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Preface

Through our books and research, we are pleased to have played a small part in the
recent rapid growth of the science of sports nutrition. Taken together, our series
of monographs and edited books form an exhaustive and comprehensive corpus on
the subject. These books have been very well received and we are proud of them.
You have in your hands the latest book on the subject, Nutritional Concerns in
Recreation, Exercise, and Sport. In it are in-depth discussions of important topics of
interest to health and nutrition professionals as well as the motivated layman and the
weekend athlete. This volume covers a wide span of interests in sports nutrition and
brings you the latest authoritative information from experts. As such, it can be used
as a resource and will also find use as a textbook.

Judy A. Driskell
Ira Wolinsky

© 2009 by Taylor & Francis Group, LLC



The Editors

Judy Anne Driskell, PhD, RD, is Professor of Nutritional
Science and Dietetics at the University of Nebraska. She
received her BS degree in Biology from the University
of Southern Mississippi in Hattiesburg. Her MS and
PhD degrees were obtained from Purdue University. She
has served in research and teaching positions at Auburn
University, Florida State University, Virginia Polytechnic
Institute and State University, and the University of
Nebraska. She has also served as the Nutrition Scientist
for the U.S. Department of Agriculture/Cooperative State
Research Service and as a Professor of Nutrition and
Food Science at Gadjah Mada and Bogor Universities in
Indonesia.

Dr. Driskell is a member of numerous professional organizations including the
American Society for Nutrition, the American College of Sports Medicine, the
International Society of Sports Nutrition, the Institute of Food Technologists, and the
American Dietetic Association. In 1993 she received the Professional Scientist Award
of the Food Science and Human Nutrition Section of the Southern Association of
Agricultural Scientists. In addition, she was the 1987 recipient of the Borden Award
for Research in Applied Fundamental Knowledge of Human Nutrition. She is listed
as an expert in B-complex vitamins by the Vitamin Nutrition Information Service.

Dr. Driskell co-edited the CRC book Sports Nutrition: Minerals and
Electrolytes with Constance V. Kies. In addition, she authored the textbook Sports
Nutrition and co-authored the advanced nutrition book Nutrition: Chemistry
and Biology, both published by CRC. She co-edited Sports Nutrition: Vitamins
and Trace Elements, first and second editions; Macroelements, Water, and
Electrolytes in Sports Nutrition; Energy-Yielding Macronutrients and Energy
Metabolism in Sports Nutrition; Nutritional Applications in Exercise and Sport,;
Nutritional Assessment of Athletes; Nutritional Ergogenic Aids; Sports Nutrition:
Energy Metabolism and Exercise; and the current book Nutritional Concerns
in Recreation, Exercise, and Sport, all with Ira Wolinsky. She also edited the
books Sports Nutrition: Fats and Proteins and Nutrition and Exercise Concerns
of Middle Age, published by CRC Press. She has published more than 165 refer-
eed research articles and 18 book chapters as well as several publications intended
for lay audiences, and has given numerous presentations to professional and lay
groups. Her current research interests center around vitamin metabolism and
requirements, including the interrelationships between exercise and water-soluble
vitamin requirements.

© 2009 by Taylor & Francis Group, LLC



Ira Wolinsky, PhD, is Professor Emeritus of Health and
Human Performance at the University of Houston. He
received his BS degree in Chemistry from the City College
of New York and his MS and PhD degrees in Biochemistry
from the University of Kansas. He has served in research and
teaching positions at the Hebrew University, the University
of Missouri, The Pennsylvania State University, and the
University of Houston, as well as conducted basic research
in NASA life sciences facilities and abroad.

Dr. Wolinsky is a member of the American Society for
Nutrition, among other honorary and scientific organi-
zations. He has contributed numerous nutrition research
papers in the open literature. His major research interests
relate to the nutrition of bone and calcium and trace elements and to sports nutrition.
He has been the recipient of research grants from both public and private sources.
He has received several international research fellowships and consultantships to the
former Soviet Union, Bulgaria, Hungary, and India. He merited a Fulbright Senior
Scholar Fellowship to Greece in 1999.

Dr. Wolinsky has co-authored a book on the history of the science of nutri-
tion, Nutrition and Nutritional Diseases. He co-edited Sports Nutrition: Vitamins
and Trace Elements, first and second editions; Macroelements, Water, and
Electrolytes in Sports Nutrition; Energy-Yielding Macronutrients and Energy
Metabolism in Sports Nutrition; Nutritional Applications in Exercise and Sport;
Nutritional Assessment of Athletes; Nutritional Ergogenic Aids; Sports Nutrition:
Energy Metabolism and Exercise; and the current book Nutritional Concerns in
Recreation, Exercise, and Sport, all with Judy Driskell. Additionally, he co-edited
Nutritional Concerns of Women, two editions, with Dorothy Klimis-Zacas, The
Mediterranean Diet: Constituents and Health Promotion with his Greek col-
leagues, and Nutrition in Pharmacy Practice with Louis Williams. He edited
three editions of Nutrition in Exercise and Sport. He also served as the editor for
the CRC Series on Nutrition in Exercise and Sport, the CRC Series on Modern
Nutrition, the CRC Series on Methods in Nutrition Research, and the CRC Series
on Exercise Physiology.

© 2009 by Taylor & Francis Group, LLC



Contributors

Barry Braun, PhD
Department of Kinesiology
University of Massachusetts
Ambherst, Massachusetts

Ellen J. Coleman, MA, MPH, RD,

CSSD

The Sport Clinic in Riverside
California

Riverside, California

Judy A. Driskell, PhD, RD

Department of Nutrition and Health
Sciences

University of Nebraska

Lincoln, Nebraska

Tom J. Hazell, MS

Exercise Nutrition Research
Laboratory

The University of Western Ontario

London, Ontario

Douglas S. Kalman, PhD, RD,
CCRC, FACN

Miami Research Associates
Miami, Florida

Mark Kern, PhD, RD, CSSD

School of Exercise and Nutritional
Sciences

San Diego State University

San Diego, California

Young-Nam Kim, PhD

Department of Nutrition and Health
Sciences

University of Nebraska

Lincoln, Nebraska

© 2009 by Taylor & Francis Group, LLC

Susan M. Kleiner, PhD, RD, FACN,
CNS, FISSN

High Performance Nutrition

Mercer Island, Washington

Richard B. Kreider, PhD, EPC,
FACSM, FASEP, MX, FISSN
Department of Health and Kinesiology
Texas A&M University

College Station, Texas

Peter W.R. Lemon, PhD
Department of Kinesiology
University of Western Ontario
London, Ontario

Chris M. Lockwood, MS

Department of Health and Exercise
Science

University of Oklahoma

Norman, Oklahoma

Benjamin F. Miller, PhD

Department of Health and Exercise
Science

Colorado State University

Fort Collins, Colorado

Fiona E. Pelly, PhD

School of Health and Sport Sciences
University of the Sunshine Coast
Moroochydore, Queensland, Australia

Peter R.]J. Reaburn, BHMS, PhD

Department of Health and Human
Performance

Central Queensland University

Rockhampton, Queensland, Australia



Abbie E. Smith, MS, CSCS

Department of Health and Exercise
Science

University of Oklahoma

Norman, Oklahoma

Jeffrey R. Stout, PhD, FNSCA,

FACSM, FISSN

Department of Health and Exercise
Science

University of Oklahoma

Norman, Oklahoma

Sarah E. Tobkin, MS, CSCS

Department of Health and Exercise
Science

University of Oklahoma

Norman, Oklahoma

© 2009 by Taylor & Francis Group, LLC

Stella L. Volpe, PhD, RD, LDN,

FACSM

Division of Biobehavioral and Health
Sciences

University of Pennsylvania School of
Nursing

Philadelphia, Pennsylvania

Colin D. Wilborn, PhD, CSCS, ATC

Department of Exercise and Sport
Science

University of Mary Hardin-Baylor

Belton, Texas

Ira Wolinsky, PhD

Department of Health and Human
Performance

University of Houston

Houston, Texas



1 Energy Requirements

Benjamin F. Miller and Barry Braun

CONTENTS
L INErOUCTION .ttt 2
II. Energy Balance and Its COMPONENLS.........ccceerieeriieriieniienieeiiesie e see e 2
A, What IS ENETZY?...coueieiiiiieeieceeeeeest ettt 2
B. ENergy INtaKe .......coooveeiiiiiiiiieeiieeieeeee et 3
C. Energy EXpenditure .........cccoceeviiriieniieniieiieeie ettt 3
III. How to Assess Intake and Expenditure in Athletes ..........cccoovevvevvivenieennenne 4
IV. Challenges of Matching Supply with Demand...........ccccecuevviieniinnienieeieennen. 5
A. Matching ATP Production with ATP Requirements ..........c.cceccevervennene 5
B. Exercise Intensity and DUration..........cceceeveevcieeniieniiennieenieeieesieeeees 6
C. Multiple Bouts Of EXEICIS€......cceervuierieriieiienieeiieeie et 7
D. Quantity vs. Quality of Energy Requirements...........ccccceevveevieenieeueennen. 8
E. Long-Term Mismatch of Energy Supply and Demand .......................... 8
1. Excessive Intake Relative to Demand (Energy Surplus).................. 8
2. Insufficient Intake Relative to Demand (Energy Deficit)................. 8
V. Energy Deficit for Weight LOSS ......ccueeriiiiiiiiiiiienieeieeceese e 9
VI. Does It Matter When You Consume Your Energy? .......cccocvevveviiienveneennne 10
A. Acutely (Day of Competition or during Competition) ........c...cccecueunenne 10
B, ChroniCally....ccoouierieeiieiieeieeiterte ettt sttt sttt 11
VII. Range of Intakes in Various Sport STtUAtiONS.......cccueevueerieriienienieenieeieene 11
VIIL Energy EffiCIeNCY ....cccueeviieriiiiiesiecieeetee ettt 13
A. Do Athletes Become More Energetically Efficient?...........c.cccocoveenene 13
B. Is There a Conservation of Energy?.........cccccevvvivviieneeniienienieenieeeeens 13
IX. Environmental Factors and Special Populations ..........ccccevevvevieriienveniennne 14
AL AU ...t 14
B. ClIMALE...eiiiiiiiiiiiciect ettt ettt 14
C. Masters AthIEe .......coueriiriieiiiieiirieieetec et 14
D. Diabetic AthIEte ......cceeciiiiiiiiiiiiiiiietec e 15
E.  SexX DIfferences .......cocecirieiinieiinieiinenicctereetcne sttt 15
IX. Future Research Needs.........coceiiriiniiiiiniiiiniiicceceeeceeene e 16
X CONCIUSIONS ...ttt sttt sttt ettt 16
REEIENCES ...t 17

© 2009 by Taylor & Francis Group, LLC



2 Nutritional Concerns in Recreation, Exercise, and Sport

I. INTRODUCTION

There is an ever-increasing focus on preventing over-nutrition by reducing energy
intake in the general population. However, in athletes, a strategy based on simple calo-
rie cutting may be detrimental. Athletes require sufficient energy to maintain muscle
mass, sustain metabolic flux, and achieve optimal performance. On the other hand, an
energy surplus that raises body fat, even slightly, can impair performance. In response,
athletes often tend to underemphasize (“food is just fuel, eat, burn it, get some more”)
or overemphasize (“each mouthful of food that enters my body must conform to rigid
requirements”) the importance of nutrition to exercise performance.

Making sound nutritional choices does not guarantee athletic prowess, but con-
sistently making poor choices is almost certainly detrimental, as adequate nutri-
tion is essential to take advantage of the cellular signals put into motion by exercise
training.! From the 1920s studies on exercise performance by Krogh and Lindhard?
of high-carbohydrate versus high-fat diets to the 1970s glycogen supercompensa-
tion studies of Bergstrom and Hultman? to the more recent studies of post-exercise
protein feeding on muscle protein synthesis,* it is clear that total energy and the
macronutrient (i.e., carbohydrate, fat, protein) composition of the diet modulate acute
exercise performance and adaptations to training.

The foci of this chapter are understanding how energy is stored and produced, how
it is used during exercise, and the variations in energy and macronutrient require-
ments across sports and environmental conditions. Our goal is to outline these basic
principles of energy metabolism and introduce the concepts that will be reviewed in
more depth in later chapters.

1. ENERGY BALANCE AND ITS COMPONENTS

A. WHAT Is ENERGY?

The sun is the ultimate source of all energy required for human life, as its thermo-
nuclear energy is converted to chemical-bond energy in plants and animal tissues.
When humans consume plant and animal tissues as food, the energy contained in
chemical bonds is liberated and used immediately or stored. Free energy changes
from the disruption of chemical bonds are used to perform all the tasks that require
energy: e.g., circulating blood, moving ions across membranes, exercise, etc. In a
sense, human energy metabolism is similar to an internal combustion engine in
which energy substrates (food or gasoline) go in, are combusted, and heat and work
are produced. Metabolic energy is expressed in kilocalories (kcal, 1000 calories) in
the United States and kilojoules (kJ, 1000 joules) or megajoules (MJ, 1000 kJ =239 kcal)
everywhere else.

Because energy can neither be created nor destroyed, the energy that is not imme-
diately needed from food intake is stored as chemical bonds in triglyceride (fat),
glycogen (carbohydrate) and, arguably, skeletal muscle (protein). The human system,
as well as the systems of most other taxa, has devised mechanisms to efficiently
store energy. The storage of energy frees the body from the demands of continuously
adding energy to the system. Changes in storage are primarily reflected, at least over
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Energy Requirements 3

the long term, by increases or decreases in body fat. Of course, in reality, the flow of
energy is a bit more complicated.

B. ENERGY INTAKE

Total energy intake is made up of contributions from the four energy-yielding macro-
nutrients; carbohydrate, fat, protein, and (optional) ethanol. Each macronutrient has
a different energy density (i.e., energy contained per unit weight of the nutrient).
Digestible carbohydrates, e.g., simple sugars such as sucrose and fructose, and com-
plex carbohydrates such as starch contain approximately 4 kcal/gram of carbohydrate.
Indigestible carbohydrates, i.e., dietary fiber such as cellulose and pectin, do not con-
tain useable energy (not strictly true because intestinal bacteria can partially process
these compounds to short-chain fatty acids that can be absorbed and used for energy,
but quantitatively, the caloric value is negligible). Dietary fats, mainly composed of
triglyceride, are considerably more energy dense, containing on average 9 kcal/gram of
fat. Dietary protein contains 5.25 kcal/gram of protein but, after accounting for incom-
plete digestibility (averaging 92-95%) and inability for humans to extract energy from
the amino nitrogen group (0.85 kcal/gram), the useable energy density for protein is
4 kcal/gram. Ethanol (beer, wine, mixed drinks) is not typically a large component of
the athlete’s habitual diet, but contains 7 kcal/gram and so can be a significant source
of dietary energy when consumed in more than limited quantity.

C. ENERGY EXPENDITURE

Total daily energy expenditure (TDEE) can be roughly divided into three categories:
resting metabolic rate (RMR), diet-induced thermogenesis (DIT), and physical activ-
ity (PA). Resting metabolism represents the energy demand during sitting or lying
down and is used for maintenance of general body functions such as circulation,
respiration, brain activity, etc. The RMR is largely determined by skeletal muscle
mass, which represents a considerable source of energy demand because of energy
consuming processes such as protein synthesis, ionic regulation, and heat generation.
For non-athletes, RMR is often the largest component of energy expenditure (more
than 50%), but for athletes in hard training, RMR may represent less than 1/3 of
TDEE. This is not to say that RMR in non-athletes exceeds that of athletes though,
as athletes have a higher mass-specific RMR.’

Diet-induced thermogenesis represents the cost of processing and storing nutrients
and depends mainly on energy intake. Because DIT is difficult to measure reliably
in humans, it is usually estimated as representing 10% of TDEE. This expenditure
can vary somewhat with the macronutrient composition of the diet, with diets high
in protein increasing the DIT above 10% whereas diets high in fat lower it. Even with
these slight variations, DIT is the lowest contributor to TDEE.

Physical activity traditionally represents energy expenditure attributed to vol-
untary movement and is the most variable component of TDEE. Physical activity
increases energy expenditure because, among other things, there are energy costs
associated with actin/myosin cross-bridge cycling, ion pumping, hormone synthesis,
etc. Of note is a relatively new concept termed non-exercise activity thermogenesis
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4 Nutritional Concerns in Recreation, Exercise, and Sport

(NEAT), which has been coined to include very low intensity activity like fidgeting
or simple standing, and is incorporated into measurements of physical activity.®

I1l.  HOW TO ASSESS INTAKE AND EXPENDITURE IN ATHLETES

It is possible to make calculations of the amount of energy needed to perform
a bout of work. This can be on a scale as small as the number of adenosine-5"-
triphosphate (ATP) needed for twitch activity or the amount of work performed
over a 30-second test of maximal bicycling capacity. For longer time periods, the
measurement of oxygen consumption (VO,), known as indirect calorimetry, is a
convenient tool for making lab-based measurements of energy demand. These
studies are most frequently performed at rest or during steady-state exercise over
a defined period of time. Assuming energy is derived from oxidation of carbo-
hydrate and fat in about a 50:50 ratio, for every kJ of aerobic energy production,
approximately 50 mL of oxygen is required (or 20.2 kJ/L). Therefore, multiplying
VO, (L/min) by the energy equivalent of oxygen (20.2 kJ/L) will provide a rea-
sonable estimate of the rate of energy expenditure (kJ/min). By measuring both
O, consumption and CO, production (VCO,) respiratory exchange ratio ((RER)
= VCO,/V0O,) can be calculated. This calculation allows for more accurate mea-
surements of the proportion of carbohydrate and fat (ignores protein) being used
as fuels at that time. A ratio near 0.8 indicates primarily fat oxidation, while a
ratio near 1.0 indicates primarily carbohydrate oxidation. Obvious limitations of
indirect calorimetry are that it can account only for aerobic energy production and
ignores non-aerobic energy production, measurements are generally confined to a
laboratory environment (although the accuracy of smaller units that can be used in
the field is improving), and long-term measurements (anything longer than a few
hours) of energy consumption are not practical. Measurements of energy expendi-
ture up to about 24 hours can be made using room calorimeters in the few facilities
where they are available.

For longer assessment (days to weeks), the doubly labeled water technique is the
gold standard. The method is expensive, but getting cheaper, and easy to adminis-
ter. Subjects drink what looks to be an ordinary glass of water that contains known
amounts of a stable isotopic “label” on both the hydrogen and oxygen. The labeled
hydrogen equilibrates with the body water pool only, while the labeled oxygen equil-
ibrates with the body water pool and CO,. Knowing the initial dose of the labels,
and measuring the difference in the excretion rates in the body water pool between
the two labels, one can calculate the excretion rate of the unmeasured CO, pool.
Knowing CO, production and estimating VCO,/VO, from the composition of the
habitual diet (food quotient, FQ), energy expenditure can be calculated. The biggest
advantage of this technique is that subjects can be free living, with only a couple of
urine samples needed after the initial consumption of the water.

Finally, for truly long-term measures (weeks to years), changes in dietary intake
and body weight can estimate energy demand. This measurement is based on the First
Law of Thermodynamics. When dietary energy intake exceeds energy expenditure,
the excess energy will be stored. Over time, energy storage equates to greater body
weight. So, by this relatively crude, but reliable and valid, form of energy expenditure
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Energy Requirements 5

assessment, weight gain means that energy intake is exceeding energy demands and
weight loss means that energy intake is insufficient for energy demands.

IV.  CHALLENGES OF MATCHING SUPPLY WITH DEMAND

A. MatcHING ATP ProbuctioN witH ATP REQUIREMENTS

Matching energy supply to energy demand requires several components:

1. A way to assess energy stores and send that information out to the rest of
the body

2. A processing center to integrate information and direct an appropriate
response

3. Systems to change intake and expenditure in the appropriate directions

4. A signal to the processing center reflecting the new state

In meeting the need to match energy supply to energy demand, relevant time
spans can range from seconds to years (Figure 1.1). On the period of seconds, lim-
ited stores of ATP and phosphocreatine (PCr) are taxed and must be replenished as
other energy producing pathways are activated. Progressing further, exercise bouts
of 5 min, 30 min, 1 hr, 4 hr, and 8 hr will all have different supply and demand con-
siderations due to finite energy stores. Finally, over the periods of days, weeks, and
years, the matching of supply and demand is dependent on habitual physical activity
patterns and dietary habits.

During hard exercise, energy demand can increase by more than 20-fold over
the resting metabolism of about 4.2 kJ/min (1 kcal/min), or roughly equivalent to a
100W light bulb. Neural, biochemical and hormonal changes that accompany (and
even precede) muscle contraction are signals for the change in demand, and energy
provision is initiated. For example, the rapid increase in inorganic phosphate (Pi) and
ADP in the muscle increases the activity of creatine kinase (CK) to regenerate ATP

ATP and CP. Very fast but very limited

Glycogen — glucose — lactate
Fast, no O, needed, also limited.

Glycogen — glucose — CO,
Slower, needs O, limited by [glycogen] ————————> ATP — WORK

Triglycerides — Fatty Acids — CO» /
Slow, needs a lot of Oy, but unlimited

Muscle Protein - Amino Acids » CO
Rarely > 5-7% of total energy expenditure
if not replaced, lose muscle mass

FIGURE 1.1 Schematic drawing showing highlights of the systems used to generate the ATP
required to accomplish cellular work.
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6 Nutritional Concerns in Recreation, Exercise, and Sport

from PCr hydrolysis and also accelerates glycolysis. Simultaneously, activation of
the sympathetic nervous system and an increase in blood catecholamines (flight-or-
fight response) cause glycogen breakdown in muscle and liver as well as triglyceride
breakdown in adipose tissue (and maybe intramuscular triglycerides). So, stored car-
bohydrate and fat are catabolized to increase the available pool of glucose and fatty
acids. A key point is that the matching of supply to demand is almost instantaneous
in terms of the magnitude of the response (i.e., there is excellent matching between
the kJ required and the kJ provided) but the blend of energy sources is skewed toward
the rapidly activated “local” sources in the first few minutes of exercise. Much of the
energy early in exercise is derived from PCr and muscle glycogen in order to meet
the energetic needs while the other systems are “titrated” into play. As exercise con-
tinues, the supply of glucose derived from glycogen, blood glucose, adipose-derived
fatty acids, intramyocellular fatty acids, and amino acids is continually changing
to meet demand. The precise regulation of these interconnected pathways is a topic
of much research and certainly has implications for pre-, during, and post-exercise
nutritional strategies.

B. EXercise INTENSITY AND DURATION

No discussion of the consequences of a mismatch between energy supply and demand
is fruitful without considering the appropriate time scale. During very high intensity
exercise, the rapid demand for ATP may exceed the ability to resynthesize it from
PCr, which can be depleted rapidly (within seconds). Thereafter, the stores have to
recover during rest periods or a transition to less intense aerobic exercise for replen-
ishment. PCr storage has been demonstrated to respond favorably to supplementation
and the increase in storage can enhance high-intensity exercise performance,’® which
in itself is indirect evidence that PCr stores are limiting in short-duration intense
activity. During steady-state exercise, resynthesis of ATP between contractions by
PCer, glycolysis and oxidative phosphorylation of carbohydrate and fat is usually ade-
quate to keep intracellular ATP concentration from dropping. During very prolonged
steady-state exercise, the capacity to completely recycle ATP between contractions
can be compromised and ATP concentrations begin to fall. The fall in ATP has been
associated with fatigue and inability to maintain exercise performance, however, the
idea that fatigue is “caused” by a fall in cellular ATP concentration is a dramatic
oversimplification of the complex process of fatigue. Nonetheless, it is clear that an
inability to match demand with the appropriate supply will force the individual to
reduce exercise intensity to a level that can be sustained with the available energy
supply, or even to stop exercise entirely.

The substrates for anaerobic glycolysis are blood glucose and muscle glycogen.
Although in most cases blood glucose can be sustained by liver glycogenolysis and
gluconeogenesis, muscle glycogen supply is limiting to exercise performance. Like
PCr, glycogen satisfies the criteria for being considered limited in supply; exercise
in a glycogen-depleted state will decrease exercise performance, whereas increasing
glycogen concentration (supercompensation) will usually enhance exercise perfor-
mance. Exactly why fatigue is so closely associated with low muscle glycogen is
not entirely clear because complete glycogen depletion is not observed even when
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study subjects fatigue and can no longer maintain exercise.® Speculation exists that
some minimal concentration of glycogen is “protected” and resistant to use during
exercise, perhaps to ensure that some fuel is spared in case of dire necessity (e.g., to
keep from becoming dinner as in our primitive ancestors’ case).

The recent work by Schulman and colleagues suggesting that glucose entering the
muscle cell is incorporated into glycogen before being shunted into glycolysis, espe-
cially when glycogen stores are low,!? supports but does not prove that theory. Also,
it is possible that the spatial arrangement of glycogen is important in that there is
local depletion of stores or mechanical disruption of sarcoplasmic reticulum calcium
cycling.!' The close connection between glycogen stores and exercise performance
has made carbohydrate supplementation before, during, and after exercise one of the
best studied areas of exercise nutrition. In addition, the role of glycogen depletion in
exercise performance has crossed into new areas such as energy sensing,'? cellular
signaling,' and training-induced adaptations.'*

For all practical purposes fat supply is never limiting to exercise demand. An
extremely large supply of fat energy is stored in the body, even in very lean people
(e.g., a person weighing 50 kg with 10% body fat has more than 40,000 kcal of
stored fat energy), and the capacity for working muscles to derive energy from fat
during exercise at more than low-moderate intensity is limited. There has been
great interest in trying to “train” the athlete to rely more on fat energy by feed-
ing high-fat diets to increase the enzymes required for fat oxidation. While it is
possible to induce some of the appropriate metabolic adaptations that increase fat
utilization, these interventions do not enhance exercise performance.'” Thus, as
opposed to PCr and glycogen, fat supply does not deplete. Rather, it is the capac-
ity to use fat that is limiting, not the supply itself, and supplementation does not
improve exercise capacity.

C. MurrieLe Bouts ofF EXERCISE

The matching of energy intake and expenditure is especially relevant to performance
in an event requiring extremely high energy outputs extended over multiple days
or weeks, such as the Tour de France bicycle race. Researchers from Holland per-
formed the first measurements of energy intake and output during that race.'®!” The
cyclists in their research group consumed 24.7 MJ/day (5,900 cal/day), with the high-
est average value for a single day being 32.4 MJ (7,750 kcal). On average, the cyclists
expended 29.4-36.0 MJ/day (7020-8600 cal/day). In other words, energy expendi-
ture roughly matched energy intake even though energy expenditure was 3.6-5.3
times the resting metabolic rate. A report by Kirkwood demonstrated that across
mammals and birds the maximum possible sustainable energy expenditure was 4-5
times RMR.!® Therefore, these cyclists at the Tour de France were operating right at
the proposed maximum energy expenditure. An intriguing question then emerges as
to whether food intake is limiting to exercise performance in such an event. In other
words, it may just be extremely difficult to eat more than 30 MJ/day and therefore, the
upper limit to sustainable energy expenditure is 30 MJ/day. Recently, there was an
effort in another 3-week cycling race, the Vuelta a Espafia, to shorten stages to make
such races more humane and to discourage doping. Rather than take advantage of the
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“easier” conditions, the riders simply rode faster over the shorter courses.!” Therefore,
even though the stage race was shorter in distance, the athletes were expending the
same amount of energy as a longer-distanced stage race. It may be that these athletes
are capable of pushing themselves to the physiological limits of energy expenditure
no matter how long or short the event is. Further, since the ability to produce energy
day after day is dependent on being able to get that energy back into the system, it
may be that physiological performance at a race is limited by how much food can be
properly eaten and digested.

D. QuanTITY Vs. QUALITY OF ENERGY REQUIREMENTS

A final point regarding the matching of the supply and demand during an acute bout
of exercise distinguishes between the quantity and quality of fuels. The consequences
of mismatching the quantity of energy required results in fatigue, or the inability
to maintain the desired force output. On the other hand, the consequences of mis-
matching the quality of the energy required are more subtle. For example, too much
carbohydrate utilization will allow maintenance of high exercise intensity but will
cause rapid glycogen depletion and fatigue. Too little carbohydrate utilization will
spare precious glycogen reserves but, by forcing greater reliance on fatty acid oxida-
tion, will constrain exercise to a relatively low intensity. Therefore, the body systems
designed to sense, integrate, and deliver the appropriate energy to match demand
must be sensitive to the quality of the energy required as well as the quantity.

E. LoNG-TerM MisMATCH OF ENERGY SuppPLY AND DEMAND
1. Excessive Intake Relative to Demand (Energy Surplus)

Energy supply can be mismatched to demand with no acute loss of function, but
over the long term (days/weeks/months) there are deleterious consequences on body
composition and exercise performance. Excess energy intake or deficient energy
expenditure results in an energy surplus. Energy surplus, extended over weeks or
months, leads to a gain of body mass, which inhibits performance of most exercise
tasks. Decrements in exercise performance will be especially profound if the excess
mass is stored as adipose tissue, because this tissue does not directly contribute to
mechanical work.

2. Insufficient Intake Relative to Demand (Energy Deficit)

Chronic energy shortage has profound effects on exercise performance in many dif-
ferent ways. An important advancement in this area is the distinction between inad-
equate energy intake as opposed to high energy expenditure. Based on pioneering
work by Anne Loucks and others,?*?! the cluster of symptoms (disordered eating,
amenorrhea, low bone mineral density) that are often described as the “female ath-
lete triad” is now believed to be more closely related to energy shortage rather than
to excess training or low body fat.?’ It has also been observed that chronic energy
deficit can alter hormone profiles,?!' cause loss of muscle mass,?? and change substrate
oxidation patterns.??
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V. ENERGY DEFICIT FOR WEIGHT LOSS

In most cases, a desirable outcome is selective loss of body fat while maintaining
(or when possible, even increasing) muscle mass. Without using illegal performance
enhancing agents such as anabolic steroids and (possibly) human growth hormone,
the ability to concurrently lose body fat and gain muscle mass in trained athletes
is a “holy grail” that is rarely attainable. As has known for decades, energy deficit
leading to fat loss almost unavoidably causes at least some loss of lean tissue. The
challenge is to combine diet and training to maximize fat loss while minimizing
concurrent loss of lean tissue. Continued high levels of physical activity are impor-
tant because whether the energy deficit is induced solely by decreased caloric intake
or by increased energy expenditure may have functional consequences. Caloric
restriction in the absence of physical activity lowers all three components of TDEE.
Therefore, all three components of TDEE respond to caloric restriction in a direction
that conserves expended energy and minimizes fat loss:

RMR + DIT + PA = TDEE
Caloric restriction energy deficit: 2 2 { A

Severe restriction of total energy intake or carbohydrate increases the need to
use functional protein stores to provide the carbon skeletons for glucose produc-
tion and to maintain the capacity for oxidative energy production. In addition,
protein synthesis is an energetically expensive process requiring the highest pro-
portion of RMR?* and, in times of negative energy balance, skeletal muscle protein
synthesis is compromised. Therefore, low-energy diets (e.g., > 1000 kcal less than
required for weight maintenance) induce rapid weight loss but greatly increase the
catabolism of skeletal muscle protein for energy, causing an undesirable loss of
lean tissue.

Instead of caloric restriction, energy deficit can also be induced by maintain-
ing caloric intake and increasing energy expended by PA (exercise). Since exercise
with amino acid provision helps preserve lean tissue mass, RMR may not decline,
and may even increase, if there is a significant change in body composition. Since
DIT is primarily determined by caloric intake, energy expended by DIT should not
decrease if energy intake is not restricted. Therefore, a weight management program
based on increasing energy expenditure by PA could result in a strikingly different
pattern of changes to TDEE that are more likely to promote selective loss of body
weight as fat and also facilitate continued weight loss:

RMR + DIT + PA = TDEE
Exercise energy deficit: - T T
The response to exercise-induced energy deficit may be mediated by an endocrine
response different from that observed with caloric restriction. How exercise-induced
energy deficit impacts endocrine signals has not been systematically studied. In

addition, sex differences in the neuroendocrine response to exercise training have
been noted in rodents.?> Data from human and animal studies indeed suggest that
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increased physical activity, with ad libitum feeding, causes loss of body weight in
males but not in females.?6?7 Whether this is a true sex difference or an artifact
of experimental design (to maintain the same relative exercise energy expenditure,
women expend fewer absolute kJ in the training intervention because they tend to
have lower baseline daily energy expenditure) remains to be elucidated.

VI. DOES IT MATTER WHEN YOU CONSUME YOUR ENERGY?

A. Acutiry (DAY oF COMPETITION OR DURING COMPETITION)

If one considers endurance exercise of more than an hour in length, timing of energy
intake before, during, and after exercise can influence exercise performance. In elite
endurance athletes, exercise bouts as long as a marathon are dependent almost exclu-
sively on carbohydrate metabolism.?® Thus, carbohydrate supplementation is of pri-
mary importance for sustaining energy over a bout of exercise, with fat and protein
supplementation being less important.

An overnight fast is sufficient to deplete the liver of glycogen. Therefore, it is
generally a good idea for one to replete liver (and to a lesser extent, muscle) glycogen
in the period before exercise. There has been some discussion of whether consuming
a carbohydrate source with a high glycemic index may inhibit exercise performance
because of the resultant spike in insulin. However, it seems as though the metabolic
effects of exercise overwhelm those of a transient insulin increase, so there is no
detriment to exercise performance.?

During exercise, supplementation with carbohydrate helps maintain blood glu-
cose concentrations and decreases muscle glycogen use. Provision of exogenous glu-
cose increases the oxidation of exogenous carbohydrate, thus decreasing oxidation
of endogenous stores. The rates of exogenous carbohydrate oxidation can exceed
1.3 g/min, which requires a substantial carbohydrate intake of 1.8 g/min.*° For prac-
tical purposes, it is unlikely that an individual will be able to exceed maximum
exogenous oxidation rates, so the more carbohydrate an athlete can consume during
a prolonged exercise bout, the better.

The timing of carbohydrate intake after exercise impacts the time course of
glycogen repletion in athletes. When carbohydrate is given immediately post-
exercise, glycogen resynthesis is more rapid than when carbohydrate feeding is
delayed by 2 hours.! These and other data suggest that glycogen resynthesis is
most effective immediately post-exercise (coincides with maximal activation of
enzymes involved in glycogen synthesis) and that delaying carbohydrate feeding
may result in less complete glycogen resynthesis. Delaying carbohydrate feeding,
however, apparently has no effect on glycogen concentration when measured after
longer time frames (e.g., 24 hours post-exercise) despite the slower initial rate of
resynthesis.3!3

In addition to differences in glycogen resynthesis rates observed with delayed car-
bohydrate/energy refeeding, meal timing also likely influences the substrate and hor-
monal environment, which may have an impact on the magnitude and persistence of
post-exercise metabolic adaptations. In the aforementioned study by Ivy et al.,’! when
carbohydrate feeding was delayed 2 hours post-exercise, blood glucose concentrations
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remained elevated longer and insulin concentrations were slower to rise and slower
to decrease than with immediate post-exercise carbohydrate feeding. Stephens et al.
noted that, although there was no difference in the rate at which glucose was taken up
by muscle, more of the glucose was shunted to storage (i.e., glycogen storage) rather
than oxidation when a meal was consumed immediately post-exercise as compared
with before exercise or 3 hours after exercise.*

To reiterate, a discussion of the acute effects of energy feeding is really a dis-
cussion of carbohydrate feeding. An exercise bout less than 45 minutes is unlikely
to deplete energy stores,’® while exercise longer than 45 minutes may be limited
by glycogen stores, but not by fat stores, diminishing fat’s importance in acute
feeding. Finally, although post-exercise protein nutrition is important for ana-
bolic processes, provision of amino acids is generally not important for energy
metabolism.

B. CHRONICALLY

Theoretically, certain eating patterns over time could affect the storage or utilization
of energy. For instance, circadian hormone release could direct food consumed early
in the day toward oxidation while the same food consumed later in the day could be
directed toward storage. Likely mediators of these effects could be gut peptides such
as leptin or glucagon-peptide-1 (GLP-1), or other metabolic mediators such as thy-
roxin or insulin. When regulating weight, lay advice is to not consume food before
going to bed because it will be directed to storage. Insight into eating before bed can
be gained from a condition termed “night-eating syndrome” in which individuals
eat little in the morning and consume the greatest portion of their calories (greater
than 50%) after the evening meal, and even through the night. While studying this
condition it has been determined that there is no association between those who
eat the majority of their calories at night and weight gain.>* Further, it seems as
though the body can buffer changes in meal timing if a person is on an abnormal
circadian rhythm (e.g., shift workers).?> However, an important point is that in these
studies the subjects were otherwise in energy balance. Therefore, if one maintains
energy balance, when the food is consumed will have little effect on weight gain over
time. Finally, it is worth mentioning again that athletes managing body composition
during periods of heavy training should concentrate their nutrient intake, including
energy, during and around the training bout because of other anabolic factors.

VII. RANGE OF INTAKES IN VARIOUS SPORT SITUATIONS

For a discussion of energy expenditure, it is useful to consider an American football
offensive lineman, a gymnast, and an ultra marathoner. For an offensive lineman, the
requirements for a high absolute power output and to offer considerable resistance to
movement by external forces make it advantageous to maintain a large muscle mass.
Because of this, this athlete will have prodigious resting energy expenditure. Given
the intermittent nature of his training (practice or weight lifting) and competition, the
energy expenditure due to activity will be less significant than resting energy expen-
diture. This athlete can consume large amounts of energy because it is balanced by
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his huge resting energy expenditure, and the fact that excess mass will not have nega-
tive consequences. For a gymnast, a large muscle mass is advantageous, but excess
mass is not. A gymnast will also have high resting energy expenditure due to a large
lean body mass, although not nearly as high as the offensive lineman. Again, given
the intermittent nature of a gymnast’s activity, energy expenditure due to physical
activity will probably not equal resting energy expenditure. This athlete will have to
closely monitor energy intake and expenditure since there is a negative consequence
for any added mass that is not working skeletal muscle. Finally, an ultra marathoner
must maintain a low lean mass, because any excess mass, even skeletal muscle, is a
clear disadvantage in the sport. In this situation, where prolonged aerobic exercise
requires considerable energy output, energy expenditure due to physical activity will
likely exceed resting energy expenditure (although the low body fat in marathon
runners causes them to have a higher resting energy expenditure than a comparably
sized sedentary individual).

Exercise increases total energy needs due to a rise in the PA component of TDEE.
As discussed above, competitive events such as the Tour de France put huge demands
on energy intake. Insight regarding the energy demands in a variety of sports was
obtained by using 4- to 7-day diet records in Dutch athletes.3¢ Average dietary intake
varied from 110 kJ/kg/day (26 kcal/kg/day) in female body builders and 157 kJ/kg/day
(38 kcal/kg/day) in female top-level gymnasts to 272 kJ/kg/day (65 kcal/kg/day) in
male triathletes and 347 kJ/kg/day (83 kcal/kg/day) in Tour de France cyclists. In
general, sports that emphasized aesthetics had the lowest intake, team sports were
intermediate, and endurance sports the highest. It is important to note, however,
that these were reported intakes and were not confirmed by objective assessment of
energy expenditure. From these data, it is apparent that energy intake for aesthetic-
type athletes is far below the 9.6—13.0 MJ/day (2300-3100 kcal/d) recommended for
a healthy adult. Conversely, a single day in the Tour de France bike race can have an
energy expenditure of close to 37.5 MJ (9,000 kcal),"” or three to four times average
energy intake.

