical Activity Guidelines also use MET-minutes for guid-
ance. MET-minutes take into account both physical activity intensity and duration. For example, a 4-MET
activity for 30 minutes equals 120 MET-minutes, and an 8-MET activity for 15 minutes also equals 120
MET-minutes. For health benefits, one can exercise at a lower intensity for longer periods of time or at a
higher intensity for shorter periods of time. Keep in mind, these physical activity guidelines are for health
and are not exercise training guidelines for optimal performance. The goal for health is to achieve a min-
imum of 500 to 1,000 MET-min/week, with potential greater health benefits found at greater than 1,000
MET-min/week. The relationship between intensity and METs is summarized here:

¢ Light intensity = 1.1 to 2.9 METs
* Moderate intensity = 3.0 to 5.9 METs

= For example, walking 3 mph requires 3.3 METs of energy expenditure
* Vigorous intensity >6.0 METs

= For example, running a 10-minute mile (6 mph) is a 10 MET activity

Definitions of Levels, Components, and Intensity of Physical Activity 45

Levels of Physical Activity

Inactive No activity beyond baseline (This is considered unhealthy.)

Low Beyond baseline but fewer than 150 min/w (Better for health than inactive.)
Medium 150-300 min/wk (Additional and possible extensive health benefits.)

High >300 min/wk (Additional and possible extensive health benefits.)

Components of Physical Activity

Intensity How hard a person works
Frequency How often an activity is performed
Duration How long in one session or how many repetitions

Intensity of Physical Activity

Light 1.1-2.9 METs (1.1-2.9 times rest)
Moderate 3.0-5.9 METs
Vigorous >6.0 METs
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KEY GUIDELINES FOR HEALTH

* Physical activity reduces the risk of many adverse health outcomes.

* Some physical activity is better than none.

* Additional benefits occur with increases in intensity, frequency, and duration.

* Both cardiorespiratory and resistance exercise are beneficial.

¢ Health benefits occur at all ages.

* Benefits far outweigh the possibility of adverse outcomes.

* Substantial health benefits are seen with 150 min/wk of moderate-intensity physical activity or
75 min/wk of vigorous physical activity or a combination.

* Additional health benefits are seen with 300 min/wk of moderate-intensity physical activity or
150 min/wk of vigorous physical activity or a combination.

* Resistance training—moderate or high in intensity—involving all major muscle groups is
recommended 2 d/wk or more.

* For health, 2 minutes of moderate physical activity equals 1 minute of vigorous physical activity.

SUMMARY

Exercise physiology is the study of the alterations and responses to acute and chronic exercise. Exercise dis-
rupts homeostasis resulting in increased energy needs to meet metabolic demands of active muscles. The
respiratory and cardiovascular systems work in a coordinated fashion to supply oxygen and nutrients to
working muscles in an attempt to meet demand. At low- or moderate-intensity exercise, the body can use
carbohydrate and fat via aerobic metabolism, meeting the energy demands with ease. As exercise intensity
increases, the body’s reliance on carbohydrate for a fuel source with some ATP being generated through
anaerobic glycolysis increases. Short-term or metabolic fatigue is a result of reliance on anaerobic metab-
olism, while long-term or substrate fatigue is a result of glycogen depletion. Exercise training results in
positive physiological adaptations that improve performance. Several principles of exercise training are key
for determining the performance outcome.

RDNs should be comfortable discussing exercise with their patients or clients while staying within their
scope of practice. The extent of this discussion will depend on comfort level and any additional education
and certification. All RDNs should be able to discuss the health benefits of exercise and the general princi-
ples in the federal Physical Activity Guidelines for Americans. Beyond this, if the RDN cannot complete a
fitness assessment and exercise prescription, then the RDN should refer to a qualified exercise professional.
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KEY TAKEAWAYS

An understanding of exercise physiology basics is necessary for all RDNs interested in sports nutrition to
understand the sports nutrition specific guidelines and their effects on performance.

Exercise results in increased skeletal muscle ATP demand, and the cardiovascular and respiratory systems
work in a coordinated fashion to deliver oxygen and nutrients to the working skeletal muscle.

The key nutrients providing energy during exercise are carbohydrate and fat. Carbohydrate can provide
ATP via both anaerobic and aerobic metabolism, but fat can only be fully oxidized aerobically.

At all times, the body is using a mixture of carbohydrate and fat. As exercise intensity increases, there is an
increased reliance on carbohydrate for fuel (crossover concept). Carbohydrate is a more oxygen-efficient
fuel and can produce ATP quickly.

Short-term or metabolic fatigue is a result of reliance on anaerobic metabolism under high exercise
intensities. Long-term or substrate fatigue is a result of glycogen depletion.

Sound training results in physiological adaptations that improve performance. There are several principles
of training that should be considered.

RDNs should include physical activity in their use of the Nutrition Care Process.

All RDNs interested in sports nutrition should be comfortable discussing the health benefits of exercise
and the key principles presented in the federal Physical Activity Guidelines for Americans.

An RDN may or may not have the education and training to conduct fitness assessments and develop
exercise prescriptions. If not, the RDN must refer to a qualified exercise professional.
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W RHE TS ROWING (CREW)

A typical crew race is 2,000 meters lasting 5% to 8 minutes and requiring strength, power, and endurance.
The crew season begins in the fall with preseason training. Winter is a time of intense training and muscle
building, whereas the spring racing season is known for its long daily practices leading up to a rest day and
weekend competition. Summer is the off-season. There are lightweight and open (heavy) weight categories.
Learn more about the sport at the US Rowing website (www.usrowing.org).
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GENERAL NUTRITION GUIDELINES

Energy: Rowing is considered a relatively high-energy-expenditure sport.

Carbohydrate: Recommended intake is between 5 and 7 g/kg/d.
Protein: Recommended intake is between 1.2 and 1.7 g/kg/d.

Fat: Recommended intake is approximately 1.0 g/kg/d. Fat, in the form of heart-healthy fats,
may be increased to meet high energy needs while training and decreased during the off-
season.

COMMON NUTRITIONAL CONCERNS

Energy Intake
Fatigue and lack of appetite may result in involuntary underconsumption of energy. Lightweight rowers
may voluntarily restrict energy to make weight.

Making Weight

Lightweight rowers who are genetically lean and biologically small can comfortably meet the requirements
for lightweight rowing. Problems with disordered eating and eating disorders occur when extraordinary
efforts must be made to attain and maintain a low body weight. Voluntary dehydration may also be an
issue. Learning to manage weight in the off-season is preferred to cutting weight in season. Dangerous
weight-cutting practices and disordered eating are found in both male and female rowers.

Consumption of Foods with Low Nutrient Density

Rowers have high energy needs, and both male and female heavyweight rowers quickly discover that they
must eat a lot of food to maintain energy balance. High-fat, high-sugar snack foods and beverages can pro-
vide the energy needed but not the nutrients.

Balancing Fluid Intake with Fluid Losses

Dehydration is a daily concern. Rowers have water bottles in the boat during training, but they do not have
access to them during long training pieces (approximately 30 to 45 minutes each). It is unlikely that rowers
can maintain fluid balance during training. Therefore, they should pay special attention to drinking suffi-
ciently before and after training.