Better methods to assess energy expenditure (e.g., doubly labeled water) allow a
more complete record of the energy expenditure involved in a variety of activities.
Recent publications have demonstrated energy expenditures of 14.7 MJ/day (3500
kcal/day) in soccer players,’” 14.7 MJ/day (3500 kcal/day) in elite Kenyan runners,
16.5MIJ/day (3950kcal/day) in female lightweight rowers,* 19.2 MJ/day (4600 kcal/day)
and 20.5 MJ/day (4900 kcal/day) for forest-wildfire suppression,*® and 23.5 MJ/day
(5600 kcal/day) in elite female swimmers.*' It is interesting that when self-reported
energy intakes are compared with energy outputs calculated from doubly labeled
water, it appears that many of these athletes should be in energy deficit. Although
it may be true that some athletes maintain a chronic energy deficit, it is also likely
that some athletes are underreporting actual dietary intake. A recent report on elite
Kenyan runners indicates that in the period leading up to competition, these athletes
may indeed be in a negative energy balance.3® Support for the latter possibility comes
from the variety of sources showing that underreporting intake is common in nutri-
tional surveys. As doubly labeled water measurements and carefully controlled stud-
ies of dietary intake become more feasible, we should achieve a better understanding
of energy status (deficit, balance, surplus) in different physical activities.
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VIII. ENERGY EFFICIENCY

A. Do ATHLETES BECOME MORE ENERGETICALLY EFFICIENT?

There is a notion that athletes become more “energetically efficient” with training.
Whether this is true depends on the definition of the term. Typically, efficiency is
defined as gross efficiency, which equals work accomplished divided by energy
expended; net efficiency, which subtracts out resting energy expenditure from energy
expended; or delta efficiency, which is the change in work divided by the change in
energy expended. It is generally accepted that trained runners have a greater effi-
ciency than their novice counterparts. That is, a highly trained runner will require
less oxygen consumption at a given running speed (termed economy) than their
novice counterparts. Interestingly, this does not seem to be the case in cycling.*?
However, if the idea that cycling efficiency does not change has been challenged by
a case study in a Tour de France champion that reports that changes in performance
were due to changes in efficiency with a potential fiber type transition.*?

When discussing energy efficiency, the quantity and quality of mitochondria is
also important. Indeed, it has been known for some time that endurance exercise
training increases mitochondria density ** and that this is one of the primary adapta-
tions of endurance exercise training. An increase in mitochondria quantity leads to
an increase in efficiency of energy production (less glycolytic, more aerobic) and
perhaps an increase use of fat as a substrate. However, strictly speaking, carbohy-
drate is still a more oxygen-efficient fuel source, and at a given relative exercise
intensity carbohydrate is used in the same percentage whether trained or untrained.*
Regarding the quality of mitochondria, it has been demonstrated that an endurance
exercise-training program can increase State 3 respiration (ADP-stimulated), but not
the ratio of inorganic phosphate to oxygen (P/O ratio).*® Therefore, although mito-
chondrial respiratory capacity increases, efficiency at the level of the electron trans-
port chain does not.

B. Is THERE A CONSERVATION OF ENERGY?

If an athlete is in a prolonged energy deficit, energy-conserving mechanisms may
result. These mechanisms are likely detrimental to performance because anabolic
and repair mechanisms are down regulated. The preponderance of data related to
the area of energy conservation has been collected in previously overweight or obese
subjects losing weight (see Hill*’) and indicates that the body tries to protect a set
weight in the face of negative energy balance. How these concepts apply to athletes
is not well explored. However, it is apparent that exercise-associated menstrual dis-
orders related to the female athlete triad may indeed stem from energy conserv-
ing mechanisms.*® An evolutionary perspective helps put these energy-conserving
mechanisms in context.

An individual has limited energy that can be directed toward two main processes,
reproduction and somatic repair. If one has a shortage of energy, indicating a period
of low energy availability, reproduction is often compromised because the conditions
are not right for child bearing. Instead, the individual invests available energy into
somatic repair to help maintain a healthy body until conditions are again ready for
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reproduction. This framework has been used to explain why lifelong caloric restric-
tion increases life span.*® Although this serves well to explain why prolonged nega-
tive energy balance may cause menstrual disorders, whether negative energy balance
actually increases somatic repair is still a contentious issue.

IX. ENVIRONMENTAL FACTORS AND SPECIAL POPULATIONS

A. ALTITUDE

In response to hypoxia, a shift in substrate use to favor greater dependency on
glucose and less utilization of lipid has been reported in a variety of experimental
models.’>*! In young men, both whole-body and leg glucose uptake rose sharply
upon acute exposure to hypobaric hypoxia (4300 meters on Pikes Peak in Colorado)
and remained elevated above sea level values even after 18 days of acclimatization.”!
In other studies, however, exposure to hypobaric hypoxia has not resulted in a greater
dependency on glucose. In one of the first studies to systematically evaluate substrate
utilization at high altitude, Young et al. reported the opposite, i.e., reduced depen-
dence on carbohydrate and greater use of fat after several weeks’” acclimatization.>?
The discrepancy between these results and those from Brooks and colleagues is
likely a result of different energy states. Depressed energy intake and elevated rest-
ing metabolism, both common responses to hypobaric hypoxia, cause energy deficit
and weight loss.>®* A shift to more fat utilization and muscle glycogen conservation
are typical responses to energy deficit. In contrast, energy balance was maintained
and weight loss prevented in the studies by Brooks and colleagues to deliberately
isolate the impact of hypoxia from energy deficit.’! The fact that energy deficit can
obscure the effects of “true” hypoxia suggests that it is a more potent metabolic
stimulus. Taken together, these data have led to novel research directly testing the
independent effects of hypoxia and energy deficit** and also provided key insights
that inform practical recommendations for nutrition at altitude.

B. CLIMATE

Several environmental factors also change fuel preferences. It is often the case
that with a new Olympic cycle, a new environmental factor gets increased attention.
Before the high altitude of Mexico City, research on exercise at altitude was popular,
whereas the Sydney and Athens games stimulated research on exercise in the heat.
In general, exercise in both heat and cold increases glycogen use.> A legitimate
concern for the 2008 Olympics in Beijing was air quality. Although it is not clear
whether air pollutants alter substrate use, it is possible that medications used to treat
asthma, such as Clenbuterol, do change fuel preference.

C. MASTERS ATHLETE

Although there is a steady physiological decline with aging, chronic exercis-
ers maintain higher function throughout their lifespan. For example, life-long
exercise training does not attenuate the rate of decrease of such performance
variables as VO,max, but life-long exercisers maintain a higher VO,max across
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ages.’’ Therefore, masters athletes maintain a higher capacity to use energy. It
appears that for running, masters athletes do not decrease exercise economy
when compared with young individuals® and this is likely due in part to the fact
that muscle fiber type changes little in older athletes compared with young.> At
the level of the mitochondria, masters runners can have enzyme activities that
exceed young runners,’° thus maintaining mitochondrial efficiency. Finally, a
recent study in older, lifelong exercisers (at least 25 years of training) indicated
that at a given relative exercise intensity, the lifelong exercisers used more fat
for oxidation than their sedentary counterparts.®' This finding is in contrast to
short-term training programs in younger individuals that do not shift substrate
preference at a given relative intensity. Perhaps this shift in fuel preference is
unique to lifelong training.

D. DIABETIC ATHLETE

People with diabetes have successfully competed at the highest level in sport, and in
many cases, like Gary Hall, Jr., an Olympic gold medalist in swimming, have suc-
ceeded. How people manage exercise and diabetes is dependent on whether they are
insulin dependent (IDDM) or non-insulin dependent (NIDDM). It has been demon-
strated that when compared to control subjects, individuals with IDDM use slightly
more fat as a fuel source during moderate intensity exercise, but use similar fuels
during high intensity exercise.®> Conversely, in NIDDM, there seems to be a shift to
a greater reliance on carbohydrate metabolism at any given exercise intensity when
subjects are compared with age-, weight-, and activity-matched control subjects.5?
Mitochondrial abnormalities and their contribution to or causation of NIDDM is a
hot topic in metabolism.%* It has been demonstrated that mitochondrial efficiency is
decreased in diabetics,® although this has recently been challenged.5® Importantly,
these studies were done in obese NIDDM subjects. However, it has been demon-
strated that this mitochondrial deficiency can be restored to normal levels with exer-
cise training,%” indicating that energy production should not be impaired in those
with diabetes undergoing regular exercise training. An important point of consider-
ation is that the majority of studies performed in those with well-controlled diabetes
are in those with controlled diabetes. Certainly the diabetic athlete has to take pre-
ventive measures to ensure controlled glucose concentrations during exercise train-
ing, something that regular exercise training may actually improve.

E. Sex DIFFERENCES

For many years, all of the examples used in the field of exercise metabolism were
based on observations from the standard 70-kg male. With increased participation of
women in sport through Title IX and The Women’s Health Equity Act of the 1990s,
physiologists and biochemists began to investigate sex-based differences in women
and men. Presumably because the experiments were initially done on men, female-
ness (and the physiological effects of the ovarian hormones estrogen and progester-
one) is still treated as the “experimental” condition and males the “control.” Most
well-controlled studies show that at any given relative exercise intensity, men oxidize
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more carbohydrate and less fat than do women.?”%® It appears that the differences
between the patterns of relative fuel use in men and women are due to circulating
female hormones rather than male hormones or the relatively greater proportion of
type I fibers in women than men.26:27.69

IX. FUTURE RESEARCH NEEDS

As discussed, a great number of studies have quantifed the energetic needs of vari-
ous sports, including both acute bouts of exercise and short-term training or com-
petition. However, these measurements have been in sports that are amenable to the
laboratory setting. Obtaining good field-based measurements of energy expenditure
is still relatively difficult. And, although the doubly labeled water technique has pro-
vided some insight, it still remains a relatively blunt tool by measuring accumulated
changes that do not account for the different components of energy expenditure.
Similarly, the second component of energy balance, energy intake, is limited by the
accuracy of self-report, or in limited publications, weighed-diet records. Even when
weighed-diet records are employed, one should consider the influence the recording
process has on “real” intake. Therefore, there still remains a need for quantifying the
actual energy intake and use of real athletes. The development of “nanotechnology”
may significantly advance field-based measurement of energy flux.

In addition, it is now apparent that cells respond to energetic signals. Changes in
ATP, or more accurately the ratio of adenosine monophosphate (AMP) to ATP, can
initiate adaptive changes in the cell.”® An important next step is to determine how the
athlete can design his or her training to maximize the positive adaptive responses of
this pathway or others. One interesting study design has subjects exercising in the
glycogen-depleted versus glycogen-replete state.'*”! The findings from these studies will
certainly stimulate more studies exploring the cellular signals of sport adaptation.

Finally, scientists must go beyond describing what athletes do and continue to
question established paradigms of exercise training by introducing novel strategies.
For example, recent studies document similar endurance-training adaptations from
multiple high-intensity exercise bouts as from prolonged submaximum exercise.”
These studies challenge the long-held notion that long-duration exercise is needed
for increased aerobic exercise performance. However, these studies also open an
opportunity to examine how one might address issues of energy balance when per-
forming such a small absolute volume of exercise.

X. CONCLUSIONS

Complex biologic systems monitor energy demand and meet that demand by pre-
cisely releasing stored energy in the appropriate quantity and “quality” (blend of fuel
sources). These mechanisms adhere to the basic principles of thermodynamics and
function to preserve the top metabolic priorities: providing glucose for the central
nervous system, maintaining adequate muscle glycogen stores to facilitate physical
activity required to catch (or avoid becoming) dinner, and storing sufficient energy
to survive periods of extended fasting. Athletes and other active individuals must
conform to the same physical laws, but test the boundaries of the metabolic systems
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because of their high energy and carbohydrate flux, obligating considerably higher
rates of energy and carbohydrate replacement.

Energy requirements vary by sport, age, and environmental conditions. In addi-
tion, the components of energy expenditure can vary as well, depending on body
composition or training volume. It is difficult to consider energy requirements in iso-
lation without considering macronutrient intake. Those athletes wishing to maintain
or decrease weight must balance macronutrient requirements within the confines of
energy balance, while those wishing to gain weight must do so with macronutrient
intakes that lead to the accretion of muscle rather than metabolically inactive tissue.
Although a good number have described what athletes do, more studies must continue
to determine how one might take advantage of the signaling put in motion in response
to energetic and macronutrient manipulation. These key discoveries will enable sport
nutritionists to craft optimal dietary strategies that maximize athletic performance.
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I. INTRODUCTION

As the major providers of energy during physical activity, carbohydrates and fats are
critical nutrients for exercisers and athletes. These nutrients should be considered
from performance-related perspectives as well as for their implications in promot-
ing wellness of active individuals. Dietary sources of carbohydrate and fat as well
as endogenous stores are contributors to human metabolism; therefore, effects of
both acute (particularly with regard to carbohydrates) and chronic dietary intake of
these key nutrients are of prime importance. Research performed to date allows us
to predict to at least some degree how consumption of various carbohydrates, fats,
and nutrients that affect metabolism will influence fuel utilization, risk factors for
chronic diseases, and athletic performance.

1. CARBOHYDRATES

A. CLASSIFICATIONS AND DIETARY SOURCES

Carbohydrates are macronutrients composed of carbon, hydrogen, and oxygen atoms
that can be divided into many categories based on their structure (i.e., monosaccha-
rides, disaccharides, polysaccharides, and non-digestible polysaccharides) as well as
their metabolic effects (e.g., digestibility, glycemic responses, etc.). The term “‘sac-
charide” describes a molecule that is a sugar or sweet and is often used as a synonym
for “carbohydrate.” These nutrients are typically the most abundantly consumed
components of our diets. Many foods from each of the five major food groups, as
wells as sweets and foods specifically developed for athletes such as sports drinks,
bars, and gels, can provide significant amounts of carbohydrate in the diet. Some
examples of carbohydrate-rich foods and their carbohydrate contents in 100-gram
servings are provided in Table 2.1. Although many of the foods on the list appear to
be rather low in carbohydrates, most of those foods have a high or very high water
content, which can be misleading as the values are expressed relative to the weights
of the foods rather than as a percentage of energy content provided by carbohydrate,
which is high for all of the foods listed.

Carbohydrates are often classified structurally as either simple sugars (typically
monosaccharides and disaccharides) or complex carbohydrates (i.e., polysaccharides
or starches). Monosaccharides are carbohydrates composed of a single monomeric
unit, while disaccharides include two monosaccharides linked by a glycosidic bond.
Mono- and disaccharides are often referred to collectively and sometimes individu-
ally as sugars or simple sugars, although the term “sugar” is often used to refer to car-
bohydrates in general or specifically to table sugar (sucrose) or blood sugar (glucose). The
major dietary monosaccharides are glucose, fructose, and galactose, while sucrose
(glucose + fructose), lactose (glucose + galactose), and maltose (glucose + glucose)
compose the key disaccharides of the diet.

Sugars are found in a variety of naturally occurring and processed foods. Glucose
is a hexose found abundantly in various forms in an array of foods. Free glucose is
found in many fruits, honey, corn syrup, sports drinks and numerous other foods.
Glucose is also a component of most other carbohydrates including, but not limited
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TABLE 2.1
Typical Carbohydrate Content of 100-Gram Servings

of Selected Foods and Sports Products Rich in Carbohydrate
Food Carbohydrate Content (g)

Bread, Cereal, Rice, and Pasta Group

Bagels (plain) 50-55
Brown rice (cooked) 24
Cooked cereal (prepared with water) 10-20
Corn Tortillas (unfried) 47
Crackers (saltine) 72
English muffins 46
Flour Tortillas 56
Noodles (egg, cooked) 25
Pancakes 37
Pasta 25-30
Pretzels 79
Ready-to-eat cereal (dry) 80-90
Waffles 33
White bread or toast 50-55
White rice 29
Whole wheat bread or toast 47-51

Vegetable Group

Corn 20
Peas 16
Potatoes (baked) 21
Yam (boiled) 28
Fruit Group

Canned fruits 5-30
Dried fruits 60-80
Fruit juices 10-15
Raw fruits 15-25

Milk, Yogurt, and Cheese Group

Cheese (fat free, processed) 13
Chocolate milk (lowfat) 10
Ice cream (fat free) 30
Milk (fat free) 5

Yogurt (fat free with fruit) 19

Meat, Poultry, Fish, Dry Beans, Eggs, and Nuts Group

Chestnuts (roasted) 53
Dry beans (boiled) 23-27
Lentils 20
Sweets

Candy 80-98
Candy bar 60-70

(Continued)
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TABLE 2.1 (CONTINUED)
Typical Carbohydrate Content of 100-Gram Servings
of Selected Foods and Sports Products Rich in Carbohydrate

Food Carbohydrate Content (g)
Cookies (lowfat/fat free) 70-80
Honey 82
Jam/preserves 69
Maple syrup 67
Soft-drinks 10-11
Table sugar 100
Sports products*

Sports bars 65-75
Sports drinks 5-7
Sports gels 70-80

* Usually low nutrient density

Source: Information obtained from USDA National Nutrient Database for Standard
Reference, Release 16-1; from Kern, M. CRC Desk Reference for Sports Nutrition.
CRC Press. Boca Raton, FL. 2005. pp. 28-29.

to, starches, sucrose, lactose, and maltose. Any foods rich in these nutrients ultimately
provide the body with significant amounts of glucose. Furthermore, the other primary
dietary monosaccharides fructose and galactose are ultimately converted to glucose
or glucose derivatives after absorption. Because most carbohydrate can be converted
into glucose eventually, it is an extremely important nutrient physiologically, as will
be discussed. Glucose can be made available for the body from more than dietary car-
bohydrates, however. Many amino acids, glycerol, and pyruvic and lactic acids can be
used to produce glucose. The monosaccharide fructose is also a hexose. It is primarily
found in food in either its simple form or bound to glucose as part of the disaccharide
sucrose. Foods rich in this monosaccharide as the hexose monomer include many
fruits and honey, although much of the fructose in the diet is consumed in processed
foods such as soft drinks, sports drinks, baked goods, etc., that are sweetened with
high fructose corn syrup. Because one half of the sucrose molecule is fructose, foods
rich in sucrose also provide much of the fructose in the diet. Another major hexose
consumed in the diet is galactose, which is found predominately in food as part of
the disaccharide lactose. Other foods containing galactose include peas, lentils, some
legumes, organ meats, cereals, and some fruits and vegetables. Some sports foods
contain galactose as well, which will be discussed in more detail later. Other mono-
saccharides, including pentoses such as ribose and xylose, are found in the diet in
small quantities as well. Ribose, commonly consumed as a part of nucleic acids, is
produced metabolically from glucose through the hexose monophosphate shunt.
Three major disaccharides, sucrose, lactose and maltose, are also found in most
individuals’ diets. Sucrose is present at high levels in sugar cane and sugar beets,
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from which it is extracted to produce table sugar. It is also found in lower amounts
in many fruits as well as vegetables and grains. Several sports foods are sweetened
with sucrose. Lactose is a disaccharide produced from the monosaccharides glucose
and galactose and is the primary sugar found in milk. Maltose is found in malted
milk products as well as sweet potatoes, pears, and in lower amounts in other fruits,
vegetables, grain products, and honey.

“Complex carbohydrate” usually describes digestible polysaccharides made
up of many glucose monomers. Digestible polysaccharides are found in a variety
of plant foods and are often richest in foods such as grains and grain-based foods
(e.g., pasta, breads, cereals, etc.), potatoes, beans, and peas, etc. Non-digestible poly-
saccharides (i.e., fiber) are also made of saccharide units (not always glucose), but are
resistant to digestion by human enzymes. The most prevalent examples of complex
carbohdyrates in the human diet are amylose and amylopectin, both of which are
considered starches. Amylopectin comprises a higher percentage (typically 70-80%)
of the starch in foods containing complex carbohydrate. Glucose polymers or malto-
dextrins are also typically considered complex carbohydrates. These molecules are
relatively short chains of glucose units linked by glycosidic bonds in a manner simi-
lar to amylose and are produced by partial hydrolysis of starch molecules.

Many nutritionists have used the term “complex carbohydrate” simply to refer to
foods that are rich in starches. These foods typically provide many nutrients other
than the glucose that composes the starches and have long been considered to pro-
vide a nutritional advantage over simple sugars. Historically, this advantage has been
used as a basis for suggesting that the diets of exercisers and athletes be rich in com-
plex carbohydrates. While many foods rich in complex carbohydrates are also rich
in other nutrients, this is not always the case. Foods rich in complex carbohydrate as
well as fiber (e.g., whole grain breads, etc.) are prime examples of nutrient-rich foods
that should form the basis of a healthy diet.

Fiber is a group of non-digestible polysaccharides found in plant foods as well
as lignin, which is primarily associated with the structural components of plants.
Although fibers are not digestible by enzymes of the human intestinal tract, colonic
bacteria possess the ability to partially ferment some fiber, not lignin, thereby pro-
ducing short-chain fatty acids that can be absorbed by the colonic epithelium and
provide some energy to the body. Therefore, while the term non-digestible is accu-
rate regarding human digestion, some fiber digestion does occur within the human
body through the assistance of our colonic microflora. Fibers are usually classified
as those that are soluble in water and those that are insoluble in water. Water-soluble
fibers that are common in the diet include pectins, gums, mucilages, algal poly-
saccharides, beta-glucans, pysllium, resistant starches, and inulin. Water-insoluble
fibers include cellulose, some hemicelluloses, and lignin. The potential impact of
fiber consumption on exercise performance has not been directly studied; however,
for meals consumed prior to or during competition, most sports dietitians recom-
mend foods relatively low in fiber to avoid gastrointestinal discomfort, which may
negatively impact performance. Most practitioners also recommend that the typical
diet of an athlete contain similar amounts of fiber to those recommended to the
general population (usually approximately 20-35 grams per day). Research does not
necessarily support the notion that consumption of moderate amounts of fiber will

© 2009 by Taylor & Francis Group, LLC



28 Nutritional Concerns in Recreation, Exercise, and Sport

adversely affect performance during competition. In fact, as described in the section
on glycemic index, consumption of some fiber-containing foods has produced a lower
glycemic response with pre-exercise feedings, which translated to improvements in
performance. Other studies have not demonstrated such performance improvements
but also do not report decreases in performance. Until solid research regarding alter-
native recommendations is available, the amount of fiber that an athlete should con-
sume before competition depends on how well the individual can tolerate foods that
contain fiber and must be determined on a case-by-case basis.

The Acceptable Macronutrient Distribution Range established by the Institute
of Medicine when determining the Dietary Reference Intakes is 45-65% of total
energy intake. Research on dietary intake of various athletes suggests that most are
consuming carbohydrates at rates that are within this range. For example, one group
of researchers demonstrated that the average intake of U.S. collegiate cyclists during
training was 58 + 8% of energy.' Similar data were obtained for Australian national-
level triathletes and runners who respectively consumed 60 + 8% and 52 + 5% of
energy from carbohydrate? and U.S. swimmers and divers who consumed 65 £ 7% of
energy from carbohydrate at season’s end.? At the extreme, elite male Kenyan runners
have been demonstrated to eat as much as 607 £ 57 grams of carbohydrate per day
during training, accounting for approximately 77% of energy intake on average.*

B. DIGESTION AND ABSORPTION

Ingestion of carbohydrates other than monosaccharides requires digestion prior to
absorption. When starches are consumed, the final product of digestion will ulti-
mately be glucose units. While a limited degree of starch digestion begins in the oral
cavity by the action of salivary amylase secreted into the mouth, most starch digestion
will occur in the small intestine by the glycosidic cleavage capacities of pancreatic
amylase and various brush border saccharidases. Amylase is primarily responsible
for digesting starches into shortened saccharides in the duodenum, where it enters
along with other pancreatic secretions. It does so by cleaving starches at their o-1,4
glycosidic bonds. The products of the digestive effects of amylase on amylose are
primarily maltose and maltotriose, which is made up of three glucose units linearly
connected, and a limited amount of glucose. Since amylopectin also possesses o-1,6
glycosidic bonds, amylase activity will produce branched oligosaccharides called
o-limit dextrins, usually possessing five or six glucose units, in addition to malt-
ose and maltotriose. Complete digestion of the saccharides produced from starch
digestion requires other enzymes including maltase-glucoamylase, isomaltase, and
sucrase. The resulting glucose is now available for absorption into the enterocyte.
Other non-monosaccharides must be digested as well prior to absorption of their
respective monomers. Glucose polymers and maltodextrins are digested in a man-
ner similar to that described for amylose. Sucrose is digested to the monosaccha-
rides glucose and fructose primarily by the enzyme sucrase, which is secreted at
the brush border of the small intestine. Lactose is digested to its complementary
monosaccharides by the enzyme lactase, which is also secreted at the brush border
of the small intestine. If inadequate amounts of lactase are produced by the body to
appropriately digest this sugar, lactose intolerance occurs, which makes it difficult
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for an individual to tolerate large (or sometimes even small) amounts of lactose.
As described above for maltose that is produced from the breakdown of starches,
dietary maltose is primarily digested to form glucose monomers by the brush bor-
der enzymes maltase-glucoamylase and sucrase. Although a less common dietary
constituent, the disaccharide trehalose must be digested to two molecules of free
glucose by the enzyme trehalase. Therefore, the final digestive products of dietary
carbohydrates are typically glucose, fructose, and galactose, which can be absorbed
by cells of the small intestine.

Glucose and galactose are absorbed along with sodium by a common transporter
referred to as sodium-glucose cotransporter 1 (SGLT1). This is an active trans-
port process in which energy is provided for the exit of Na* by the Na*K+-ATPase.
Glucose is exported from the enterocyte across the basolateral membrane by the
GLUT?2 transporter for entry into the portal circulation by which the hexoses make
their way to the liver. Fructose is absorbed into the gut cell by a facilitated diffusion
process involving the transporter GLUTS5 and also exported across the basolateral
membrane by GLUT2. This absorption mechanism is highly saturable, meaning
that the rate of fructose absorption is limited, which produces absorption at a rela-
tively slow rate. Because it is absorbed more slowly than other monosaccharides,
particularly when consumed in the absence of other carbohydrates, it produces a
lower glycemic response, which in turn produces a lower insulinemic response. This
slower absorption has been considered a cause for concern for athletes, because large
amounts of fructose residing in the gut for an extended period of time can produce
gastrointestinal distress including cramping and diarrhea. However, as described
later, foods producing a lower glycemic response may be beneficial for performance
as pre-exercise feedings when compared with those that produce a higher glyce-
mic response. In contrast, recent research has demonstrated that because fructose is
absorbed by a transporter different from that which allows for glucose absorption,
when consumed with a source of glucose, total exogenous carbohydrate bioavailabil-
ity during exercise may be enhanced.

In summary, when a carbohydrate is ingested, it must be broken down by diges-
tion to its simplest form prior to absorption, as the gut prefers to allow only the
monosaccharides into the bloodstream. The blood circulating around the intestinal
tract is directed first to the liver. The liver is instrumental in converting non-glucose
saccharides into glucose derivatives that can either be metabolized further by the
liver or released to the general circulation. The vast majority of carbohydrate that is
found within the blood is glucose, which provides a source of energy to most tissues
of the body and is especially preferred by the red blood cells and tissues of the cen-
tral nervous system. Furthermore, much of the energy produced within the skeletal
and heart muscle is from glucose. When energy production is not required, glucose
can be stored as glycogen within the body for future use, particularly in the muscle
cells and liver.

C. CARBOHYDRATE METABOLISM

The metabolic processes that are ultimately responsible for the eventual production of
energy from glucose include glycogenolysis, glycolysis, the pyruvate dehydrogenase
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complex, Krebs cycle, and the electron transport chain. Complete catabolism of
glucose for energy yields adenosine triphosphate (ATP), carbon dioxide, and water.
Along with that provided by fat catabolism, the energy produced by carbohydrate
metabolism is critical for the metabolic processes and muscle contraction needed
during the performance of exercise.

1. General Metabolic Processes of Carbohydrate Metabolism

Carbohydrate for metabolism comes from a variety of sources. These include the
diet, via absorption through the intestinal mucosa, glycogen stored primarily in the
liver and muscle, and glucose produced from non-glucose precursors via gluconeo-
genesis. A very limited supply of glucose is also found in the circulation at any given
time; however, the concentration of glucose in the bloodstream must be kept rela-
tively constant, so while the glucose present is a critical source of energy for working
muscles, it is not a large depot for storage.

Glucose serves as a primary fuel for the body and a highly preferred fuel for
many cells including the central nervous system and red blood cells. The catabolism
of glucose to pyruvate for energy in these cells and all others is called glycolysis.
When athletes need to rapidly produce energy from glucose during very strenuous
exercise that can last for only a short time, a large proportion of that glucose will be
metabolized anaerobically to produce ATP and the final product, lactic acid (lactate).
Lactate is obtained by an anaerobic reaction catalyzed by lactic acid dehydrogenase,
which converts pyruvate to lactate. During exercise of a lower intensity, aerobic glu-
cose metabolism will predominate, and although ATP will be produced less rap-
idly, the final product of glycolysis will be pyruvic acid, which can undergo further
metabolism via the pyruvate dehydrogenase complex, followed by Krebs cycle and
ultimately the electron transport system to produce additional ATP. If the glucose to
be catabolized is found in its storage form as glycogen, the glycogen must first be
broken down to glucose derivatives via glycogenolysis.

When pyruvate is produced from glucose during aerobic glycolysis, it must first
be converted to acetyl CoA prior to further metabolism via Krebs cycle. The pyru-
vate dehydrogenase (PDH) complex is responsible for this conversion, which along
with glycolysis occurs in the cytosol of a cell. The PDH complex requires many
enzymes and cofactors to accomplish this process. Cofactors involved include coen-
zyme A, which includes pantothenic acid as part of its structure, nicotinamide ade-
nine dinucleotide (NAD*, a coenzyme form of niacin), flavin adenine dinucleotide
(FAD, a coenzyme form of riboflavin), thiamin diphosphate (TDP, coenzyme form
of thiamin) as well as magnesium and lipoic acid. During the series of reactions, car-
bon dioxide is eliminated and NADH + H* (reduced NAD) is produced, which can
be used for ATP synthesis through the electron transport system.

Krebs cycle, also known as the citric acid cycle or the tricarboxylic acid (TCA)
cycle, is a metabolic pathway that is instrumental in obtaining energy from all macro-
nutrients. In this cyclic pathway, oxaloacetate, produced from pyruvate, accepts the
two carbons of acetate from acetyl CoA (produced primarily from carbohydrates and
fats via glycolysis and beta-oxidation, respectively) yielding the 6-carbon molecule
citrate. Following several intermediate steps, citrate is ultimately converted back to
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the 4-carbon molecule oxaloacetate with the loss of two carbons as carbon dioxide.
The oxaloacetate is now available to accept two more carbons from acetyl CoA and
continue the cycle. Also produced in Krebs cycle is guanosine triphosphate (GTP)
and the energy producing equivalents NADH + H* and FADH, (reduced FAD). Like
ATP, GTP possesses a high energy bond that when cleaved can produce free energy
similarly to that of ATP. NADH + H* and FADH, are further metabolized via the
electron transport system to produce ATP.

The electron transport system (ETS) accounts for the vast majority of ATP produc-
tion in the body. The role of the “chain” of molecules in the ETS is to shuttle electrons
from one component in the inner mitochondrial membrane to another via a series of
oxidation-reduction reactions with the ultimate production of water and ATP from
ADP and inorganic phosphorus. This process has also been termed oxidative phos-
phorylation. Coenzyme forms of niacin and riboflavin as NADH + H* and FADH, are
particularly instrumental in the process, since they serve as the initial electron dona-
tors. As described, these molecules are produced in the metabolism of macronutrients
by several metabolic pathways including glycolysis, beta-oxidation and Krebs cycle.

Glucose that is not needed for energy production can be stored until a time for
which it is needed. Glycogen, is a very compact, highly branched chain of glucose
molecules linked together by both o-1,4 and o-1,6 glycosidic bonds. The major-
ity of glycogen stored in the body is located in the muscles and liver. In times of
energy need, glycogen is broken down via glycogenolysis to produce glucose or
glucose derivatives. Glycogen within a muscle cell must be used for energy within
that cell, since glycogenolysis continues only until the production of the molecule
glucose-6-phosphate in the muscle cell, because muscles lack the enzyme glucose-
6-phosphatase, which produces free glucose from glucose-6-phosphate. Glucose-6-
phosphate cannot exit the cell, but can enter the glycolytic pathway within the muscle
cell for the production of energy. Glycogen within liver cells can be broken down to
free glucose molecules, because the liver produces glucose-6-phosphatase, which
removes the phophate molecule. Free glucose can leave the liver cell and travel via
the circulation to tissues requiring energy production.

During rest, glucose enters the cells via the action of glucose transporters. The
GLUTH4 transporter is responsible for entry of glucose into muscle cells (as well as the
heart and adipose cells) and is activated by the action of the hormone insulin. When
activated by insulin, GLUT4 migrates to the cellular membrane to allow for the facili-
tated diffusion of glucose into the cell. Exercise stimulates the function of GLUT4
transporters thereby enhancing insulin sensitivity; thus, serum concentrations of insu-
lin usually drop during exercise when food is not eaten. Because the demand for glu-
cose by the muscles increases during exercise, glucose is released from the liver in the
circulation to allow for uptake by the tissues and production of energy.’

During intensive exercise, blood glucose utilization increases sharply with time
and can supply up to 30% of the total energy needed by the muscle, with muscle
glycogen supplying most of the remaining energy requirements.® During prolonged
exercise, blood glucose becomes a major contributor as muscle glycogen availability
is diminished. Once the liver’s output of glucose fails to sustain the muscle’s glucose
uptake, blood glucose levels decrease significantly and might even fall to hypoglyce-
mic values. When carbohydrate stores are depleted work capacity decreases as well.®
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As carbohydrate stores become depleted, the production of glucose via gluconeo-
genesis increases. While the rate of gluconeogenesis is typically not considered to
be adequate for optimal exercise performance as a sole source of glucose, it can be
an important contributor to total glucose availability. Precursors of gluconeogenesis
include glycerol (the 3-carbon backbone to acylglycerides such as TGs), lactic acid,
pyruvic acid, and many amino acids. The rate of gluconeogenesis is stimulated dur-
ing exercise to provide glucose to working muscles and other cells. The majority of
gluconeogenesis occurs in the liver, as the cells of most tissues do not possess all
of the enzymes needed for this process. Other tissues are important providers of
gluconeogenic precursors, however. For example, muscles can provide the highly
gluconeogenic amino acid alanine from protein catabolism or transamination from
pyruvate and glutamate to the liver via the circulation by way of the alanine cycle,
and adipose tissue provides fats that contribute glycerol to gluconeogenesis. The
alanine cycle is a series of reactions in which alanine obtained in the muscle from
pyruvate through a transamination (pyruvate accepts an amino group from a differ-
ent amino acid) reaction enters the bloodstream and is taken up by the liver for con-
version to glucose. Glucose can be secreted from the liver and then taken up by the
muscle, where it again produces pyruvate through glycolysis, which is now available
once again for transamination to alanine or for energy production.

2. Carbohydrate Metabolism during Exercise

Dietary carbohydrate intake as well as endogenous carbohydrate production and
metabolism, particularly during exercise, are critical issues for most athletes. Those
athletes who should be particularly cognizant of their carbohydrate intake are endur-
ance athletes, but most individuals utilizing high amounts of energy during training
or competition are likely to benefit from strategies regarding optimal carbohydrate
consumption and metabolism. Therefore, knowledge and understanding of the influ-
ence of exercise on carbohydrate metabolism is key to determining how dietary
intake of carbohydrates and nutrients related to carbohydrate metabolisms may alter
athletic performance. Much of the research with this regard has been on strategies
that could potentially spare glycogen stores; therefore, it is critical to understand the
impact of exercise on carbohydrate utilization.

Research suggests that liver glycogen stores are the principal target through which
dietary carbohydrate consumption regimens may act to prevent glycogen depletion.”
Adequate fuel substrates for exercise are critical for preventing the fatigue that can
limit exercise output. In simple terms, when muscle glycogen stores are sufficiently
depleted and liver glycogen decreases during exercise, adequate production of glu-
cose is not possible under conditions of intense physical activity; therefore, hypogly-
cemia ensues and fatigue occurs.

Symptoms of hypoglycemia include dizziness, muscular weakness, fatigue, and
hunger. When blood glucose concentration drops below normal, glucagon is secreted,
mobilizing glycogen from the liver to elevate blood glucose concentration. Glucagon
is a peptide hormone synthesized in the alpha cells of the pancreas. A primary func-
tion of glucagon is in the regulation of blood glucose, in which it most notably raises
blood glucose by simulating gluconeogenesis and glycogenolysis. During exercise,
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glucagon production and secretion is typically enhanced to provide glucose to work-
ing muscles.

In rare cases, hypoglycemia can be a chronic condition, but more often, hypoglyce-
mia is a transient phenomenon. During exercise, particularly prolonged vigorous exer-
cise, demands for carbohydrate for fuel is high. While the liver and muscle can initially
supply a relatively large amount of glycogen for physical activity, during prolonged
exercise those supplies can be depleted and gluconeogenesis (synthesis of glucose
from non-carbohydrate sources) cannot occur at a rate sufficient to replenish the blood
glucose. Ultimately, without adequate exogenous carbohydrate, hypoglycemia and
fatigue will occur. For this reason it is imperative for endurance athletes to consume
a diet containing adequate amounts of carbohydrates to provide sufficient or perhaps
optimal stores of glycogen. Likewise, it is important to consume adequate amounts of
carbohydrates before or during exercise to prevent glycogen loss and hypoglycemia.

Under some conditions, consumption of a pre-exercise carbohydrate-rich meal
(usually 15-60 minutes before exercise) can produce a sharp elevation in blood
sugar. This increase results in enhanced production and release of insulin, which
has a glucose-lowering effect. When exercise begins, the blood sugar concentra-
tion can be further decreased by enhanced tissue uptake of glucose. If the decrease
is sufficiently extreme, a transient hypoglycemia referred to as reactive hypoglyce-
mia occurs. Because hypoglycemia can induce feelings of fatigue, exercise perfor-
mance can be diminished in some athletes.®* While this has been demonstrated in
some research, other studies have failed to detect either hypoglycemia or impaired
endurance performance with similar protocols. As described later, some but not all
research suggests that feedings of lower glycemic index foods may be optimal as
pre-exercise feedings within this timeframe and serve as a solution for providing
food if preferred by the athlete during this critical period while minimizing the risk
of reactive hypoglycemia.

Consumption of exogenous carbohydrate before or during exercise has long been
used to spare glycogen and prevent exhaustion from occurring prematurely during
exercise. Many other supplements and dietary strategies have been promoted as
glycogen-sparing as well. Although evidence has supported the use of some of these,
others have not been demonstrated by research to be effective. In some cases, glycogen-
sparing has been shown to occur but subsequent enhancements in performance were
not detected. When that is the case, it is possible that the exercise protocol utilized
failed to produce sufficient glycogen loss in control trials that could produce fatigue;
therefore, the potential efficacy of those techniques may be recognized only under
other exercise conditions.

Researchers have suggested that carbohydrate-sparing may be important not only
from the perspective of preserving energetic precursors, but through mechanisms
related to amino acid metabolism and the central nervous system as well. Scientists
have theorized that when branched chain amino acids (BCAA) are used extensively
for energy production by muscle tissue during exercise, the subsequent drop in plasma
concentrations of BCAA combined with the displacement of tryptophan from albu-
min caused by a concomitant increase in the concentration of free fatty acids results
in perceived exertion and thus premature fatigue. This occurs because tryptophan
more readily enters the brain when the ratio tryptophan to BCAA in the blood is

© 2009 by Taylor & Francis Group, LLC



34 Nutritional Concerns in Recreation, Exercise, and Sport

elevated, and serotonin production increases when tryptophan enters the brain.
Serotonin (also called 5-hydroxytryptamine) is a neurotransmitter produced in the
brain from tryptophan with 5-hydroxytryptophan as an intermediate in the pathway.
It produces changes in mood that can include feelings of sleepiness and mellowness
and may produce the sensation of fatigue, thereby decreasing an individual’s ability
to send a signal from the brain to the muscle for contraction.!” This process has been
referred to as the central fatigue theory. Central fatigue is most likely to occur when
levels of glycogen become depleted because this depletion increases the body’s reli-
ance on BCAA and free fatty acids as fuels for working muscles. Many researchers
have attempted to improve performance by limiting central fatigue through BCAA
supplementation. Research, however, better supports the notion that the consumption
of carbohydrate prior to and during exercise is the most effective means of delaying
central fatigue and improving performance. That likely occurs due to the effective-
ness of these techniques in sparing glycogen and producing less BCAA uptake as
well as somewhat blunting the release of free fatty acids from the adipose tissue, so
less tryptophan is displaced from albumin.!®

D. CARBOHYDRATES AND EXERCISE PERFORMANCE

Several studies have indicated that exogenous (dietary) carbohydrate provides
an alternate fuel source that can spare the utilization of the body’s glycogen
reserves, thus enhancing performance and prolonging time to fatigue. This is par-
ticularly important given the relatively low amount of energy (~2000 kcal) that
can be stored within the muscle and liver as glycogen.!' A review by Jacobs and
Sherman!! summarizes much of the research regarding the efficacy of carbohy-
drate in optimizing endurance performance. Sports activities that are most likely
to be affected include (1) rigorous endurance events lasting approximately an hour
or longer, (2) events that include intermittent bursts of high intensity activity, and
(3) events performed in cold environments. Much of the carbohydrate strategies
that have been studied can be categorized into research assessing temporal (intake
timing) issues, research on the form in which the carbohydrate is consumed, the
type of carbohydrate studied, and dietary supplements that alter carbohydrate
metabolism.

1. Temporal Issues

Dietary intake of carbohydrate should be considered during training as well as prior
to, during, and after an event or rigorous exercise session. Research has demonstrated
that adequate carbohydrate intake before or during an event is particularly effec-
tive in enhancing performance. While some studies have failed to detect endurance
performance improvements with carbohydrate feedings before!>-!¢ and during!-"°
exercise, many examples of studies exist in which performance was improved for
prolonged endurance events,?°-24 relatively short endurance trials,>>?° and high-
intensity intermittent activities as well as associated sports skills.?7-30

A variety of consumption regimens have produced positive effects. Research
by Sherman and his colleagues has demonstrated that intake of carbohydrate can
improve performance even when it is consumed well in advance of exercise. One study

© 2009 by Taylor & Francis Group, LLC



Carbohydrates and Fats 35

demonstrated that consumption 4 hours prior to exercise improved performance,*
while another showed that performance was improved with carbohydrate intake
1 hour in advance of exercise.? Other research has demonstrated that consumption
immediately prior to exercise can also be effective in enhancing endurance.?’ Much
research has also focused on carbohydrate consumption during exercise. Coyle and
his colleagues®-3* have demonstrated significant improvements in endurance in well
designed studies evaluating the roles of carbohydrate feedings during exercise in
optimizing performance. When carbohydrate was fed both prior to and during exer-
cise, performance was improved to a degree greater than when either feeding proto-
col was followed alone.??> Many studies assessing the influence of carbohydrates on
performance have taken advantage of this effect and utilized protocols combining
carbohydrate feedings immediately before and during exercise.

Some research has also suggested that incorporating protein or essential amino
acids into the foods consumed during exercise may further enhance the benefits of
carbohydrate feeding.’*3> Palatability of sports beverages is typically lower when
protein is incorporated, however, which may diminish beverage consumption.

Carbohydrate intake after exercise also appears to be important from the per-
spective of maximizing restoration of muscle and liver glycogen stores. Research
suggests that an adequate intake of carbohydrate-rich foods soon after exercise can
help to maximize the rate of glycogen synthesis.3® Furthermore, some research also
suggests that incorporating protein or amino acids into the post-exercise meal will
stimulate additional glycogen synthesis®’; however, not all studies are in agreement.3?
Interestingly, the combination of intake of carbohydrate and either proteins or essen-
tial amino acids after exercise may also help to stimulate muscle synthesis after
resistance exercise,* thereby providing a second benefit to consumption of both car-
bohydrate and protein during the recovery period. Recent research has suggested
that an effective recovery food does not need to be an expensive commercial for-
mula. Karp et al.** demonstrated that chocolate milk consumed between exhausting
bouts of exercise improved endurance for the second bout of exercise.

Adequate habitual carbohydrate intake is important for maintaining the body’s
glycogen stores during periods of training,* suggesting that a high carbohydrate diet
will promote optimal performance; however, all research is not in agreement that
performance is affected by regular consumption of a high carbohydrate diet. Some
research has even suggested that a usual diet rich in fat may improve performance
more than a diet richer in carbohydrate.*? If this is true, it may be possible that adap-
tation to a fat-rich diet during training and then a shift to a carbohydrate-rich diet
for competition could prove to be optimal. This concept has been an active area of
investigation for the past few years and is described later in this chapter.

Although carbohydrate requirements vary by sport or event, timing of intake
relative to competition or training, and individual athlete’s preferences, a summary
of basic guidelines for intake have been published in a text by Williams.** These
guidelines apply most specifically to events or training sessions that are prolonged
and rigorous in nature. A basic recommendation for carbohydrate consumption in a
meal prior to an event is to consume 4-5 g/kg about 4 hours before the event begins.
Individual athletes should experiment with different food sources to determine which
foods will work best to achieve their goal intake level and optimal performance.
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These foods could include a mixture of natural wholesome foods as well as com-
mercial carbohydrate-rich sport foods. When carbohydrate is consumed in a closer
time-gap to the event or exercise session, approximately 1-2 g/kg can be consumed 1
hour prior to the event to improve performance, and feedings of 50-60 g immediately
prior to the event appears sufficient to prolong endurance. During an event, the rule
of thumb is for athletes to consume approximately 8 ounces (~240 mL) of a 5-10%
carbohydrate solution every 15 minutes. This consumption schedule is clearly not
possible for all sports and events and should be adjusted for individual athletes in a
manner that is appropriate for his or her particular competition.

2. Carbohydrate Loading

Carbohydrate loading, also known as glycogen loading or glycogen supercompen-
sation, is a temporally related technique that has been demonstrated to provide an
advantage for performance for some athletes participating in prolonged endurance
events. As the name implies, carbohydrate loading is a process in which the athlete
consumes very high levels of dietary carbohydrate in the days preceding an event in
order to promote supercompensation of glycogen stores. This process maximizes the
storage of carbohydrate (glycogen) in the muscle and liver. A recommended tech-
nique for achieving the goal of loading the muscle and liver with glycogen includes
tapering the volume of exercise in the days preceding the event. During that time,
dietary carbohydrate should compose approximately 70% of energy intake. The dura-
tions of the regimens have varied considerably. While most regimens last a few days,
one study has suggested that a single day of carbohydrate loading during exercise
restriction effectively optimized glycogen stores.** Restricting energy intake during
carbohydrate loading regimens is not advised, as the total grams of carbohydrate
consumed would likely be insufficient to maximize glycogen storage. Additionally,
classical regimens for carbohydrate loading that required a period of carbohydrate
restriction and glycogen-depleting exercise in the period prior to loading are not
recommended, because the final outcome of carbohydrate loading is similar between
the two methods and the risk of adverse effects such as hypoglycemia are greater
when incorporating a depletion phase.

Carbohydrate loading effectively increases muscle glycogen content and can
enhance endurance in events of a prolonged nature®#6 or perhaps even in events
that are shorter and performed at very high intensities.*’” Carbohydrate loading for
events performed for shorter periods is typically not expected to produce perfor-
mance enhancements, however.*®

Tarnopolsky et al.*® demonstrated that men who followed a 4-day carbohydrate
loading regimen consisting of 75% dietary carbohydrate had a 41% increase in mus-
cle glycogen and a 45% improvement in time to fatigue, but similar effects did not
occur for women. Subsequent research has demonstrated that carbohydrate loading
regimens can be effective for female athletes as well when special attention is paid
to obtaining adequate energy intake.

Some concern has been expressed that a fat-restricted diet can reduce intramus-
cular TG concentrations,’® which may impair optimal performance. Recent research,
however, has demonstrated that a decrease in intramuscular TG concentrations does
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not necessarily impair performance.’' That research also demonstrated that blood
lipid profiles were negatively affected by just a 3-day fat restriction, which could
serve as a health concern for athletes.

Athletes should experiment during training to determine if carbohydrate loading
works for their particular sport rather than first attempting the regimen for an actual
event. Some athletes have reported minor side effects that can be unpleasant or may
even impair performance. Symptoms include gastrointestinal discomfort, weight
gain, sluggishness, cramping, and related effects. Weight gain that occurs with glyco-
gen loading is primarily due to increased retention of water that is stored along with
the glycogen in the tissues. Approximately 3 grams of water are stored with each
gram of glycogen. Additionally, although no research exists on carbohydrate loading
regimens in bodybuilders, some athletes have claimed that extra water storage that
accompanies higher carbohydrate intake increases muscle volume, providing a larger
appearance. Other athletes have suggested that the water retention can cause the
muscles to appear less defined and smoother, which may produce a negative result
in bodybuilding competitions. Overall, it is up to the individual athlete to determine
whether carbohydrate loading is beneficial or detrimental to their performance.

Sports dietitians, coaches, athletic trainers, and other practitioners should be
aware of the foods and commercial products that can best provide the athlete with
the carbohydrates needed to achieve this level of dietary intake. In general, nutrient-
dense foods from the grains, fruits, and vegetables groups should be the focus of
dietary intake during carbohydrate loading. Table 2.1 provides a specific list of a
several sources of carbohydrate-rich foods that can be incorporated into the athlete’s
diet during a loading regimen.

3. Food Forms

While most researchers assessing the influence of carbohydrate consumption at
various times related to performance have utilized commercial foods or researcher-
produced formulas, some research has assessed the potential roles of naturally occur-
ring foods that are typically widely available and more economical in meeting the
needs of athletes for optimal performance. Research by Paddon-Jones et al.>> demon-
strated the cost-effectiveness of food compared with a commercial sports supplement
when consumed during exercise. Furthermore, Kern et al.3? demonstrated that a com-
mercial sports gel produced no performance advantage over raisins when consumed
45 minutes prior to 1 hour of vigorous exercise. In another study, honey promoted
at least equal endurance and tended to enhance performance in comparison with a
commercial sports gel when fed throughout exercise.’* While commercial sports
foods offer a convenient source of readily available energy, particularly from car-
bohydrate, naturally occurring foods may offer the advantage of promoting a more
optimal dietary intake of other key nutrients that can contribute to overall wellness.
Furthermore, some foods provide a more palatable alternative to commercial sports
foods. However, it is likely that the complex composition of naturally occurring
foods could limit their application as sports foods under some conditions.

The metabolic responses to various sources of carbohydrates selected to enhance
performance is likely a secondary factor for most athletes in comparison with their
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practical significances in terms of food choice. While most research suggests that
the type of carbohydrate has relatively little impact, some research indicates that dif-
ferent sources may produce varying effects on the body’s physiology and therefore
may differentially impact performance. For example, as just described, foods that
promote a slower uptake of carbohydrate from the gut may be effective in enhancing
performance relative to higher glycemic-index foods when eaten in the potentially
critical period of about 15-60 minutes before exercise.”>>® Some have also specu-
lated, although adequate research is not available to support it, that foods promoting
a faster entry of carbohydrate into the bloodstream may prove useful during and
after an event. For the most part, more research is needed to determine what types of
carbohydrate sources are best for various specific occasions.

Sports drinks are typically designed to provide fluid, carbohydrate, and electro-
lyte replacement. As of 1999, at least 25 commercial sports drinks were available for
purchase in the United States.’” Below et al.?5 demonstrated that the carbohydrate
content of a beverage confers a performance advantage for endurance exercise that is
separate from and additive to its hydrating effect. Optimal sports drinks will promote
consumption of fluid and nutrients through palatability and will provide appropriate
ingredients to meet the athletes’ needs (e.g., hydration, energy, electrolytes, etc.) for a
particular event with no ingredients included that can limit intake or performance or
unnecessarily add to the cost of the beverage. The formulation of the beverage will
impact each of these factors.

To maximize hydration, a fluid should be palatable, which will promote its
consumption. Beverages sweet in taste, flavored, and providing sodium may most
enhance consumption. The fluid should also maximize water absorption by limit-
ing the osmolality (a measure of the concentration of solute particles in a solution).
Fluids too high in osmolality can produce a lower rate of water absorption; there-
fore, fluids should be isotonic or hypotonic, depending on the other characteristics
required of the sports drink. Some evidence suggests that including sodium in a
sports drink may enhance intake by providing a physiological thirst response by
increasing vascular sodium concentration.’® One factor that may limit hydration by
decreasing intake is excess carbonation, which may produce a sense of fullness;
however, light carbonation does not appear to decrease fluid intake and can contrib-
ute to palatability for some individuals.”®

During training or events in which an important function of the sports drink
is to provide energy, which usually includes intense activities lasting about 1 hour
or longer, the formulation should provide an optimal amount of readily available
energy with the least risk of malabsorption. Carbohydrate is likely the optimal
macronutrient to provide the bulk of energy in a sports drink. Beverages with lower
concentrations of carbohydrate are typically best absorbed. When the carbohydrate
concentration surpasses 6—7%, water absorption can be limited and gastrointestinal
distress can occur. Some research has suggested that carbohydrate in the form of
glucose polymers may provide a benefit for fluid absorption due to providing a lower
osmolality of the solution.®® Other studies indicate that glucose, sucrose, glucose
polymers (maltodextrins), or combinations of these carbohydrates with or without
fructose provide relatively equal performance-related benefits. When fructose is fed
as the sole carbohydrate source, it may promote gastrointestinal distress since it is
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absorbed by a saturable facilitated diffusion process; therefore, fructose is recom-
mended only when in combination with other carbohydrates. In fact, recent research
has suggested that the addition of fructose to a beverage containing glucose in a ratio
of 2:1 (glucose:fructose) enhances exogenous carbohydrate oxidation and endurance
performance relative to glucose only.®' Furthermore, combinations of various car-
bohydrate sources appear to promote absorption of fluids and enhance the rate of
carbohydrate availability and utilization.®!

Electrolytes (sodium, potassium, and chloride in particular) can be important
ingredients in sports drinks. Popular commercial sports drinks typically provide
55-110 mg of sodium and 30-55 mg of potassium in an 8-ounce (240 mL) serving.
Although the concentrations of these electrolytes in the sweat of some athletes may
exceed the concentration in these beverages, reports of hyponatremia or hypokalemia
in athletes using commercial sports drinks to meet 100% of sweat losses are rare.
The loss of electrolytes does not typically pose a problem during competition or
training unless the exercise is of a prolonged nature or is completed in conditions of
high ambient temperatures or humidity; however, as stated earlier, sodium may also
be beneficial within a sports drink by virtue of its tendency to promote thirst and
fluid intake. Excess sodium, on the other hand, appears to limit fluid intake either by
decreasing fluid palatability or promoting increased vascular volume.%?

Some commercial sports drinks provide ingredients aside from carbohydrate,
water, and electrolytes that may or may not impact performance. Some additional
ingredients commonly included are vitamins, amino acids, glycerol, caffeine, herb-
als, and more.

Sports bars are often convenient sources of nutrients required by athletes before,
during, and after training or competition. Many types of sports bars that provide
varying amounts of macronutrients and micronutrients are commercially available.
Whether sports bars can impart ergogenic benefits depends upon many factors includ-
ing their timing of consumption as well as their nutrient content. Few studies are
available to determine if sports bars are truly effective in enhancing performance.
One study actually indicated that a commercial bar containing 19 grams of carbo-
hydrate, 14 grams of protein, and 7 grams of fat impaired performance when com-
pared with a feeding providing an equal amount of energy from a glucose polymer.®3
Because most sports bars provide a combination of carbohydrate and protein and,
typically, fat as well, their use may best be geared toward recovery.

Sports gels are carbohydrate-rich semisolids used to replenish glucose utilized dur-
ing a variety of exercise activities. Some sports gels contain vitamins, amino acids,
protein, glycerol, caffeine, herbals, or other constituents in addition to the carbohy-
drate. Commercial sports gels vary in their total carbohydrate contents and the types
of carbohydrates used. The carbohydrate source is typically a form of maltodextrin,
but other sources of carbohydrate are used as well. These differences can elicit varying
physiological responses, as many of the carbohydrates used vary in glycemic index.
As discussed, recent research has evaluated the potential efficacy of raisins and honey
versus commercial sports gels and found no major differences in effectiveness. Sports
gels likely provide no advantage over many whole foods or commercial sports foods.
In a field study of marathon runners, Burke et al."” demonstrated that carbohydrate
provided in the form of a sports gel may even limit endurance performance of some
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individuals by promoting gastrointestinal discomfort, although no difference in overall
performance was detected between a trial in which gel was fed at the rate of 1.1 g of
carbohydrate per kilogram body weight versus one in which a flavored placebo bever-
age was consumed. A recent study indicated that performance was similar regardless
of whether carbohydrate was provided as a gel, a sports drink, or as sports jelly beans,
and that performance was greater for each carbohydrate trial than a water-only trial.®*
Other researchers evaluated the effects of a gel containing both carbohydrate and pro-
tein on performance and postexercise muscle damage.% That study suggested that the
addition of protein to a gel improved endurance and decreased markers of muscle dam-
age when consumed during and immediately after exercise.

Food form or carbohydrate source in general may influence the capacity for car-
bohydrate to alter performance based on the foods’ glycemic index (GI). Glycemic
index is a measure of the effect that a food has on glycemic response. It is typically
determined by comparing the 2-hour blood glucose response of 50 g of available car-
bohydrate from a test food with 50 g of carbohydrate from a standard food (prefer-
ably glucose but sometimes white bread). Glycemic index has been demonstrated to
have potential implications in optimizing performance of endurance under specific
circumstances. Burke et al.®¢ summarized the theories regarding the use of GI for
exercise suggesting that lower GI foods may be of greatest value when consumed
prior to exercise and that higher GI foods may work best during exercise and for
resynthesis of glycogen during recovery.

Relatively few studies have actually assessed the role of GI of foods consumed dur-
ing exercise on physical performance. The basis that higher glycemic index foods are
the best carbohydrate sources during exercise is currently founded on theory rather
than empirical data. Studies of a variety of types of carbohydrate sources, typically
moderate or high in GI, have demonstrated that carbohydrate consumption during
exercise can improve endurance performance.®’ In one study, feeding of liquid versus
solid meals resulted in differing effects of blood glucose and insulin at rest; however,
during exercise, these differences were not detected and the feedings affected exer-
cise performance in a similar fashion.® With that in mind, since peak oxidation of
carbohydrate typically occurs approximately 1 hour after feeding,® foods promoting
faster appearance of glucose in the blood are potentially of greatest benefit. However,
many factors, including individual variation in GI response and preference of food
choice, should not be discounted in the absence of strong evidence against feeding
more moderate glycemic foods during exercise. Unpublished research from my labo-
ratory comparing a high GI sports gel with raisins, which have a more moderate
glycemic index, suggested no difference in cycling performance when the foods were
fed during exercise. Until more well-controlled comparisons of feedings of foods of
various glycemic index foods are available, recommendations regarding carbohydrate
ingestion during exercise based on glycemic index are predominately unfounded.

The influence of glycemic index performance when foods are provided during
pre-exercise feedings has been an area of much more comprehensive investigation.
Although all research is not in agreement, likely due to differences in performance
testing protocols or timing, quantity, and type of feeding, some research suggests
that consumption of a lower GI food prior to exercise is more effective in enhancing
performance than consumption of higher GI foods.>>3707! The explanation for the
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improvement in performance has been suggested to be a reduction in pre-exercise
hyperglycemia resulting in less hyperinsulinemia, as well as decreases in pre-exercise
blood lactate concentration and maintenance of higher blood glucose and free fatty
acid concentrations after commencing exercise. However, a number of studies have
yielded no performance enhancement when comparing feedings of lower versus
higher GI foods.3372-7 It is noteworthy to mention that research by Burke et al.”” indi-
cates that any potential effect of pre-exercise feedings of foods of various glycemic
indexes is abolished when carbohydrate is also fed during exercise. From a practical
perspective, it is important to consider that most athletes participating in prolonged
events consume energy both before and during exercise.

Overall, glycemic index may ultimately prove to be a useful tool for pre-event
feedings used to enhance endurance performance. Its usefulness as a tool to deter-
mine which carbohydrate sources should be fed during exercise appears to be more
questionable.

4. Types

In addition to feedings of different food sources of carbohydrates, individual saccha-
rides and mixtures of different carbohydrates have been tested for their influences on
metabolism and performance. Carbohydrates tested have included most mono- and
disaccharides, glucose polymers and maltodextrins, amylose, and amylopectin.

a. Fructose

Unlike glucose and galactose, the other primary monosaccharides found in our diet,
fructose is absorbed by a facilitated diffusion process. This mechanism is saturable,
meaning that the rate of fructose absorption is limited, which produces absorption at
a slower rate. Because it is absorbed more slowly than other carbohydrates, particu-
larly when fed in the absence of other carbohydrates, it produces a lower glycemic
response. This slower absorption has been considered a cause for concern for athletes,
because large amounts fructose residing in the gut for an extended period of time
can produce gastrointestinal distress including cramping and diarrhea. However, as
described previously, foods producing a lower glycemic response may be beneficial
for performance as pre-exercise feedings when compared to those that produce a
higher glycemic response.

When consumed during exercise, there are no reported benefits of pure fructose
feedings in comparison to other carbohydrates. Alternatively, because large amounts
of fructose can produce symptoms of gastrointestinal distress, feedings high in fruc-
tose during exercise are often discouraged. Research has recently suggested that the
true value of fructose with regard to exercise metabolism and athletic performance
is related to its ability to enhance exogenous carbohydrate utilization. For example,
researchers’®8! have demonstrated that simultaneous consumption of beverages
containing carbohydrates absorbed by more than one mechanism enhances exog-
enous carbohydrate utilization compared with feedings of individual carbohydrates.
Recently, Currell and Jeukendrup®' have demonstrated that this enhancement also
yielded improvements in cycling exercise performance. The optimal amount of fruc-
tose to include in such a beverage is not known; however, a maltodextrin:fructose
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ratio of 0.8 enhanced exogenous carbohydrate utlization and suppressed perceptions
of muscle tiredness, physical exertion, and fatigue more effectively than solutions
containing ratios of the two carbohydrates of 0.5 and 1.2.3?

b. Maltodextrin

Although most evidence suggests that glucose polymers or maltodextrins offer no
advantage relative to other carbohydrates for exercise performance, they can theo-
retically be considered a preferred fuel for endurance athletes, because as larger
particles they could provide more energy within fewer total molecules, which may
provide an osmotic advantage over simpler carbohydrates. The key determinant of
the osmotic load is the total amount of molecules in the solution; therefore, fewer
particles of maltodextrin are needed to produce a solution containing an equal or
greater amount of energy. It is expected that more energy could be fed with less
risk of interfering with fluid balance and production of gastrointestinal distress.
Furthermore, this could allow for more rapid absorption of water; hence, a solution
containing glucose polymers/maltodextrins may have a hydrating advantage over
other beverages. As summarized by Lamb and Brodowicz,%° research has supported
the notion that these glucose chains may increase the rate of gastric emptying and
allow for faster glucose and water absorption in the intestinal tract.5°

Some research has suggested that maltodextrin need not be absorbed to produce
ergogenic effects. Carter et al.®* assessed the influence of oral rinses with a 6.4%
maltodextrin versus placebo every 12.5% of a cycling bout. Performance was slightly
but consistently better during the maltodextrin rinse trial. The authors speculated
that central drive or motivation rather than direct metabolic effects of maltodextrin
were responsible. Research on other carbohydrate rinses has not yet been published,
so it is not clear whether this is a property limited to maltodextrins.

Researchers have also compared the influence of consumption of various starches
versus maltodextrin and glucose feedings on postexercise glycogen production and
performance of a subsequent short-term exercise bout.?* Compared with the trials
assessing the influences of amylopectin, maltodextrin, or glucose consumption, gly-
cogen resynthesis was lower following ingestion of starch with a high amylose con-
tent. No differences in time trial performance were detected, however. Therefore,
starches rich in amylopectin may also be excellent choices for inclusion in a sports
beverage, whereas those high in amylose may be somewhat less advantageous.

c. Galactose and Trehalose

Sports foods providing galactose or trehalose have gained popularity in the past few
years despite little available evidence to support a benefit for performance in com-
parison with other carbohydrates. Galactose is a monosaccharide most commonly
consumed as a portion of lactose. Trehalose is a disaccharide composed of two glu-
cose molecules linked via the number 1 carbon of each of the glucose units. Trehalose
is found in low levels in the diet but has been detected in foods such as mushrooms,
honey, shrimp, lobster, and foods made with yeasts. One study demonstrated lower
glycemic and insulinemic responses when either galactose or trehalose were fed 45
minutes prior to cycling exercise versus glucose feeding. These effects produced no
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difference in cycling performance, however. Another study demonstrated that galac-
tose oxidation during 2 hours of exercise is approximately half that of glucose, which
suggests that energy production from galactose is less robust and limiting relative to
glucose.®> In fact, Jentjens and Jeukendrup® recently demonstrated impairment in
endurance performance when an 8% solution of galactose was fed before and during
exercise in comparison with an 8% solution containing an equal mixture of galactose
and glucose. While some merit may exist for using galactose or trehalose to limit
the glycemic and insulinemic responses in pre-exercise feedings, their use as sole-
source carbohydrates during exercise is clearly not recommended.

d. Ribose

Ribose is a 5-carbon sugar produced from glucose through the hexose monophos-
phate shunt for the synthesis of nucleotides. Several studies have examined the effect
of ribose on ATP formation as well as exercise performance in athletes. Research to
date has failed to demonstrate that ribose supplementation can improve performance
of activities completed at high intensities.?’-% Results regarding the efficacy of sup-
plementation to produce higher concentrations of ATP in the muscle are split. One
study demonstrated that ATP levels were enhanced 72 hours after exercise during
ribose supplementation,3® while another yielded no effect of oral ribose.?* Overall,
the available data do not warrant ribose supplementation for performance enhance-
ment; however, because some research has demonstrated enhanced muscle ATP con-
tent due to ribose supplement, its potential value cannot be completely discounted.

5. Carbohydrate-Related Supplements
a. Pyruvate

Pyruvate, also known as pyruvic acid, is a 3-carbon intermediate of metabolism pro-
duced primarily via aerobic glycolysis from glucose and through the transamination
of alanine. Pyruvate is involved in a number of processes. One function of pyruvate
is energy production through the pyruvate dehydrogenase complex, which produces
acetyl CoA and NADH+H* as well as the elimination of carbon dioxide. Acetyl
CoA produced can enter Krebs cycle resulting in NADH+H* and FADH, formation
as previously described, which, along with the NADH +H* formed in the pyruvate
dehydrogenase complex can produce ATP through the electron transport system.

Given its critical role in energy production, the potential of pyruvate to serve
as an ergogenic aid has been examined, but only to a limited extent. Research has
demonstrated that doses of 7 grams per day are ineffective in enhancing endurance.*®
However, when pyruvate was supplemented at very high doses (25 grams) along
with an additional 75 grams of dihydroxacetone, another important metabolic inter-
mediate, it improved endurance in both arm ergometry and cycling ergometry to
fatigue after a 7-day supplementation regimen.’>2 Whether pyruvate could enhance
endurance under similar situations if supplemented alone is unclear. Furthermore,
the threshold dose that is required to obtain similar results is not known. This is
of practical importance because regular consumption of pyruvate and dihydroxyac-
etone at these levels would be extremely expensive.
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The potential influence of pyruvate supplementation on body composition has
also been studied. Research suggests that at relatively high doses (at least 6 grams
per day), pyruvate may be effective in producing weight loss.”® This study has been
criticized, however,”* because more women were in the experimental group receiv-
ing pyruvate than in the placebo and control groups. Furthermore, no weight loss
was exhibited by the placebo or control groups, which, like the experimental group,
were allowed limited (2000 kcal) energy consumption and participated in a moder-
ate exercise program, both of which would be expected to produce weight loss. More
research is needed before pyruvate can be recommended as a weight loss aid for
eXercisers or non-exercisers.

b. lactic Acid

Lactic acid (lactate) is the final product formed when glucose is catabolized under
anaerobic conditions. It is produced in metabolism by the addition of hydrogen mole-
cules to pyruvate from NADH +H*. During exercise recovery, the enzyme lactic acid
dehydrogenase reconverts lactate to pyruvate, producing NADH+H*. The resulting
pyruvate can be used for energy production or undergo gluconeogenesis for the pro-
duction of glucose.

Lactate has also been marketed as a potential ergogenic aid. Some have theorized
that chronic ingestion of lactate could produce an adaptation that would enhance per-
formance during strenuous exercise by improving the body’s ability to buffer lactate
accumulation during exercise. Research has failed to support this theory, however.%?
Lactate alone or in combination with a carbohydrate as part of a sports beverage also
failed to enhance performance in comparison with a carbohydrate-only trial.”®

Lactate combined with an amino acid, referred to as polylactate, has also been
studied for its ergogenic potential. Manufacturers have claimed that this supplement
can enhance endurance; however, research has been equivocal regarding its useful-
ness. One study suggested that when included with a 7% glucose polymer solution
at the rate of approximately 11% of a solution, supplementation of polylactate failed
to produce significant changes in performance or performance-related physiological
variables.”” A 7% solution containing an 80:20 mixture of polylactate and lactate
produced an enhancement in the blood buffering capacity; however, differences in
ratings of perceived exertion were not detected and no exercise performance data
were reported.’®

c. Chromium

Chromium is a trace mineral found in a variety of foods such as mushrooms, nuts,
whole grains, asparagus, and beer. Chromium functions along with niacin as a com-
ponent of glucose-tolerance factor. This important complex has a critical, although
not particularly well understood, role in insulin function; therefore, chromium is
extremely important for normal glucose metabolism. Chromium deficiency produces
decreased insulin function, which results in impaired glucose intolerance and altered
lipid metabolism.

Due to its essential role in blood glucose regulation along with some research sug-
gesting that many Americans consume inadequate amounts of chromium, some have
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speculated that chromium supplementation (particularly as chromium picolinate)
may increase lean body mass and strength as well as promote loss of body fat.?®100
Early research suggested increased body weight ascribed to increased lean mass dur-
ing 40-day® and 12-week!? training programs. In the study by Hasten et al.,'®® no
effects on strength, skinfolds, or circumference measures were detected; however, a
statistically significant increase in body weight in female weight lifters was reported
along with no change in weight of male weight lifters. Because weight gain occurred
only in women, the results of that study have been questioned.!” The results are
also questioned because the authors reported an increase in fat free mass with no
concurrent increase in strength. The results of the study by Evans® have also been
questioned because subjects were poorly controlled during the training program and
no standardization regarding prior weight training experience was provided.!”!

In contrast to the early research, a review of the majority of research avail-
able in healthy active humans suggests that chromium is not effective as a fat-loss
supplement.!%2-19%8 The durations of these studies ranged from 8 to 14 weeks and
included training programs along with chromium supplementation. In each case the
researchers failed to detect any additional benefits from chromium over training
alone. Grant and colleagues'® reported that chromium supplementation with no con-
current exercise training may result in an increase in body weight. In that study, a
group of obese women gained almost 2.0 kg of body weight over a 9-week supple-
mentation period. When a chromium nicotinate supplement was combined with a
9-week exercise training program, the obese women lost approximately 1 kg of body
weight. The researchers also reported no change in body weight, fat mass, or fat free
mass in an exercising placebo group and an exercising group consuming chromium
picolinate. This study was the first to report statistically significant weight loss with
supplementation of chromium nicotinate. The reason for the lack of a similar effect
for the chromium picolinate trial is not known. This research indicates that more
research on chromium nicotinate is warranted. Overall, there is little evidence from
well-designed studies that chromium increases lean body mass or decreases body
fatness or that athletes require more chromium in their diets than non-athletes.

d. Glycerol

Glycerol is a water-soluble, 3-carbon alcohol molecule. It serves as an important
intermediate in metabolism and can be used for the synthesis of carbohydrate and
lipids as well as the production of energy. Glycerol is the 3-carbon backbone of
mono-, di-, and triglycerides as well as glycerophosphatides, a group of phospholip-
ids. Although glycerol is consumed as part of many molecules, it is not considered
an essential nutrient because it is also synthesized within the body.

Because glycerol can serve as an intermediate molecule in glycolysis for energy
production, its role as a fuel for exercise and potential ergogenic aid has been studied.
The conversion of glycerol to glucose is typically considered to be insufficient for
rapid and efficient energy production during exercise;''® however, its supplementa-
tion has also been studied for its potential hydrating capacity. Because glycerol is an
extremely hydrophilic molecule, its supplementation has been used to promote the
retention of fluid within the body. While not all studies are in agreement,!!! evidence
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from several studies has supported the notion that consumption of exogenous glyc-
erol can increase body water content, producing increased plasma volume compared
with plain water.!">!"3 Glycerol-induced hyperhydration may also blunt the thermic
response to exercise in the heat.!'> Maintenance of plasma volume and prevention of
dehydration through glycerol supplementation may improve endurance trial perfor-
mance'3 or prolong time to fatigue.!'*'1¢ Some studies have failed to demonstrate
performance enhancement with glycerol supplementation, however."'”- Authors of a
recent meta-analysis of glycerol supplementation in exercisers concluded that glycerol
clearly enhances fluid retention, and although it commonly improves performance,
more research is needed to better understand its influence on exercise capacity.'?°

The optimal dose and timing of glycerol ingestion has not yet been determined.
Most researchers have provided approximately 1 gram of glycerol per kg body
weight as part of the glycerol supplementation regimen. Some research participants
have reported minor adverse events associated with glycerol supplementation, which
are likely due to an osmotic effect. Symptoms have included headaches and gastroin-
testinal distress such as nausea, bloating, and cramping. Furthermore, in cases when
body weight gain is undesirable for competition, this could be considered an adverse
side effect for some athletes.

e. Alanine

Alanine is a non-essential, highly gluconeogenic amino acid. Its role in glucose pro-
duction through the alanine cycle was described previously. It is oxidized for energy
production at a high rate,'?"1?2 which suggests it may have some merit for use dur-
ing exercise. Research has also demonstrated that under some conditions, alanine
supplementation can spare the use of essential amino acids as energy sources.!?3-12
Little research has attempted to establish an ergogenic role of alanine. Its ergogenic
potential as well as its influence on plasma concentrations of amino acids and fuel
substrates were evaluated recently.!?® In a double blind design, four different solu-
tions containing 6% sucrose and 6% alanine (ALA-CHO); 6% alanine (ALA); 6%
sucrose (CHO); and placebo (PLC) were tested during randomly ordered trials.
Exercisers cycled for 45 min at 75% of their aerobic capacity followed by a 15-minute
performance trial. Blood samples were collected prior to the initiation of exercise
and again immediately before the 15-minute performance ride. The key results were
that alanine supplementation with or without sucrose blunted the exercise-induced
decrease in plasma concentrations of most gluconeogenic amino acids; however, it
failed to enhance endurance performance. Subsequent research demonstrated no
performance improvements during longer bouts of exercise, which may have been
linked to increased gastrointestinal distress.'?’” Future research is needed to examine
the importance of the amino acid sparing influence of alanine in exercisers.

1. FAT

Fats, also known as lipids, are characterized by their tendency to dissolve in non-
polar solvents. When speaking specifically about dietary fat, most nutritionists are
referring to TGs, the specific class of lipids that comprise the vast majority (>95%) of
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lipids in the diet. Other lipids in the diet or the body include fatty acids, monoglycer-
ides, diglycerides, phospholipids, sterols, some vitamins, eicosanoids, lipoproteins,
glycolipids, and other important molecules. Lipids in general possess an array of
functions, including energy provision, serving as major structural components to
cells, emulsification, molecular signaling, and participating in a multitude of impor-
tant biochemical processes.

A. CLASSIFICATIONS AND DIETARY SOURCES

Numerous lipids with biologically important functions exist in nature. These lipids
can be classified by their structural characteristics. Several lipids described here
make up a majority of the lipids in our diet as well as our tissues and play potentially
important roles in the wellness and performance of athletes.

1. TGs

The structure of a TG, also known as a triacylglycerol, includes a 3-carbon glycerol
backbone linked to three fatty acids (acyl groups) through ester bonds. Triglycerides
account for the vast majority of dietary lipids and provide energy as well as essential
fatty acids to the body. Fatty acids bound to glycerol differ in their structures and the
effects they exert metabolically. Triglyceride is a key component of the diet in both
exercisers and non-exercisers.