APPENDIX A

Selected Sports Nutrition—Related Position Papers,
Practice Papers, and Consensus Statements

Academy of Nutrition and Dietetics Positions
The following are available at www.eatright.org/positions:
* Nutrition and Athletic Performance (joint position statement of the Academy of Nutrition
and Dietetics, Dietitians of Canada, and the American College of Sports Medicine.)
* Functional Foods
* Nutrient Supplementation
* Nutrition Intervention in the Treatment of Eating Disorders
* Total Diet Approach to Healthy Eating
* Vegetarian Diets
* Interventions for the Treatment of Overweight and Obesity in Adults

American College of Sports Medicine Positions
The following are available at http://journalsIww.com/acsm-msse/pages/collectiondetails.aspx
?TopicalCollectionId=1:

* Exercise and Type 2 Diabetes

* Exercise and Physical Activity for Older Adults

* The Female Athlete Triad

* Appropriate Physical Activity Intervention Strategies for Weight Loss and Prevention

of Weight Regain for Adults

* Exertional Heat Illness during Training and Competition

* Exercise and Fluid Replacement

* Physical Activity and Bone Health

* Exercise and Hypertension

National Athletic Trainers’ Association Positions

The following are available at www.nata.org/position-statements:
* Preventing, Detecting, and Managing Disordered Eating in Athletes
* Management of the Athlete with Type 1 Diabetes Mellitus
* Safe Weight Loss and Maintenance Practices in Sport and Exercise

International Olympic Committee Consensus Statements
The following are available at www.olympic.org/medical-and-scientific-commission:
* The IOC Consensus Statement: Beyond the Female Athlete Triad—Relative Energy Deficiency
in Sport (RED-S)
* IOC Consensus Statement on Sports Nutrition 2010
* Consensus Statement on Body Composition Health and Performance in Sport
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6-carbon glucose molecule, 07
16-carbon fatty acid, 07
24-hour recall, 159, 162-163, 250

A

abdominal fat, 221, 224, 225, 238, 300
abdominal skinfold measurement, 181
Academy of Nutrition and Dietetics
on dietary fat, 334
fact sheets from, 271, 404
on fluid/electrolyte replacement, 113
position papers, 113, 170, 249, 375
protein recommendations, 230
Sports, Cardiovascular and Wellness Nutrition DPG, 271
on vegetarian and vegan lifestyles, 99-100
on weight management, 281
Acceptable Macronutrient Distribution Range (AMDR)
for fat, 62-64, 65
Acetyl coenzyme A, 7, 8, 66, 81, 84
acidosis, from high-intensity events, 452
ACSM, see American College of Sports Medicine

ACSM’s Guidelines for Exercise Testing and Prescription, 154,
179

actin, 03, 11

action stage, of change, 164

active insulin, 432, 433

actors, 531

acute response, to exercise, 02-05

acyl carrier protein, 84

adenosine diphosphate (ADP), 05, 60, 192, 193
adenosine monophosphate protein kinase, 41

adenosine triphosphate (ATP), 05, 06, 07, 08, 28, 29, 66,
192, 193, 194-196, 451-452, 467, 469

adenosine triphosphate-phosphocreatine system, 06
Adequate Intakes (AI), 80, 83,90, 111, 112, 474

adjusting insulin, 428, 433, 437

adolescence, 239-241, 243, 244, 245, 246, 247, 249, 399, 401
aerobic energy

and free-radical production, 84

hallmark adaptations with, 44

in high-intensity sports, 467-469, 470, 471, 474
protein for, 41, 44, 50-51
in ultraendurance sports, 491
aerobic metabolic pathways, 06
aerobic metabolism, 07
aerobic training, 44
aging, and exercise, 66, 297, 298-299, 302-303
air displacement plethysmography, 160-161, 179, 182-183
AIS, see Australian Institute of Sport
albuminuria, 441

alcohol use, 116-117, 191, 246, 250, 251, 275-279, 360, 371,
372,481, 532, 543

a-linolenic acid, 61, 62, 74

altitude and ambient temperature, 441

AMDR, see Acceptable Macronutrient Distribution Range
amenorrhea, 343, 359, 525

American Academy of Pediatrics, 113, 170, 240, 248, 253,
257

American College Health Association, 276

American College of Obstetricians and Gynecologists, 360,
366, 373, 376

American College of Sports Medicine
energy expenditure values, 201-202
exercise certification, 13-14, 187
on exercise for older adults, 298
on exercise in pregnancy, 374
fat recommendations, 334
on fluid/electrolyte replacement, 112-113, 114, 248
guidelines for nutriiton assessment, 154
on overtraining, 11-12
protein recommendations, 230
on weight management, 281, 420

American Council on Exercise, 14-15

American Diabetes Association, 420

amino acids, 39,-40, 41, 43, 44, 45, 46, 47, 48, 49, 50, 51-52,
122, 134, 135, 193, 280, 290, 331, 334, 367, 424, 457,
477-478, 495

amphetamines, 277

anabolic steroids, 226, 277

anaerobic energy, 452, 467, 468, 471-472, 491

anaerobic glycolysis, 06-07, 452

anaerobic metabolic pathways, 06, 67, 451, 452, 468, 469
anaerobic sprints, 09

android obesity, 160

androstenedione, 141, 144




anemia, 95, 96, 169, 253, 255, 256, 269, 337, 340, 368, 401,
438, 497

anorexia athletica, 395, 396

anorexia nervosa (AN), 284, 388, 391, 392, 397, 399, 525
antagonism, in muscles, 03

anthropometric measurements, 154, 160, 176-178, 187
anthropometric nutrition assessment, 106-161
antioxidant combination therapies, 86

antioxidants, 84-89, 497-498

arginine, 06, 51, 52, 321, 461

ascorbate, see ascorbic acid

ascorbate , see ascorbic acid

ascorbic acid, 84, 96, 97

asthma, 282

athletic administrators, 285, 286

athletic department, stakeholders in, 268, 284-287
Athletic Milieu Direct Questionnaire, 403

athletic subculture, 402-403

Australian Institute of Sport (AIS), 136, 141-145
autoimmune disorders, 421, 422, 438-439, 440
autoimmune thyroid diseases, 439-440

autonomic neuropathy, 441

barriers, to change, 155
basal metabolic rate (BMR) 302, 316, 364, 365

baseball, 220, 221, 223, 238, 277, 278, 280, 314, 451, 467,
542-543

basketball, 220, 221, 223, 238, 278, 280, 314, 466, 467, 471,
472, 479, 544-545

BCAA, see branched chain amino acids
beetroot juice, 143, 321

beliefs, assessment of, 164

B-alanine, 143, 340, 461

B carotene, 85, 87
B-hydroxy-B-methylbuterate, 69, 144, 280, 461
betaine, 84

bicarbonate, 137, 143

binge drinking, 251

binge eating, 164, 242, 389, 391, 398
binge-eating/purging type, of anorexia nervosa, 388
biochemical nutrition assessment, 167-170
bioelectrical impedance analysis, 179-180
biotin, 83, 453

bitter orange, 372

block periodization, see periodization
blood clotting, vitamin K and, 99
blood glucose

monitoring, 427-428

patterns, in diabetes, 420-421, 422, 423, 425, 426, 429,
430, 431, 432, 433, 434, 435, 436, 437, 440, 441, 442