The Acceptable Macronutrient Distribution Range (AMDR) established by
the Institute of Medicine when determining the Dietary Reference Intakes is
20-35% of total energy intake for adults. AMDR values have also been estab-
lished for linoleic acid (n-6 fatty acids in general) and alpha-linolenic acid
(n-3 fatty acids in general) at 5-10% of energy and 0.6—1.2% of energy, respec-
tively. The dietary intake of total fat by athletes is typically reported to be near or
within the AMDR. Using a weighed food diary approach, Jensen et al.! reported
that fat intake of U.S. collegiate cyclists during training was 27+8% of energy.
A study of Australian national-level triathletes and runners indicated that they
consumed a similar amount of fat (27+7% and 32+7% of energy, respectively).?
More recently conducted research of female collegiate swimmers and divers sug-
gest that they consumed slightly less fat (averaging approximately 22-23% of
energy) than levels reported for most athletes either at the end of the competitive
season? or during a taper from training Ousley-Pahnke et al.!?® Other research of
swimmers has reported much higher fat intake averaging in a range of 30—43% of
energy or more from fat.'?-133 Elite male Kenyan runners have been demonstrated
to restrict fat intake to approximately 46+ 14 grams per day, which averages 13%
of energy intake.*

2. Fatty Acids

Fatty acids are lipid molecules characterized by a hydrocarbon chain linked to a car-
boxylic acid group. These molecules vary in many ways—structurally, nutritionally
and biochemically—which has led to many classifications for fatty acids as well as
fats (TGs) rich in particular classes of fatty acids.
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One classification is based on fatty acid length, as determined by the number of
carbon atoms in the molecule. Short-chain fatty acids are composed of 2—4 carbons.
Medium-chain fatty acids are usually classified as those including 6—10 carbons,
and long-chain fatty acids have 12 or more. Some references classify lauric acid,
which has 12 carbons, as a medium-chain fatty acid rather than a long-chain fatty
acid. Fatty acids with shorter chains tend to be more soluble in water due to the
hydrophilic nature of the carboxyl end of the fatty acid. Long-chain fatty acids com-
pose the majority of fatty acids in the human diet. In general, dietary sources of
most long chain saturated fatty acids are animal foods, coconut oil, palm oil, and
palm kernel oil. Monounsaturated fatty acids are found in high levels in several plant
foods including canola oil, olives and olive oil, avocados, and others, and are usually
found in lower amounts in animal products. Fish, nuts, seeds, and many other plant
oils tend to be rich in polyunsaturated fatty acids. Although small amounts of short-
and medium-chain fatty acids are obtained from foods such as dairy products and
coconut oil, relatively small quantities of these fatty acids are found in a natural diet.
Medium chain TG oil, produced from fractionation of coconut oil, is a rich source of
medium-chain fatty acids and is commonly used in dietary supplements and formu-
las for medical nutrition therapy.

The degree of saturation with hydrogen atoms, which is determined by the absence
or presence of double bonds between carbon atoms, is also a major classification for
fatty acids. These degrees yield the classifications of saturated, monounsaturated,
and polyunsaturated fatty acids. Because each carbon molecule requires four bonds,
the carbons linked by a double bond have only a single hydrogen bound to them.
Saturated fatty acids are “saturated” with hydrogen atoms and therefore possess
no double bonds. Unsaturated fatty acids have at least one double bond and those
with just a single double bond are called monounsaturated fatty acids (MUFAs).
Polyunsaturated fatty acids (PUFAs) have multiple double bonds.

Unsaturated fatty acids can be further classified based on the position of the
double bond within the hydrocarbon chain as well as the structure of the molecules
around the double bond. If the hydrogen molecules on the double-bonded carbons
are oriented on the same side of the hydrocarbon chain, the bond is considered to
have a cis configuration. In this configuration, these hydrogen molecules interact
to produce a bend in the hydrocarbon chain. Fatty acids with a trans configuration
have hydrogen atoms oriented across from one another at the site of the double bond,
which allows the hydrocarbon to take on what is considered a straighter structure.
Trans fatty acids are more accurately called trans unsaturated fatty acids, because
they possess at least one double bond. These differences in structure produce vastly
different effects on metabolism, with most trans unsaturated fatty acids produc-
ing harmful effects relative to cis unsaturated fatty acids. Dietary sources of trans
fatty acids include those industrially produced through the process of hydrogenation
(i.e., shortening and other partially hydrogenated plant oils) and natural sources,
particularly tissue and dairy products from ruminant animals.

The position of the double bond or bonds on the hydrocarbon chain is also impor-
tant for determining the metabolic fates of unsaturated fatty acids. The system most
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TABLE 2.2

Characteristics of Common Fatty Acids

Name Chain Length Double Bonds Omega Class
SCFAs

Acetate 2 0 NA
Propionate 3 0 NA
Butyrate 4 0 NA
MCFAs

Caproate 6 0 NA
Caprylate 8 0 NA
Caprate 10 0 NA
LCFAs

Laurate* 12 0 NA
Myristate 14 0 NA
Palmitate 16 0 NA
Stearate 18 0 NA
Oleate 18 1 9
Linoleate 18 2 6
o-Linolenate 18 3 3
¥-Linolenate 18 3 6
Arachindonate 20 4 6
Eicosapentaenoate 20 5 3
Docosahexaenoate 22 6 3

* Sometimes classified as a medium-chain fatty acid.

commonly used by nutritionists for classifying fatty acids based on double bond
location is the omega classification, which is determined by the position of the first
double bond when counting from the hydrocarbon end. Fatty acids with the first
double bond on the third carbon are called omega-3 fatty acids. Those with the first
double bond on the number 6 carbon are called omega-6 fatty acids, and so on. While
the amount of energy produced from catabolism of fatty acids is similar regardless of
omega classification, the position of the double bond is critical for determining other
functions of fatty acids. Table 2.2 depicts the names and various classifications for
many fatty acids prevalent in the diet or produced in metabolism along with further
information regarding their structures.

Two fatty acids, linoleic acid and alpha-linolenic acid (the omega-3 form of
linolenic acid), are additionally classified as essential fatty acids, because they are
required in the human diet. Essential fatty acids are required in the diets of humans,
because we lack the ability to produce them ourselves. This is because we lack the
delta-12 and delta-15 desaturase enzymes that are required to produce the double
bonds needed in the final steps of the synthesis of these fatty acids. Deficiencies
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of essential fatty acids produce clinical symptoms including dermatitis, decreased
growth or weight loss, organ dysfunction, and abnormal reproductive status. Although
these are the only fatty acids required in the diet, other omega-3 fatty acids such as
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) can be consumed to
meet a portion of the alpha-linolenic acid requirement, which is usually expressed as
total omega-3 fatty acid needs. Rich dietary sources of linoleic acid include a variety
of vegetable oils such as soybean, corn, safflower, cottonseed, sunflower seed, and
peanut oil. Soybean, flaxseed, linseed, and walnut oils are particularly good sources
of alpha-linolenic acid, while fatty fish are particularly good sources of EPA and
DHA.

Fatty acids are extremely important to athletes for normal biochemistry and health
as well as for the production of energy. Metabolism of fatty acids during exercise is
described later. Many specific fatty acids and fatty acids within particular classifications
have been studied for their potential ergogenic benefits and are covered later as well.

3. Phosphoplipids

Phospholipids belong to a family of molecules containing both lipid and phosphate
components (e.g., glycerophosphatides, sphingolipids, etc.). In particular, glycerophos-
phatides consist of two fatty acids bound to carbons 1 (sn-1) and 2 (sn-2) of glycerol
with a phosphate molecule, which is also linked to one of many compounds including
choline, serine, ethanolamine, and inositol, bound to the carbon at the sn-3 position.
Phosphatidyl choline, also known as lecithin, is a key phospholipid. Functions of
phospholipids include serving as a major constituent of cellular membranes, partici-
pating in numerous biochemical reactions, and providing important structural and
functional components of tissues of the central and peripheral nervous systems.

4. Cholesterol

As a member of a class of molecules referred to as sterols, cholesterol possesses a
4-ringed steroidal structure (sterane) with a single alcohol group and an 8-carbon
alkyl group. Dietary sources of cholesterol are limited to animal products. Non-
animal foods are cholesterol free unless they are prepared with an animal product.
Foods rich in cholesterol include meats and organ meats, seafood, egg yolk, and
some dairy foods. Because cholesterol requirements can be met through biosynthe-
sis, there is no dietary need for cholesterol.

Cholesterol is critical for normal body processes. It serves as an integral com-
ponent of cellular membranes and steroid hormones, vitamin D, and bile acids are
synthesized from cholesterol. The general public perceives cholesterol as a threat,
however, due to the relationship between elevated serum cholesterol and risk for
cardiovascular diseases.

B. DIGESTION AND ABSORPTION

After consumption, most dietary lipids require digestion prior to absorption. Humans
are extremely efficient in digesting lipids from mixed meals. Fecal fat excretion is
typically limited to approximately 4% of the dietary load.’* The majority of lipid
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digestion occurs in the small intestine by the actions of pancreatic enzymes that
enter the digestive system at the duodenum. Digestion cannot be accomplished with-
out the emulsification of the dietary lipid components with the aqueous juices of the
gastrointestinal tract, which occurs primarily due to the amphiphatic properties of
bile acids. Bile acids are produced from cholesterol in the liver and stored and con-
centrated in the gallbladder. Upon consumption of a meal, particularly a fatty meal,
the gallbladder contracts in response to the action of the hormone cholecystokinin,
secreting bile into the duodenum via the common bile duct. Bile mixes with the
aqueous chyme from the stomach and the digestive secretions of the pancreas, which
allows the water-soluble pancreatic enzymes to interact with lipids in the chyme.

The enzyme primarily responsible for TG digestion is pancreatic lipase, which
works in concert with colipase, which is also secreted from the pancreas. Colipase
forms a complex between the emulsified lipid and lipase to allow digestion to occur.
The function of pancreatic lipase is typically to hydrolyze the acyl groups from the
glycerol backbone at the sn-1 and sn-3 positions, with greater specificity for cleav-
age at the sn-1 position. Typical products of TG digestion are monoglycerides and
free fatty acids. Phospholipids must also be digested prior to absorption. This occurs
through the function of the enzyme phospholipase A-2, which cleaves the acyl group
at the sn-2 position, leaving a monoglyceride and lysophospholipid. A portion of
dietary cholesterol is consumed as cholesterol esters in which a fatty acid is linked
to cholesterol through an ester bond. The enzyme responsible for cholesterol ester
digestion is cholesterol esterase. The activity of cholesterol esterase yields free cho-
lesterol and a monoglyceride.

The products of digestion along with lipids not requiring digestion, by the action
of bile acids, produce small lipid droplets referred to as micelles. The lipid com-
ponents of micelles can be taken up by the epithelial cells of the small intestine.
Short- and medium-chain fatty acids are then absorbed primarily into the mesenteric
circulation for transport to the liver. Long-chain fatty acids and other products of
digestion are transferred to the endoplasmic reticulum where TGs, phospholipids,
and some cholesterol esters are reformed. The absorbed lipid components are ulti-
mately packaged along with proteins (apoproteins) to form chylomicron lipoproteins.
Chylomicrons are exported via lacteals of the intestinal villi to lymphatic vessels
lining the small intestine. The content of these vessels are transported to the venous
circulation via the left thoracic lymph duct; therefore, chylomicrons are delivered to
the general circulation and peripheral tissues without first entering the liver.

C. Lipip METABOLISM
1. General Metabolic Processes of Lipid Metabolism

Lipid metabolism encompasses an array of processes that relate to energy produc-
tion, lipoprotein metabolism, fatty acid and TG production, synthesis of bioactive
molecules, and numerous other processes related to the functions of various lipids.
Fatty acids serve as the major precursor for energy production from lipids.
Initiation of the steps in energy production from fats depends on the source of the
fatty acids. The primary sources of fatty acids catabolized for energy production are
TGs. Triglycerides utilized for energy production reside primarily within the adipose
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tissue; however, TGs stored within muscle cells and those within both exogenous and
endogenously produced lipoproteins, primarily chylomicrons and very low density
lipoproteins (VLDL), respectively, are sources of energy as well.

When originating from adipose tissue TG, the first step in fat catabolism is mobi-
lization of the fatty acids from the fat cell for export into the circulation. This is
accomplished via the action of hormone sensitive lipase (HSL), which is responsive
to an array of hormones. Hormones known to activate HSL include epinephrine,
norepinephrine, glucagon, adrenocorticotropic hormone, thyroxine, thyroid stimu-
lating hormone, and growth hormone. HSL hydrolyzes the fatty acids at the sn-1
and sn-3 positions, and monoacylglycerol lipase hydrolyzes the remaining fatty acid
at the sn-2 position. As the fatty acids, usually described as free fatty acids (FFA),
enter the circulation, they are bound to protein, principally albumin, for transport
throughout the aqueous bloodstream. These fatty acids can be taken up by target
tissues, particularly muscle tissue during exercise, where they can be catabolized
for energy. During the postprandial state, insulin blocks the action of HSL, thereby
decreasing fat mobilization.

Some TG is stored within the cells of the muscle tissue and is referred to as
intramyocellular TG. These stores represent only a small fraction of the TG stored
within the body, but can still play an important role in providing energy to working
muscles. The fatty acids within this depot do not require mobilization for utiliza-
tion. The TG within the muscle is broken down by the action of HSL present in the
muscle cell.

Lipoprotein-bound TG is already in the circulatory system, particularly while
in a postprandial state, and can also be taken up by target tissues after fatty acids
are hydrolyzed by the action of lipoprotein lipase (LPL). LPL is a capillary bound
TG hydrolase found in highest concentrations in muscle and adipose tissues. Upon
hydrolyzing fatty acids from TG located primarily in VLDL or chylomicron par-
ticles, the FFA will predominantly enter the tissue in which it was cleaved, but a frac-
tion will escape into the systemic circulation. The contributions of lipoproteins to the
production of FFA available for energy catabolism is lower during fasting, because
the concentrations of chylomicrons and VLDL are highest during the postprandial
period. However, unlike adipose tissue, in which LPL expression is depressed during
fasting, muscle LPL levels are maintained, which allows muscle-associated LPL to
continue to hydrolyze lipoprotein-bound TG, particularly from VLDL, for ultimate
oxidation within the muscle cell. During exercise, muscle LPL is increased, which
enhances the ability of the muscle to obtain energy from lipoprotein-bound TGs.

Uptake of fatty acids by muscle cells occurs by processes that are not fully under-
stood but may include a combination of diffusion and protein-mediated uptake par-
ticularly associated with fatty acid translocase, plasmalemmal-located fatty acid
binding protein, and fatty acid transport protein.'*> Once inside the cell, fatty acids
are linked to coenzyme A by fatty acyl CoA synthetase. Oxidation of fatty acids
occurs in the mitochondria; however, long-chain fatty acids cannot diffuse into the
mitochondria, so they must enter by an elaborate transport mechanism. Components
of the transport mechanism include carnitine and the enzymes carnitine-acylcarnitine
translocase, carnitine palmitoyltransferase-I (CPT-I) and carnitine palmitoyltrans-
ferase-II (CPT-II). CPT-1, associated with the outer mitochondrial membrane, allows
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the transfer of the acyl group from the cytosolic fatty acyl CoA to carnitine to tran-
siently produce an acylcarnitine molecule. Carnitine-acylcarnitine translocase cat-
alyzes the transport of the acylcarnitine molecule across the inner mitochondrial
membrane, with subsequent reesterification of the acyl group to coenzyme A within
the mitochondrial matrix through the action of CPT-II on the inner surface of the
inner mitochondrial membrane.

Fatty acyl CoA molecules inside the mitochondria can be broken down through
B-oxidation. The process of B-oxidation, which includes a series of reactions: an oxi-
dation reaction followed by hydration, a second oxidation, and cleavage of acetyl CoA.
B-oxidation is repeated on the remaining 2-carbon shorter fatty acyl Coenzyme-A
(CoA) until the fatty acid is completely broken down. The process yields FADH,
during the first oxidation step and NADH + H* in the second oxidation. Acetyl CoA
molecules are obtained for every 2 carbons of the fatty acid oxidized. The resulting
FADH, and NADH + H* can undergo oxidation with the production of energy via the
electron transport chain as described for carbohydrate. The acetyl CoA molecules
can also be further metabolized via Krebs cycle as previously described followed by
further mitochondrial oxidation through the electron transport chain.

Under certain conditions, the use of fat for fuel is favored, while during others
carbohydrate is the preferred substrate. For example, after a meal, insulin synthesis
and secretion from the pancreas increases, which promotes the uptake of glucose,
particularly in the muscles and adipose, by GLUT-4 as previously described. This
enhanced uptake increases both glycogen storage and glucose oxidation. Insulin also
inhibits lipolysis by decreasing hormone-sensitive lipase activity, which decreases
efflux of fatty acids into the bloodstream. Furthermore, the increase in glucose
uptake also promotes the production of malonyl CoA from acetyl CoA resulting
from increased pyruvate dehydrogenase activity. Malonyl CoA inhibits CPT-1, which
also decreases the utilization of fat for energy. The activity of adipose tissue lipo-
protein lipase is also higher following a meal, which directs a greater proportion of
circulating lipids to the adipose tissue. This state contrasts with the profile of fuel
utilization during fasted conditions. During fasting, carbohydrate use by the muscle
and adipose is suppressed, while fat utilization increases. Lipoprotein lipase activity
in the muscle is enhanced, which promotes greater uptake of fatty acids from TG
within circulating VLDL molecules. Lipolysis from the adipose tissue occurs at a
greater rate, increasing the availability of FFA, which are taken up by the muscle for
energy production. The increase in FFA uptake promotes -oxidation, which yields
acetyl CoA. This increase in acetyl CoA concentration decreases pyruvate utilization
by lowering pyruvate dehydrogenase activity. Citrate concentrations are decreased
by enhanced Krebs cycle activity, which suppresses glucose breakdown by inhibiting
the activity of phosphofructokinase, the rate limiting enzyme in glycolysis. The rate
of fatty acid utilization is proportional to the plasma FFA concentration; therefore,
dietary strategies that produce elevations in plasma FFA concentration will typically
increase fatty acid oxidation.

Exercise also increases fat utilization by increasing the use of ketone bodies
produced primarily from fat and certain amino acids. In metabolism, ketones and
ketoacids are produced from acetyl CoA. Acetone is a ketone and acetoacetate and
beta-hydroxybutyrate are ketoacids. Ketone bodies can be utilized for energy by
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certain tissues, such as red blood cells and the central nervous system, that rely
primarily on glucose as an energy substrate when glucose is less available. When
their production increases to a rate greater than the rate of catabolism, a state of
ketosis can occur. During exercise, ketone production and utilization are increased,
providing athletes with an additional energy source. Little research is available to
determine the impact of ketosis on athletic performance; however, many have specu-
lated that it could be impaired due to a lack of available glucose for energy. Research
has suggested that this is not always the case. For example, one study demonstrated
that consumption of a diet extremely low in carbohydrate and high in fat for 1 month
produced a state of ketosis that did not impair exercise performance.'3®

2. Lipid Metabolism during Exercise

Fat and carbohydrate are the key contributors to energy production at rest and dur-
ing exercise, although amino acids produce energy to a lesser extent as well. While
multiple factors influence energy production, the principal determinant of both total
energy expenditure and the proportions of substrates utilized is exercise intensity.
Because, under most conditions, amino acids serve as a minor contributor to energy
production, the relative contributions of fat and carbohydrate are the key concern for
this chapter. That proportion is most commonly determined by measurement of the
respiratory exchange ratio (RER). RER, also know as respirator quotient (RQ), is
assessed through determination of the volume of carbon dioxide produced divided
by the volume of oxygen consumed as measured via expired gases. In general, as
RER approaches 1.00, carbohydrate is providing a greater percentage of fuel for
metabolism. Conversely, as RER approaches 0.70, fat is providing a larger percent-
age of fuel being utilized. The RER of protein is typically about 0.82; however, its
impact in total fuel utilization is determined by urinary urea excretion and is usually
not considered. As exercise intensity increases, carbohydrate utilization increases
at an absolute rate and as a percentage of energy expenditure; thus, RER increases
as well. While the proportion of oxidation of carbohydrate versus fat increases with
greater exercise intensity, this is largely due to an increase in carbohydrate utilization
rather than a decrease in fat consumption, although as intensity increased from 65%
of aerobic capacity to 85%, a small decrease in fat utilization occurs as well.!3

As described previously, the sources of fat and carbohydrate for energy production
are varied. Fatty acids originating primarily from TGs are the major lipids utilized
for energy during exercise and come principally from adipose tissue, intramuscular
depots, and lipoproteins, as discussed. The relative contributions of these sources
to energy production vary depending on numerous factors. A key factor that deter-
mines the proportion of energy production from these depots is exercise intensity.
Research has demonstrated that, at lower intensities, the contribution of intramus-
cular TG is minor in comparison with FFA obtained from the plasma, and that as
exercise intensity increases, the contributions of these sources for energy production
tend to become more equal.’’” Furthermore, the duration of exercise participation
influences fat source utilization. As duration continues during moderate steady state
exercise, the plasma-borne FFAs make up a greater percentage of the fat utilized as
intramuscular fat utilization decreases.!*’
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D. Lirips AND EXERCISE PERFORMANCE

Strategies to modify fat intake as ways to improve athletic performance have not
received the amount of attention that carbohydrate-related strategies have. This
likely stems from the notion that acute consumption of fat produces less dramatic
effects on metabolism and substrate utilization than alterations in acute carbohy-
drate intake. Much of the research related to lipids and performance has included
(a) chronic adaptation to fat in general, (b) intake of particular types of lipids, or (c)
dietary supplements that may alter fat metabolism in ways that could favorably affect
performance.

1. Fat Loading

Fat loading derives its name from carbohydrate loading, the technique of consuming
a very high carbohydrate diet in the days leading up to competition. Regimens of
fat loading vary from carbohydrate loading in three major ways. One, as the name
describes, is that the diet is very rich in fat instead of carbohydrate. Another is that
the dietary modifications are often followed for longer periods of time to achieve
the desired metabolic responses. A third difference is that carbohydrate loading is
predicated on the notion of maximizing stores of carbohydrate energy within the
body, while the goal of fat loading is to alter the body’s metabolism in a way that
will enhance fat utilization for energy production during competition. It is thought
that this response would spare the utilization of stored carbohydrate for energetic
processes, thereby promoting enhanced endurance.

Results of studies assessing the efficacy of fat loading for improving endurance
performance have been equivocal. Furthermore, some of the research that has dem-
onstrated enhancements in performance has been heavily criticized for design flaws.
Because, as described previously, several studies have demonstrated that a carbohy-
drate-rich diet helps to maintain glycogen stores,* most believe it is counterintuitive
to believe that fat loading could enhance performance. Empirically, however, some
researchers examining the potential impact of fat loading have detected enhance-
ments in performance*>!*13% and fewer have actually detected adverse effects of a
fat-rich diet.!%#! Several other studies have yielded results suggesting that no dif-
ference in performance occurs in athletes adapted to a high fat versus a higher car-
bohydrate diet for up to several weeks, suggesting that consumption of a high fat
diet at the expense of carbohydrate does not impair performance.!3¢-142-144 Qverall,
with equivocal data regarding fat loading as well as the risk of low muscle glycogen
content while consuming a high fat diet, it is prudent to recommend that most endur-
ance athletes consume a nutrient-dense lower fat diet until more conclusive data are
available to suggest that fat loading is more effective.

As a method to maximize pre-event glycogen stores and to take advantage of the
potential benefits of fat loading, several researchers have explored the potential of
shifting to a carbohydrate-rich diet following fat adaptation in the days preceding
the event. In one of the first such studies, Lambert et al.'*> demonstrated that adap-
tation to a diet rich in fats followed by short-term high carbohydrate intake in the
days prior to competition enhanced cycling performance. Most other studies using a
high fat adaptation followed by a short-term shift to a high carbohydrate intake have
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not observed similar improvements.!#>46:147 Most of those studies, however, used
a shorter fat adaptation period followed by just a single day of high carbohydrate
intake, both of which may have limited the opportunity for effective adaptation.

Many athletes and practitioners have expressed concern regarding the safety of
such diets. Interestingly, as noted later in this chapter, the adverse blood lipid effects
of a diet rich in fat, even primarily saturated fat, are blunted in athletes.'*® Because
most other risk factors for chronic diseases have not been evaluated in athletes con-
suming a diet rich in saturated fatty acids; however, that research should not serve as
a reason to consume excessive amounts of saturated fat. Because considerable data
have demonstrated ergogenic benefits of a higher fat diet, athletes who do not have
body weight control issues may wish to assess their exercise response to consuming
a diet rich in “healthy” fats, particularly when followed by short-term carbohydrate
loading, in comparison to a carbohydrate-rich diet regimen.

2. MCT Oil

Medium-chain triglyceride (MCT) oil is theorized to enhance endurance perfor-
mance because medium-chain fatty acids are readily absorbed' and quickly
metabolized independent of long-chain fatty acid transport mechanisms."® While
long-chain fatty acids are absorbed into the cells of the gut, reesterified to glycerol,
and packaged as part of chylomicrons for absorption via the lymphatic system, as
previously described in this chapter, medium-chain fatty acids are predominantly
absorbed directly into the portal circulation for transport to the liver. In the liver,
these fatty acids are primarily converted to ketones and used for energy or secreted
to the general circulation, where they can be taken up by peripheral tissues such as
the muscle.’>' The ketones produced provide an alternative to endogenous carbohy-
drate as a fuel source, which may allow them to preserve muscle or liver glycogen
during exercise.

The acute effects of feeding MCT before and during exercise on endurance per-
formance have been assessed by several researchers. Significant muscle glycogen
sparing, a purported mechanism by which some have suggested MCT could enhance
performance, has not been observed in these acute feeding studies; however, Van
Zyl et al.!> did observe a significant improvement in endurance with acute feeding
of carbohydrate plus MCT oil versus carbohydrate or MCT oil alone with cycling
exercise. Because the energy content of the combination feeding was greater than
in the trials of the separate components, these results have been subject to much
criticism. Regardless, the addition of MCT oil to a carbohydrate feeding offers a
potential additional energy source to the athlete that appears to translate to enhanced
endurance, although that has not been demonstrated in similar studies.'>*!5* Most
studies assessing the potential ergogenic effects of acute MCT oil feedings versus
isocaloric carbohydrate feedings provide no evidence of improved endurance.!>>-1%7
In fact, Jeukendrup et al.'*® observed that intake of 85 g of MCT during exercise
negatively affected performance. It is likely that the negative effect was associated
with complaints of gastrointestinal distress rather than metabolic issues.

The influence of more chronic adaptation to MCT oil has been studied as well.
Fushiki et al.'* observed that chronic ingestion of MCT (17% total dietary kcal) for
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periods ranging from 2 to 6 weeks in duration by both trained and untrained mice
caused glycogen sparing and produced significantly greater swimming endurance
capacity. The authors suggested that upregulation of enzymes of lipid metabolism in
response to MCT adaptation may play a part in glycogen sparing and improved endur-
ance. Because long-term adaptation to MCT oil has been demonstrated to enhance
lipid metabolism in mice, Misell et al.'®? conducted similar research in human sub-
jects. Those researchers demonstrated that trained runners fed MCT oil versus corn
oil for 2 weeks exhibited little differences in physiology and endurance performance
than when tested following an overnight fast. Interestingly, chronic feeding led to
a suppression in complaints of gastrointestinal discomfort, which would probably
also eliminate the likelihood of adverse effects on performance. While these data
fail to corroborate the results observed in animals, it is unclear whether the mice
in the study by Fushiki et al.'"*® were tested for endurance in a fasted or fed condi-
tion; therefore, it is possible that the combination of chronic MCT administration as
well as an acute feeding to allow for adaptation as well as provision of an alternate
fuel may prove useful. Thorburn et al.!é! recently tested that hypothesis by feeding a
caprylate-based structured TG for 2 weeks along with an acute feeding during pro-
longed exercise. Adaptation to the MCT oil reduced gastrointestinal discomfort, but
failed to enhance sprint performance at the end of the prolonged exercise bout. Future
research is needed to examine the effects of a combination of chronic plus acute MCT
oil ingestion on an endurance trial performance. While supplementation with MCT
oil appears to be safe in most studies, negative effects of its consumption relative to
corn oil on the resting blood lipid profile have been demonstrated in athletes.!6?

3. Conjugated Linoleic Acid

Conjugated linoleic acid (CLA) refers to isomers of linoleic acid containing conju-
gated diene units in which the two double bonds are separated by only 2 carbons
rather than the typical 3 for linoleic acid. The predominantly consumed isomer in
food presents the double bonds of the fatty acid in the cis-9 and trans-11 positions,'®3
although trans-10, cis-12 isomers are typically used at equal levels to the cis-9 and
trans-11 by most supplement manufacturers. Naturally occurring CLA is found pri-
marily in meat and dairy products, and the average daily intake has been estimated
to be approximately 150 mg for women and 200 mg for men.'¢*

Little research has assessed the potential influence of CLA on endurance exercise
performance. One study in young women initiating a training regimen demonstrated
no improvement in endurance after consuming 3.6 grams of CLA per day for 6
weeks; however, improvements in body composition occurred with CLA intake and
exercise training.!'®> Research in mice, however, has demonstrated that CLA inges-
tion promotes fat oxidation and increases swimming endurance.!®® Early research in
mice also demonstrated that CLA may stimulate norepinephrine-induced lipolysis.'®’
Enhanced mobilization of FFAs from the adipose tissue to the blood stream elevates
concentrations of plasma FFAs, which enhances fat oxidation and decreases utiliza-
tion of carbohydrate for energy. Because these results have not been replicated in
humans, this effect may be species specific; therefore, further research in humans
assessing the influence of CLA in trained athletes is warranted.
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More attention has been dedicated to the potential anabolic and fat-reducing effects
of CLA during resistance training. Research has demonstrated no effect of 28 days
of CLA supplementation on lean body mass or strength in resistance-trained men.!68
Another study indicated women ingesting 3 g/day of CLA for 64 days exhibited
neither altered body composition nor changed energy expenditure or fat and carbo-
hydrate utilization.'® Furthermore, Zambell et al.'”® reported that 3.9 g CLA each
day for 64 days failed to alter fatty acid or glycerol metabolism of adult women.
More recently, Steck et al.!””' demonstrated that 12 weeks of CLA supplementation at
6.4 grams per day produced increased lean body mass, but that 3.2 grams per day
failed to produce a similar effect in obese men and women who decreased their
level of physical activity. This research suggests that a threshold above 3.2 grams of
CLA per day may be needed before positive results can be detected. The need for a
relatively high dose has been corroborated by other investigators as well.'’>!73 The
research by Pinkoski et al.'”? demonstrated that supplementation of 5 g of CLA per
day for 7 weeks during resistance training increased lean mass and reduced fat mass
more than resistance training alone, with some indication of enhanced strength,
although less impressive results were obtained for a subgroup of participants that
crossed over to the opposite treatment.

Although long-term human studies of safety per se have not been conducted,
few, if any, adverse incidents or toxicity effects due to supplementation have been
reported in the limited literature available. Overall, more research is needed before a
solid recommendation for CLA supplementation in athletes can be made.

4. Omega-3 Fatty Acids

As described previously, omega-3 fatty acids are characterized by having the loca-
tion of the first double from the methyl end of the hydrocarbon chain on the third
carbon atom. Alpha-linolenic acid (ALA) is an essential fatty acid. Other important
omega-3 fatty acids in the diet are eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA). Consuming EPA and DHA can reduce the daily requirement of ALA.
Fish oils are particularly rich sources of EPA and DHA.

Eicosanoids are hormone-like compounds that are synthesized by cyclooxgenase
and lipoxygenase enzyme systems from long-chain fatty acids including ALA, EPA,
and DHA and non-omega-3 fatty acids. Classes of these compounds include throm-
boxanes, leukotrienes, and prostaglandins. The functions and potencies of eico-
sanoids depend upon their classes and the precursor fatty acids from which they are
formed. A variety of functions including blood vessel or bronchiole dilation, platelet
anti-aggregation, anti-inflammatory responses, and other roles are exhibited by vari-
ous eicosanoids produced from omega-3 fatty acids, which has sparked an interest in
the potential ergogenic as well as health benefits that might occur from consumption
of these fatty acids.

Researchers have fed foods rich in omega-3 fatty acids and assessed potential
benefits with no indication of an ergogenic effect. In one study, fish oil supplements
containing 5.2 grams of total fat (1.60 g of EPA and 1.04 g of DHA) were fed to
male soccer players each day for 10 weeks.!” No improvements in maximal aero-
bic power, anaerobic power, or running performance were detected in comparison
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with corn oil supplementation. In similar research in trained cyclists, doses of
6 grams of fish oil per day failed to enhance endurance after 3 weeks of supplemen-
tation.'”” While oils rich in omega-3 fatty acids have significant metabolic effects
that could theoretically influence exercise capacity, research has not established that
such effects occur.

5. Carnitine and Choline

Carnitine and choline are both non-lipid compounds that play key roles in lipid
metabolism. As described previously, the primary function of carnitine involves
the transfer of long-chain fatty acids across the mitochondrial membrane from the
cytoplasm. It has been hypothesized that supplementation of carnitine will increase
fatty acid transport into the mitochondria, thus enhancing lipid oxidation at rest and
during exercise.'”® Such an effect could reduce glycogen utilization and potentially
prolong endurance. Carnitine is also involved in the conversion of acetyl-CoA into
acetyl-L-carnitine and CoA. Enhancement of this process might favorably influence
the citric acid cycle and decrease lactate accumulation during exercise.

Carnitine, a water-soluble vitamin-like compound synthesized in the body and
present in relatively high concentrations in skeletal muscle and heart, is supplied
from the diet as well. Key sources include animal products such as red meats,
chicken, fish, eggs, and milk. Intake for non-vegetarian adults averages 100—300 mg
per day."”® When consumption is low, such as in vegan diets, the body compensates
by increasing carnitine biosynthesis and decreasing renal carnitine clearance.!”’
Within the body, carnitine is transported through the circulation and assimilated
into the muscle, where it may impact both aerobic and anaerobic energy production
during exercise.

Although carnitine functions to promote lipid oxidation, most research on carni-
tine supplementation does not support its use for ergogenic purposes. Although sev-
eral researchers have demonstrated increases in plasma carnitine concentrations with
the consumption of carnitine, fewer have reported improvements in muscle carnitine
levels.!” Most studies assessing muscle carnitine status have demonstrated no effect
of carnitine supplementation on concentrations in that tissue.'”?-'82 Supplementation
with choline, however, may enhance the incorporation of carnitine into the muscle
cells,!®® which may ultimately prove to enhance the efficacy of carnitine supplemen-
tation.!®* Interestingly, some research has suggested that endurance training may
increase endogenous carnitine synthesis,'®> which may lessen the likelihood that car-
nitine supplementation could be beneficial for athletes; however, other research has
demonstrated lower status with exercise training.!”®

While research has relatively consistently yielded no improvement in exercise
performance, a few studies have revealed some positive effects on physiological
variables including increased fat utilization,'®¢ a decrease in respiratory exchange
ratio,'$>187188 and an increase in VO,,,..'®"!®° This suggests that shifts in metabolism
may occur that under some circumstances could prolong endurance. Several studies
have demonstrated no difference in physiological variables such as heart rate, lactate,
VO,,...» rate of perceived exertion (RPE), lipid metabolism, or exercise performance,
with carnitine supplementation.!82190-195 A rather small trial, however, did find that
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carnitine, especially when ingested with caffeine, significantly enhanced endurance
performance.'®¢

The dosing regimen that would be likely to maximize the potential for carnitine
to enhance performance is unclear. Most researchers have provided 2—-4 grams of
carnitine for durations of between 1 and 12 weeks. Because these regimens typi-
cally have no effect on endurance performance and few physiological effects that
could promote improved performance, some other dosing regimen is likely required
if carnitine is ultimately determined to be effective. Carnitine supplements appear
to be safe, because few adverse effects of carnitine supplementation occur with dos-
ages ranging from 500 mg/day to 6 g/day for periods of 1-28 days.'”® In summary,
because carnitine supplementation appears to have little effect on muscle carnitine
status, the rate of fatty acid oxidation, or sport performance, its use in athletes is
typically not recommended. If dosing regimens or interaction with other supple-
ments such as choline or caffeine are demonstrated to consistently promote positive
results, these recommendations should be revisited.

In addition to potentially enhancing cellular uptake of carnitine, choline and dietary
components providing choline (i.e., lecithin, also known as phosphatidyl choline) have
received some attention as being potentially ergogenic. Lecithin and choline have pri-
marily been marketed for their ergogenic potential due to choline’s role with acetylcho-
line and muscular contraction. While poor choline status will likely prevent optimal
performance, evidence does not support claims that choline supplementation can pro-
vide an ergogenic effect.!”’ Research has demonstrated that lecithin supplementation
may prevent an exercise-induced decrease in choline status'®® however, which points to
the need for a greater understanding of choline metabolism in athletes.

E. INFLUENCE OF EXERCISE ON LiPID STATUS

This chapter would not be complete without a brief description of research related
to exercise and the blood lipid profile. Much research has examined the influence
of physical activity on risk factors for heart disease, and many of these studies have
been directed at the effects of exercise on blood lipid and lipoprotein metabolism.
Lipoproteins, as described previously, are compound lipids deriving their name from
their two primary components: lipids and proteins. The proteins that are constitu-
ents of lipoproteins are called apolipoproteins, sometimes shortened as apoproteins.
Apoproteins serve a variety of roles including allowing transport of lipids within an
aqueous environment, receptor recognition, and participating in a variety of biochem-
ical reactions. Most lipids are transported as components of the various lipoproteins.
The lipids producing the majority of mass in a lipoprotein include TGs, cholesterol,
cholesterol esters, and phospholipids. Primary classes of lipoproteins include chy-
lomicrons, VLDLs, low density lipoproteins (LDL), and high density lipoproteins
(HDL). LDL particles are produced in the catabolism of VLDLs by the action of
lipoprotein lipase. The cholesterol in LDL particles is referred to as LDL-cholesterol
(LDL-C), and it is the fraction of cholesterol within LDL particles that is measured to
determine a value for LDL-C. Because LDL can be deposited in the intima of arter-
ies, high concentrations of LDL-C in the serum, particularly when LDL is oxidized,
are associated with increased risk for heart disease. HDL particles are synthesized
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in the liver primarily but to a lesser degree in the cells of the gastrointestinal tract as
well. The primary role of HDL particles is the removal of cholesterol from lower den-
sity lipoproteins and tissues along with its transportation to the liver via the reverse
cholesterol transport system. This property is responsible for the negative association
between elevelated HDL-cholesterol (HDL-C) and risk for heart disease.

As reviewed previously, exercisers typically exhibit lower serum cholesterol con-
centrations than non-exercisers'®® and are at lower risk for heart disease.?’® Many
studies have also demonstrated that exercise training will produce a cholesterol-
lowering response in previously untrained individuals.'”® Typically, total serum cho-
lesterol concentration as well as LDL-C will be decreased by physical activity and
the concentration of HDL-C will increase; therefore, exercise training, and in some
studies just single bouts of exercise, produce decreases in the serum concentrations
of LDL-C and increases in HDL-C."? Estimates by some scientists are that training
that expends approximately 1000 kcals per week for at least 3 months is sufficient to
provide elevations in HDL-C and thus protection against atherosclerosis.'*®

Research has demonstrated that both resistance training and aerobic exercise can
have favorable effects on serum cholesterol concentrations; however, aerobic exer-
cise appears to be the more effective of the two.!”® In aerobically trained athletes,
several studies have even suggested that exercise may blunt the adverse effects of a
diet rich in saturated fat on serum cholesterol concentrations.'*¥20! While this is good
news for the athlete, it should not send the message that athletes can eat any diet
they wish with no risk of disease, because there are many other risk factors for heart
disease and because research has not been conducted related to the adverse effects
of a diet rich in saturated fat on risk factors for other diseases (e.g., cancer, etc.) in
athlete-specific populations.

IV.  CONCLUSIONS

The dietary and metabolic importance of both fat and carbohydrate for exercisers
and athletes cannot be overstated. It is undeniable that dietary regimens and supple-
ments that favorably alter the storage or utilization of these classes of nutrients can
have significant impacts on performance as well as wellness. In the same way, as
has been demonstrated with large doses of niacin,?®?it is likely that certain dietary
choices could negatively impact carbohydrate or lipid metabolism and exercise per-
formance, or risk factors for chronic diseases. As research on these issues continue, a
clearer picture of those practices that are most beneficial will develop. From a health
perspective, a food-first approach to eating is highly recommended. Many times it
is impractical for athletes to meet all of their energy needs, particularly from carbo-
hydrate, from natural food sources. However, as has been described in this chapter,
whole foods can be used by athletes in a variety of conditions before, during, and
after competition to help meet their macronutrient needs and promote less reliance
on commercial sport foods that are often less palatable and lower in natural food
constituents such as micronutrients and phytochemicals.