blood pressure, 11, 225, 282, 283, 297, 298, 357, 361,
373,399

blood volume, 11

BMI see body mass index

body appearance, 219, 225-226
body build, 219, 223, 224-225, 227

bodybuilding, 03, 26, 201, 218, 219, 220, 221, 225, 450,
546-547

body composition
assessment of, 13, 15, 160, 167, 223, 226-228
changes, 91, 165, 185, 300
data limitations, 186-187
definition of, 177
and dietary supplements, 75, 91
and disease risk, 528-529
frequency and error measurement, 186
to gauge health, 178
girth measurement, 186
and high-intensity sports, 459-460
as performance contributor, 178
in student athletes, 267, 268, 269, 276, 281
techniques for measuring, 178-183
body image, 387, 391, 402, 406, 547
body mass index (BMI), 160, 176, 227, 252, 357, 358
body mass index classifications, 177
body shape, types of, 09
body size
measurement techniques, 178-183
body temperature, 117, 120, 202, 222
body weight
and calcium, 91
bone density, 239, 336-337, 343, 375
bone health, 526
bone loss, 87, 93, 99

bone mineral density, 89, 92, 93, 94, 99, 239, 254, 284, 400,
497

bradycardia, 04, 170, 250, 398
branched chain amino acids (BCAA), 39, 40, 81, 230, 461
breastfeeding, 375

brown adipose tissue, 192, 193, 195




bulimia nervosa, 284, 388, 391
Bulimia Test-Revised, 393
bulletin board topics, for student athletes, 272, 273

Cc

C-reactive protein, 167

CAAHEP see Commission on Accreditation of Allied Health
Education Programs

caffeine, 139-140, 372

calcitonin, 89

calcitriol, 89, 92, 93

calcium
average intakes, 89
for children, 254
dietary sources of, 47, 90, 254-255, 337
for female athletes, 98-99
homeostasis, 89, 90-91, 92, 93
loss in sweat, 112, 122
for older adults, 304-305
recommended intake, 336, 375, 479, 497
supplements, 90-91, 143
and weight loss, 91

calcium carbonate, 91

calcium citrate, 91

calipers, 180, 181

carbohydrate
assessment of status, 167
for athletes with diabetes, 436-437
availability during exercise, 21-22
for children/adolescents, 247
during pregnancy, 366
for elite athletes, 317
foods rich in, 23
fuel sources, 5-6, 8, 21
gastrointestinal distress from, 26
glycemic index, 24-25

in high-intensity sports, 454-457, 458-459, 460, 461,
469, 470, 474-477, 480-481

intake during exercise, 29-31, 341-342
loading, 25-26, 64, 71, 498-499

low availability, training with, 33-34, 70
for masters athletes, 303

postexercise, 31-33, 342-343
pre-exercise intake of, 27-28, 341

recommendations for daily intake, 22-23, 24

supplementation of, 26, 100, 290
in ultraendurance sports, 493-495, 500-502
for vegetarian athletes, 331
carbonated beverages, 93, 127, 363, 366, 372, 494
carbon dioxide, 04, 192, 193
cardiac cycle, 04
cardiac output, 04, 05, 11, 116, 298, 361
cardiorespiratory system, 04
cardiovascular disease, 62, 65, 283, 298, 370, 426, 528
carnitine, 66, 75, 144, 145, 340
carnosine, 340
carotenoids, 86
casein protein, 41, 42, 46-47, 457
CDC, see Centers for Disease Control and Prevention
celiac disease, 438-439

Centers for Disease Control and Prevention, 160, 176, 275,
298, 356

Certified Specialist in Sports Dietetics, 267, 407
Certified Strength and Conditioning Specialist, 14, 271
chest skinfold measurement, 181
children/adolescents
calcium requirements, 254-255
carbohydrate needs/sources for, 247
energy balance in, 241
fat intake for, 251-252
growth patterns in, 242-245
iron needs, 255-257
nutrition assessment for, 248-250
protein needs/sources for, 251
vitamin D, 252-253
chloride, 90, 109, 111, 112, 116, 121, 122
cholesterol, 60, 167, 225, 282, 283, 298, 300-301, 304
choline, 83, 84, 369
chronological age, 243, 298
cigarette use, 277, 278
circadian rhythms, 428, 440, 442
Citrus aurantium, 372
Clark, Kristine, 266
CoA, see Acetyl coenzyme A
coaching staffs, collegiate, 285-286
coenzyme A , see Acetyl coenzyme A
coffee, see caffeine
Coghlan, Eamonn, 308

cola beverages, see carbonated beverages
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college athletes
alcohol/drug use by, 276, 277, 278
health concerns of, 283-284
nutrition concerns of, 274
nutrition knowledge of, 274-275
performance concerns of, 279-282
personal concerns of, 274, 275-279
college sports dietitians, roles of, 266-274

Commission on Accreditation of Allied Health Education
Programs (CAAHEP), 13

common cold, 96
competition schedules, of elite athletes, 314-315
computed tomography, 305
concussions, 280
conjugated linoleic acid, 75, 290
constipation, 170, 283, 360, 362-363, 438, 439
contemplation stage, of change, 164
contraction, of muscles, 02, 03, 06, 40, 201, 202, 470, 475
copper, 88, 169
coronary artery calcification, 305
coronary heart disease (CHD), 64, 297, 301
creatine, 42, 136, 137, 143, 145, 257, 280, 290, 306, 340, 461
creatine monohydrate, 340, 518
creatine phosphate (PCr), 08, 28, 451-452, 469, 471
crew, 278, 509, 566-567
criterion methods, of body composition measurement, 179
CrossFit
basic physiological demands, 517
diets, 518
energy availability and hydration, 518
expert nutrition tips, 519
supplements and ergogenic aids, 518-519
terms and abbreviations, 517
CSSD see Certified Specialist in Sports Dietetics
cultural food practices, 319, 320
Cunningham equation, 166-167
cyanocobalamin, 94

cycling, 221, 223, 445, 491, 501, 507, 548-549

dance
basic physiological demands, 525
energy availability and body composition, 525-526
expert nutrition tips, 527

injuries and bone health, 526

INDEX

micronutrient intake, 527
Dance/USA Taskforce, 526, 527, 534

Dancer Health dehydration, 107, 110, 112, 114, 115, 117,
120, 121, 123, 124, 125, 126, 167, 168, 169, 248, 307, 362,
371,410, 435, 442, 458-459, 481, 496, 503, 504

dehydroepiandrosterone (DHEA), 141, 144-145
detraining, 10
DHA, see docosahexaenoic acid
DHEA, see dehydroepiandrosterone
diabetes
blood glucose patterns in, 423, 442
carbohydrate supplement use with, 423
insulin adjustment in, 437
management plan, 426-432
and pregnancy, 422
in student athletes, 283, 388
type 1, 421
type 2, 422-423

Diagnostic and Statistical Manual (DSM), 284, 388-390,
391, 395-396

Didactic Programs in Nutrition and Dietetics (DPND), 12
diet and weight history, 161
diet apps, 163
dietary assessment

in children, 250-251
dietary fat

in child and adolescent athlete, 251-252
dietary manipulation, 165, 409-411
dietary recalls, 163, 250
dietary records, 162
Dietary Reference Intakes (DRIs)

for masters athletes, 302-306

dietary supplements, 74, 75, 135, 137, 146, 165, 267, 272,
279-280, 290, 306-307, 367, 371, 373, 461, 281, 334