While extensive amounts of research have been published regarding the influ-
ences of carbohydrate and fats on exercise metabolism and performance, findings
in many areas remain equivocal and much is yet to be learned. Research on dietary
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practices that optimally influence the health and exercise capacity of athletes is still
needed. In most cases, combinations of various dietary regimens and supplements
that alter carbohydrate or lipid metabolism have not been addressed. Furthermore,
in some cases research has pointed to an influence of various dietary practices on
physiological variables that could be related to performance without subsequent per-
formance improvements. Additional research on these issues may demonstrate that
performance can be enhanced for specific situations that have not yet been tested. As
the base of research grows, athletes and practitioners will be better armed with tools
that can be used to improve exercise performance.
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I. INTRODUCTION

Interest in determining the protein need for physically active individuals from a sci-
entific standpoint has waxed and waned over the years, yet from the point of view of
athletes it has remained consistently high. Although the placebo effect is often sig-
nificant, this discrepancy in thinking is reason enough to investigate why opinions
differ so much on what would seem to be a very straightforward question. Likely the
controversy stems from the fact that scientists have focused on requirements using
laboratory methodology primarily while athletes have always been most interested
in performance, i.e., whether they can run faster or jump higher, etc. Consequently,
it could be that there is some truth to both viewpoints.

Although energy intake is of course critical for many types of athletic perfor-
mance, recent data indicate that the focus on requirements, at least from a protein
standpoint, is quite possibly misdirected. Rather, other factors such as timing of
protein intake, type of dietary protein or more specifically amino acid (AA) intake
may be critical. For those unfamiliar with the history of the protein-exercise studies,
a number of comprehensive reviews dating back almost 30 years are available.!-
The focus of this chapter is on the timing of protein ingestion relative to exercise and
whether certain AA might act as important signals controlling protein metabolism.

75
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Il. HISTORICAL PERSPECTIVE

During the 1800s, protein was considered the major fuel for exercise’ so it is easy
to understand why it held such a significant place relative to exercise metabolism at
that time. However, during the early part of the 20th century, this idea was largely
discounted? and the emphasis switched to carbohydrate (CHO) and fat metabo-
lism where it has remained for the most part ever since. This body of work, using
the needle biopsy technique initially and, more recently, the utilization of both iso-
tope and magnetic resonance spectroscopy methodologies, has established clearly the
major role of CHO and fat in exercise metabolism. Interestingly, from time to time
and especially in the 1980s and 90s, some published data have indicated that protein
should not be overlooked so quickly and, as a result, more investigators returned to
this all but abandoned topic. This work, summarized elsewhere,'* suggests a small
but important increased protein need for athletes undergoing most types of vigorous
training. However, in contrast to earlier understanding, this has little to do with pro-
viding exercise fuel because, in reality, protein contributes very little energy under
most exercise circumstances (generally less than 5% and rarely more than 10% of
exercise energy expenditure). Clearly, dietary CHO and fat are the predominant
exercise fuels. However, protein, and more specifically some of its component parts,
especially the indispensable AA (or essential AA [EAA]), may play a significant role
in exercise performance via their role as a signal for protein metabolism.

Ill. CONTROVERSY

Although the age-old debate has focused on dietary protein requirements, it has
become clear in recent years that most athletes can maintain positive nitrogen sta-
tus (dietary requirement is the protein intake when nitrogen excretion = nitrogen
intake) during vigorous training with daily protein intakes around 1.4-1.8 g/kg.’
This is ~75-100% above the dietary recommendations of most countries,'? but this
dietary protein need, unlike CHO, can be attained quite easily by most athletes, even
vegetarians, without any special dietary supplementation. This is because most ath-
letes, at least male athletes, increase energy intake substantially with training and,
assuming one’s diet comes from a variety of food sources, protein intake increases
proportionately.

Importantly, anyone who restricts energy intake is at greater risk of a deficiency
because protein fuel use increases as total energy intake decreases and this is espe-
cially true during periods of growth because the component parts of protein, AA,
are key building blocks. Also, an important gender difference exists, as many female
athletes left to their own choice will under-eat relative to their daily expenditure
resulting in a slowing of metabolic rate to compensate. This phenomenon, especially
when combined with less than average protein intakes (common in women who
avoid dietary animal protein), could cause insufficient protein intake for optimum
performance.

Unfortunately, protein metabolism studies are labor intensive and both compli-
cated and expensive from a technique standpoint. Together with the relatively small
number of investigators working in this area, the result is that far fewer definitive
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data are available versus that of CHO and fat metabolism. Consequently, the contro-
versy continues. Regardless, protein deficiency is uncommon among athletes in the
developed countries, and the more critical factors are likely timing of protein inges-
tion relative to training or competition and perhaps even the type of dietary protein
or AA. Discussion of these topics will form the focus of this review.

IV.  CRITICAL FACTORS FOR PROTEIN METABOLISM

A. BACKGROUND

Typically, exercise, especially heavy resistance (strength) exercise, increases muscle
protein synthesis (MPS).!'-18 Specifically, it appears that strength exercise stimulates
the molecular signalling pathways that promote these increases in MPS.!* However,
exercise also increases muscle protein breakdown (MPB).!11416 Of course, for muscle
growth (hypertrophy) to result, the sum total of these two processes (net muscle
protein balance) must be positive, either through greater increases in MPS or smaller
decreases in MPB (or some combination of both).

Although hypertrophy can occur with exercise and inadequate dietary intake,"
exercise alone is not sufficiently anabolic to result in optimal net positive muscle
protein balance due to the magnitude of the associated increase in MPB. The inges-
tion of nutrients (especially protein or AA) is also anabolic in nature even without
exercise due to an increase in MPS.20-24 Apparently, from a dietary standpoint, the
EAA (or indispensable AA) are the major stimulators of MPS,?>26 and the branched
chain amino acid leucine may be particularly effective.?’ Fujita et al.?> demonstrated
that even without exercise of any kind, ingesting EAA and CHO together causes a
significant anabolic response by increasing the AA availability (especially leucine),
which stimulates MPS. Carbohydrate ingestion can also result in increases in MPS
as long as there is a sufficient amount of AA available,?® due, at least in part, to the
resulting increase in circulating insulin.?® Some research also suggests that, although
the effect of insulin post exercise on MPS may be minimal, it can cause a decrease
in MPB,3 resulting in an even greater net protein balance.

Unfortunately, as mentioned, apparently the singular effects of either exercise or the
ingestion of nutrients alone result in a suboptimal net protein balance. As a result, con-
siderable recent research has focused on the combined effects of nutrient ingestion and
exercise (particularly strength exercise) in an attempt to maximize muscle anabolism.

B. NUTRIENT INGESTION TIMING
1. Following Exercise

The majority of attempts to enhance net muscle protein balance have focused on the
ingestion of nutrients following an exercise bout. The effects of post-exercise feeding
on net muscle protein balance appear to be important, as both the ingestion?%3! or
infusion?® of AA increase MPS further versus ingestion or infusion alone, i.e., with-
out exercise. Muscle protein synthesis increases (P < 0.05) during the hour following
ingestion and 4 hour totals are similar when ingestion is 1 or 3 hours post exercise,
especially when consideration is given for the fact that measures were collected for
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FIGURE 3.1 Muscle protein synthesis increases following the ingestion of an essential amino
acid (EAA)—carbohydrate (CHO) drink (6 g EAA + 35 g CHO) ingested either 1 hour (black)
or 3 hours (open) post exercise. Values are means + SEM. *Significantly different from placebo
and pre-drink values, P < 0.05. (Adapted from Rasmussen, B.B., Tipton, K.D., Miller, S.L.,
Wolf, S.E., and Wolfe, R.R. An oral essential amino acid—carbohydrate supplement enhances
muscle protein anabolism after resistance exercise, J. Appl. Physiol. 88, 386-392, 2000.)

3 hours post ingestion for the 1 hour post group and only 2 hours for the 3 hour post
group (Figure 3.1).2° These data suggest any window of time for accelerated muscle
protein anabolism post exercise is at least 3 hours. However, Esmarck et al.*? observed
muscle hypertrophy and greater (P < 0.05) strength gains in 74+-year-old men under-
taking 12 weeks of strength training when ingesting a 409-kJ snack (10 g milk and
soy protein, 7 g CHO, and 3.3 g fat) immediately post training versus 2 hours later.
Consequently, age may affect the timing of this post-exercise anabolic window.

Interestingly, a similar effect of early post exercise CHO intake on muscle glyco-
gen synthesis exists, but its duration is < 2 hours.** Apparently, the effects of exercise
lingering into the immediate post-exercise period promote both protein and glyco-
gen synthesis in comparison with other times. Use of this information is critical if
optimal recovery from exercise is to occur.

Considerable research suggests that eating and exercise have a cumulative effect,
i.e., eating increases MPS ~94-150%2%22 and exercise increases MPS ~41-100%,2-2!
while their combined effects result in a much larger increase in MPS ~145-200+%.2%%!
The ingestion of protein results in an increased AA availability post exercise, which
increases MPS likely due to its stimulation of the molecular cell-signaling pathways
involving rapamycin (mTOR) and messenger ribonucleic acid (mRNA) translation
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initiation and elongation.?!:?> However, it’s not just the ingestion of A As that promote
an anabolic state in muscle because CHO ingestion as well as the co-ingestion of
protein and CHO also do so.

The ingestion of CHO with the aim of increasing circulating insulin post exer-
cise has been shown to result in a decrease in MPB.26:28.3034-36 Consequently, the
co-ingestion of protein or AAs, and CHO post exercise could increase the anabolic
effect further by increasing MPS with the AAs and decreasing MPB because of
the insulin. The ingestion of protein with CHO may even increase AA uptake by
the muscle.?”-3° Miller and colleagues® reported that CHO and protein co-ingestion
post exercise produces additive effects, and several subsequent research studies
have corroborated this.?!22:354041 However, at least one paper suggests that MPS is
not increased further with the co-ingestion of CHO and protein as long as there is
a sufficient amount of protein ingested.*> Regardless of any CHO effect on MPS,
CHO ingestion is likely anabolic via its effect on blunting the exercise-induced
increase in MPB?26:28:3034-3643 and | of course, needs to be included in post-exercise
supplementation whenever glycogen use has been significant, or subsequent perfor-
mance, whether a training bout or competition, will be adversely affected due to
impaired glycogen resynthesis.

Taken together, these data indicate that eating immediately post exercise is ana-
bolic and the co-ingestion of CHO and protein or AA results in the most anabolic
response compared with neither (fasting) or either alone. Unfortunately, as of yet,
there is uncertainty as to what quantities of these nutrients are optimal, but likely
quite small quantities suffice.

The early research on post-exercise ingestion or infusion used relatively large
amounts (~40g) of AA (infusion?’; ingestion®). But Rasmussen and colleagues®®
demonstrated that only a small amount of EAA (6 g) with CHO (35 g) is effective
and, although some data indicate a shorter post-exercise window of increased pro-
tein anabolism,** timing may not be critical (except possibly in older individuals) as
long as the nutrient ingestion occurs within 3 hours post exercise. Apparently, large
amounts of CHO are not required, because only small increases in insulin have a
permissive effect on both MPS and MPB.#>4 The presence of insulin simply allows
the AA ingested to be used for MPS. Recently, Tang and colleagues*® demonstrated
that even smaller amounts of AA (4.2g) and CHO (21g) are effective.

Besides CHO, some other nutrients have significant effects on insulin release,
especially the branched chain amino acids.*’ As insulin is a potent anabolic hormone,
this response could be critical relative to protein metabolism, although this may be
by insulin’s effect on inhibition of MPB primarily rather than via its stimulation of
MPS.*8 Further, changes in insulin sensitivity could be important (see below).

Some of the current research focus has even shifted to the co-ingestion of protein
with the free EAA leucine and CHO. These data suggest that the addition of leucine
results in a further decrease in MPB.*° Moreover, leucine appears to be a potent
stimulator of the MPS pathway.?!-?7

The majority of post-exercise ingestion data would suggest that as long as protein
and CHO are ingested within 2-3 hours post exercise there will be a significant
increase in MPS and a decrease in MPB. Essential amino acids are important, espe-
cially leucine, and only small quantities are needed to influence both MPS and MPB.
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The result is a positive net muscle protein balance relative to fasting. Therefore, this
strategy is recommended for both optimal muscle growth and exercise recovery.

2. Before Exercise

With all of the data demonstrating that eating post exercise is anabolic, it has been
suggested that eating before exercise may also be anabolic, possibly even more so,
and several very intriguing studies have attempted to shed light on this issue. Tipton
et al.* first examined the effects of ingesting EAA and CHO before compared with
after strength exercise and demonstrated that eating before was more anabolic, per-
haps due to a greater total AA uptake in the group eating before exercise compared
with the group eating post exercise (Figure 3.2). They hypothesized that provid-
ing AA before exercise combined with the increased blood flow during exercise
increased MPS further as a result of an enhanced AA availability.* Later, Tipton
and colleagues® retested this hypothesis with the ingestion of intact protein (20 g)
and found no advantage to the pre-exercise feeding, i.e., eating whole protein before
or after exercise resulted in similar increases in MPS. However, in this second study,
there was no CHO ingested with the whole protein, which might have been impor-
tant, especially as the concentration of AA in the blood increased only 30%, whereas
in their previous study there was a 100% increase.*
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FIGURE 3.2 Muscle net phenylalanine balance following the ingestion of an essential amino
acid (EAA)—carbohydrate (CHO) drink (6 g EAA + 35 g CHO) either immediately before
(black) or immediately after (open) strength exercise. Values are means £ SEM. *Significantly
different from resting values, P<0.05. (Adapted from Tipton, K.D., Rasmussen, B.B., Miller,
S.L., Wolf, S.E., Owens-Stovall, S.K., Petrini, B.E., and Wolfe, R.R. Timing of amino acid—
carbohydrate ingestion alters anabolic response of muscle to resistance exercise, Am. J.
Physiol. Endocrinol. Metab. 281, E197-206, 2001.)
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FIGURE 3.3 Whole body protein breakdown, synthesis, and net protein balance rates when
ingesting carbohydrate and protein (CHO + PRO, open bars) or carbohydrate alone (CHO,
black) both before and during strength exercise. Values are means + SEM. *Significantly dif-
ferent from CHO, P < 0.05. (Adapted from Beelen, M., Koopman, R., Gijsen, A.P., Vandereyt,
H., Kies, A.K., Kuipers, H., et al. Protein co-ingestion stimulates muscle protein synthesis
during resistance type exercise, Am. J. Physiol. Endocrinol. Metab. 295, E70-77, 2008.)

More recently, Beelen et al.**examined the co-ingestion of protein and CHO during
strength exercise conducted in the evening for subjects who had eaten a standardized
diet during the day. Their results demonstrated that, for subjects in the fed state, the
co-ingestion of protein and CHO during exercise increased MPS versus CHO alone
(Figure 3.3). They hypothesized that nutrient ingestion (in this case EAA and CHO)
during exercise in fed subjects may have provided additional time for an elevated
MPS, resulting in a positive anabolic state. Bird et al.’! observed a reduced index of
muscle breakdown (urinary 3-methlyhistidine excretion on a meat-free diet) when
subjects consumed a liquid CHO-EA A mixture during a strength training session in
comparison with CHO, EAA, or placebo conditions. Although these latter data are
indirect, they are consistent with the observation that during exercise CHO-EAA
ingestion has important effects on MPB. Berardi et al.>> observed increased (P < 0.05)
glycogen resynthesis and enhanced (P < 0.05) endurance cycling time trial perfor-
mance* 6 hours following a 1-hour time trial with pre- and immediate post-exercise
feeding of small meals (7 kcal/kg; 1.2 g/kg CHO, 0.3 g/kg protein, 0.1 g/kg fat) indi-
cating that pre- and immediate post feedings can enhance recovery and subsequent
same day endurance performance. Together, these data suggest that ingesting nutri-
ents (CHO and EAA, especially leucine) immediately before, during, and following
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exercise can be beneficial for both strength and endurance exercise. Consequently,
ingestion before, during, and following may be optimal for protein anabolism.
However a recent study by Fujita et al.>* clouds this issue. This particular study
examined the ingestion of CHO and EAA with additional leucine 1 hour before
strength exercise and hypothesized that this pre-exercise ingestion would prevent
the exercise-induced decrease in MPS as well as promote a greater MPS stimulus
during early post-exercise recovery. In contrast, their data demonstrate that eating
before or not eating at all resulted in similar increases in MPS during exercise and
at both 1 and 2 hours post, suggesting that eating before exercise may be of little
benefit. Such conflicting data are confusing; however, nutrient ingestion in the Fujita
et al.>* study was 1 hour prior to exercise and this might be important because for
the others the nutrient intake was immediately before*® or immediately before and
during exercise.’® Moreover, at several measured time points in the Fujita and col-
leagues™* experiment, the EAA plus CHO condition resulted in a nonsignificantly
greater effect and, when all data collected are summed, the overall MPS appeared
to be greater in the EAA plus CHO condition (Figure 3.4). Finally, and perhaps
importantly, eating 1 hour pre-exercise did not prevent the exercise-induced increase
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FIGURE 3.4 Muscle protein synthesis following ingestion of an essential amino acid (EAA)—
carbohydrate (CHO) drink (17.5 g EAA + 25 g CHO) ingested 1 hour prior to exercise (open)
versus no nutrient ingestion (black). Values are means + SEM. *Significantly different from
fasting pre-exercise fasting values, P < 0.05. EAA + CHO was greater pre-exercise but there
were no between-condition differences during exercise or at either 1 or 2 hours post exer-
cise (Adapted from Fujita, S., Dreyer, H.C., Drummond, M.J., Glynn, E.L., Volpi, E., and
Rasmussen, B.B. Essential amino acid and carbohydrate ingestion prior to resistance exercise
does not enhance post—exercise muscle protein synthesis, J. Appl. Physiol. in press.)
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in MPB. As both post- and during-exercise feeding do decrease any MPB typically,
nutrient ingestion 1 hour pre-exercise may not be the best approach.

At this time a definitive solution to explain these conflicting data is not possible,
so we must await future studies. For now, the majority of evidence indicates that
early post exercise intake of small quantities of EAA, especially leucine and CHO,
is beneficial for both muscle growth and performance. The value of pre- and during-
exercise nutrient intake on these parameters is much less clear but certainly worth
pursuing as research topics.

C. ProteIN Type

Although AA or EAA ingestion in the immediate post-exercise period is clearly
beneficial for exercise recovery, other research has demonstrated that intact protein
ingestion post exercise can also result in a significant increase in MPS.37-4042.55-57
Interestingly, different types of intact protein have been shown to have different
effects on MPS. For example, whey protein results in a large and rapid increase
with a short duration, whereas casein protein causes a more moderate increase with
a much longer duration.’®>° However, significantly, casein appears to have greater
effects on chronic protein deposition, perhaps because it inhibits MPB more than
whey. This mechanism could explain the observed greater gains in lean mass and
strength during 12 weeks of strength training in men when the dietary protein source
was primarily casein versus whey.®

Interestingly, differences in circulating insulin are likely not responsible because
insulin concentrations were similar in the experiments of Boirie and colleagues.’®%
However, it is possible that changes in insulin sensitivity are important. Some protein
sources, especially deep-ocean fish, have powerful effects on insulin sensitivity due to
their omega-3 fatty acid content, but others, such as cod, which have a low omega-3
content, have significant positive effects on insulin sensitivity, presumably due to their
AA profile.5"%? This appears to be the result of normalizing insulin activation of the
phosphatidylinositol 3-kinase/Akt and by selectively improving GLUT 4 translocation
to the T-tubules in skeletal muscle.®* Such differing effects of protein type could be
critical to the resulting protein anabolic effect and need to be investigated more fully.

In addition, the post-exercise ingestion of milk as a source of protein can result in
acute increases in MPS*”*7 and more chronic increases in lean body mass versus soy
protein.3 Cow’s milk contains about 4.8% CHO, 3.4% protein (of this 2.8% is casein
and 0.6 is whey), 3.7% fat, 0.8% minerals (of this 0.3% is sodium and potassium),
and 87.3% water.%* Of course, for skim milk, the fat is removed during the skimming
process so the percentages of everything else increase proportionately. Essentially
then, milk is a CHO-protein-electrolyte fluid whose composition is quite appropriate
as a post-exercise nutritional supplement to enhance protein balance. Others have
noted post-exercise ingestion of chocolate milk (immediately and at 2 hours post)
can enhance recovery following exhaustive endurance exercise bouts.5 This should
not be surprising because, although the CHO content of chocolate milk varies (typi-
cally, it is approximately double that of regular milk), the additional CHO content
means that glycogen resynthesis would also be enhanced. Hence, it would appear
that chocolate milk is a very effective post-exercise drink.
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Other potential explanations for the observed effects of pre-, during-, or post-
exercise protein ingestion on protein metabolism could involve physical or chemical
differences that exist among dietary protein sources, as these affect digestion or
absorption rates and, therefore, AA availability to muscle. For example, it is well
known that whey protein is absorbed much more quickly than casein®®% and this,
not the specific AA content, is likely responsible for the differing effects on pro-
tein metabolism. Support for this hypothesis can be found from experiments where
repeated intakes of small quantities of whey protein at regular intervals result in
effects on protein metabolism essentially like casein (which is absorbed relatively
slowly).®® Moreover, intake of a free AA mixture mimicking the composition of
casein has effects on protein metabolism more like whey (which is absorbed quickly)
(Figure 3.5). Consequently, AA availability to muscle overtime appears to be an
important determinant of protein balance.

Vegetarian diets are now very popular to reduce saturated fat intake for health
reasons but this approach may not be optimal relative to protein balance because
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FIGURE 3.5 Leucine balance over 7 hours after ingestion of 30 g of a free amino acid
composition mimicking casein AA (gray), casein (open), whey (black), or repeated, smaller
ingestions of whey (repeat whey, hatched) where 13 small ingestions (~2.3 g) took place at
20-minute intervals over 4 hours. Values are means = SEM. No significance is shown as
the data are combined from two studies but clearly the effects are dramatic. (Adapted from
Boirie, Y., Dandin, M., Gachon, P., Vasson, M-P., Maubois, J-L., Beaufrere, B. Slow and fast
dietary protein differently modulate postprandial protein accretion, Proc. Nat. Acad. Sci. 94,
14930-14935, 1997; Dangin, M., Boirie, Y., Garcia-Rodenas, C., Gachon, P., Fauquant, J.,
Callier, P., et al. The digestion rate of protein is an independent regulating factor of postpran-
dial protein retention, Am. J. Physiol. Endocrinol. Metab. 280, E340-348, 2001.)
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51- to 69-year-old men who consumed a vegetarian diet over a 12-week strength
study obtained lower (P < 0.05) gains in body density, fat-free mass, and creatinine
excretion, as well as nonsignificant and less than 50% increase in fast twitch mus-
cle fiber area than their counterparts who followed an identical training program
but ate meat.” Several possibilities could explain these observations, including
the lower amino score, the lower digestibility, or the catabolic effects of post-
ingestion increases in circulating cortisol associated with the consumption of veg-
etarian diets.87!

V. RESEARCH NEEDS

Switching emphasis from investigations on dietary protein requirements for physi-
cally active individuals to detailed study of the intake timing of specific nutrients,
especially CHO, EAA, and leucine is now needed to advance our understanding of
how to optimize protein metabolism. Clearly, post-exercise feedings of EAA, leu-
cine, and CHO can enhance both protein and glycogen resynthesis. Details of the
precise post-exercise timing and quantities for optimal responses need to be worked
out as well as whether pre- and during-exercise feedings may also be important.
Finally, which AA or intact proteins are best could form the basis of many future
studies. When understood fully, this information will be most valuable not only for
athletes attempting to maximize their performance or to recover more quickly from
training sessions or competitions, but also for a host of others who need to increase
or retain muscle mass (seniors, dieters, astronauts, those with a variety of degenera-
tive diseases associated with aging, etc). This latter point is especially critical as it
becomes increasingly clear that decreases in muscle mass (sarcopenia) are respon-
sible for a variety of health problems prevalent today.”>?

VI. CONCLUSIONS

Protein requirements of exercising individuals have been debated for hundreds of
years. It now appears that protein needs are increased by perhaps 75—-100% for athletes
engaged in serious exercise training but, importantly, these intakes can be obtained
quite easily, assuming a balanced diet with adequate energy intake. Consequently,
from this perspective, protein supplementation is not necessary under normal cir-
cumstances. Exceptions might include women who under-eat relative to their exer-
cise training expenditure or those who are restricting energy intake for some other
reason.

On the other hand, recent data indicate clearly that protein and CHO ingestion
immediately post exercise (and perhaps also during or shortly before exercise) defi-
nitely can enhance acute exercise performance as well as training adaptations by
activating both protein and glycogen metabolic pathways. The timing of this nutrient
intake may be critical, but the duration of time that any post- or pre-exercise window
exists is not yet clear (but closer to the exercise bout is likely best). Moreover, much
more study is needed to elucidate the possible benefits of pre- or during-exercise
nutrient intake. Specific amino acids (EAA, especially leucine) and CHO appear to
be important and only very small amounts are necessary.
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I. INTRODUCTION

Vitamins are a group of complex organic compounds that are essential to normal
functioning and metabolic reactions in the body. They are divided into two catego-
ries: fat-soluble or water-soluble. The fat-soluble vitamins are vitamins A, D, E, and
K. The water-soluble vitamins include vitamin C, the B-complex vitamins (thiamin,
riboflavin, niacin, vitamin B, folate, vitamin B,,, pantothenic acid, and biotin), and
perhaps choline. The B-complex vitamins are required for the energy-producing
pathways and the synthesis or repair of cells in the body. Other vitamins function in
maintaining immune function, protecting the body tissues from oxidative damages,
and maintaining bone health. Therefore, vitamin deficiencies may influence physi-
ological processes important to exercise or sport performance.

91

© 2009 by Taylor & Francis Group, LLC



92

Nutritional Concerns in Recreation, Exercise, and Sport

TABLE 4.1

Definitions of the Categories of Dietary Reference Intakes (DRIs)

DRI

Recommended Dietary
Allowance (RDA)

Adequate Intake (AI)

Tolerable Upper
Intake Level (UL)

Estimated Average
Requirement (EAR)

Definition

The average daily dietary intake level that is sufficient to meet the nutrient
requirement of nearly all (97 to 98%) healthy individuals in a particular life
stage and gender group.

A recommended daily intake value based on observed or experimentally
determined approximations of nutrient intake by a group (or groups) of
healthy people that are assumed to be adequate—used when an RDA cannot
be determined.

The highest level of daily nutrient intake that is likely to pose no risk of
adverse health effects to almost all individuals in the general population. As
intake increases above the UL, the risk of adverse effects increases.

A daily nutrient intake value that is estimated to meet the requirement of half
the healthy individuals in a group.

Adapted from: Otten, J.J., Hellwig, J.P., and Meyers, L.D., Eds., Dietary Reference Intakes: The Essential
Guide to Nutrient Requirements, National Academy Press, Washington, DC, 2006, pp. 8.!

TABLE 4.2

Fat-Soluble Vitamin Recommendations for 19+-Year-Old Adults:
Recommended Dietary Allowances (RDAs)/Adequate Intakes (Als),> Daily
Values (DVs),’ and Tolerable Upper Intake Levels (ULs)?

RDA/AI DV UL
Vitamin Men Women 4+ Years All Adultse
Vitamin A (ug/d)¢ 900 700 5,000 IU 3,000
Vitamin D (ug/d)® 5/10° 5/10 400 IU 50
Vitamin E (mg/d)? 15 15 301U 1,000"
Vitamin K (pg/d) 120 90 80 NDi

2 DRI publications.>!216:30

> DVs are used on food and supplement labels.?

¢ 19+ year-old adults.

4 As retinol activity equivalents (RAE). 1 RAE = 1 pg retinol, 12 pg B-carotene, 24 ug o-carotene, or 24
ug B-cryptoxanthin. 1 pg retinol = 3.33 IU vitamin A.

¢ As cholecalciferol. 1 pg cholecalciferol =40 IU vitamin D.

f Recommendations for 19-50 y/51+y.

¢ As o-tocopherol. 1 IU = 1 mg all rac-o-tocopheryl acetate, 0.67 mg RRR-o-tocopherol, or 0.74 mg
RRR-o-tocopheryl acetate.

" The ULs apply to synthetic forms obtained from supplements, fortified foods, or a combination of the
two.

I Not determinable.

© 2009 by Taylor & Francis Group, LLC



Vitamins 93

The U.S. Institute of Medicine (IOM), National Academy of Sciences,! has estab-
lished Dietary Reference Intakes (DRIs) including Estimated Average Requirements
(EARs), Recommended Dietary Allowances (RDAs), Adequate Intakes (Als), and
Tolerable Upper Intake Levels (ULs) for vitamins that healthy people should con-
sume. The definitions of the various categories of DRIs are provided in Table 4.1.
EARs are the average nutrient intakes estimated to meet the requirement of half
the individuals in a group. EARs are utilized in evaluating the prevalence of inad-
equate intakes within a group. RDAs were established to meet the needs of nearly all
(97 to 98 %) individuals in a group. Als were set when sufficient data were not avail-
able to calculate RDAs. RDAs and Als can both be used as goals for individual intake.
Because some vitamins can be toxic, ULs for some of the vitamins were established
that are likely to pose no risk of adverse health effects to almost all individuals in the
general population.! The Daily Value (DV), established by the U.S. Food and Drug
Administration, is a nutrient reference value used on food and supplement labels.?
The RDAs/Als and ULs of 19+-year-old adults and the DVs of 4+-year-old individu-
als for fat-soluble and water-soluble vitamins are given in Table 4.2 and Table 4.3,

TABLE 4.3

Water-Soluble Vitamin Recommendations for 19+-Year-Old Adults:
Recommended Dietary Allowances (RDAs)/Adequate Intakes (Als),> Daily
Values (DVs),’ and Tolerable Upper Intake Levels (ULs)?

RDA/AI DV UL
Vitamin Men Women 4+ Years All Adultse
Vitamin C (mg/d) 90 75 60 2,000
Thiamin (mg/d) 1.2 1.1 1.5 ND¢
Riboflavin (mg/d) 1.3 1.1 1.7 ND
Niacin (mg/d)® 16 14 20 35f
Vitamin B¢ (mg/d) 1.3/1.7¢ 1.3/1.5 2.0 100
Folate (ug/d)" 400 400¢ 400 1,000f
Vitamin B, (ug/d) 2.4 24 6.0 ND
Pantothenic Acid (mg/d) 5 5 10 ND
Biotin (ug/d) 30 30 300 ND
Choline (mg/d) 550 425 ND 3,500

a DRI publiCatiOnS.33‘42’54'62'80'92'97‘103'105

® DVs are used in food and supplement labels.?

¢ 19+ year-old adults.

4 Not determinable.

¢ As niacin equivalents (NE). 1 mg of niacin = 60 g of tryptophan.

T The ULs apply to synthetic forms obtained from supplements, fortified foods, or a combination of the two.

¢ Recommendations for 19-50 y/51+y.

h As dietary folate equivalents (DFE). 1 DFE = 1 ug food folate = 0.6 pg of folic acid from fortified food
or as a supplements consumed with food = 0.5 pg of a supplements taken on an empty stomach.

 All women capable of becoming pregnant should consume 400 pg from supplements or fortified foods in
addition to intake from a varied diet.
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respectively. Various methods have been used for the measurement of status of most
of the individual nutrients. These methods have been reviewed by Sauberlich.?

Il. FAT-SOLUBLE VITAMINS

Vitamins A, D, E, and K are classified as fat-soluble vitamins due to their solubility
in fat. Fat-soluble vitamins are absorbed and transported along with fats in the body.
They are primarily stored in the liver and adipose tissues, and can accumulate in
these tissues and cause harmful effects to the body. Recommendations for the fat-
soluble vitamins, including RDAs/Als, ULs, and DVs, are provided in Table 4.2.

A. VITAMIN A

Fat-soluble vitamin A includes retinoids and provitamin A carotenoids. The term
retinoids refers to retinol, its metabolites (retinal, retinoic acid, and retinyl esters),
and synthetic analogues that are structurally similar to retinol. The retinoids are
often referred to as preformed vitamin A. Carotenoids are long-chained hydrocarbon
compounds, of which more than 600 forms exist. Of the many carotenoids in nature,
about 50 forms have provitamin A activity. The most prevalent provitamin A carote-
noids in diets include o-carotene, B-carotene, and B-cryptoxanthin.*

Vitamin A is known for its role in the visual system. The 11-cis retinal in the
retina of the eye functions as a coenzyme with the protein opsin to form rhodopsin.
After exposure to light, 11-cis retinal isomerizes to trans-retinal, releasing opsin. The
release of opsin initiates an impulse along the optic nerve to send visual images to the
brain. Another critical function of vitamin A is its requirement for cellular differen-
tiation. Retinoic acid, a vitamin A metabolite, regulates the various gene expressions
that encode for structural proteins, enzymes, extracellular matrix proteins, growth
factors, and receptors. Retinoids play a role in normal reproduction, fetal develop-
ment, and growth. In addition, retinoic acid is involved in normal immune function,
maintaining adequate levels of natural killer cells.> Carotenoids have been shown
to possibly have antioxidant activity, and to be associated with the following health
effects: decreased risk of macular degeneration and cataracts, decreased risk of some
cancers, and decreased risk of some cardiovascular diseases. However, in humans,
the only clear function of carotenoids is vitamin A activity.*

Vitamin A deficiency occurs when there is an inadequate vitamin A intake,
requirements are increased, or intestinal absorption, transport, or metabolism are
impaired as a result of conditions such as diarrhea.® Night blindness is one of the first
signs of vitamin A deficiency. A more severe deficiency contributes to xerophthalmia
(dry eye) and if untreated, permanent blindness. Other signs and symptoms of vita-
min A deficiency include anorexia, immune deficiencies, follicular hyperkeratosis,
and growth difficulties” Vitamin A deficiency is uncommon in the most developed
countries.® However, vitamin A deficiency in the United States is most often associ-
ated with strict dietary restrictions and excessive alcohol intake.’

The conversion factors for provitamin A activity of carotenoids were recently
changed to reflect the findings of studies on carotenoid bioavailability. Previously,
the biological activity of vitamin A was quantified by conversion of retinol and
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TABLE 4.4

Interconversion of Vitamin A and Carotenoid Units

Retinol Activity Equivalent (ug RAE) International Unit (1U)

1 ug RAE 11U
=1 pg of all-trans-retinol = 0.3 g retinol
=2 ug of supplemental all-trans-B-carotene =0.6 pg supplemental B-carotene
= 12 pg of dietary all-trans-f-carotene = 3.6 ug dietary B-carotene

= 24 ng of other dietary provitamin A carotenoids

Adapted from: Institute of Medicine, Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc, National
Academy Press, Washington, DC, 2001, chap. 4.

provitamin A carotenoids to retinol equivalents (REs). One RE was defined as 1 pg of
retinol, 6 pg of B-carotene, or 12 pg of other provitamin A carotenoids. However, in
2001, IOM introduced a new term, retinol activity equivalent (RAE) to express the vita-
min A activity of carotenoids’ based on very low vitamin A activity of plant-derived
foods in combating vitamin A deficiency despite high provitamin A carotenoid con-
tent.!® One RAE is equivalent to 1 pg of retinol, which is nutritionally equivalent to
12 pg of B-carotene or 24 pg of other provitamin A carotenoids. Currently, International
Units (IUs) of vitamin A (1 IU = 0.3 pg retinol or 0.6 ug supplemental B-carotene) are
utilized on food and supplement labels in the United States. Interconversions of cur-
rently used vitamin A units, RAE and IU, are given in Table 4.4.

The recommendations for vitamin A intakes for the United States and Canada are
given in ug RAE. The RDAs for men and women are 900 and 700 ug RAE/d, respec-
tively. Preformed vitamin A is found in animal-derived foods, particularly organ
meats, egg yolks, and fortified food products. Nonfat and low-fat milk products are
frequently fortified with retinoids. Provitamin A carotenoids are abundant in dark
green leafy vegetables and yellowish-orange fruits and vegetables.

Vitamin A toxicity symptoms are variable and nonspecific. The symptoms may
include nausea, vomiting, headaches, increased cerebrospinal fluid pressure, vertigo,
blurred vision, muscular incoordination, and bulging fontanel in infants. Chronic
hypervitaminosis A may include central nervous system effects, liver abnormalities,
and bone and skin changes.> Carotenoids are relatively nontoxic. Carotenodermia has
been reported only from the large consumption of carotenoids in foods.
Carotenodermia is harmless and results in a yellowish discoloration of the skin due
to the elevation of carotene concentrations. The UL of vitamin A for adults is set at
3,000 pg/d. Currently, DRIs including ULs for carotenoids are not available.

Physical exercise may raise oxygen consumption and increase free radical pro-
duction, leading to lipid peroxidation or possible tissue damage.'” Although vitamin
A is a weak antioxidant, vitamin A is probably needed for tissue repair, and an
increased metabolism of the vitamin would be expected during strenuous exercise.
Adult athletes reportedly are well-nourished with respect to the total vitamin A.
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Some athletes reportedly have excessive vitamin A intakes, which can be harmful
and potentially toxic. Studies indicate that supplementation has no beneficial effect
on physical activity. Because vitamin supplements usually contain 100% of the RDA
in one dose, it is easy to exceed the UL for vitamin A by taking multiple doses
along with a diet rich in animal products.!® Carotenoids have been shown to possess
antioxidant properties. Thus, carotenoids may influence exercise-induced lipid per-
oxidation or muscle damage. B-carotene has been most investigated for its antioxi-
dant activity to reduce exercise-induced lipid peroxidation in combination with other
antioxidant nutrients such as vitamins E and C. Clear evidence of beneficial roles of
carotenoids in exercise-induced lipid peroxidation and in the abilities of carotenoids
to improve physical performance has not yet been reported.!! Currently, no specific
recommendations for either vitamin A or carotenoids have been set for athletes.

B. Vitamin D

Vitamin D is a fat-soluble vitamin found in foods and also synthesized in the body
after exposure to ultraviolet rays from the sun. Several forms of vitamin D have
been described, but the two major physiologically relevant ones are vitamin D, and
vitamin D,.!? Vitamin D, (ergocalciferol) is a synthetic form of vitamin D that is pro-
duced by irradiation of plant steroid ergosterol in plants. Vitamin D, (cholecalciferol)
is the naturally occurring form of vitamin D produced from 7-dehydrocholesterol
when the skin of animals and humans is exposed to sunlight. Both forms are used
in supplements.

The main function of vitamin D is in maintaining calcium and phosphorus
homeostasis by its influence on the intestines, kidneys, and bones. Other physiologic
functions of vitamin D in the brain, heart, pancreas, mononuclear cells, activated
lymphocytes, and skin are still unknown, but its biologic function has been identified
as a potent antiproliferative and prodifferentiation hormone.?