Dietitians of Canada, 113, 170, 230

direct calorimetry, 166

direct observation, for nutrition assessment, 163
disordered eating, 272, 281, 283-284, 390-396, 521
distance cycling, 221, 550-551

distance running, 221, 469, 550-551

distance swimming, 221, 550-551, 570-571
docosahexaenoic acid (DHA), 62, 74, 252, 336, 367
DPND, see Didactic Programs in Nutrition and Dietetics
DRIs, see Dietary Reference Intakes

drug use, 275, 277, 278




dual energy x-ray absorptiometry, 161, 179, 182, 183, 273,
281, 397

E

Eating Attitudes Test (EAT), 393, 393-396, 403, 526
eating behaviors, 101, 161, 164, 389, 413

Eating Disorder Examination Questionnaire (EDE-Q),
393-396, 403

Eating Disorder Inventory (EDI), 393-396, 403
eating disorders

in adolescents, 242

classification, 388-390

in college athletes, 267, 268, 272, 283-284

diagnosis, 403

environmental factors

etiology of, 401-403

health effects, 396-401

identification, 403-404

nutrition counseling, 405-411

performance effects, 400-401

prevalence of, 392-396

prevention of, 412-413

return to play, 411-412

treatment, 404, 408-409
eating disorders not otherwise specified, 391, 392, 393-396
ectomorph, 09, 224-225

eggs, 33, 48, 63, 83, 88, 90, 257, 333, 335, 337, 340, 362, 369,
371, 372, 495

eicosapentaenoic acid (EPA), 62, 74, 252, 336, 367
electrolytes

balance of, 111

daily needs for, 111

loss in sweat, 112

postexercise replacement of, 116-117

pre-exercise replacement of, 114

replacement during exercise, 112-114, 115, 116
electron transport chain (ETC), 07, 82, 192
electron transport system, 192, 1933
elite athletes

disordered eating among, 317

energy needs, 316-317

lifestyle, 315

nutritional issues for, 315-323

supplement use by, 315, 317, 320

travel, challenges of, 318-320

tips for working with, 323-325
eNCPT see Nutrition Terminology Reference Manual
endocrine response, 424
endomorph, 09, 224-225
endurance exercise, prolonged
blood glucose levels, 25

carbohydrate loading for, 30-31

protein intake for, 50-51

response, cardiovascular and respiratory, 04-05
endurance training

physiological adaptations to, 196

energy availability, 40, 73, 167, 243, 244-245, 249-250, 318,
343, 358-359, 518, 521, 523-524, 525, 531-532

energy balance
in children/adolescents, 240, 241, 249, 251
dietary-induced change in, 207-208
exercise-induced changes in, 208-210
frequently used abbreviations, 192
in masters athletes, 302, 303, 315
energy balance equation, 191, 194-196, 206-211
energy bars, 23, 289, 290, 522
energy drinks, 250, 280, 372

energy expenditure, see total daily energy expenditure
(TDEE)

energy intake, 26, 42, 65, 73, 167, 191, 194, 195, 196, 198,
204-206, 208, 209, 210, 211, 229-230, 250, 302-303, 305,
317, 329, 343, 356, 365, 458, 472-474, 492, 493, 494, 498,
499, 501

energy metabolism, 81-84, 193, 423
energy requirements
assessment of, 166-167
equations, 205, 241
energy-restricted diets, 100-101
energy substrates, 05-06
energy systems, 06-07, 450-452, 467-469, 470-472, 491
environmental nutrition assessment, 164
environment and access to food, 164
EPA, see eicosapentaenoic acid
ephedra, 139
ephedrine, 141, 144
ergogenic aids, 74, 94, 257, 279-280, 461
erythrocytes, 94, 169
essential amino acids (EAAs), 33, 40, 46, 48, 52, 331, 457
essential fatty acids, 60, 62, 64, 304, 366, 367
Estimated Average Requirements (EARs), 80

Estimated Energy Requirement, 204, 205, 241, 302
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ETG, see electron transport chain
estrogen, 99, 245, 343

eumenorrhea, 99, 336

European College of Sports Science, 11
exercise and fitness certifications, 13-15
exercise endocrinology, 423-425

exercise energy expenditure (ExEE, 67, 192, 195, 199,
201-202, 210-211, 228

exercise heart rate, 11

exercise physiology, 02, 13-15, 247
exercise prescriptions, 13

exercise training, 08-10

expiration, 04, 177

F

FAD see Flavin Adenine Dinucleotide
family history, 228
fasting blood glucose, 225
fasting plasma glucose, 167
fat
assessment of status, 167
for children/adolescents, 251-252
dietary intake of, 62-64
dietary sources of, 63
for endurance/ultraendurance sports, 495
for high-intensity exercise, 478-479
infleunce of exercise, 66-68
metabolic adaptations, 68-73
oxidation of, 67
for pregnancy, 367
pysical structure of, 60-62
recommeneded intake, 64, 65-66, 74-75
supplements, 74-75
for vegetarian athletes, 334-336
fat distribution, 170, 239

fat-free mass (FFM), 39, 40, 42, 47, 48, 160, 161, 177, 195,
200, 223, 227

fatigue
long-term, 08
muscular, 08
in pregnancy, 361
prevention, 279
short-term, 08

Federal Physical Activity Guidelines for Americans, 12,
15-17

female athletes

iron intake for, 279

and metabolism disorders, 99

nutritional needs for, 98-99

physiological challenges for, 360-364
Female Athlete Screening Tool (FAST), 270, 403

female athlete triad, 225, 268, 269-270, 283-284, 411, 412,
460

ferritin, 96, 98, 169, 255-256, 279, 368
ferrous chelate, 96
ferrous sulfate, 95-96, 98
fertility in female athletes, 356-359
FFQs see Food Frequency Questionnaires
fiber types, in muscle, 03
field events, 552-553
figure skating, 221, 554-555
first law of thermodynamics, 194
first responders
basic physiological demands, 531
energy availability and weight management, 531-532
hydration, 532
first trimester, energy requirement, 365
fish oil supplemention, 144
flavin adenine dinucleotide
fluids
for children/adolescents, 247-248
in high-intensity sports, 458-459
for masters athletes, 307-308
postexercise replacement of, 116-117
pre-exercise replacement of, 114
replacement during exercise, 11-116
requirements, 118-119, 126-127
tips for encouraging replacement of, 120
in ultraendurance sports, 496
fluoride, 89
folate, see folic acid
folic acid, 83, 94-95, 359-360, 368-369
Food and Nutrition Board, 101, 495
Food and Nutrition Information Center, 101
food and nutrition-related history, 154, 161-167
food frequency questionnaires (FFQ), 162-163

football (american), 121, 126, 220, 224, 225, 278, 283, 451,
458, 467, 556-557

Foreman, George, 308

four-compartment model, 161, 177




free fatty acids (FFAs), 66, 82, 424, 469

free radicals, 84, 86, 306

frequent urination, during pregnancy, 363

Friedman, Jeffrey, 197

fructose, 30, 127, 476, 500

fueling
patterns, preexercise and postexercise, 165
during pregnancy, 364-366

functional age, 298

G

gait speed, 299
gastroesophageal reflux disease (GERD), 283, 363
gastrointestinal disorders, 283
gastrointestinal distress
from carbohydrate intake, 26, 27, 31
from eating disorders or disordered eating, 399
and fluid intake, 126
from MCT oil, 74
Gatorade Sports Science Institute, 129
Genes, Environment and Health Initiative, 163
genetics, and body composition, 09, 11, 240-241
GERD see Gastroesophageal Reflux Disease
gestational diabetes mellitus, 422, 428
girth measurement, 186, 227
gluconate, 95
gluconeogenesis, 07, 08, 21, 51, 82, 251, 332, 397, 424
glucosamine, 144
glucose monitoring, 427-428
glutamine, 51-52, 144
glutathione, 88-89
glutathione peroxidase, 87
glycemic control, 426, 433-436, 440-441
glycemic index, 24-25, 28
Glycemic Index Foundation, 24
glycemic load, 24-25
glycerol, 60, 126, 145, 424, 470
glycerol solutions, 126
glycine, 06, 52
glycogen

in high-intensity sports, 467, 468, 469, 470, 474-475, 476

repletion of, 31-32, 467, 477, 478, 480
supercompensation of, 25-26

glycogenolysis, 21, 72, 458, 470, 478

glycogen synthase, 26, 32

glycolysis, 06-07, 82, 423, 424, 451, 452, 471-472
golf, 220, 221, 278, 297, 558-559

Graves’ disease, 439-440

growth spurts, 243-244

gymnastics, 221, 222, 239, 299, 451, 560-561

H

Harris-Benedict equation, 166-167, 200, 249
Hashimoto’s disease, 439

healthy weight-loss strategies, in pregnancy, 375-376
heart rate, 04, 05, 11, 116, 123, 398, 468, 470-471, 472
heat production, 108, 194, 196, 199

heme iron, 96, 98, 100, 255, 337

hemoglobin Alc (HbAlc), 167, 301, 427
hemoglobin concentration, in blood, 497

hepatic glucose output, 21, 425, 440

high-altitude training, 321

high- and low-carbohydrate diets, 100

high-density lipoprotein cholesterol (HDL-C), 225, 238,
298, 300

high-intensity activities, 02, 03, 07, 09, 341, 471, 472
high-intensity exercise
body weight/composition and, 459-460

carbohydrate needs for, 22-23, 25-26, 29-30, 331,
454-457

energy system for, 450-452
fat needs for, 458
hydration during, 458-459
micronutrint demands for, 458
nutrition intake, 452-454
nutrition plan for, 460-461
protein needs for, 457
recovery time with, 456
supplement use in, 461
typical diets for, 453-454
high-intensity intermittent exercise (HIIE)
energy/macronutrient needs in, 472-480
energy systems in, 467-469
substrate use in, 469-470
high-power activities, 23
high-protein diet, 50, 119, 230, 474
HIIE see High-Intensity Intermittent Exercise

HMB, see B-hydroxy B-methylbutyrate
homeostasis, 02, 08, 89, 90, 93
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homocysteine, 95
hormone sensitive lipase (HSL), 66, 67
Huntsman World Senior Games, 296
hydration

for children/adolescents, 247-248

in high-intensity sports, 458-459, 480-482

for masters athletes, 307-308

in pregnancy, 371

in ultraendurance sports, 460
hydrodensitometry, 178
hydrogenated fats, 63
hydroxyapatite crystals, 93
hyperaminoacidemia, 45, 306
hyperhomocysteinemia, 95
hyperparathyroidism, 93, 253
hyperphosphatemia, 93
hyperthermia, 470, 481
hypocalcemia, 93
hypoglycemia

adjusting insulin for, 437

and carbohydrates, 29

with diabetes, 423, 425, 426, 427, 428-429, 432, 435

and disordered eating, 398

in high-intensity sports, 475

managing and preventing, 433-434

mild and moderate, 433-434

occurance, 21

severe, 434
hyponatremia, 111, 113-114, 123, 124, 126, 168, 503, 504
hypophosphatemia, 93

ice hockey, 220, 223-224, 278, 280, 466, 467, 468, 471,
562-563

iliac crest (suprailiac) skinfold measurement, 160
immune system, 96-97, 369
impaired glucose tolerance, 301
indirect calorimetry, 166, 192, 199, 201, 228
injuries

in athletes with disordered eating, 400-401

in dancers, 526

in nutrition assessment, 170

in student athletes, 280-281
inorganic phosphate, 08, 94, 192, 13, 452

inspiration, 04
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Institute of Medicine

on acceptable macronutrient distribution range
(AMDR), 62, 495

on adequate intakes (Als), 496
on dietary reference intakes (DRIs), 101
on physical activity level (PAL) values, 203
online resources, 101
on pregnancy weight gain, 373-374
total daily energy expenditure (TDEE) estimation, 203
on vitamins/minerals, 252-253, 305
for vegetarian athletes, 333
insulin pump, 425, 429, 430-431, 432, 433, 442
insulin supplementation, 429
insulin therapy, 427, 432, 433

Inter-Association Task Force on Exertional Heat Illnesses,
113

International Association of Athletics Federations, 297, 453
International Masters Games Association, 296
International Olympic Committee
on benefit of sport for children/adolescents, 242
Consensus Statement on Sports Nutrition, 155, 170, 457

on relative energy deficiency in sports (RED-S), 170,
270, 284, 359, 411

on supplement use, 145, 267
intramyocellular triglyceride, 66, 72, 334, 342
iodide, 88
iodine, 337, 339, 370,
10C, see International Olympic Committee
IOM, see Institute of Medicine
iron

absorption, factors affecting, 96, 100, 256, 338

for children/adolescents, 255-256

dietary sources of, 88, 256-257, 368

for student athletes, 279

supplementation, 95, 143, 338, 497

for vegetarian athletes, 337-339

iron-deficiency anemia, 88, 95-96, 169, 255-256, 368, 401,
438,497

isoleucine, 39, 333

J

Jockeying, 90, 92
Johnson, Randy, 308

Joint Position Statement on Nutrition and Athletic
Performance, 155, 477

Joint strength, 458




K

Korey Stringer Institute, 129
Krebs cycle, 07, 81, 82, 331

L

L-arginine, 52

L-carnitine, 75

labor and delivery, energy requirement, 365-366
lactate, 07, 08, 96, 470, 471-472

lactic acid, 07, 08, 122, 461, 469, 470

Ladies Professional Golf Association, 558

latent autoimmune diabetes (LADA), 422

lean body mass, see fat-free mass

lean mass gains, 43, 47, 48

lecithin, 369

leucine, 39, 45, 46, 47, 48, 49, 50, 230, 332, 333, 495
leucine “trigger” hypothesis, 46

Levine, James, 202

linoleic acid, see conjugated linoleic acid

lipid metabolism, 66, 206

lipids, see fat

liquid meals, 27-28, 74, 143, 317, 494, 501

liver

as a body organ, 06, 07, 08, 92, 195, 197, 227, 300, 397,
429, 434, 440, 470, 474

as a food source, 83, 87, 88, 256, 369

liver glycogen, 21-22, 23, 27, 331, 397, 398, 469, 475, 477,
502

long-chain fatty acids, 61, 252, 367
low-density lipoprotein cholesterol, 60, 86, 167
low—intensity activity, 22, 44, 70, 95, 121, 127, 472, 475

low-intensity exercise, carbohydrate recommendations for,
303

lysine, 48, 334

macronutrient requirements, during pregnancy, 368-370
magnesium, 90, 111, 112, 122, 251, 305, 337, 339, 480, 497
magnetic resonance imaging, 397