In children, vitamin D deficiency results in a bone disease called rickets, which is
characterized by failure to properly mineralize bone tissue. The physical symptoms
of rickets include bowed legs, knock knees, curvature of the spine, and thoracic and
pelvic deformities. In adults, vitamin D deficiency leads to demineralization of the
skeleton causing osteomalacia. Vitamin D deficiency causes a decreased in calcium
concentrations in blood, which increases the production and secretion of parathyroid
hormone (PTH).!? Elevated PTH concentrations lead to a normal bone matrix turn-
over, resulting in a mineralization defect. Vitamin D deficiency may be caused by poor
dietary intake or limited exposure to sunlight. Vitamin D interacts with iron; there-
fore, iron deficiency can induce a concomitant decrease in vitamin D absorption.'?

The recommendations for vitamin D, as Als, for 19-50 year-old and 51+-year-old
adults are 5 and 10 pg/d, respectively. Vitamin D contents of food and dietary supple-
ment labels are expressed as [U. The biological activity of 1 pug vitamin D is equal to
40 IU. Natural sources of vitamin D in foods are few. Fish and fish oils are the richest
sources. Almost all of the vitamin D intake in the United States comes from fortified
milk products and other fortified foods such as breakfast cereals.'?

Vitamin D toxicity may occur with chronic intake of large doses of vitamin D
supplements or fish oils, but overexposure to sunlight does not cause vitamin D
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toxicity. The symptoms of vitamin D toxicity include nausea, vomiting, poor appe-
tite, constipation, weakness, and weight loss."> Consequences of severe hypervita-
minosis D can lead to hypercalcemia, hypercalcinuria, and possible calcification
of soft tissues such as the kidneys.'> The UL for vitamin D established by IOM is
50 pg/d for all children and adults.

There is little evidence that the deficiency or supplementation of vitamin D influ-
ences exercise performance. Vitamin D deficiency was indicated in one-third of
female gymnasts aged 10-17 years (n = 18)."* Because vitamin D does help main-
tain bone strength and mineralization through regulation of calcium and phosphate
homeostasis, monitoring of vitamin D status may be needed in some groups of ath-
letes, such as gymnasts and possibly other indoor athletes.'* However, intake of large
doses may result in vitamin D toxicity.

C. ViamiN E

Natural vitamin E exists in eight different forms, four tocopherols (o.-, B-, y-, and 3-)
and four tocotrienols (0., B-, y-, and §-). Alpha-tocopherol is considered the only
form of vitamin E that is biologically active in the human body.!®

The main function of vitamin E is its role as an antioxidant. Free radicals are
produced in the body during normal metabolism and exposure to various environ-
mental factors. As a peroxyl radical scavenger, it protects unsaturated lipid compo-
nents in cells and plasma from free-radical attack by itself becoming oxidized. The
antioxidant capacity of vitamin E is lost by oxidation with free radicals, but vitamin E
can be reduced by other antioxidants such as vitamin C, regenerating the antioxidant
capacity of vitamin E.'® Besides its antioxidant activity, vitamin E has been shown to
have anti-atherogenic and anti-inflammatory effects through its modulation of some
molecular signaling pathways.!”

Although vitamin E deficiency is rare in humans, it has been observed in indi-
viduals with genetic abnormalities in a-tocopherol transfer protein, fat malabsorp-
tion syndromes, or protein-energy malnutrition.'® Newborn babies may be at risk of
vitamin E deficiency because the vitamin does not cross the placenta. Symptoms of
vitamin E deficiency include degeneration of the sensory nerves (peripheral neu-
ropathy), impaired balance and coordination (ataxia), muscle weakness (myopathy),
and damage to the retina of the eye (pigmented retinopathy).'®

Previously, vitamin E activity in foods and dietary recommendations were reported
as a-tocopherol equivalents (a-TE) based on the biological activity of tocopherols
and tocotrienols in rats.'”® However, it is now known that o-tocopherol is biologically
active in humans because only a-tocopherol is repackaged into lipoproteins by the
hepatic o-tocopherol transfer protein.!® DRIs for vitamin E published by the IOM in
2000 were expressed as mg o-tocopherol, and the U.S. Department of Agriculture
has updated its nutrient database for vitamin E expressing content in mg o.-tocopherol.?
Alpha-tocopherol in natural foods is in the form of the isomer RRR-c-tocopherol
(formally d-o-tocopherol). The synthetic form of vitamin E is all-rac-o-tocopherol,
formally dI-o-tocopherol, containing all eight isomers of a-tocopherol (RRR-, RSR-,
RRS-, RSS, SRR-, SSR-, SRS-, and SSS-o.-tocopherol) in the mixture. Both natural and
synthetic forms are used for vitamin E supplementation of foods and supplements,
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TABLE 4.5

Vitamin E Content (mg o-tocopherol) of Selected Foods

Food mg o-tocopherol/100g mg o-tocopherol/Serving
Olive oil 14.35 1.94 (1 tbsp)?
Safflower oil 34.10 4.64 (1 tbsp)
Sunflower oil 41.08 5.59 (1 tbsp)
Mayonnaise 6.43 0.90 (1 tbsp)
Almonds 26.22 7.43 (1 0z)
Peanuts, dry-roasted 7.80 2.21 (1 oz)
Peanut butter 8.99 2.88 (2 tbsp)
Sunflower seeds, dry-roasted 26.10 7.40 (1 oz)
Asparagus, raw 1.13 0.76 (1/2 cup)
Spinach, raw 2.03 0.61 (1 cup)
Turnip greens, raw 2.86 1.57 (1 cup)
Apples, raw 0.18 0.33 (1 medium)
Bananas, raw 0.10 0.12 (1 medium)
Oranges, raw 0.18 0.24 (1 medium)
Eggs 0.97 0.48 (1 large)
Whole milk 0.06 0.15 (1 cup)
Bread, whole-wheat 0.51 0.14 (1 slice)

2 Serving size.

Adapted from: U.S. Department of Agriculture, Agricultural Research Service, USDA National Nutrient
Database for Standard Reference, Release 20.20

and typically sold either as acetate esters or succinate esters.?! Currently, the TU is used
in labeling fortified foods and dietary supplements for vitamin E content. One IU of
vitamin E activity was defined as 1 mg of all rac-o.-tocopherol acetate, 0.67 mg RRR-
o-tocopherol, or 0.74 mg RRR-o-tocopheryl acetate by the U.S. Pharmacopeia.??

The RDA for adults is 15 mg o-tocopherol/d. Alpha-tocopherol includes RRR-o0.-
tocopherol in natural foods and the 2R-stereoisomeric forms of ¢-tocopherol (RRR-,
RSR-, RRS-, and RRS-0-tocopherol) in fortified foods and dietary supplements. Other
isometric forms of o-tocopherol also found in fortified foods and supplements are
not usable by the body according to IOM.!® Major dietary sources of o.-tocopherol
are vegetable oils (olive, sunflower, and safflower oils), nuts, whole grains, and green
leafy vegetables. The vitamin E content of selected foods is found in Table 4.5.

There is no evidence of toxicity from the consumption of vitamin E naturally
occurring in foods. The IOM established an UL for vitamin E at 1,000 mg/d for
any form of supplementary a-tocopherol, which is based on the prevention of hem-
orrhage. Vitamin E can act as an anticoagulant, thus high amounts of vitamin E
supplementation may increase the risk of bleeding problems.

The greatly increased oxygen consumption indicated during exercise results in
the generation of free radicals and lipid peroxidation. Strenuous exercise may induce
oxidative damage and result in muscle injury.?* Vitamin E, the major antioxidant
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in cellular membranes, may lower the oxidative stress associated with exercise. In
vitamin E-deficient rats, exercise increased susceptibility to free radical damage and
declined exercise endurance capacity.?*

Supplementation of vitamin E alone or in combination with other antioxidants
such as vitamin C and carotenoids has been shown to result in inconclusive results
varying from reduced lipid peroxidation to no effects for protecting against exercise-
induced lipid peroxidation.'” Several studies have reported that vitamin E supplemen-
tation has an effect in attenuating exercise-induced lipid peroxidation in aerobic or
endurance exercise,>?7 but not strength training,?® by decreasing lipid peroxidation
markers such as malondiadehyde, F,-isoprostanes, or breath pentane. However, the
vitamin E effects in antioxidant combinations on exercise-induced oxidative stress
have been shown to produce inconsistent results.!”

Athletes often use vitamin E supplementation to prevent exercise-induced muscular
damages and fatigue.?” Damage to skeletal muscle cell membranes by exercise-induced
oxidative stress can impair cell viability, resulting in necrosis and an acute-phase
inflammatory response.!” However, the evidence of antioxidant protection provided
by vitamin E supplementation on membrane damage following exercise and recov-
ery is limited; thus, further research is needed in this area.

Many studies have been conducted to investigate the effects of vitamin E supple-
mentation as an ergogenic aid. Most studies have shown no improvement in exercise
performance of humans with vitamin E supplementation.!”

The current RDAs for vitamin E meet the needs of normal healthy people, but
no specific recommendations have been set for athletes. Vitamin E may be of some
benefit in endurance exercise to decrease exercise-induced oxidative stress, although
vitamin E supplementation seems to have no effect on exercise performance, muscle
damage, or recovery. Athletes who consume low intakes of antioxidants including
vitamin E may be at risk for the harmful effects of oxygen radicals, and endurance
athletes may need more than the recommendation of vitamin E.

D. VitamiN K

Vitamin K is a fat-soluble vitamin. There are three biologically active forms: vitamin K,
(phylloquinone), vitamin K, (menaquinone), and vitamin K, (menadione). Vitamin
K, is synthesized by plants and is the predominant form of vitamin K in U.S. diets.*®
Vitamin K, is produced by bacteria in the intestinal microflora and absorbed by the
human body. Vitamin Kj; is a synthetic form of vitamin K, utilized clinically as a
coagulant.

Vitamin K functions as a coenzyme in the synthesis of the active form of proteins
involved in blood coagulation and bone metabolism. It is required to catalyze the
post-translational y-carboxylation of glutamic acid residues for the normal coagula-
tion of the blood. Carboxylated proteins include plasma prothrombin (coagulation
factor II) and the plasma procoagulants, factors VII, IX, and X. Another vitamin
K-dependent protein, osteocalcin, which is localized in the bone matrix, may have a
role in the calcification of bone.!?

A symptom of vitamin K deficiency is an increase in prothrombin time, which
increases risk of spontaneous hemorrhage. Although vitamin K deficiencies are rare,
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individuals with fat malabsorption, liver diseases, or chronic antibiotic therapy are at
risk of vitamin K deficiency. Newborn infants may be at risk of abnormal vitamin K
status due to poor placental transfer of vitamin K and a lack of intestinal microflora
to produce vitamin K,.

Because of the lack of data to estimate an average requirement for vitamin K,
Als have been established based on dietary intake data from healthy individuals.
The Als of vitamin K for adult men and women are 120 and 90 pg/d, respectively.
Vitamin K, is the major dietary form of vitamin K. Green leafy vegetables and plant
oils are major sources of dietary vitamin K. Also, vitamin K, is the form of the vita-
min generally utilized in dietary supplements.

No evidence of toxicity has been associated with large intakes of either vitamin
K, or vitamin K,. However, high doses of the synthetic form, vitamin K, may cause
liver damage.*® No UL has been established for vitamin K.

There is no clear association between vitamin K and exercise; thus, research has
not been conducted with regard to vitamin K and exercise performance. The vita-
min K-dependent protein, osteocalcin, is involved in bone formation in the body.
An improvement of bone metabolism was reported in female athletes after vitamin
K supplementation.’! Therefore, adequate dietary intakes of vitamin K may be of
importance with regard to the skeletal growth for young athletes.

.  WATER-SOLUBLE VITAMINS

Water-soluble vitamins consist of the B-complex vitamins and vitamin C. These
vitamins are generally excreted in urine with little storage, thus regular consumption
is needed. Recommendations of water-soluble vitamins including RDAs/ATs, ULs,
and DVs are provided in Table 4.3.

A. THIAMIN

Thiamin, also known as vitamin B,, is one of the B-complex vitamins. Thiamin
exists in the human body as free thiamin and as interconvertible phosphorylated
form: thiamin monophosphate, thiamin triphosphate, and thiamin pyrophosphate
(TPP). The active form of thiamin as a coenzyme is TPP.

Thiamin, as TPP, is a coenzyme for two types of enzymes, o-keto acid dehydro-
genases and transketolases. These TPP-dependent enzymes require a divalent cat-
ion, commonly Mg?*. TPP is needed for the oxidative decarboxylation of pyruvate,
a-ketoglutarate, and branched-chain amino acids in the citric acid cycle. TPP is
involved as a coenzyme for transketolase reaction, which functions for the hexose
monophosphate shunt (also called pentose phosphate shunt). The hexose monophos-
phate shunt is a pathway for the synthesis of pentoses and generating NADPH for
the synthesis of fatty acids. Thus, thiamin is needed for the metabolism of carbohy-
drates, fats, and proteins. Thiamin also has a role in electrical generative cells such
as nerves, brain, and muscles.??

Thiamin deficiency is known as beriberi. Its symptoms include anorexia, weight
loss, muscle weakness, cardiovascular effects, and mental changes such as short-
term memory loss, confusion, and irritability. Dry beriberi includes muscle wasting.
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In wet beriberi, edema occurs.** Thiamin deficiency occurs from inadequate thia-
min intake or consumption of excessive alcohol. Wernicke-Korsakoff Syndrome
is a neurological condition associated with thiamin deficiency among alcoholics.
Thiaminase, an enzyme found in raw fish, break down thiamin in food. Individuals
who habitually consume raw fish may have a risk of thiamin deficiency. Thiamin
deficiencies are rare in the United States except with severe alcoholism.

The RDA for adults ages 19 years and older is 1.2 mg/d for men and 1.1 mg/d for
women. Dietary sources of thiamin include pork, beef, organ meats, yeast, whole
grains, and legumes. Most thiamin is lost in the production of polished rice and
white flour; therefore, thiamin-enriched grain products such as white rice, bread, and
pasta are widely available in the United States.

The amounts of thiamin consumed in excess of needs are excreted in the urine.
Because there are not sufficient data regarding adverse effects from the consumption
of excess thiamin in food or through long-term oral supplementation, the IOM did
not establish an UL for thiamin.?

Thiamin functions in the metabolism of both carbohydrate and branched-chain
amino acids; thus, thiamin has an important role in producing energy during exer-
cise. Consequently, it has been assumed that individuals with thiamin deficiency
reduce their abilities to perform physical activity, because thiamin deficient status
could result in impaired carbohydrate metabolism and accumulation of lactic acid.’*
However, the prevalence of deficiency appears to be low in active individuals.

Several studies have been conducted to determine the effects of thiamin supple-
mentations on exercise performance.’*-° Suzuki and Itokawa reported that a high
dose of thiamin (100 mg/d) significantly decreased the number of complaints shortly
after exercise in a fatigue assessment.*® The improvement of neurological and motor
movement control was indicated in target shooting after thiamin supplementation.’
However, supplementation with a thiamin derivative did not improve high-intensity
exercise performance when thiamin status was adequate.?” Supplementation with thi-
amin along with pantothenic acid did not enhance performance in knee extension and
flexion exercises.* Thus, thiamin supplementation may not impact exercise perfor-
mance or influence energy production when athletes have an adequate status of thia-
min, while the supplementation may help to achieve optimal neurological activity.

Currently, there are no specific thiamin recommendations for athletes. Athletes
who are engaged in physically demanding occupations or who spend much time
training for active sports may have a higher requirement for thiamin.** Individuals
consuming excessive amounts of dietary carbohydrates in a diet are recommended
increased thiamin intakes.*?

B. RIBOFLAVIN

Riboflavin is a water-soluble B vitamin that is also known as vitamin B,. In the
body, riboflavin acts as an integral component of two coenzymes: flavin adenine
dinucleotide (FAD) and flavin mononucleotide (FMN); these coenzymes are called
flavoproteins.

Riboflavin is essential for the metabolism of glucose, fatty acids, glycerol, and
amino acids for energy formation.* Riboflavin, as FAD and FMN, functions as a
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catalyst for redox reactions in numerous metabolic pathways and in energy produc-
tion.*? The redox reactions include flavoprotein-catalyzed dehydrogenations that are
both pyridine nucleotide dependent and independent, reactions with sulfur-containing
compounds, hydroxylations, oxidative decarboxylations, dioxygenations, and reduc-
tion of oxygen to hydrogen peroxide. Riboflavin has a role in the formation of some
vitamins and their coenzymes.*?

Riboflavin deficiency (ariboflavinosis) can be associated with sore throat, redness,
and swelling of the lining of the mouth and throat, cheilosis, angular stomatitis,
tongue swelling (glossitis), seborrheic dermatitis, and normocytic anemia. Riboflavin
deficiencies are rare in developed countries, except in chronic alcoholics. Riboflavin
deficiency is rarely found in isolation; it occurs frequently in combination with defi-
ciencies of other water-soluble vitamins.

The recommendations for riboflavin intake, as RDAs, for adults ages 19 years and
older are 1.3 mg/d for men and 1.1 mg/d for women. Riboflavin is widely distributed
in foods. Dietary sources include organ meats, dairy products, enriched cereals and
breads, and green leafy vegetables.

The IOM did not establish an UL for riboflavin because no toxic or adverse
effects of high riboflavin consumption from food or supplements have been reported.
Although no adverse effects have been associated with excess riboflavin intake, this
does not mean there is no potential for adverse effects from high intakes. Data on
adverse effects are limited. Thus, caution may be warranted.*?

Because riboflavin functions in the many metabolic reactions including energy
production in the body, several studies*-*® have been conducted to investigate the
effects of riboflavin supplementation on physical performance. The results of these
studies indicated that riboflavin supplementation did not improve exercise perfor-
mance in children,#* adolescents,® elderly,*® and athletes,**8 which seems that there
is no advantage to riboflavin supplementation on physical performance. However, it
is possible that the requirement of the vitamin is increased for individuals who are
ordinarily very active physically, but data are not available to adjust their riboflavin
requirements.*

The current RDAs for riboflavin meet the needs of normal healthy people. There
are no specific riboflavin recommendations for athletes. However, physical activity
would be expected to increase riboflavin requirements due to increased energy expen-
diture or increased incorporation of riboflavin into new muscle tissue.* According to
the research regarding riboflavin requirements as influenced by physical activity,*6:4-30
some of the indices of riboflavin status seem to be altered by exercise in sedentary or
non-athletic women. In these studies, it was indicated that exercise, dieting, and diet-
ing along with exercise may increase the requirements of riboflavin above previous
RDA for riboflavin published in 1989.5! Therefore, riboflavin requirements may be
increased for those who are ordinarily very active physically.*> However, athletes can
maintain adequate riboflavin status when adequate energy is consumed.>?

C. NiIACIN

Niacin is one of the water-soluble B-vitamins and is also known as vitamin B;. The
term niacin is the generic descriptor for nicotinic acid and nicotinamide, which are
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essential for formation of the coenzymes nicotinamide adenine dinucleotide (NAD)
and nicotinamide adenine dinucleotide phosphate (NADP).

Approximately 200 enzymes, primarily dehydrogenases, are dependent on the
coenzymes NAD and NADP, which both serve as a hydrogen donor or electron accep-
tor.3 NAD functions as a coenzyme with enzymes involved in the oxidation of fuel
molecules such as glyceraldehyde 3-phosphate, lactate, alcohol, 3-hydroxybutyrate,
and o-ketoglutarate. NADP functions as a hydrogen donor in reductive biosynthesis
such as in fatty acid and steroid syntheses, and is involved in the pentose phosphate
pathways.>* In addition, NAD acts as donor of adenosine diphosphate ribose (ADP-
ribose) for the post-translational modification of proteins and for the formation of
cyclic ADP-ribose. Two enzymes, mono ADP-ribosyl transferase and poly ADP-
ribose polymerase, function to transfer ADP-ribose from NAD to an acceptor pro-
teins including histone and histone proteins. These proteins seem to function in DNA
replication and repair and in cell differentiation.>*

The niacin deficiency disease is known as pellagra, whose symptons include pig-
mented rash developed by sunlight exposure, changes in the digestive tract causing
vomiting, constipation or diarrhea, a bright red tongue, and neurological symptoms
including apathy, depression, fatigue, headache, and loss of memory.>* The symp-
toms of pellagra are often referred to as the four D’s: dermatitis, dementia, diarrhea,
and death. Niacin deficiency is rare in industrialized countires except in malnour-
ished alcoholics and in individuals having disorders of tryptophan pathways.

In that trypophan can be converted to niacin, niacin contents in foods and dietary
recommendations are commonly expressed as mg of niacin equivalents (NE). Sixty
milligrams of dietary tryptophan is considered equivalent to 1 mg of niacin. Thus, 1 mg
NE is equal to 1 mg of niacin or 60 mg of dietary tryptophan. The recommendations for
niacin intake as RDAs for adults are 16 mg NE/d for men and 14 mg NE/d for women.
Niacin is widely distributed in both animal foods and plant-derived foods. The dietary
sources of niacin are yeasts, meats, poultry, fish, nuts, and enriched products such as
cereals and grains. The dietary sources of the amino acid tryptophan include lean meats,
fish, poultry, and nuts. In supplements and in food fortification, niacin is generally found
as nicotinamide, while nicotinic acid is often used as a cholesterol-lowering agent.>

Large doses of nicotinic acid are used in the treatment of hypercholesterolemia.
The pharmacological doses have been shown to significantly lower total serum
cholesterol and low-density lipoproteins and increase high-density lipoproteins.>
Despite the therapeutic effect of nicotinic acid, side effects are associated with these
large doses. The side effects are flushing of the skin with a concomitant itching and
feeling of heat, liver cell damage (hepatotoxicity) including elevated liver enzymes
and jaundice, and gastrointestinal problems such as heartburn, nausea, and vomiting.
Because flushing is the first observed adverse effects after large doses of nicotinic
acid, as this symptom is observed at lower doses than other adverse effects, the
IOM selected flushing as the most appropriate endpoint on which to base a UL.
Nicotinamide is generally better tolerated than nicotinic acid, and does not generally
cause flushing. However, a UL for niacin is considered protective against potential
adverse effects of nicotinamide.** The UL for niacin is 35 mg NE/d for adults, and
is limited to niacin that is obtained from supplements or fortified foods. There is no
evidence of adverse effects from naturally occurring niacin from foods.
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Niacin functions in energy metabolism like other B vitamins; therefore, exercise
performance could be affected by niacin status. However, there is no evidence of
inadequate niacin status in athletes or physically active individuals. Large doses of
nicotinic acid have been reported to decrease mobilization of free fatty acids (FFAs)
during exercise,*-> which could affect exercise performance because circulating
FFAs provide energy in the muscle during exercise. A decrease in FFA availability
with large doses of niacin as nicotinic acid does not impact physical performance
unless carbohydrate sources are limited.”> Although experimental data are lacking,
the IOM has recommended at least 10% increase in the niacin requirement to allow
for increased energy utilization and the physical size of individuals who exercise
vigorously.>*

D. ViamiN B

Vitamin B, is a water-soluble vitamin that consists of derivatives of 3-hydroxy-2-
methylpyridine, i.e., pyridoxal (PL), pyridoxine (PN), pyridoxamine (PM), and their
respective 5’-phosphates, (PLP, PNP, and PMP). PLP is a metabolically active B,
vitamer.

The active form of vitamin By, PLP, plays an important role in its function as a
coenzyme for enzymes involved in amino acid metabolism. Vitamin By is required
for transamination, racemization, deamination, or desulfhydration of amino acids.
The vitamin has a role in the conversion of glycogen to glucose (gluconeogenesis).
PLP functions in the synthesis of heme from porphyrin precursors as a cofactor for
d-aminolevulinic acid synthase.®® In the brain, the vitamin functions in the synthe-
sis of serotonin from the amino acid tryptophan. Other neurotransmitters, such as
y-aminobutyric acid, dopamine, epinephrine, and norepinephrine, are also synthe-
sized using PLP-dependent enzymes.®' Vitamin By is also involved in the synthesis
of the sphingolipids for the myelin sheath, the synthesis of nucleic acids, and the
synthesis of niacin from tryptophan.

The signs of vitamin By deficiency include weakness, sleeplessness, cheilosis,
glossitis, stomatitis, and impaired cell-mediated immunity.® Other symptoms noted
in vitamin B, deficiency are microcytic anemia, epileptiform convulsions, depres-
sion, and confusion.®? Vitamin By deficiency is rare in the United States, but it is
found in alcoholics and those taking certain drugs including isoniazid, penicillamine,
corticosteroid, and anticonvulsants.

The RDA for vitamin By is 1.3 mg/d for 19-50 years old adults. The RDAs for
adults ages 51 years and older are 1.7 mg/d for men and 1.5 mg/d for women. Dietary
sources of vitamin By in commonly consumed foods include meats, whole-grain
products, vegetables, some fruits (e.g., banana), nuts, and fortified cereals. Vitamin
B, in supplements is generally found as pyridoxine hydrochloride. PLP is also avail-
able as a dietary supplement.

No adverse effects have been reported for high vitamin B, intakes from food
sources. However, when taken in high levels of supplemental vitamin B, intakes (200
mg or more per day) as pyridoxine hydrochloride, vitamin B, can cause neurological
disorders such as loss of sensation in legs and imbalance. To prevent sensory neu-
ropathy, the IOM set a UL for vitamin B, of 100 mg/d for adults 19 years or older.
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Vitamin By is involved in the metabolic pathways required for exercise, princi-
pally amino acid metabolism and glycogen breakdown. Therefore, adequate vitamin
B, status is important for athletes because they typically have higher protein con-
sumption and vitamin B, as PLP, is required to break down muscle glycogen for
energy during exercise. Adequate vitamin B, intakes have been reported for most
male athletes,®*-% while several studies indicated vitamin B, intake of female ath-
letes are lower than recommended.%%-%® Inadequate intakes of vitamin By in athletes
are often related to low energy intake for maintaining bodyweight or to poor food
choices.® Inadequate biochemical status of vitamin B, in male and female athletes
was indicated in some studies.*7*7! Telford et al.’”® found that 60% of male and
female athletes (n = 86) had poor baseline vitamin B, status while consuming their
typical diets.

Researchers have reported that exercise may increase the turnover and loss of
vitamin By in the body.”® Increasing plasma concentrations of PLP was indicated
during exercise, which in turn increases the probability that PLP will be metabolized
to 4-pyridoxic acid (4-PA) and lost in the urine during exercise.%® Active individuals
had higher 4-PA losses compared to sedentary controls or periods of inactivity.”>"3
Higher 4-PA acid losses were reported after strenuous physical activity.” However,
no study has reported decreased plasma PLP concentrations by exercise-induced
4-PA losses. And, the amount of vitamin By loss is small and could be easily met
through appropriate food choices.®

Because vitamin B, has a role in energy production during exercise, inadequate
status of vitamin B, may compromise exercise performance. The effect of vitamin
B, deficiency on exercise performance has been determined in several studies*7>76
that indicated that inadequate status of vitamin B, due to poor dietary intakes may
decrease the ability to do work, especially maximal work and exercise.®® However,
it was reported that, during exercise, supplemental vitamin B, has not enough ben-
eficial effect to alter performance.”””® Although vitamin B4 supplementation did not
result in the improvements of exercise performance, athletes may increase their vita-
min B, intakes as they consume higher protein diets because vitamin B is required
for enzymes in protein metabolism.” However, there are currently no specific vita-
min B, recommendations for athletes.

E. FolLATE

Folate, a generic term for one of the water-soluble vitamins, includes naturally occur-
ring food folates and folic acid found in dietary supplements and used in food fortifica-
tion. Folate can vary in structure by reduction of the pteridine moiety to dihydrofolic
acid and tetrahydrofolic acid (THF). Folate exists predominately as polyglutamyl
forms of THF, which are biologically active folate coenzymes in the body.

Folate functions in the body as a coenzyme to accept one-carbon units typically
generated from amino acid metabolism. Folate is involved in DNA synthesis, purine
synthesis, generation of formate into the formate pool, and amino acid metabolism.3°
Folate is needed for synthesis of methionine from homocysteine, which helps main-
tain normal levels of homocysteine in the body. Folate is also required for the syn-
thesis of normal red blood cells and prevention of macrocytic anemia.
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Folate deficiency can cause megaloblastic anemia characterized by enlarged
immature red blood cells and neutrophil hypersegmentation. Megaloblastic anemia
also occurs in vitamin B,, deficiency. Weakness, fatigue, difficulty concentrating,
irritability, headache, palpitations, and shortness of breath can occur at an advanced
stage of anemia.?° Pregnant women with folate deficiency are at greater risk of hav-
ing infants with low birth weight, premature birth, or neural tube defects. Atrophic
glossitis may occur in folate-deficient people. Folate deficiency is commonly caused
by insufficient dietary intake. Also, it has been observed in people with excessive
alcohol ingestion, those with malabsorption disorders such as inflammatory bowel
disease, and in individuals taking anticonvulsants, oral contraceptives, methotrex-
ate (used for rheumatoid arthritis), sulfasalazine (used to treat inflammatory bowel
disease), and cholestyramine (used to treat high cholesterol concentrations).?!

The DRIs for folate are expressed in a term called the Dietary Folate Equivalents
(DFEs), which reflects the higher bioavailablity of synthetic folic acid used in sup-
plements than that of naturally occurring food folates. Folic acid taken with food is
85% bioavailable, but folate in food is about 50% bioavailable; thus, folic acid taken
with food is 1.7 times more available. Only half as much folic acid taken on an empty
stomach is comparable to food folate. Table 4.6 shows this explanation as presented
by the IOM.30

The recommendations for folate intakes for the United States and Canada are
given in ug DFEs. The RDA for adults is 400 pg DFEs/d. All women capable of
becoming pregnant should consume 400 pg from supplements or fortified foods
in addition to intake from a varied diet. Green leafy vegetables, orange juice, and
dried beans and peas are all natural rich sources of folate. In 1996, the Food and
Drug Administration published regulations requiring fortification with folic acid to
enriched breads, cereals, flours, pastas, rice, and other grain products.®?> Thus, cere-
als, breads, and other grain products have become the primary sources of folate in
the United States.

No adverse effects have been associated with the consumption of the amounts of
folate in foods, and the risk of toxicity from folic acid is low. Megaloblastic anemia
with vitamin B, deficiency is indistinguishable from that associated with folate defi-
ciency. Large doses of folic acid may relieve this, but the irreversible neurological

TABLE 4.6
Dietary Folate Equivalents (DFEs)

1 g of DFEs
=1 pg of food folate
=0.5 pg of folic acid taken on an empty stomach
= 0.6 pg of folic acid with meals

Adapted from: Institute of Medicine, Dietary Reference
Intakes for Thiamin, Riboflavin, Niacin, Vitamin B, Folate,
Vitamin B ,, Pantothenic Acid, Biotin, and Choline, National
Academy Press, Washington, DC, 1998, chap. 8.%°
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damage in vitamin B,,-deficient individuals continues. Hence, the UL for adults is
set at 1000 pg/d of folate from fortified food or supplements, exclusive of naturally
occurring food folate.®°

Folate is required for synthesis of new cells and for the repair of damaged cells
and tissues. Thus, folate status might be of importance to athletes. Generally, active
men have adequate folate intakes due to high energy intakes.®* However, low folate
intakes have been observed in athletic women in several studies®4-3¢ that were con-
ducted prior to the FDA mandatory fortification of folic acid in 1996. Beshgetoor
and Nichols in 2003% reported that female cyclists and runners had mean folate
intakes greater than the RDA, whereas a study reported in 20028 found that more
than 80% of elite female adolescent volleyball players had folate intakes less than
the RDA. In Brazil, 89% of adolescent athletes consumed folate less than the EAR.%
Research examining the biochemical status of folate in athletes is limited, although
several studies have been conducted.”®®! Matter et al.®® reported that 33% of non-
supplemented female marathon runners (z = 85) had less than normal serum folate
concentrations. Ziegler et al.”! found that 20% of female figure skaters (n = 18) had
lower serum folate concentrations than normal.

Supplementation with folate has been shown to have no effects on exercise per-
formance. Exercise performance on a treadmill of female marathon runners having
folate deficiency were not changed by folate supplementation (5 mg/d folic acid)
although hematological parameters for folate status improved.”® In a study of mul-
tivitamin and mineral supplementation including folate, there was no measurable
difference in exercise performance as a result of vitamin and mineral supplementa-
tion in male runners.*’ There are no specific folate recommendations for athletes.
Although folate supplementation did not result in the improvement of exercise per-
formance, athletes, especially females, may need to increase their folate intakes to
prevent megaloblastic anemia caused by folate deficiency. Any type of anemia could
have an effect on the exercise performance of athletes.

F. VimamiN B,

Vitamin B,, is a group of compounds called cobalamins which contain cyanocobala-
min, hydroxocobalamin, and the two coenzymes forms 5’-deoxyadenosylcobalamin
(adenosylcobalamin) and methylcobalamin. Cyanocobalamin and hydroxocobala-
min are the forms of vitamin B,, used in most dietary supplements, and are con-
verted to adenosylcobalamin and methylcobalamin in the body.

Methylcobalamin and adenosylcobalamin are required for the functioning of
the enzymes methionine synthase and L-methylmalonyl-CoA mutase, respectively.
Methionine synthase requires methylcobalamin as a cofactor for methyl group
transfer from methyltetrahydrofolate to homocysteine to form methionine and tet-
rahydrofolate. Adenosylcobalamin is needed for methylmalonyl-CoA mutase, which
converts L-methylmalonyl-CoA to succinyl-CoA. This reaction plays an important
role in energy production from fats and proteins.

Deficiency of vitamin B,,, like that of folate, can lead to megaloblastic anemia,
which is characterized by large red blood cells. Symptoms of this vitamin deficiency
include skin pallor, fatigue, shortness of breath, palpitations, tingling and numbness
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(paresthesia) in extremities, abnormal gait, disorientation, swelling of myelinated
fibers, memory loss, and possible dementia. Neurological complications are observed
in 75-90% of deficient individuals.”?> Megaloblastic anemia of vitamin B,, deficiency
is indistinguishable from that of folate deficiency. If vitamin B, deficiency is not
corrected, it can cause demyelination of nerves so that nerve damage may occur.’?
Therefore, folate supplementation can resolve the anemia, but not correct the demy-
elination of vitamin B,, deficiency, if vitamin B,, deficiency is the cause. Most vita-
min B,, deficiencies result from inadequate absorption, rather than poor intakes.
However, strict vegetarians can have deficiencies of the vitamin. Malabsorption of
the vitamin is due to a lack or insufficiency of intrinsic factor or hydrochloric acid.
An autoimmune condition (pernicious anemia), atrophic gastritis, or gastrectomy
are the causes of decreasing intrinsic factor production, thereby impairing absorp-
tion of the vitamin. Hydrochloric acid is required to release the vitamin from dietary
proteins. Thus, reduced hydrochloric acid production decreases the release of the
vitamin bound to food, causing malabsorption of the vitamin.

The RDA for vitamin B,, is 2.4 pg/d for adults ages 19 years and older. For those
older than 50 years, it is advisable for most of this amount to be consumed in foods
fortified with vitamin B, or a vitamin B,,-containing supplement because 10 to 30%
of older people may not be able to absorb naturally occurring vitamin B,,.”2 Dietary
sources of vitamin B, include meats, poultry, fish, shellfish, eggs, fermented foods,
milk, and milk products. Because vitamin B,, is present in animal products, ath-
letes who eat no animal products (strict vegetarians or vegans) need to include food
sources fortified with vitamin B,, such as breakfast cereals and may take supple-
ments containing vitamin B,, to meet their requirements.

No adverse effects have been associated with large doses of vitamin B,, from food
or supplements in healthy individuals.”? No UL for vitamin B,, has been set by IOM
because there is not sufficient scientific evidence to set the UL.

Those athletes who are on energy-restricted diets or who are on strict vegetar-
ian diets without vitamin B,, supplementation or fortification may have inade-
quate intakes of vitamin B,,. Steen et al.%” indicated that 80% of female collegiate
heavyweight rowers consumed over the RDA for vitamin B,,. However, in the
study of male and female participants in a triathlon, 45% of females and 30% of
the males had vitamin B,, intakes lower than the RDA although 40% of the par-
ticipants supplemented.?* Keith et al.? reported that over 33% of trained female
cyclists (n = 23) consumed less than the recommended intake of vitamin B,,;
however, only one subject had a lower serum vitamin B, concentrations than
the normal range. Generally, highly trained endurance athletes do not show vita-
min Bj,-deficient status according to their blood vitamin B,, levels, and short-
term rigorous exercise has no effect on the plasma vitamin B,, concentrations in
trained athletes.”?

Most of studies examining the effects of vitamin B, on exercise performance
have been conducted in conjunction with the intake of the B vitamins. Existing evi-
dence shows that vitamin B, supplementation has no effect on performance.?*-%
There are no specific vitamin B}, recommendations for athletes, and there appears
to be no need to recommend an increased requirement of vitamin B,, for athletes as
compared with the general population.®® Vitamin B,, supplementation may be needed
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for elderly athletes and athletes who are strict vegetarians to prevent hematopoietic
defects caused by vitamin B,, inadequacy.

G. PANTOTHENIC ACID

Pantothenic acid, also known as vitamin B, consists of B-alanine and pantoic acid.
Pantothenic acid is a component of coenzyme A (CoA) and acyl-carrier protein. CoA
is required for chemical reactions that generate energy from carbohydrate, fat, and
protein. CoA also functions in the synthesis of sterols, membrane phospholipids,
choline, acetylcholine, and porphyrin rings found in hemoglobin and myoglobin.
Acyl-carrier protein is a component of the fatty acid synthase complex. The acyl-
carrier protein requires pantothenic acid in the form of 4’-phosphopanthetheine for
its activity in the synthesis of fatty acids.®’

Pantothenic acid deficiency is very rare and has been observed in individuals hav-
ing severe malnutrition or who have taken the pantothenic acid antagonist ®-methyl
pantothenic acid. Pantothenic acid deficiency was reported to cause the “burning
foot syndrome,” characterized by abnormal skin sensations of the feet and lower
legs. Other symptoms of the deficiency include vomiting, fatigue, weakness, irrita-
bility, numbness, and tingling.

Because of the lack of data to estimate an average requirement for pantothenic
acid, Als have been established based on dietary intake data from healthy individu-
als.”7 The Al for pantothenic acid is 5 mg/d for adult men and women. Pantothenic
acid is widely distributed in all plant and animal foods. Dietary sources include
meats, egg yolks, whole grains, potatoes, broccoli, mushrooms, and avocadoes.
About a third of the vitamin present in foods is lost during ordinary cooking.”®

The adverse effects of oral pantothenic acid have not been reported in humans
or animals. Intakes of up to 20 g/d may be associated with mild intestinal distress
and diarrhea.®® Due to the lack of the evidence of adverse effects, the IOM did not
establish a UL for pantothenic acid in 1998.