Major League Baseball, 542

maltodextrin, 25, 26, 41, 47, 82, 500

manganese, 88, 89

marching band

basic physiological demands, 528

body composition and chronic disease risk, 528-529

dietary patterns and hydration, 529
expert nutrition tips, 530
marijuana, 277, 278,
martial arts, 222, 564-565
masters athletes
body composition, 300
bone health, 301
calcium intake, 305-306
cardiovascular health, 300-301
dietary intake, 302-306
dietary supplements, 306-307
exercise recommendations, 297-298
hydration, 307-308
vitamin D intake, 305-306
mature-onset diabetes of the young (MODY), 422

maximal oxygen uptake (VO2 max), 05, 10, 11, 21, 28, 69,
85, 86, 93, 298, 299, 301, 337, 400, 451, 468, 470, 471, 491

MCT oil, see medium-chain triglyceride oil
MDI, see multiple daily injections

meat, as food source, 06, 32, 65, 83, 88, 90, 96, 100, 255,
256-257, 340, 371, 479, 495, 496, 519

meat analogues, 331, 337, 339

medical history, 154, 228, 411, 440

medical nutrition therapy, see nutrition therapy

medium-chain fatty acids, 61

medium-chain triglyceride oil, 75, 495

megaloblastic anemia, 95

menadione, 99

menaquinone, 99

mesomorph, 09, 224-225

METs, see metabolic equivalents

metabolic equivalents, 16, 202, 357

metabolic pathways, 05, 06, 84

metabolic rate, 118, 199, 228, 250, 281, 358

metabolic response, 25, 399

metabolic syndrome, 219, 225, 227, 240, 283, 301, 421, 422

methionine, 06, 48, 334

micronutrients, see vitamins

midaxillary skinfold measurement

Mifflin-St. Jeor equation

military, sports dietitians in

minerals, see vitamins

mitochondria
biogenesis, 33, 44, 70, 72, 85, 192, 193, 194, 196
fatty acids catabolized in, 66




and physical activity in children, 239
protein synthesis in, 02, 07, 44, 50
moderate-intensity exercise

carbohydrate recommendations for, 21, 22, 303, 331,
493, 495

and hydration needs, 127
recommendations for health, 17, 298, 357
modified starches, glycemic effects of, 25
monounsaturated fatty acids (MUFAs), 61, 63, 65, 335, 518
morning sickness, 361-362
motorsports
basic physiological demands, 522
categories and racing circuits, 523
energy availability and body composition, 523-524
expert nutrition tips, 524
hydration and thermoregulation, 522-523
pit crews, 524
motor units, 02, 03, 11
MPO see myeloperoxidase
multiple daily injections (MDIs), 430, 431, 433, 437

multivitamin and mineral supplements, 95, 257, 280, 339,
368

muscle cell, 02, 05, 06, 07, 32, 66

muscle fatigue, 07, 364, 365

muscle net protein balance (NPB), 39, 40, 44, 45, 47, 49, 50
muscle protein breakdown (MPB), 39-41, 50

muscle protein synthesis (MPS), 32, 33, 39-41, 43, 44, 46,
48, 49, 50-51, 230, 303, 331-334, 342, 457

muscle protein turnover, 39-41
musculoskeletal dysfunction, in pregnancy, 360
myeloperoxidase, 86

myoglobin, 04, 11, 497

myosin, 03, 11, 300

MyPlate, 166, 331, 347

n-3 fatty acids, 61, 62, 63, 64, 65, 73, 74, 252, 253, 306,
335-336, 367

n-6 fatty acids, 62, 63, 73, 74, 252, 335-336, 367
n-9 fatty acids, 63

NAD, see nicotinamide adenine dinucleotide
NATA, see National Athletic Trainers’ Association

National Athletic Trainers’ Association (NATA), 113, 170,
272,280, 404

National Basketball Association (NBA), 544

National College Health Assessment, 276

National Collegiate Athletic Association (NCAA)
alcohol use, 276, 277
ban on smokeless tobacco, 277-279
compliance with, 287-290
and dietarty supplements, 279-280

National Commission of Certifying Agencies (NCCA), 13,
14

National Eating Disorders Association, 406

National Federation of State High School Associations
(NFHS), 238, 576

National Food Consumption Survey, 100, 111, 121
National Football League, 556

National Health and Nutrition Examination Survey
(NHANES), 100, 111, 121, 152

National Health and Nutrition Survey, 100

National Heart, Lung, and Blood Institute (NHLBI), 160,
529

National Hockey League, 562

National Nutrient Database for Standard Reference, 166
National Osteoporosis Foundation, 301

National Senior Games, 296

National Strength and Conditioning Association, 14-15,
170, 187, 239

NCAA, see National Collegiate Athletic Association
NCCA, see National Commission of Certifying Agencies
negative energy balance, 23, 191, 195, 401, 459
nephropathy, 441

net protein balance (NPB), 39-40, 45, 49, 501
neuromuscular system, 11, 397

“new wave” vegetarians, 344

NEL see National Football League

niacin, 82, 83, 84

nicotinamide, 82

nicotinamide adenine dinucleotide, 07, 66, 82, 192, 193
nicotinamide adenine dinucleotide phosphate, 82
nicotinic acid, 82

nitrate, 52, 137, 321, 461

nitric oxide, 52, 321

nitrite, 52, 321

nonexercise activity thermogenesis (NEAT), 192, 195, 201,
202, 208, 209, 210

nonheme iron, 100, 255, 337
noninsulin diabetes medications, 428-429

nonsteroidal anti-inflammatory drugs(NSAIDs), 255, 307,
553

normal psychological development, in children/
adolescents, 246-247




nutrient analysis, 163, 166, 228
nutrition assessment
anthropometric, 160
behaviors,164
biochemical, 167-170
categories included in, 154
challenges to, 165
in children/adolescents, 248-250
client history, 170
checklist, adolescent athlete, 250
comparitive standards, 170
dietary, 161
dietary supplements, 163
of energy requirements, 166167
environmental, 164
fluid inake,163
knowledge, beliefs, and attitudes, 164
tools, 162-163
of vegetarian athletes, 343-344
for weight/body composition goals, 226-228
Nutrition Care Process, 15, 154
nutrition counseling
for eating disorders, 405-411
for vegetarian/vegan athletes, 344
nutrition diagnosis, 155
nutrition intervention, 155, 323
nutrition monitoring/ evaluation, 155
nutrition prescription, for athletes with diabetes, 436-437
nutrition quality, for the pregnant athlete, 359-360
Nutrition Terminology Reference Manual (eNCPT), 15, 154

0

obesity
with binge eating disorders, 400
from body mass index calculations, 177, 358
and metabolic syndrome, 225
in nutrition assessment, 160
and puberty, 244, 245
and physical activity, 196, 197, 206, 239-240, 298
psychosocial stigma, 242
obstacle course races
basic physiological demands, 520-521
body composition, 521

energy availability and hydration, 521

expert nutrition tips, 521
older adults
exercise benefits for, 297-298
hydration status in, 307-308
nutrition concerns in, 302-306
physiological changes, 299-301
protein needs/intake in, 303-304
vitamin D deficiency in, 305-306
omega-3 fatty acids, see n-3 fatty acids
oral contraceptives, 99, 399
oral glucose tolerance test, 167, 301
osteoarthritis, 240, 398
osteopenia, 178, 301, 392
osteoporosis, 93, 178, 254, 301
OTS, see overtraining syndrome
overeating, 195, 398
overreaching, 12, 256
overtraining, 09, 10, 11-12, 256, 422, 440
overtraining syndrome, signs and symptoms of, 12
overweight
from body mass index calculations, 177, 358
in children/adolescents, 240, 242, 243
in nutrition assessment, 160
in pregnancy, 358-359, 365, 373
Owen equation, 200
oxidative damage, 84-89, 306, 497, 498
oxidative phosphorylation, 07, 66, 73, 192, 239
oxygen, 04, 60, 94

P

Paleo Diet, 517, 518, 519, 534

pantothenic acid, 83, 84

parathyroid hormone, 89, 94

passive overconsumption, 205

pentose phosphate pathway, 81, 82
periodization, 10, 33, 64, 70, 71, 72, 165, 314, 331, 460
peripheral neuropathy, 441

Phelps, Michael, 316

phosphate, 05, 06, 81, 82, 192, 193, 411, 452
phosphate loading, 90, 93-94
phosphocreatine, 06, 44, 306, 340, 471
phospholipids, 60

phosphorus, 90, 93-94, 336, 369, 410
photosynthesis, 05, 103




phylloquinone, 99

physical activity energy expenditure (PAEE), 192, 195, 199,
201, 202, 203, 207, 208

Physical Activity Guidelines for Americans, 12, 15, 16

physical activity levels (PALs), 192, 203, 205, 206, 230, 241,
330

physical examination, 154, 227, 243
phytochemicals, 84, 410

plasma malondialdehyde concentrations, 86
plasma osmolality, 109, 119, 122, 126, 307
polycystic ovary syndrome (PCOS), 225, 422-423
polysaccharide, 96

polyunsaturated fatty acids (PUFAs), 42, 61-62, 63, 65, 73,
252, 335, 367

postpartum recommendations, 375-376
potassium, 90, 111, 112, 117, 125, 251, 343
power-to-weight ratio, 160, 218, 219, 221-222, 228, 576
prealbumin, 167
preconception weight status, 357-359
prediction equations for RMR, 200
pregnancy
contraindicated foods, 371-373
exercise during, 374
macronutrient requirements, 366-367
micronutrient requirements, 368-370
nutrition considerations during 364-366
physiological changes during, 360-364
weight gain during, 373-374
prepubertal stage, 242
progressive overload, 9
prohormones, 136, 141, 144, 145
protein
for children/adolescents, 251
in endurance exercise, 40-41, 44-45
for endurance/ultra-endurance sports, 45
during exercise, 41, 44-45
for high-intensity exercise
for masters athletes, 303-304
pre-exercise intake, 41
for the preganant athlete, 367
postexercise, 42
quantity of intake, 48-51
in resistance exercise, 40, 41-44

timing of intake, 41-45

for vegetarian athletes, 331-334

protein supplements, 137, 257, 340
prothrombin, 99

protons, 192, 193, 194

psychological benefits of sports, 238-242
psychosocial stigma of obesity in children/adolescents, 242
pubertal development, 243-245
pulmonary ventilation, 04, 05, 10
purging, 164, 388-389, 392, 399, 401
pyridoxal, 82

pyridoxal 5’-phosphate, 82
pyridoxamine, 82

pyridoxamine 5’-phosphate, 82
pyridoxine, 82, 305

pyruvate, 06, 08, 71, 81, 84, 145

pyruvic acid, 06, 07

Q

quercetin, 144

quinoa, 48

R

Ramadan, 320
raw fish, 371
RDAs, see Recommended Dietary Allowances
RDN:Gs, see registered dietitians nutritionists
Recommended Dietary Allowances (RDAs)
definition, 80
for fat-soluble vitamins, 87
for minerals, 88, 90
for protein in vegetarin athletes, 331-334, 338
for water-soluble vitamins, 83
recovery

in adenosine triphosphate-phosphocreatine system, 06,
471

for athletes with diabetes, 425

carbohydrate intake during, 29, 31-32

for elite athletes, 314, 315

glycemic effects, 25

for high-intensity sports, 29, 456

for high-intensity, intermittent sports, 467-468
protein intake effects, 43, 44, 48, 49, 50
principles of exercise training, 08-09

for student athletes, 267, 268, 276, 279

variation/periodization, 10




for vegetarian athletes, 342-343
red blood cells, 10, 94-96, 98, 168
RED-S, see female athlete triad
registered dietitians nutritionists, scope of practice, 12-16

Registry of Exercise Professionals, see US Registry of
Exercise Professionals (USREPS)

relative energy deficiency in sport (RED-S), see female
athlete triad

relative peak power, 227, 228
reproductive health, 356-357, 358
resistance exercise

protein intake for, 41-44, 48-49

protein turnover in, 39, 40

for master athletes, 303, 306

resistance training, physiological adaptations to, 11
respiratory exchange ratio (RER), 68, 70, 71, 72
respiratory quotient (RQ), 68, 70, 166
resting blood pressure, 11, 298
resting energy expenditure (REE), 249, 329, 330
resting heart rate, 11, 361, 398

resting metabolic rate (RMR), 166, 167, 192, 199-201, 202,
207, 208, 210, 228, 302

restricting type, of anorexia nervosa, 388
retinol-binding protein, 167
retinopathy, 426, 441
rheumatoid arthritis, 440
riboflavin, 82, 340

ribose, 145

rickets, 93, 369

rowing, see crew

RQ, see respiratory quotient
Runner’s World, 308

Ryan, Nolan, 308

S

Sa0, see saturation

sarcomeres, 02

saturated fatty acids, 42, 61, 62, 63, 65-66, 304, 335, 367
scope of practice for registered dietitian nutritionists, 12-16
seafood, 47, 65, 255, 275, 367, 368, 371, 372, 519

second law of thermodynamics, 194

second trimester, energy requirement, 365

selenium, 87-88, 453

self-monitoring of blood glucose, 427

serum calcium, 89, 93, 337

sexual maturity rating, 242, 243, 244, 245
shellfish, see seafood

short-chain fatty acids, 61, 206, 399

skinfold thickness, 161, 179, 180-182, 186, 281
sleeping low, 33

smartphone apps, 163

soccer, 92, 114, 129, 220, 221, 224, 229, 278, 320, 466, 467,
468, 469, 470, 471, 472, 473, 475, 476, 478, 479, 568-569

sodium, 90, 109, 111, 112, 113-114, 116, 119, 121-122, 123,
124, 125, 126, 127, 341, 343, 480, 481, 496, 502-504, 551,
557,573

soft drinks, see carbonated beverages

soy protein, 43, 47-48, 495

sport culture, 505

sports drink, 23, 29, 32, 342, 500, 501, 504, 508, 509
sprint performance, 276, 455-456

sprouts, raw, 372

stadiometer, 160, 176, 226

steady state heart rate, 05

sterols, 60

stop-and-go activities, 02, 09, 466, 467, 468, 472, 480, 481
strength, definitin of, 11

strength training, 10, 46, 47, 49, 51, 245, 300, 302, 306, 334,
442, 450

stroke volume, 04, 05, 11, 116, 399
student athletes
alcohol/drug use by, 276, 277, 278
health concerns of, 283-284
nutrition knowledge of, 274-275
performance concerns of, 279-282
personal concerns of, 275-279
subscapular skinfold measurement, 181
succinyl-CoA, 81
sucrose, 41, 127, 476
sulfur, 88-89, 90
sunlight exposure, 92
sunscreen, 93, 370
supplement use
in children/adolescents, 257
for high-intensity sports, 461
in master athletes, 306-307
in pregnancy, 373
regulation of, 135
in student athletes, 290