There is no conclusive evidence for beneficial effects of pharmacological doses
of pantothenic acid on exercise, and there are no specific recommendations for ath-
letes. Pantothenic acid plays a key role in energy metabolism, thus several research-
ers have indicated that it may affect exercise performance.!%'9! However, Webster*°
found that supplementation with pantothenic acid derivatives had no effect on exer-
cise metabolism or exercise performance in highly trained cyclists. Rokitzki et al.!0?
indicated that more than 30% of high-performance athletes (n = 96) had blood values
of pantothenic acid lower than a normal range. And, pantothenic acid might have
some effects on glycogen homeostasis and physical performance.’® Therefore, more
research is needed to understand pantothenic acid status and metabolism in athletes.

H. BioTIN

Biotin is a water-soluble B-vitamin that contains sulfur. The biotin molecule con-
tains three asymmetric carbon atoms, and therefore eight different isomers are pos-
sible. Of these isomers, only the dextrorotatory (+) d-biotin possesses biotin activity
as a coenzyme.
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Biotin functions as a coenzyme for four carboxylases acetyl-CoA carboxylase, pyru-
vate carboxylase, propionyl-CoA carboxylase, and B-methylcrotonyl-CoA carboxy-
lase.!” Acetyl-CoA carboxylase forms malonyl-CoA from acetyl-CoA in the initiation
of fatty acid synthesis. Pyruvate carboxylase is an essential enzyme in gluconeogen-
esis, the formation of glucose from amino acids and fats. Propionyl-CoA carboxylase
is involved in the metabolism of the amino acids isoleucine, threonine, methionine,
valine, and odd-chain fatty acids. B-Methylcrotonyl-CoA carboxylase functions in the
catabolism of the amino acid leucine. Thus, biotin is required for the synthesis and
degradation of fatty acids and gluconeogenesis as well as protein degradation.

Biotin deficiency is rare in humans, but the deficiency occurs in two different
situations: the consumption of large amounts of raw egg whites over long periods
and total parenteral nutrition without biotin supplementation. Egg whites contain
the protein avidin, which binds biotin and prevents its absorption. Avidin is dena-
tured by cooking. Gastrointestinal disorders such as inflammatory bowel disease and
achlorhydria may result in impaired biotin absorption.!** The symptoms of biotin
deficiency include lethargy, depression, hallucinations, muscle pain, paresthesia in
extremities, anorexia, nausea, hair loss, and scaly red dermatitis.

The IOM has established recommendations for biotin as Als because sufficient
scientific evidence is not available for estimating an average requirement for biotin.!%
The Al for biotin is 30 ug/d for men and women aged 19 years and older. Biotin is
widely distributed in foods. Liver, egg yolks, soybeans, and bakers and brewer’s
yeasts are relatively rich sources.

Toxicity of biotin has not been reported. Large doses of biotin (up to 200 mg/d)
have been given daily to individuals with inherited disorders of biotin metabolism
without side effects.!?® Due to the lack of the evidence of adverse effects, ULs for
intake of biotin have not been set by the IOM.

Biotin is involved in energy metabolism; thus, biotin might have some effects on
physical activity. Research has not been conducted regarding biotin status in athletes
and effects of biotin supplementation on exercise performance. There are no specific
biotin recommendations for athletes.

I. CHOLINE

Choline is an essential nutrient for humans, providing the structural integrity of cell
membranes, methyl metabolism, cholinergic neurotransmission, transmembrane
signaling, and lipid and cholesterol transport and metabolism.!% Humans can syn-
thesize choline in small amounts from ethanolamine and a methyl group donor such
as methionine, folate, or vitamin B,,, but synthesis rates are not adequate to meet the
demand for choline in the body. Thus, choline was classified as an essential nutrient
by IOM in 1998.

Choline provides structure to cell membranes and facilitating transmembrane
signaling as well as synthesis and release of acetylcholine. Choline functions as a
component of phosphatidylcholine for intracellular signaling and hepatic export of
very low-density lipoproteins and sphingomyelin for structural and signaling func-
tions.!% It is a precursor for the synthesis of acetylcholine, which is an important
neurotransmitter involved in memory, muscle control, and many other functions.
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Choline functions as a precursor for the methyl group donor betaine, used as an
organic osmolyte to adapt to osmotic stress by renal glomerular cells.'%

Choline is required for the transport of fat from the liver; thus, symptoms of
choline deficiency may include fat accumulation in the liver, “fatty liver”, and liver
damage. Decreased choline stores and liver damage were indicated in healthy men
fed choline-deficient diets containing adequate amounts of methionine, folate, and
vitamin B,,.1% In adults, choline-deficient diets for 42 days induced DNA damage
and apoptosis in peripheral lymphocytes.'??

For a recommendation of choline intake, Als have been established based on
dietary intake data from healthy individuals.'% The Als for adult men and women are
550 and 425 mg/d, respectively. All natural fats contain some choline; thus, choline
is found in a wide variety of foods. Dietary sources of choline include meats, whole
grains, egg yolks, peanuts, and legumes. The vitamin occurs mostly in the form
of phosphatidylcholine, also known as lecithin. Phosphatidylcholine is frequently
added to foods as an emulsifier during processing by the food industry.

Large quantities of choline have been associated with several adverse effects
including a fishy body odor, nausea, vomiting, diarrhea, salivation, and increased
sweating. The fish body odor results from the increased presence of a breakdown
product of choline called trimethylamine. Doses of choline in the 5-10 g/d range'®
have been reported to reduce blood pressure (hypotension), which could result in
faintness or dizziness. In 1998, the IOM established the UL for choline at 3.5 g/d for
generally healthy adults, based on primarily preventing decreased blood pressure
and secondarily preventing the fishy body odor.

Decreased plasma choline concentrations have been reported after prolonged
exercise!%-119; however, the mechanism that might account for a decrease in plasma
choline is unknown.!!! There are no conclusive results for beneficial effects of cho-
line supplementation on exercise performance.!'! Because choline is required for the
synthesis of acetylcholine involved in muscle control during physical activity, cho-
line deficiency or supplementation might have some effects on exercise performance.
Therefore, more research is needed to investigate choline status of athletes and roles
in physical activity.

J. Vimamin C

Vitamin C, also known as ascorbic acid, is a water-soluble vitamin. It is essential, as
humans do not have the ability to biosynthesize vitamin C in the body or only in very
low, inadequate amounts. Ascorbic acid is reversibly oxidized to dehydroascorbic
acid (DHA). Because both forms exhibit anti-scorbutic activity, the term vitamin C
refers to ascorbic acid and DHA.!!?

Vitamin C is a strong water-soluble antioxidant protecting cells and cellular com-
ponents from free radicals by donating electrons. Vitamin C seems to regenerate
other antioxidants such as vitamin E.!"® Because of its reducing power, the vita-
min functions primarily as a cofactor for reactions requiring a reduced iron or cop-
per metalloenzyme.!'? Vitamin C also has a role in the transport of non-heme iron.
Vitamin C is necessary for the synthesis of collagen, which is a structural component
of cartilage, ligaments, tendons, and other connective tissue. The vitamin is required
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for the synthesis of neurotransmitters, norepinephrine, and epinephrine and for the
synthesis of carnitine, which is essential for the transport of fatty acids into the
mitochondria for conversion to energy. Vitamin C functions in the conversion of
cholesterol to bile acids and probably in the reduction of folic acid intermediates and
the proper metabolism of the stress hormone cortisol.!!?

The vitamin C deficiency disease is scurvy, characterized by symptoms related
to connective tissue defects.!'?> Symptoms of scurvy include follicular hyperkerato-
sis, swollen or bleeding gums, perifollicular hemorrhages, joint effusions, arthralgia,
fatigue, depression, and impaired wound healing. Scurvy is rare in developed coun-
tries, but does appear in children and the elderly on restricted diets and in alcoholics.

The RDA for adults is 90 mg/d for men and 75 mg/d for women. For smokers,
intakes of 35 mg vitamin C higher than for nonsmokers are recommended daily as
smokers generally have lower blood vitamin C concentrations and are under increased
oxidative stress from the toxins in cigarette smoke.""? The vitamin C content of selected
fruits and vegetables is found in Table 4.7. Dietary sources of vitamin C include fruits
and vegetables. Some foods such as breakfast cereals, sports drinks, and various nutri-
tion bars, are fortified with vitamin C. Vitamin C in supplements is typically free
ascorbic acid, calcium ascorbate, sodium ascorbate, and ascorbyl palmitate.!'*

TABLE 4.7

Vitamin C Content of Selected Foods

Food Vitamin C mg/100g Vitamin C mg/Serving
Asparagus, raw 5.6 7.5 (1 cup)?
Banana, raw 8.7 10.3 (1 medium)
Broccoli, raw 89.2 81.2 (1 cup)
Brussels sprouts, raw 85.0 74.8 (1 cup)
Cantaloupe, raw 36.7 58.7 (1cup)
Cauliflower, raw 46.4 46.4 (1 cup)
Grapefruit, raw 344 44.0 (1 fruit)
Kale, raw 120.0 80.4 (1 cup)
Kiwi fruits, raw 92.7 70.5 (1 medium)
Lemons, raw 53.0 30.7 (1 medium)
Lettuce, green leaf, raw 18.0 6.5 (1 cup)
Oranges, raw 53.2 69.7 (1 medium)
Orange juice 50.0 124.0 (1 cup)
Papayas, raw 61.8 86.5 (1 cup)
Peaches, raw 6.6 9.9 (1 medium)
Peppers, sweet, green, raw 80.4 74.0 (1 cup)
Strawberries, raw 58.8 84.7 (1 cup)
Tomatoes, red, raw 12.7 22.9 (1 cup)

2 Serving size.

Adapted from: U.S. Department of Agriculture, Agricultural Research Service, USDA
National Nutrient Database for Standard Reference, Release 20.20
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Adverse effects from vitamin C intakes have been reported primarily with large
doses (> 3000 mg/d), which may include diarrhea and other gastrointestinal distur-
bances.!"? Possible adverse effects include increased oxalate excretion and kidney
stone formation, increased uric acid excretion, pro-oxidant effects, systemic condi-
tioning, increased iron absorption leading to iron overload, reduced vitamin B,, and
copper status, increase oxygen demand, and erosion of dental enamel; however, the
relationship between these effects and excess vitamin C intakes have not been clearly
confirmed.!'? Therefore, the UL for vitamin C established by IOM is 2000 mg/d for
adults to prevent diarrhea and gastrointestinal disturbances.

Vitamin C has certain biological functions that can influence physical perfor-
mance. It is needed for synthesis of collagen for ligament and tendon formation, syn-
thesis of carnitine to use fatty acids as an energy source during exercise, synthesis of
neurotransmitters for metabolic responses to exercise, and iron metabolism related
to anemia and fatigue with consequential decreases in aerobic performance.!!* Thus,
adequate status of vitamin C is of importance for athletes. Physically active adults
generally have been reported to have adequate amounts of vitamin C intakes and
plasma vitamin C concentrations in the range of normal values.!'> However, subop-
timal intakes of vitamin C were determined in some athletic groups, such as male
wrestlers!!'> and female basketball player and gymnasts.!'® Approximately 12% of a
group of athletes had lower levels of plasma vitamin C concentrations than the nor-
mal range.” Because physical activity can increase plasma vitamin C concentrations
for up to 24 hours,!'"!8 caution should be taken when interpreting plasma ascorbic
acid values of athletes.

Improved performance is to be expected in vitamin C-deficient individuals admin-
istered the vitamin. After administrations of 100 mg to 500 mg vitamin C daily,
individuals initially having low blood concentrations of vitamin C were reported
to improve VO,, ., with normalized plasma vitamin C concentrations,' work effi-
ciency'?? and to decrease fatigue and normalize plasma vitamin C concentrations.?!

Vitamin C may indirectly have a benefit on physical performance by enhancing
physiologic functions. Supplemental vitamin C of 100 mg to 1500 mg daily has
shown increased adaptation in the heat,'?? reduction of upper respiratory tract infec-
tions in marathon runners,'?* reduction of plasma cortisol concentrations responding
to physiological and psychological stress,'* and muscle soreness markers following
exercises.'?*125 However, additional studies are needed to define the mechanisms of
these effects by vitamin C supplementation.

Several studies indicate that vitamin C has an ergogenic effect, while an equal
number of studies report no effect on physical performance. In other studies,
supplemental vitamin C at 200-1000 mg seemed to show no ergogenic effects
regarding a variety performance measures in individuals having initially adequate
vitamin C status.'® Currently, no specific recommendations for vitamin C have
been set for athletes. Inadequate status of vitamin C can cause decreased physical
performance, and exercise is another physiologic stressor that may increase vita-
min C needs. The recommendations for adults may not be sufficient for individuals
engaged in strenuous prolonged exercise. Appropriate vitamin C intakes for these
individuals may range from 100 mg to 1000 mg daily."'3 This level can easily be
obtained by a consumption of diets that include fruits and vegetables. Vitamin C
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was indicated to be the most ingested supplement by athletes.!?¢ Because the
intakes of large doses may results in vitamin C toxicity, vitamin C intakes includ-
ing supplements should not exceed the UL for this vitamin. Some athletes may not
have adequate intakes, so their health would be improved by dietary changes or
modest supplementation.

IV.  CONCLUSIONS AND FUTURE RESEARCH NEEDS

Vitamins play many roles in maintaining the health of active individuals and assur-
ing that energy can be produced for physical activity. Inadequate or marginal nutri-
tional status may result in adverse effects on physical performance. The effects of
vitamin supplementation are different in individuals deficient in the nutrient from
those with adequate status. Individuals with vitamin deficiency or deficiencies may
benefit from supplementation of the limiting vitamins. In general, most studies do
not suggest an effect of vitamins on physical activity, exercise, and sport if individu-
als consume adequate amounts of these nutrients; however, additional well designed
studies are needed on vitamins, including supplementation, related to physical per-
formance. The efficacy of certain vitamin supplementation might vary by differ-
ent forms of physical activity and measurements. Some age and gender differences
might exist.

Generally, adequate vitamin intakes have been observed in athletes. However,
some groups of athletes, such as gymnasts, long-distance runners, and wrestlers,
may not consume adequate amounts of vitamins by restricting energy intakes or
eliminating food groups from a diet for esthetic requirement or competition. Long
periods of deficient status can cause serious consequences for athletes and active
individuals. Hence, physically active individuals should consume a diet containing
a variety of foods rich in vitamins, such as whole grains, fruits, vegetables, and lean
meats. Currently, there are no specific recommendations of each vitamin for physi-
cally active individuals. Intakes of some vitamins may be increased as requirements
for energy production and prevention from oxidative stress or exercised-induced
problems are increased. However, vitamin intakes including supplements should
not exceed ULs for the vitamins. Further research, particularly long-term studies
in humans, is needed to estimate vitamin recommendations for physically active
individuals and athletes.
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I. INTRODUCTION

Minerals are necessary for a number of metabolic processes in the body, and are
also important in supporting growth and development. Minerals are also required in
numerous reactions involved with exercise and physical activity, including energy,
carbohydrate, fat and protein metabolism, oxygen transfer and delivery, and tissue
repair.!

The mineral needs of athletes have been a topic of discussion and controversy for
many years because researchers disagree whether athletes need more minerals in
their diets than non-athletes or sedentary individuals. Micronutrient requirements
are based on many aspects, including the intensity, duration, and frequency of the
exercise, and the overall energy and nutrient intakes of the person. The purpose of
this chapter is to evaluate the mineral needs of athletes.!* The minerals that will be
presented in this chapter are: calcium, magnesium, chromium, and boron. These
minerals were chosen because there has been extensive research on them with respect
to exercise or health that would impact exercise performance.

Il. DIETARY REFERENCE INTAKES

The Dietary Reference Intakes (DRI) for all known vitamins and essential miner-
als for healthy people living in the United States were updated between 1997 and
2005.4-8 Note that Adequate Intake (AI), Recommended Dietary Allowance (RDA),
Estimated Average Requirement (EAR), and Tolerable Upper Intake Level (UL) are
all under the DRI heading. The RDA is the dietary intake level that is sufficient for
approximately 98% of healthy people living in the United States. The Al is a pro-
jected value that is used when the RDA cannot be established. The EAR is a value
used to estimate the nutrient requirements of half of the healthy people in a group.?
The UL is the maximum quantity of a nutrient most persons can consume without
resulting in adverse side effects.® The DRIs for all nutrients can be found at the fol-
lowing website: http:/www.iom.edu/Object.File/Master/21/372/0.pdf.

In most cases, if energy intakes are sufficient, the micronutrient requirements of
athletes are similar to healthy, fairly active individuals; and therefore, using the DRI
for evaluating nutrient needs would be suitable. Some athletes, however, may have
greater requirements as a result of disproportionate losses of nutrients in sweat and
urine. For these athletes, supplementation may need to be considered on an indi-
vidual basis. Many athletes supplement with vitamins, minerals, and ergogenic aids
on their own. The UL provides guidelines to those who supplement, which should
prevent negative effects from occurring due to over-supplementation.

II. IMPORTANCE OF OBTAINING ACCURATE

DIETARY INTAKE INFORMATION
Though this chapter will focus on the minerals calcium, magnesium, chromium, and
boron, a total evaluation of an athlete’s energy intake is necessary, because, though

an athlete may consume the correct amount of micronutrients (especially if he or she
is supplementing with a vitamin-mineral supplement), if energy requirements are
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not being met, exercise performance will still be sub-optimal. Clark et al.® assessed
the pre- and post-season intakes of macronutrients and micronutrients in Division I
female soccer players. They reported that, despite attaining total energy requirements
(though carbohydrate needs were not met), vitamin E, folate, copper, and magnesium
intakes were all sub-optimal (defined as < 75% of the DRI for each nutrient).

Furthermore, the actual examination of an athlete’s diet must be conducted prop-
erly to ensure precision.!” It is common for any individual, athlete or non-athlete,
to under-report his or her dietary intake. As a result, it is essential that athletes are
taught how to precisely report portion sizes and fluid intake, the amount and fre-
quency of snacking, any weight management practices they may perform, and any
alterations in their food patterns during and off-seasons.!”

This chapter will provide the background of each mineral as well as studies in
which the researchers have evaluated intake or used supplementation to assess their
effects, if any, on exercise performance or related variables that may affect perfor-
mance (e.g., body weight, metabolism, etc.).

IV. CALCIUM

A. Rote ofF CarLcium IN THE HuMAN Boby

Calcium is the fifth most common element and the most abundant cation in the human
body; more than 99% of total body calcium is stored in the teeth and bones, with the
remaining 1% distributed in the blood and muscle and intercellularly."" Calcium is
required for numerous metabolic processes within the body including bone metabo-
lism, muscle contraction, nerve conduction, and hormone and enzyme secretion.*

B. CarLcium HOMEOSTASIS

Normal levels of serum calcium range from 9 to 11 mg/dL (2.2 to 2.5 mmol/L),
and the body maintains tight regulation of serum calcium concentrations with three
calciotropic hormones: parathyroid hormone (PTH), vitamin D, and calcitonin.?
When serum calcium concentrations fall below 9 mg/dL, PTH sends a signal for
increased production of calcitriol (produced in the kidneys), the most active form of
vitamin D. Increased levels of calcitriol will result in: (1) increased renal reabsorp-
tion of calcium, (2) increased intestinal absorption of calcium (by increasing calbin-
din, a vitamin D-dependent protein that binds to calcium within the intestines for
increase calcium absorption), and (3) increased osteoclastic (bone resorption) activ-
ity at the bone, to release more calcium in the blood, until calcium homeostasis is
achieved. When serum calcium concentrations increase above 11 mg/dL, a hormone,
calcitonin, will cause: (1) decreased renal reabsorption of calcium, (2) decreased
intestinal calcium absorption, and (3) increased osteoblastic activity (greater bone
deposition) (Figure 5.1).

Of all of calcium’s roles in the body, the best known is its function in bone
metabolism. Calcium is deposited (bone deposition) and removed from bone (bone
resporption), which is a process known as “bone remodeling.”* During periods of
growth, bone deposition is greater than bone resorption; however, in older adults and
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When serum calcium levels decrease, parathyroid
hormone sends a signal to increase the more active
form of vitamin D (calcitriol) in the kidneys, which
results in a cascade of: 1) increased renal
reabsorption of calcium, 2) increased production of
calbindin in the intestines, which increases calcium
absorption, and 3) increased osteoclastic (bone
resorption) activity in the bone. Calcitonin causes
the opposite of all of this to happen when serum
calcium levels go above normal.

f,‘;,fle;mrAbdominal

Fibrous Right @2 aorta Left Kidney
capsule Right Kid reﬁal

Renal ight Kidney artery il

cortex o

Small

i
K Large
Intestine U Intestine

'Renal Right
i pelvis renal

vein
Right ureter

FIGURE 5.1 Calcium homeostasis.
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in women who have already experienced menopause, bone resorption tends to be
greater than bone deposition, which can result in osteoporosis and lead to osteoporo-
tic (“porous bones”) fractures.* Osteoporosis or osteopenia (generalized reduction
in bone mass), however, is not a disease of the elderly or post-menopausal women
only, but it can appear in young women who are experiencing amenorrhea (absence
of menses), in women who have disordered eating, or a combination of both (female
athlete triad). “The female athlete triad refers to the interrelationships among energy
availability, menstrual function, and bone mineral density, which may have clinical
manifestations including eating disorders, functional hypothalamic amenorrhea, and
osteoporosis” (p. 1867).1* For a more comprehensive view on the female athlete triad,
refer to Nattiv et al.!3
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TABLE 5.1

Food Sources of Calcium

Food Calcium (mg)
Yogurt, plain, low fat, 8 ounces (240 mL) 415
Yogurt, fruit, low fat, 8 ounces (240 mL) 245 to 384
Sardines, canned in oil, with bones, 3 ounces (90 g) 324
Cheddar cheese, shredded, 1 V2 ounces (45 mL) 306
Milk, non-fat, 8 fluid ounces (240 mL) 302
Milk, reduced fat (2% milk fat), 8 fluid ounces (240 mL) 297
Milk, whole (3.25% milk fat), 8 fluid ounces (240 mL) 291
Mozzarella, part skim 1 %2 ounces (45 g) 275
Tofu, firm, made with calcium sulfate, %2 cup (120 g) 204
Orange juice, calcium fortified, 6 fluid ounces (180 mL) 200 to 260
Salmon, pink, canned, solids with bone, 3 oz. (90 g) 181
Pudding, chocolate, instant, made w/ 2% milk, ¥2 cup (120 g) 153
Cottage cheese, 1% milk fat, 1 cup unpacked (240 g) 138
Spinach, cooked, ¥2 cup (60 g) 120
Turnip greens, boiled, ¥2 cup (65 g) 99
Kale, cooked, 1 cup (120 g) 94

Ice cream, vanilla, ¥2 cup (120 g) 85
Soy beverage, calcium fortified, 8 fluid ounces (240 mL) 80 to 500
Chinese cabbage, raw, 1 cup (120 g) 74
Tortilla, flour, ready to bake/fry, one 6” diameter (25 g) 37
Sour cream, reduced fat, cultured, 2 tablespoons (30 g) 32
Broccoli, raw, ¥2 cup (40 g) 21
Bread, whole wheat, 1 slice (60 g) 20
Cheese, cream, regular, 1 tablespoon (15 g) 12

From References 12 through 14.

For more information on the mineral content of other foods, refer to: http://www.
nal.usda.gov/fnic/cgi-bin/nut_search.pl.

C. CaLciuM REQUIREMENTS

The DRI for calcium was established in 1994 as an Al as 1300 mg/day for males and
females 14 to 18 years of age, 1000 mg/day for men and women 19 to 50 years of age,
and 1200 mg/day for men and women 51 years of age and older.* The UL for calcium
is 2500 mg/day.* Various food sources of calcium are listed in Table 5.1.14-16
Though food is the best way to obtain any nutrient, individuals who do not con-
sume enough calcium due to insufficient dietary intake or absorption may require
calcium supplementation. There are a number of different calcium supplements; how-
ever, calcium citrate and calcium carbonate are absorbed the best. If a person does
supplement, it is recommended that he or she supplements with 500 mg/day of calcium
in the morning and 500 mg/day of calcium in the evening, in conjunction with 200
international units (IU) of vitamin D with each calcium dose. Two doses of calcium
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per day, combined with vitamin D, will maximize absorption. Calcium carbonate is
best taken with meals, whereas calcium citrate can be taken with or without meals.

D. CALcium STATUS OF ATHLETES

Calcium status has been assessed in a number of different types of athletes. Zalcman
et al.l” assessed the nutritional status of adventure racers, who are individuals who
compete over several days, usually in teams, in a variety of events, including moun-
tain biking, complete trekking, vertical techniques (e.g., climbing, rappelling), horse-
back riding, orienteering, sailing, etc. They reported low intakes of calcium in the
women adventure racers.

More recently, Lovell'® evaluated the calcium intake and serum vitamin D status
of elite female gymnasts, 10 to 17 years of age. They reported that, of the 18 gym-
nasts evaluated, 13 had dietary calcium intakes below their recommended needs.
In addition, 15 of the gymnasts had serum vitamin D levels (25-hydroxyvitamin D)
that were < 75 nmol/L (> 75 nmol/L is considered optimal for bone health), and six
had serum vitamin D concentrations < 50 nmol/L."® Though these researchers had a
small sample size, the low calcium intake coupled with the below normal serum vita-
min D concentrations, demonstrate an increased risk of osteoporosis and certainly
impaired performance in these young athletes.

In a study of 23 nationally ranked female adolescent volleyball players, Beals!”
evaluated the nutrient intake by 3-day weighed food records, which increases the
accuracy of the assessment. Beals!® found that these athletes consumed lower energy
than they expended (energy intake = 2248 + 414 kilocalories [kcal]/day, energy
expenditure = 2815 kcal/day), and consumed less than the recommended intake of
many micronutrients, including calcium. Beals! also found that a high percentage
of athletes had past or present menstrual disorders (amenorrhea, oligomenorrhea, or
irregular menstrual cycles). The combination of low energy and micronutrient intake
and menstrual irregularities demonstrates the need for long-term studies evaluating
dietary intake and nutritional status among athletes of all levels and ages, and cer-
tainly predisposes these athletes to the female athlete triad.!

E. CArLcium SUPPLEMENTATION AND EXERCISE PERFORMANCE

Calcium supplementation is probably most recognized for its use to improve or main-
tain bone mineral density. Nonetheless, calcium supplementation has been used to
evaluate its ergogenic (performance-enhancing) effects in exercisers of all ages.

Bunout et al.?° supplemented (in a double-blind fashion) 10 men and 86 women,
70 years of age and older, who had serum vitamin D concentrations of 16 ng/mL or
less, with either 800 mg/day of calcium and 400 IU of vitamin D or with 800 mg/day
of calcium alone. Participants were also randomized into either a resistance training
or control group and followed this regimen for 9 months. The researchers reported
that the combination of calcium and vitamin D, with or without training, improved
functional status and femoral bone density. In addition, the training increased mus-
cle strength in all participants.

If older participants can benefit from calcium supplementation, what about
younger individuals? Koh-Banerjee et al.?! assessed the effects of calcium pyruvate
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supplementation on body composition and metabolic responses to exercise. They
recruited 23 untrained woman and randomly assigned them, in a double-blind fash-
ion, to either 5 g of calcium pyruvate or a placebo (which actually contained 2.5 g of
calcium carbonate), while the participants were placed on a supervised exercise pro-
gram of resistance training and walking. They found that calcium pyruvate supple-
mentation during training did not significantly affect body composition or exercise
performance, and may actually negatively impact some blood lipid concentrations.
In this case, the calcium supplement used is not commonly available, and its bio-
availability has not been thoroughly evaluated. In addition, the amount of calcium
provided (both in the supplemented group and the placebo, were above the UL for
calcium, though the researchers did not provide the amount of elemental calcium
contained in either the calcium pyruvate or placebo).

Calcium supplementation combined with vitamin D may be most beneficial in
older individuals who exercise, providing them with the appropriate balance of nutri-
ents and weight-bearing activity to improve bone mineral density and functional
capacity. In younger individuals, calcium supplementation may not have an ergo-
genic effect; however, more research is needed, using more bioavailable sources of
calcium at doses below the UL to ascertain if an ergogenic effect exists.

F. CaLcium SUPPLEMENTATION AND INTAKE ON WEIGHT Loss

Within the last 10 years, calcium supplementation and intake has been evaluated
for its impact on weight loss. A 2006 meta-analysis by Trowman and colleagues??
reported no effects of calcium on weight loss. Their objective was to examine if
there were any relationships between calcium and weight loss by reviewing and con-
ducting a meta-analysis of randomized controlled trials of calcium supplementa-
tion in humans who were 18 years of age or older, and where body weight was the
final outcome measure. Based on their criteria, 13 randomized controlled trials were
incorporated in the meta-analysis. Trowman et al.?? reported no relationship between
increased intake of calcium, either via supplements or dairy products, and weight
loss. In their review of the literature on calcium and weight loss, Barba and Russo??
state that available data do not definitively support a relationship between high cal-
cium or dairy intake and decreased body weight; however, they do support more
research on the impact dairy foods have on health outside of obesity.

Nonetheless, a number of researchers have reported benefits of calcium on weight
loss or fat metabolism.?*-3? Most recently, Wyatt et al.3 reported greater weight loss
and decreased waist circumference in individuals who exercised and consumed more
low-fat dairy products.

V. MAGNESIUM

A. RoLE oF MAGNESIUM IN THE HuMAN Bobpy

Magnesium, the second most abundant intracellular divalent cation, has been rec-
ognized as a cofactor for more than 300 metabolic reactions in the body.>*-3® These
processes consist of protein synthesis, adenylate cyclase synthesis, cellular energy
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production and storage, preservation of cellular electrolyte composition, cell growth
and reproduction, deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) syn-
thesis, and stabilization of mitochondrial membranes.?*-4 Magnesium also has a
vital responsibility in managing bone metabolism, nerve transmission, cardiac excit-
ability, neuromuscular conduction, muscular contraction, vasomotor tone, and blood
pressure.’¢-40 Additionally, magnesium plays a major role in glucose and insulin
metabolism.#-44

B. MEASURES OF MAGNESIUM STATUS

Because magnesium is an intracellular cation, its serum concentrations may not pre-
cisely mirror magnesium status.* Nonetheless, decreases in serum levels of magne-
sium indicate a frank deficiency, indicating that serum magnesium concentrations
are specific, but not sensitive, to magnesium deficiency.*> A more state-of-the-art
measurement of magnesium status may involve measuring renal magnesium levels,
where levels are measured preceding and following the administration of an intra-
venous magnesium load. If magnesium excretion is reduced over a period of two
24-hour measurements, a deficit exists. In addition, magnesium balance is related to
calcium and potassium status, and consequently should be evaluated in combination
with these two cations.*® Despite this knowledge, most researchers still report serum
magnesium concentrations to ascertain magnesium deficiency (hypomagnesemia).
A comprehensive review of different methods to evaluate magnesium status will
not be discussed in this chapter, but will simply be listed. The methods to assess
magnesium status are serum magnesium concentrations, plasma ionized magnesium
levels, intracellular magnesium concentrations, magnesium balance studies, and the
magnesium tolerance test. For further information about these methods, the reader
is directed to the Dietary Reference Intakes for Calcium, Phosphorus, Magnesium,
Vitamin D, and Fluoride.*

C. MAGNESIUM REQUIREMENTS

The DRI for magnesium for adults is 310 to 420 mg/day. Intake is often below these
recommendations, especially as people age.* Table 5.2 provides a list of some food
sources of magnesium. Decreased magnesium intake has been related to an increased
risk of metabolic syndrome and type 2 diabetes mellitus.**** In addition, stressors
such as exercise may deplete magnesium, which, together with a sub-optimal dietary
magnesium intake, may negatively impact normal metabolism, exacerbate the dis-
ease state and impair exercise performance.?

D. MAGNESIUM STATUS OF ATHLETES

Zalcman et al.'” also evaluated the magnesium intake of adventure athletes (18 men
and 6 women). They reported inadequate intakes of magnesium, as well as calcium.

Rankinen et al.¥’ evaluated the dietary intake and nutritional status of athletes
(Finnish elite male ski jumpers) (n = 21), and compared them with age-matched con-
trols (n = 20), using four-day dietary records. There were no dissimilarities between
groups in age and height; though not unexpectedly, the ski jumpers had a lower mean
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TABLE 5.2

Food Sources of Magnesium

Food Magnesium (mg)
Cooked halibut, 3 ounces (100 g) 90
Dry, roasted almonds, 1 ounce (35 g) 80
Cooked spinach (originally frozen), ¥2 cup (60 g) 75
Instant, fortified oatmeal, prepared with water, 1 cup (240 g) 55
1 medium baked potato, with skin (300 g) 50
Smooth peanut butter, 2 tablespoons (35 g) 50
Plain, skim milk yogurt, 8 fluid ounces (240 mL) 45
Vegetarian baked beans, 2 cup (135 g) 40
Crude wheat germ, 2 tablespoons (30 g) 35
Chocolate milk, 1 cup (240 mL) 33
1 medium banana, 2.1 ounces (60 g) 30
Milk chocolate, 1.5 ounces (50 g) 28
Packed, seedless raisins, ¥4 cup (45 g) 25

Adapted from: http://dietary-supplements.info.nih.gov/factsheets/magnesium.asp.

For more information on the magnesium content of other foods, refer to: http:/
www.nal.usda.gov/fnic/cgi-bin/nut_search.pl.

body weight and percent body fat (assessed via dual-energy x-ray absorptiometry
[DEXA]). Nevertheless, energy intake was significantly lower (p = 0.001) in the ski
jumpers compared with the control participants. Despite this disparity in energy
intake, many vitamins and minerals were similar between the groups; however, vita-
mins D and E, zinc, and magnesium were significantly lower in the ski jumpers.
Though the ski jumpers had appreciably lower intakes of these micronutrients, their
biochemical markers of nutritional status were within normal limits. However, the
cross-sectional nature of this and many other studies to establish nutritional status
among athletes may not precisely capture deficiencies that could be occurring over
time. Moreover, plasma or serum concentrations of micronutrients are not always the
best measure of status.

Hassapidou and Manstrantoni*® compared the dietary intake of elite Greek female
athletes in four different sports (volleyball, middle distance running, ballet dancing,
and swimming) with a non-athletic control group. They assessed dietary intake using
7-day weighed dietary records over the training season and the competitive season.
Again, the use of weighed food records, especially over a week, increases the accu-
racy of the dietary assessment. Though micronutrient intakes did not differ between
athletes and non-athletes, biochemical indices to assess status were not conducted.
An additional study on dietary intake conducted in female Greek volleyball players
found that these adolescent athletes did not consume recommended intakes for cal-
cium, iron, folate, magnesium, zinc, vitamin A, and the B vitamins.>® Neither of these
groups of researchers examined nutritional status, but the lower than RIs could lead
to less than optimal performance and growth in the adolescent athletes.
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E. MAGNESIUM SUPPLEMENTATION AND EXERCISE PERFORMANCE

Because magnesium plays an important role in so many metabolic reactions in the
body, it is obvious why supplementation studies have been conducted with magne-
sium to evaluate its ergogenic effects. Cinar et al.’! conducted a 4-week supplementa-
tion study to examine the impact of magnesium supplementation in exercising and
sedentary individuals, compared with a control group. Thirty healthy participants,
18 to 22 years of age, were separated into the following three groups: untrained
participants given 10 mg/kg/day of magnesium; participants who trained in Tae-
Kwon-Do for 90 to 12 minutes per day for 5 days per week, given 10 mg/kg/day of
magnesium; and a non-supplemented group who exercised the same length of time,
but were not given a magnesium supplement. They reported significant increases in
erythrocyte and hemoglobin concentrations in the supplemented groups, concluding
that magnesium would then enhance exercise performance; however, this conclusion
is too strong based on the findings, and more research would need to be performed
over a longer period of time, evaluating both biochemical markers and exercise
performance, to fully establish the impact of magnesium. For example, Finstad
et al.” reported that 4 weeks of 212 mg/day of magnesium oxide improved ionized
magnesium concentrations; however, exercise performance and recovery were not
improved in physically active women (magnesium versus. placebo). Moreover, in a
meta-analysis, Newhouse and Finstad* reported no effect of magnesium supplemen-
tation on exercise performance.

Perhaps magnesium supplementation may be more effective in individuals with
heart disease who exercise. Pokan et al.> studied individuals with coronary heart
disease. They based their hypothesis on previous research demonstrating that mag-
nesium supplementation plays a role in and may improve endothelial function, exer-
cise tolerance, and exercise-induced chest pain* in patients with coronary artery
disease. In a double blind placebo-controlled trial, Pokan et al.>® randomly assigned
53 males with stable coronary artery disease to either an oral magnesium (15 mmol
twice per day [72 mg/day]) (n = 28, 61 + 9 years of age) or a placebo (n = 25, 58
+ 10 years of age) group for 6 months. Compared with the placebo, 6 months of
magnesium supplementation significantly increased intracellular magnesium levels,
maximal oxygen consumption, and left ventricular heart function (as measured by
ejection fraction). Based on these data, the authors concluded that magnesium sup-
plementation is effective in improving exercise performance and heart function in
men with stable coronary artery disease. A longer supplementation trial should be
performed to confirm these results.

A number of researchers have confirmed the benefits of increased dietary mag-
nesium intake or magnesium supplementation on the metabolic syndrome, insulin
resistance and type 2 diabetes mellitus.’*-° Though prevention of type 2 diabetes
mellitus is extremely important, treating it is equally as important. Rodriguez-
Moran and Guerrero-Romero® evaluated whether oral magnesium supplemen-
tation (50 mL of a magnesium chloride solution containing 50 g of magnesium
chloride/1000 mL of solution) improved insulin sensitivity as well as metabolic
control in individuals with both type 2 diabetes mellitus and decreased serum
magnesium concentrations (< 0.74 mmol/L [<1.8 mg/dL]). Sixty-three participants
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qualified for this 16-week randomized, double-blind, placebo-controlled trial.
To assess insulin sensitivity, homeostasis model analysis for insulin resistance
(HOMA-IR) was used, while glucose concentrations and glycosylated hemoglobin
(HbA1c) were used to evaluate metabolic control. At 16 weeks, the individuals
who received magnesium supplementation had a significantly greater serum mag-
nesium concentration than control subjects (0.74 + 0.10 [1.8 + 0.24 mg/dL] versus
0.65 + 0.07 mmol/L [1.58 + 0.17], p = 0.02). Those who were supplemented also
significantly improved insulin sensitivity and metabolic control, based on a lower
HOMA-IR index, lower fasting blood glucose levels, and lower HbAlc compared
with control participants.

Though short term, this study clearly indicates the impact of magnesium supple-
mentation on managing type 2 diabetes mellitus. Nonetheless, though this and other
cited studies offer positive results of magnesium supplementation on the metabolic
syndrome, insulin resistance, or type 2 diabetes mellitus, it appears that an indi-
vidual must have hypomagnesemia for supplementation to be effective. This could
be the reason for a lack of ergogenic effects of magnesium in many athletes; if they
begin with normal serum magnesium levels, providing more through supplementa-
tion will not augment status, and hence will not affect performance.

VI. CHROMIUM

A. Rote oF CHROMIUM IN THE HUMAN Boby AND CHROMIUM REQUIREMENTS

Chromium is a required trace mineral best known for its role in potentiating the
effects of insulin.®! The DRI for chromium, which has been established as an Al,
is 25 to 35 micrograms (mcg)/day for adult women and men, respectively.” Food
sources of chromium are listed in Table 5.3.