in vegetarian athletes, 340




sweating, 80, 90, 108, 109, 111, 112-114, 115, 117, 119, 120,
121, 122, 123, 124, 125, 126, 127, 180, 243, 244, 247-248,
307, 480-482, 496, 503, 504

swimming, 221, 222, 224, 278, 301, 374, 393, 451, 454, 509,
550-551, 570-571

synephrine, 139-141

T

T1D, see type 1 diabetes

T2D, see type 2 diabetes

TAC, see Total Antioxidant Capacity
tachycardia, 04, 398

TDEE, See Total Daily Energy Expenditure
technology, in nutrition assessment, 163
tennis, 466, 471, 472, 475, 481, 572-573
testosterone, supplements to increase, 144, 280
thermic effect of food, 195, 201

thermoregulation, 04, 107, 112, 114, 123, 247-248, 480,
522-523

thiamin, 81-82, 83, 100, 362

thiamine diphosphate, 81

thiazide diuretics, 307

thigh skinfold measurement, 181

third trimester, energy requirement, 365

thirst, 109, 110, 112-114, 116, 118, 119-120, 121, 122, 123,
170, 307, 435

thyroid, 87, 88, 89, 195, 199, 370, 439-440
TIBC, see Total Iron Binding Capacity
tobacco, 277, 278, 279

tocopherols, 86, 87

tocotrienols, 86

Tolerable Upper Intake Levels (ULs), 80, 81, 84, 87, 88, 94,
97,99

Torres, Dara, 308
total antioxidant capacity (TAC), 86-87
total cholesterol, 167, 283, 307
total daily energy expenditure (TDEE)
changes in energy balance,208-210
determination of, 202-204, 228
in energy balance scale, 199-204
in vegetarian athletes, 329-331
and weight gain, 208
and weight loss, 207-208
total iron binding capacity (TIBC), 169, 338

trace minerals, needs for athletes, 88

track and field, 278, 296, 450, 453, 459, 508, 548-549,
552-553, 574-575

training at altitude, 96, 98, 117, 118, 319, 337
training blocks, see periodization

training days versus competition days, nutritional needs,
165

training load, of elite athletes, 314-315

“training low” concept, 33-34, 70

training tables, 267, 268, 270, 272, 273, 286, 287-288
trans fatty acids, 62, 63, 64, 65, 66, 335, 359
Transtheoretical Model, 155, 164

travel, challenges of, 318, 319

tricarboxylic acid cycle (TCA cycle), see Krebbs cycle
triceps skinfold measurement, 161

triglycerides, 06, 60, 61, 62, 66, 67, 71,72, 75, 167, 225, 334,
470

type 1 diabetes (T1D), 283, 420, 421, 422, 425, 428-429,
430, 433, 435, 436, 437, 438, 439, 440

type 2 diabetes (T2D), 178, 225, 239, 240, 420, 421-422,
425, 426, 428-429, 430, 435, 436

U

UL, see Tolerable Upper Intake Level
Ultraendurance sports
carbohydrates for performance, 30, 31
energy needs in, 492
energy systems in, 491
hydration needs, 121, 496
nutrient needs in, 341, 483-485

nutrition recommendations, training and race day,
498-502

protein intake, 45

vitamin meeds in, 97, 496-498
UltraMarathon Cycling Association, 550
undercooked meat and poultry, 371
underwater weighing (UWW), 161, 178, 179, 182, 183
underweight, 160, 177, 227, 358-359, 373
United States Olympic Committee (USOC), 169
United States Olympic Committee Protocol, 168, 169

United States Olympic Committee Sports Dietetics
Assessment Form, 156-158

unpasteurized foods, 371, 372

unsaturated fatty acids, 61, 63, 304, 519

upper respiratory tract infections, 83, 85, 136

urine osmolality, 121, 168, 371

urine specific gravity (USG), 114, 125, 168, 407, 458, 496
US Anti-Doping Agency, 146, 280

US Department of Agriculture, 106, 166, 338




US Department of Health and Human Services, 357
US Figure Skating, 554

US Food and Drug Administration, 62, 134, 135, 280, 420
US Masters Swimming: Long-Distance Swimming, 550
US National Senior Organization, 296

US Olympic Committee, 155-158

US Registry of Exercise Professionals (USREPS), 13
US Rowing, 566

US Soccer, 568

US Tennis Association, 573

US Youth Soccer, 129

USA Cycling, 549

USA Dance, 534

USA Dojo, 564

USA Gymnastics, 560

USA Hockey, 662

USA Swimming, 570

USA Track & Field, 296, 550, 552

USA Triathlon, 550

USA Wrestling, 576

USG, see urine specific gravity

USOG, see United States Olympic Committee

USREPS, see United States Registry of Exercise Professionals

v

valine, 39, 333
Vegetarian Resource Group, 347
vegetarian/vegan athletes
B-12 intake for, 339
carbohydrate for, 331
daily energy needs, 330
energy considerations for, 329-331
fat intake for, 334-336
iron intake for, 337-338
micronutrient sources for, 333, 336-340
nutrition assessment for, 343-344
nutrition counseling for, 344
postexercise nutrition, 342
pre-exercise nutrition, 341
protein for, 331-334, 335
relative energy deficiency syndrome, 343
resources/tips for, 345
sample menus for, 332

supplement use in, 340

visceral fat, 160, 176, 227, 239, 300

vitamin A, 86, 87, 94, 343

vitamin B-1, see thiamin

vitamin B-2, see riboflavin

vitamin B-3, see niacin

vitamin B-6, 82, 83, 359, 362, 479

vitamin B-12, 94-95, 100, 168, 337, 339-340, 369
vitamin C, 83, 84-85, 86, 96-97

vitamin D, 87, 89, 91, 92-93, 98-99, 143, 168, 252-253, 305,
336-337, 345, 369-370, 479-480, 497, 527

vitamin E, 85, 86, 87, 306
vitamin K, 87, 99
vitamins,
dietary reference intakes, 80-81
while dieting, 100-101
during training, 81-97
for endurance/ultra-endurance sports, 496-498
fat-soluble, 87
for high-intensity exercise, 458, 479-480
for masters athletes, 304-305
online resources on, 101
for pregnancy, 368-370
for student athletes, 279-280
risk factors affecting, 97-99
water-soluble, 83
vegetarian and vegans, 99-100, 336-340
vitamin status, 168
VO, max see maximal oxygen uptake

vocalists, 530

W

waist circumference (WCQC), 160, 176-177, 225, 227, 240, 283
waist-to-hip ratio, 301

water, see hydration

Watson, Tom, 308

WG, see waist circumference

weight certification requirements, 222

weight gain, 28, 134, 185, 194, 197, 208, 280, 281, 360, 373,
526, 543, 551, 557

weight history, 161
weightlifting, 03, 454
weight management

action plan for, 229-231

assessment, 226-228

case study on, 231-232




determining optimal performance, 219-226
evaluation/reassessment of, 231
goals for, 218-219, 229
for student athletes, 281
weight measurement, 226-227
Welch, Priscilla, 308
whey protein, 42, 46, 47, 137, 143, 230, 332, 333, 518

World Anti-Doping Agency (WADA), 126, 136, 144-145,
307

World Health Organization, 117, 227, 297, 357
World Masters Athletics, 296, 297
Wrestling, 221,222,224, 278, 576-577

Y

youth sports, benefits of, 238-242

Z

zing, 88, 97, 100, 304-305, 332, 337, 338-339, 369, 479
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