B. BRrier HisTORY OF CHROMIUM SUPPLEMENTATION

The popularity of chromium as a dietary supplement began in the early 1990s. It
has been reported that, after calcium, chromium is the second best-selling mineral
supplement on the market; in 1998, it was estimated that 10 million Americans spent
a total of $150 million on chromium supplementation.®> Chromium has been alleged
to improve body composition, glucose tolerance, blood lipid levels, decrease body
fat and body weight, and increase lean body mass.®! Because picolinate, a derivative
of the amino acid tryptophan, is thought to enhance the absorption of chromium into
the body, chromium supplements are often sold as chromium picolinate, but other
forms, such as chromium nicotinate, have also gained popularity.®!

C. CHROMIUM SUPPLEMENTATION AND EXERCISE PERFORMANCE

For athletes who are in weight-monitored sports, such as wrestling, gymnastics, and
rowing, or sports where aesthetics is important (e.g., gymnastics and ice skating),
chromium’s use as a possible weight-loss supplement is what gained it the most rec-
ognition. However, research in overweight individuals has also been conducted. For
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TABLE 5.3
Food Sources of Chromium

Chromium
Food (mcg per 100 grams of Food)
Egg yolk 183
Brewer’s yeast 112
Beef 57
Cheese 56
Liver 55
Wine 45
Whole wheat bread 42
Apple peel 27
Oysters 26
Margarine 18
Spaghetti 15
Spinach 10
Peeled apple 1

Adapted from: http://www.healthyeatingclub.com/info/books-phds/
books/foodfacts/html/data/dataSm.html
http://dietary-supplements.info.nih.gov/factsheets/magnesium.asp
http://lpi.oregonstate.edu/infocenter/minerals/zinc/
http://dietary-supplements.info.nih.gov/factsheets/selenium.asp#h2

For more information on the mineral content of other foods, refer to:
http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl.

example, Volpe et al.®® evaluated the impact of chromium picolinate supplementa-
tion in sedentary overweight women to ascertain if chromium truly had a weight-
loss effect. They performed a double-blind study in moderately obese women on
body weight, body composition, and resting metabolic rate (RMR), and found that
the supplementation 400 mcg/day of chromium picolinate did not result in changes
in weight loss, body composition (as assessed by underwater weighing), or resting
metabolic rate (assessed by indirect calorimetry) compared with women receiving
an identical-looking placebo. This study was conducted in 44 women who had body
mass indexes (BMIs) ranging from 27 to 41 kg/m?, and ranged in age from 27 to
51 years. Other researchers also reported no effect of chromium supplementation on
body weight or body composition in athletes (wrestlers) and non-athletes.o+
Though chromium supplementation may not result in weight loss in athletes or
sedentary individuals, could it act as an ergogenic aid with respect to its function
in enhancing insulin signaling and insulin-mediated glucose uptake? Volek et al.®®
examined the effects of 600 mcg/day of chromium picolinate in 16 overweight men
(with an average BMI = 31.1 + 3.0 kg/m?) who were randomly assigned to either
the chromium group or a placebo. The participants were supplemented or given the
placebo for 4 weeks, after which they performed a supra-maximal bout of cycling
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ergometry to exhaust their stores of muscle glycogen. After this supra-maximal exer-
cise bout, the researchers fed the participants with high-glycemic-index carbohy-
drates for the following 24 hours. Muscle biopsies were taken at rest, immediately
post-exercise, and 2 and 24 hours post-exercise. Volek et al.% reported no differ-
ences in glucose or insulin concentrations between the groups. They concluded that
4 weeks of chromium supplementation did not augment glycogen synthesis during
recovery after high-intensity exercise followed by a high-glycemic-index feeding.

Crawford et al.%” evaluated the effects 600 mcg of niacin-bound chromium
on the body composition of 20 overweight African American women. This was
a cross-over design study; participants in one group received a placebo for 2
months followed by chromium supplementation for an additional 2 months, while
the other group received the chromium supplementation first, followed by the
placebo. The supplement resulted in significantly more fat loss, while concur-
rently preserving lean body mass. Though the former group did lose more body
fat and preserve more lean body mass while taking the chromium supplement
than the placebo, the group that took the chromium supplement first, followed by
the placebo, lost more body fat and preserved more lean body mass while on the
placebo versus the chromium. All study participants were placed on a diet and
exercise program during the study, signifying that the resulting improvements
could have stemmed from their dietary and exercise programs rather than the
chromium supplementation.

In a larger study of 158 moderately obese subjects, the addition of a multi-mineral
supplement, including chromium picolinate, significantly increased the rate of fat
loss while maintaining lean body mass compared with a placebo.®® This study also
failed to demonstrate any specific effects of chromium picolinate because the sup-
plement contained several other minerals that could have resulted in the significant
difference. Thus, though the sample size was fairly large, it is difficult to draw solid
conclusions from this study regarding the contribution that chromium picolinate
made to the results.

Based on the data presented from previous studies, it does not appear that chromium
(picolinate or nicotinate) has ergogenic effects on exercise performance, especially
with regard to weight loss or increases in lean body mass. Research on chromium’s
possible impact on type 2 diabetes mellitus may be more promising, however.

VII. BORON

A. BORON REQUIREMENTS AND BORON SUPPLEMENTATION
AND EXERCISE PERFORMANCE

Boron may be a vital nutrient for animals and humans but the body of scientific
support has not ascertained a definitive biological function in humans, though it
is essential for plants.12%° Because of this, there is no established DRI for boron.”
Dietary boron may influence the activity of many metabolic enzymes, as well as the
metabolism of steroid hormones and several micronutrients, including calcium, mag-
nesium, and vitamin D.”® (See Table 5.4 for dietary sources of boron.) Boron may
also play a role in improving arthritis, plasma lipid profiles, and brain function.®
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TABLE 5.4
Food Sources of Boron

Chromium
Food (mg per 100 grams of Food)
Raisins 4.5
Almonds, Hazelnuts 2.3
Apricots (dried) 2.1
Avocado 2.1
Walnuts 1.6
Beans (red, kidney) 1.4
Peanut Butter 1.9
Prunes 1.2
Dates 1.1
Chick Peas, Lentils 0.7
Grapes 0.5
Broccoli, Carrots 0.3
Onion 0.2

Adapted from: http://www.algaecal.com/Boron-Rich-Foods.html.

For more information on the mineral content of other foods, refer
to: http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl.

Boron has been most studied for its potential effects on improving bone mineral
density, and indeed, research has shown that boron supplementation can improve
bone strength in some animals (e.g., chicks and rats) and bone mineral density in post-
menopausal women; however, the data in rats and humans have been equivocal.”0-7#
The focus of much of the research on bone mineral density and osteoporosis has
focused on calcium and vitamin D; however, the ultratrace mineral boron may play
a role in bone metabolism, but its role is most likely associated with its interactions
with calcium, magnesium, and vitamin D.70-74

In one of the earlier studies, Volpe et al.”” evaluated the effects of 3 mg/day of
boron supplementation for 10 months on the bone mineral density and hormonal
status of 28 college females, both athletes and non-athletes. It was a single-blind
study, where participants were randomly assigned to receive boron or an identical-
looking placebo; however, the participants were placed into one of four groups:
boron-athletes, placebo-athletes, boron-non-athletes, placebo-non-athletes. Though
some changes did occur over time, Volpe et al.”> did not report an effect of the boron
supplementation on bone mineral density, serum vitamin D concentrations, or hor-
monal status of any of the participants.

In the same group of 28 female participants (17 athletes, 11 non-athletes), Meacham
et al.’® evaluated the effects of boron supplementation on blood and urinary minerals.
They found that the athletes consumed more boron in their diets than the sedentary
participants, and that the athletes showed a slight increased bone mineral density
compared with the controls (not surprisingly, since weight-bearing exercise has been
shown to increase bone mineral density). However, serum phosphorus concentrations
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were lower in boron-supplemented participants (athletes and non-athletes) than in
participants receiving the placebo, and were lower at the end of the study period
than during baseline analysis. Serum magnesium concentrations were greatest in the
non-athletes whose diets were supplemented with boron, and increased with time in
all participants. Thus, supplementation with boron may impact the status of other
minerals within the body.

In another follow-up to these same 28 participants, Meacham and colleagues’’
reported calcium excretion increased over time in all groups combined, and boron
excretion increased over time in all boron-supplemented subjects. They also reported
that exercise training diminished changes in serum phosphorus concentrations
caused by boron supplementation. Meacham et al.”’ conclude that boron supplemen-
tation moderately affected mineral status, and exercise modified the effects of boron
supplementation on serum minerals in the young women studied.

Green and Ferrando’® were among the few researchers who evaluated 2.5 mg/day
of boron supplementation for its possible effects of increasing testosterone, and hence,
lean body mass, in 10 male body builders, 21 to 27 years of age, compared with a
placebo (9 male body builders). After the 7-week study, they reported increases in
total testosterone concentrations, lean body mass, and strength in the lesser-trained
body builders; however, boron supplementation did not impact any of the variables
measured, and thus did not have an ergogenic effect.

VIII. LIMITATIONS OF PREVIOUS RESEARCH

Though a great deal of research has been conducted on minerals and athletes, more
is necessary. Moreover, the research that has been published has limitations, which
include, but are not limited to: (1) small sample sizes, (2) variations in type of sport
studied, (3) variations in levels of training and fitness of athletes researched, (4)
lack of solid longitudinal data, (5) variations in methodology or study design (many
have been cross-sectional), (6) variations in the types and amounts of supplemen-
tation used, and (7) some researchers used a combination of vitamin and mineral
supplements, making it difficult to determine the effects of one particular vitamin
or mineral.”

IX. FUTURE RESEARCH NEEDS

More research is required on dietary intake of the aforementioned minerals and
on all minerals in a variety of athletes of all ages. A prospective study that would
systematically assess the dietary intake of all types of athletes over a 2-year period
would provide information on the typical dietary intake of athletes. During this pro-
spective study, evaluation of mineral status would ascertain if the intake and status
are compatible, and if not, measures can be taken to determine why. Though it is
difficult to evaluate if one mineral has a significant impact over another, randomized
double-blind, placebo-controlled trials on a large population of athletes can more
definitively determine if supplementation (or increased intake) positively impacts
exercise performance. Aside from type of athlete, sport, and gender, the impact of
age on mineral intake and status in athletes would also be important to examine.
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X. CONCLUSIONS

Based on the studies discussed in this chapter, athletes do appear to consume inad-
equate amounts of many micronutrients (and energy); however, not all athletes have
impaired nutritional status, which could be a result of study design or methods of
assessment, and not their true status. In addition, supplementation did not always
lead to improved athletic performance. Maughan® stated it well in his review, “When
talented, motivated and highly trained athletes meet for competition the margin
between victory and defeat is usually small. When everything else is equal, nutrition
can make the difference between winning and losing” (p. 87).

Economos et al.®! published a review article evaluating 22 research studies on the
nutritional intake of athletes. Based on their review, they propose an energy intake
of > 50 kcal/kg/day for male athletes who train for more than 90 minutes/day, and
45 to 50 kcal/kg/day for female athletes who train for > 90 minutes/day. They also
suggest that athletes who consume low-energy diets focus on sufficient intakes of
iron, calcium, magnesium, zinc and vitamin B,. “There is no special food that will
help elite athletes perform better; the most important aspect of the diet of elite ath-
letes is that it follows the basic guidelines for healthy eating” (p. 381).8! In addition,
athletes should work with a registered dietitian to construct nutritional and perfor-
mance goals, those that will lead to consistent eating and training, and to improved
performance.”3° With respect to the minerals reviewed for this chapter, it appears
that, if energy intake is adequate, balanced, and varied, and nutritional status is
within normal limits, supplementation is not warranted.?%8 It may be warranted for
athletes who restrict energy intake, participate in sports with weight restrictions, or
limit certain foods and food groups.’? Mineral supplementation, in particular cal-
cium, magnesium, chromium and boron, does not appear to have ergogenic effects.
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I. INTRODUCTION

The Institute of Medicine (IOM) in 2004 put forth official recommendations as to
hydration needs. This official recommendation is a new step within the paradigm
of Recommended Daily Intake/Allowance, as prior to 2004, the IOM stated that
it was impossible to set a water recommendation.! Water is the largest constituent
of the human body, accounting for more than 60%. Water is essential for cellular
homeostasis, playing important roles in physiological and biochemical functions.
Many factors impact daily hydration needs as well as our ability to hydrate.

First, as this is a text concerning nutrition and physical activity, how the body reg-
ulates and utilizes water is of importance. For example, when we exercise, core body
temperature increases. This increase is coupled with heat dissipation. Heat dissipa-
tion will result in cutaneous vasodilation and change in heat transfer and exchange.
If heat transfer via radiation and convection is not adequate in reducing the heat load,
sweating will occur and heat will be lost by evaporation. If the water loss exceeds
fluid intake, hypohydration leading to dehydration will occur.

Water is a macronutrient that is underappreciated. The IOM has created a level
of water intake deemed to describe the Adequate Intake (AI). The Al is meant “to
prevent deleterious, primary acute, effects of dehydration, which include metabolic
and functional abnormalities” (p. 73).! It must be recognized that there is extreme
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difficulty in establishing a specific level of water intake that ensures adequate hydra-
tion and promotes optimal health under all potential conditions. Understanding
the relationship between hydration states and optimal wellness along with disease
relationships allows for the belief that there is a relationship between hydration and
disease. Further, it is believed that hydration may play a role in the prevention of pro-
longed birth labor, urolithiasis, urinary tract infections, bladder cancer, constipation,
pulmonary and bronchial disorders, heart disease, hypertension, venous thrombosis,
and other conditions.??

The purpose of this chapter is to provide a basic fund of information as related
to the aspects that affect hydration needs and fluid balance. The provision of fluid
guidelines for the physically active adult and the non-active adult are included. Total
lifecycle hydration is not covered herein but can be read elsewhere.*

II. TOPICAL OVERVIEW OF WATER

Water is an often-overlooked macronutrient. In light of the rising incidence and
prevalence of overweight and obesity in developed nations, the majority of news
and translation of nutrition-related research has focused on carbohydrates, protein,
and fat and not hydration. The relationship between fluid intake and health is well
known. A reduction in total body water stores by as little as 2% can adversely impact
aerobic performance, orthostatic tolerance, and cognitive function. The body is com-
posed of 50 to 70% water (the average of 60% is the norm in the literature) and
fluid is stored or circulating. For example, muscle contains about 73% water, blood
93%, and fat mass has 10%. It is known that approximately 5-10% of total body
water is turned over daily through obligatory losses (respiration, urine, and sweat).
Respiratory water losses are typically recouped by the production of metabolic water
formed by substrate oxidation. Fluid losses during and post-exercise also affect over-
all fluid balance. Thus, fluid balance is easiest thought of as wanting to achieve a
balance between fluid output and intake. It has been reported that physically active
adults who reside in warmer climates have daily water needs of 6 liters, with highly
active populations needing even more to remain euhydrated.’

Water is a fluid that acts as a solvent and a transport system within the human
body. It plays a central role in thermoregulation and optimal health and its acute
status can affect many metabolic processes as well as physical performance and
mental acuity.

Currently, the average fluid intake in the United States averages to 48 ounces per
day with 19% of the fluid intake coming from foods.® Therefore, Americans are typi-
cally under-hydrated based on the IOM guidelines, which recommend in general that
men aged 19 to 70+ consume 3.7 L/day and women aged 19 to 70+ ingest 2.7 L/d of
all water sources daily (water, other liquids, and foods).

Ill.  PROPERTIES OF WATER

Water is a multifunctional macronutrient. One of its most important functions is heat
regulation (body heat). Water acts as a buffer; if there is high specific heat (the spe-
cific heat of water equals 1 when 1 kg of water is heated 1°C between 15 and 16°C).
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TABLE 6.1
Daily Euhydration Variability of Total Body Water
Liters % Body Mass
Temperature climate +0.165 +0.2
Heat exercise conditions +0.382 +0.5

Daily Plasma Volume Variability
% Blood Volume
All conditions +0.027 +0.6

Source: Adapted from McArdle, W.D., Katch, FI., Katch V.L. 1999. Sports
and Exercise Nutrition, Lippincott Williams & Wilkins, Philadelphia.’

The body is about 60% fluid, therefore a 70-kg man will contain ~42 kg of water
throughout the body.” For every 1 degree rise in temperature in a 70 kg person, ~58
calories (kg-calories termed herein as calories) will be oxidized, thus the heat buffer-
ing effect of water also results in increased metabolic rate.

Thermoregulation is connected to exercise physiology (and thus physical activity)
as evidenced by the evaporation of sweat, for every gram of sweat evaporated (liquid
to vapor) from the skin; the body expends 0.58 calories (or 2.43 kjoules).”® Therefore,
we can see that water not only has high specific heat, but also assists in the transfer
of heat from areas of production to dissipation. Heat transport occurs with minimal
change in actual blood temperature.

Water readily transverses all cell membranes in the body. Osmotic and hydro-
static gradients dictate the movement of water. Coupled with this is that water also
is affected by the activity of adenosine triphosphatase (ATPase) sodium-potassium
pump (Na-K pump). Body water as a percent of body mass is distributed in the fol-
lowing manner (considering total body water [TBW] as 53% of total body mass):
30% cellular, 23% extracellular, 19% interstitial, 4% plasma. There is a natural daily
turnover of water in the body, which can be referred to as daily euhydration variabil-
ity of TBW.? (See Table 6.1.) When exercise is enjoyed on a regular basis by a person
who previously was not engaging in activity, fluid shifts occur and plasma volume
will expand. The body tightly regulates fluid balance.

IV. DEFINITION AND SYMPTOMS OF DEHYDRATION

Dehydration can be acute, perhaps following a bout of intense exercise, or chronic,
resulting from less than adequate rehydration of daily water losses over a period of
time. Both types of dehydration are defined as a 1% or greater loss of body weight
due to fluid losses.!%!!

Severe dehydration begins at a level of 3% or greater losses of body weight in
fluid, and, as it progresses to higher levels of fluid loss, can become life threatening.
Mild dehydration is defined as 1% to 2% loss of body weight due to fluid losses, and
even at this lower level when chronically experienced can lead to diminished perfor-
mance and morbidity.
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TABLE 6.2

Symptoms of Dehydration

Early Signs Severe Signs
Fatigue Difficulty swallowing
Loss of appetite Stumbling

Flushed skin Clumsiness

Burning in stomach Shriveled skin
Light-headedness Sunken eyes and dim vision
Headache Painful urination

Dry mouth Numb skin

Dry cough Muscle spasm

Heat intolerance Delirium

Dark urine with a strong odor

Early signs of dehydration include headache, fatigue, loss of appetite, flushed skin,
heat intolerance, light-headedness, dry mouth and eyes, burning sensation in the
stomach, and dark urine with a strong odor. Signs of more advanced, severe dehydra-
tion include difficulty swallowing, clumsiness, shriveled skin, sunken eyes and dim
vision, painful urination, numb skin, muscle spasms, and delirium.'? (See Table 6.2.)

It has been postulated that muscle cramps may be related to hydration status since
muscles cramp more frequently when the body is dehydrated.”> Heat cramps, the
least serious of the three heat-related disorders (heat cramps, heat exhaustion, heat
stroke) is characterized by severe cramping of the skeletal muscles that are used most
heavily during exercise. It is likely that high sweat rates and dehydration disrupt the
balance between the electrolytes potassium and sodium, leading to cramps. However,
a cause-and-effect relationship has not been established. Recovery from exercise-
associated muscle cramps requires moving the individual to a cool location (in the
case of heat cramps), fluid replacement, and restoration of electrolyte balance.'*
Schwellnus, et al. however, postulate a new hypothesis unrelated to hydration status.!
The researchers hypothesize that exercise-associated muscle cramps are caused by
sustained abnormal spinal reflex activity which appears secondary to muscle fatigue.
Local muscle fatigue is therefore responsible for increased muscle spindle afferent
and decreased Golgi tendon organ afferent activity.

V. REGULATION OF THIRST AND HYDRATION

Thirst is subjective. The perception of being thirsty is also a subjective motivator to
quench the thirst in animals and humans.'® Regulatory systems maintain body fluid
levels essential for long-term survival. Factors influencing fluid needs and urge to
drink include cultural and societal habits combined with internal psychogenic drive
and the regulatory controls to maintain fluid homeostasis. Regulatory control includes
maintaining fluid content of various bodily compartments, the osmotic gradient of
the extracellular fluids, or work with specific hormones to assist in the regulation.
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When the body loses water, it is usually depleted from both the extracellular and
intracellular spaces. These losses might not be equal in volume. Water and sodium
chloride (NaCl), the major solute of the extracellular fluid, results in proportionately
more extracellular fluid depletion than if water alone is lost. If fluid losses come from the
gastrointestinal tract (i.e., diarrhea) and are of normal osmostic load (isotonic), then
the depletion will be entirely from the extracellular fluid. However, if hypertonic
fluid is added to the extracellular compartment, there will be an osmotic depletion of
water from the intracellular compartment into the extracellular fluid, and this latter
compartment will be expanded.

A range of compensatory responses can occur in synchronicity with losses from
the intra- or extracellular space. Understanding the effects of vasopressin secretion,
stimulation of the renin-angiotensin-aldosterone system, sympathetic activation, and
reduced renal solute and water excretion is important when addressing hydration in
the athlete. Hormonal responses to fluid losses however, are not solutions to return-
ing the athlete to a euhydrated state. The only means to do this is by hydrating the
individual to the tune of 600 mL per 0.46 kg of body weight lost (~1320 mL per kg
weight lost). Thirst can be thought of as one component, the “vocal” component of
the body’s response to fluid shifts or losses.

The regulation of thirst includes osmoregulation. The osmotic pressure of the
fluid (plasma osmolality) typically lies between 280-295 mosmol/kg/H20. Losses as
small as 1 to 2% of body weight stimulate thirst. At this point, the athlete is already
becoming dehydrated. Thirst is one response to an increase in the osmotic gradient.
Changes in NaCl or glucose induce this response by not crossing across cell mem-
branes so easily. The osmotic differences between the intracellular and extracellular
spaces are what dictate the flow of fluids (higher to lower concentration occurring
typically by osmosis. Osmosis is partially regulated by osmoreceptors (relative to
vasopressin) in the brain and in the liver.

It is obvious that thirst regulation is multifactorial. Within the central nervous sys-
tem (CNS) osmotic, ionic, hormonal, and nervous signals are integrated and impact
the perception of thirst. Overcoming hypo- or dehydration following the ingestion
of water or fluid involves additional pathways and factors that are beyond the scope
of this chapter. If the level of hypohydration is greater that 3% of body weight loss,
complete rehydration requires more than just fluid replacement from simple bev-
erages. Food or other osmolar intake is often necessary for complete rehydration,
which may require 18—24 hours."”

Environment can alter the thirst mechanism. Water immersion induces shifts in vas-
cular volume and in the concentration and activity of vasopressin, renin-angiotensin II,
and atrial natriuretic polypeptide, the hormones and enzymes associated with thirst and
drinking."” Thus, in addition to the blunted thirst response associated with exercise,'® it
is likely that swimmers may have virtually no thirst response during immersion.

Taste influences hydration and beverage choice in adults and children.'®?° Surveys
show that individuals are guided by taste when they choose what and how much they
drink. In children, the magnitude of rehydration is significantly affected by the flavor
of the available beverage.?

Factors that influence urinary excretion rates and volume influence hydration sta-
tus. Caffeine, based on dose response, is a diuretic. The first 1 to 3 cups (237 mL

© 2009 by Taylor & Francis Group, LLC



150 Nutritional Concerns in Recreation, Exercise, and Sport

to 711 mL) of regularly caffeinated beverages (coffee, tea, cola) are typically not
high enough in caffeine to act as a diuretic. However, amounts great than 114 mg to
253 mg per day (Grandjean), as often found in energy drinks, may act as a diuretic,
depending on individual caffeine tolerance.”® Alcohol is another natural diuretic. It
depresses production of the antidiuretic hormone (ADH, aka vasopressin) by the
pituitary gland in the brain. The kidney responds to ADH by reabsorbing water, pre-
venting water loss. When ADH secretion is depressed, water losses increase. There
is no threshold dose response for alcohol; just one drink causes a diuretic response.

The fact that disease or metabolic disorder states can impact hydration status can-
not be overlooked even in the apparently healthy athlete.

VI.  HYDRATION AND HEALTH AND DISEASE

Body fluid losses occur from the intra and extracellular compartments. The loss of
NaCl causes greater losses from the extracellular space. In sweat, NaCl is lost at a
rate of 7:1 compared with potassium.'® Thus, fluid losses of 1-2% of body weight or
greater induce the need for fluid and electrolyte replacement. However, the impor-
tance of hydration state and health or disease prevention is often overlooked. In addi-
tion, aging (advanced age) may also be a risk factor for dehydration.

Because many diseases have multifactorial origins, lifestyle, genetics, environ-
ment, and other factors including the state of hydration are worthy of examination.
Mild dehydration is a factor in the development of various conditions and diseases.
Conditions associated with the negative impacts of hypohydration or dehydration
include alterations in amniotic fluids, prolonged labor, cystic fibrosis, renal toxicity
secondary to dehydration altering how contrast agents are metabolized. The effects
of chronic hypohydration or dehydration (systemic effects) include associations with
(ranging from weak to mild) urinary tract infections, gallstones, constipation, hyper-
tension, bladder and colon cancer, venous thromboembolism, cerebral infarcts, dental
diseases, kidney stones, mitral valve prolapse, glaucoma, and diabetic ketoacidosis.?!
Rehydration and proper hydration assist with condition management, disease preven-
tion, and the betterment of health. Factors that can effect hydration include: high
ambient temperature, the relative humidity, high sweat losses (sweat rates), increased
body temperature, exercise duration, training status of the individual, exercise inten-
sity, high body fat percentage, underwater exercise, use of diuretic medications, and
uncontrolled diabetes. The assessment of an athlete for hydration should include a
review of all of the aforementioned factors.

Today, approximately 12-15% of the general population will form a kidney stone
at some time.?>? Many factors can modify the urinary risk factors for developing
stones, including age, sex, heredity, occupation, social class and affluence, geographic
location and climate, and diet. Of these, diet—especially fluid intake—is the only one
that can be easily changed and that has a marked effect on all urinary risk factors.?*
Stone prevalence is higher in populations with low urinary volume.??>-3° A decreased
fluid intake leads to a low urine volume and increased concentrations of all stone-
forming salts. The risk of stone formation is increased with urine volumes of less than
1 L/d. When fluid intake is increased to allow for urinary volumes of more than 2-2.5 L/d,
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without any changes in diet or other pharmacologic intervention, recurrences of all
types of stones can be prevented in a large number of patients.?*-26.28

According to Hughes and Norman, individuals at risk for urinary stone forma-
tion should consume at least 250 mL of fluid to be taken with each meal, between
meals, before bedtime, and when the patient gets up at night to void. This pattern
will ensure that the fluid intake is spread out over the day and that the urine is not
concentrated. Patients with stones should also increase their fluid intake in hotter
weather and after vigorous exercise.?*

Several studies have discovered a direct correlation between the quantity of fluid
consumed and the incidence of certain cancers.’'-3* Internationally, studies have
found that urinary tract cancer subjects drink significantly less fluid than their
cancer-free counterparts. The incidence of cancers of the bladder, prostate, kid-
ney, testicle, renal pelvis, and ureter are inversely associated with water and fluid
intake.

Similar findings have be made regarding colon and breast cancer.?>3? In a popu-
lation-based case-control study of the association between food groupings and colon
cancer in Seattle, Washington, researchers identified a strong inverse dose—response
relationship between water intake, measured as glasses of water consumed per day,
and risk of colon cancer among women. Women who drank more than five glasses (no
exact amount specified by authors) of water a day had a 45% decreased risk of colon
cancer vs. those who consumed two or fewer glasses per day (OR for > 5 glasses/day
vs. < 2 glasses/day, 0.55; 95% CI, 0.31-0.99; P for trend 0.004). Among men there
was a 32% decrease in risk with increasing water consumption (> 4 glasses/day vs.
<1 glass/day), although it was not statistically significant.®

Acute, nonspecific diarrhea, even though transient, can cause mild to moderate
dehydration that can become chronic if adequate rehydration does not occur. This
can be particularly problematic during times of travel for athletes. Patients with signs
or symptoms of dehydration, including dry mouth, excessive thirst, wrinkled skin,
little or no urination, dizziness, or lightheadedness, should see a physician. Children
with severe diarrhea or vomiting that continues for more than 24 hours should be
evaluated for potential dehydration. Fluid intakes should equal 2 to 3 liters per day
to avoid the hypohydration associated with acute diarrhea.®

Active seniors who represent the population of the “healthy elderly” still are at
greater risk of dehydration. Numerous studies have demonstrated significant hypo-
dipsia and diminished thirst sensations in the elderly.*-38 In spite of the fact that these
changes may be a normal adaptation of the aging process,*” the consequences of dehy-
dration in the elderly are serious and range from constipation and fecal impaction
to cognitive impairment, functional decline, and death.* Patients with Alzheimer’s
disease may have additional impairment to their thirst mechanism.*® Specific recom-
mendations to avoid dehydration in the elderly have been published.?*-!

The goal with each individual, whether athletic or not, is euhydration. Hydration
needs have been detailed by the IOM for both genders. However, the practicality
of application is hard for the everyday consumer. Easy “rule of thumb” hydration
guidelines for general health are needed. Many dietitians tell their clients to shoot for
a goal of drinking the equivalent in ounces of half their body weight. If you weigh
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150 pounds, your beverage consumption goal per day with normal activities is 75
ounces of non-alcoholic fluid.

VII.  HYDRATION AND PHYSICAL AND ATHLETIC PERFORMANCE

The consistent conclusion across multiple studies, academic societies, and training
associations is that dehydration can significantly impact performance, especially in
warm or hot conditions. Thus, fluid replacement guidelines have been established to
minimize exertional dehydration. Dehydration is defined as a 2% loss of euhydrated
body weight.*? This negatively impacts athletic performance. Dehydration is associ-
ated with a reduction or an adverse effect on muscle strength, endurance, coordina-
tion, mental acuity, and the thermoregulatory processes.

Water losses during exercise are affected by the aforementioned parameters and,
because the inter-individual variation in sweat rates are so wide, no universal rec-
ommendations are used. The closest universal rule is that for every pound of body
weight lost between the initiation of exercise and the cessation, one replaces with
600 mL per 0.46 kg of body weight lost (20 ounces per pound [1.25 pints per pound;
1300 mL/kg] of body weight lost) (L. Armstrong, personal communication).

During prolonged exercise fluid and sodium losses occur. Human sweat contains
40-50 mmol sodium per liter.* For the most part, in the normal healthy person, large
fluid losses are followed by large sodium losses. The typical sodium to potassium
ratio of losses is 7:1. An athlete engaged in prolonged exercise can lose 5 liters of
fluid per day with a range of 4600 to 5750 mg sodium and much smaller amounts of
potassium. Heat-acclimated athletes benefit from enhanced sodium reabsorption that
results in better protection of plasma volume by reducing the sodium losses. Training
state of the athlete is very important when contemplating fluid needs. Salt losses do
not directly impact physical performance; however, using salts in fluid replacement
is proven to enhance the thirst response and aid in rehydration.

Hypohydration (1% body weight loss) also decreases the ability of athletes to
perform. Athletes as a rule do not replace sweat or sodium losses enough during an
event. The average marathon runner will lose up to 3% body weight and, if the run
is not in a temperate climate and temperatures are more extreme, the losses could
be 5%. According to Maughan, elite marathoners tend to sweat at a rate of 2 L/hour.
This sweat rate exceeds intestinal absorption capability of the gut.*344

A plethora of studies clearly demonstrate a negative impact of hypohydration and
dehydration on athletic performance (range from 1-8% fluid losses). Studies using
sports or situations designed to mimic a sport have noted a decrement in perfor-
mance for soccer, basketball, running/racing, cycling, and others. In addition, better
hydration is associated with lower esophageal temperature, heart rate, and ratings of
perceived exertion—all factors that may impact performance.®

Exercise increases the metabolic rate and, as energy is converted into heat, water
losses will occur. In cold climates (winter sports or outdoor sports in mild or cold
climates) heat is lost via radiation and convection; as the temperature increases, the
losses are noticeable as sweat. The physiological response to exercise is to expand
the blood volume and to increase the sensitivity for sweating to occur. Athletes and
their coaches, trainers, and nutritionists must be cognizant of changes in osmolarity.

© 2009 by Taylor & Francis Group, LLC



Hydration 153

Body temperature and the volume of the liquid being ingested, as well as the osmo-
larity can affect performance.

Another impact of hypohydration or dehydration that should be a concern to ath-
letes or their training staff is the impact on cognition. The mental aspect of sports
coupled with neuromuscular integration cannot be understated. The neuropsychologi-
cal impacts of hydration as well as the biological mechanisms and behavioral relation-
ships are relatively new in research. Brain behavior and cognitive assessment are also
relatively new to the exercise physiology field because many new cognitive assess-
ment tools have become available. This is despite research from the 1940s on fluid
and salt intake.*6*” A review by Lieberman found that hypohydration and dehydration
were associated with increased fatigue, impaired discrimination, impaired tracking,
impaired short-term memory, impaired recall and attention, while decreased arithme-
tic ability and a faster response time to peripheral visual stimuli were also noted.*647
At a deficit of only 2% loss of body weight as fluid, Gopinathan and coworkers found
that subjects demonstrated significant and progressive reductions in the performance
of arithmetic ability, short-term memory, and visuomotor tracking compared with the
euhydrated state.*® The applications have been tested not only in academic exercise or
psychology research, but military as well. Interestingly enough, dehydration induced
by heat as compared with dehydration caused by exercise elicit the same changes in
cognitive performance, which indicates that dehydration is the cause, not exercise.
Cognitive performance when dehydrated most often results in increased fatigue, track-
ing errors (vision—brain connection), and a decrease in short-term memory. Ironically,
when a person is hyperhydrated, short-term memory is increased, while most of the
other parameters mentioned remain neutral with no negative impacts.*’

In practical terms, if a 150-pound (68-kg) athlete loses only 2% of his or her body
weight (3 1bs; 1.4 kg), physical and mental performance can diminish.’®3! Hence,
even chronic mild dehydration (1% to 2% loss of body weight) may negatively affect
athletic performance. It is in the best interest of the athlete to maintain a well-
hydrated state on a regular basis, and rehydrate during and after exercise as quickly
as possible to return to euhydration before the next training bout.>

Numerous dietary studies have demonstrated that, on average, athletes do not con-
sume adequate fluids before, during, or after exercise.’*°* Many athletes habitually
self-induce dehydration to qualify for a designated weight class for competition.36-7-61-64
This practice can dramatically influence exercise performance, including losses in
strength, anaerobic power, anaerobic capacity, lactate threshold, and aerobic power.5!:64
Extreme cases of self-induced dehydration have resulted in death.%

Children are particularly at risk of dehydration in the heat, even more so than
adults.%6-%8 Children will rehydrate voluntarily when adequate fluids are made
available.5¢%7 In lieu of the current understanding that fluid needs are highly individ-
ual, the American College of Sports Medicine (ACSM) has issued generalized rather
than specific hydration and rehydration guidelines in their current Position Stand on
Exercise and Fluid Replacement.®® Recommendations for prehydrating, if necessary,
should include initiating beverages several hours before exercise. Beverages and snacks
or small meals with sodium and salt can help stimulate thirst and retain fluids.

Fluid needs are highly individualized during exercise, based on how sweat rates
and electrolyte concentrations respond to the exercise tasks, weather conditions,
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acclimatization, training status, and genetic predisposition, among others. The risk
of dehydration and electrolyte loss is greater in prolonged exercise lasting 3 hours
or more. The most practical index for customizing a fluid plan is for the individ-
ual to monitor body weight changes during training and competition-training ses-
sions to estimate fluid losses associated with a particular task under specific weather
conditions.®

A starting point for hydration during exercise is offered by the ACSM guidelines:
marathon runners who are euhydrated at the start of the race should drink ad libi-
tum from 0.4-0.8 liters/hour. The higher rates are “for faster, heavier individuals
competing in warm environments, and the lower rates are for the slower, lighter
persons competing in cooler environments. There is a risk that if the higher rates are
employed by smaller runners, over-consumption may result. When larger runners
consume the smaller amount, dehydration risk is higher. While this range is appro-
priate for marathon runners, it may not be appropriate for other athletes participating
in other sports or events under differing conditions. Predicted sweat rates for running
have been published.®

While the risk for dehydration during marathon events is clear, there is also a risk
for hyperhydration, or hyponatremia. Care must be given to avoid emphasis on blan-
ket recommendations that may lead to over-consumption of fluids. Current research
supports the recommendation that if actual body weight and sweat loss measures
are not available, thirst is the best physiological guideline for individual fluid needs
during exercise.”

VIII. PRACTICAL MEASUREMENTS OF HYDRATION

Simply put, there is no universal standard for measuring hydration. At least 13 tech-
niques are used for assessing hydration. Water is the body’s currency, as it is the
medium for circulatory function, biochemical reactions, temperature regulation, and
other physiological processes. In addition, fluid turnover occurs as water is lost from
fluid—electrolyte shifts, losses from the lungs, skin, and kidneys. Water is gained via
food as well as fluid intake.

The types of hydration assessment methods (in the field and lab) include:

* Stable isotope dilution

* Neutron activation analysis

* Bioelectrical impedance (BIA)
* Body mass change

* Plasma osmolality

* Plasma volume change
 Urine osmolality

* Urine specific gravity

¢ Urine conductivity

* Urine color

* 24-hour urine volume

* Salivary flow rate (osmolality, flow rate, protein content)
 Rating of thirst
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An additional practical tool used clinically is the Hydration Assessment Checklist
(HA), a lengthy, in-depth assessment designed to screen for hydration problems.”!
The HA is most often used in clinical conditions and in an older population. Older
adults, both in the community as well as in long-term care facilities, are often grossly
underhydrated, ingesting on average less than 0.26 gallons (1 liter) daily, which is
substantially lower than recommended. Of the approximately one-quarter gallon of
fluid, few take in water, an essential element supporting cellular and organ health,
electrolyte balance, medication absorption and distribution as well as kidney, blad-
der, and integumentary functioning.

The following factors have been detailed in the literature as to why one gold stan-
dard for measuring hydration is not possible:”

1. The physiological regulation of total body water volume (i.e., water turn-
over) and fluid concentrations is complex and dynamic. Renal, thirst, and
sweat gland responses are involved to varying degrees, depending on the
prevailing activities. Also, renal regulation of water balance (i.e., arginine
vasopressin) is distinct from the regulation of tonicity.

2. The 24-hour fluid deficit varies greatly among sedentary individuals and
athletes primarily due to the exercise and morphology. The deficit must
be matched by food and fluid intake (the fluid portion of food is often
overlooked).

3. Sodium and osmolyte consumption affect the daily water requirement.
Regional customs impact the “normals” used within biochemical assess-
ment of hydration. For example, the mean 24-hour urine osmolality in
Germany is 860 mOsm/kg while in Poland it is 392 mOsm/kg and in the
United States it is in the range of 280 to 295 mOsm/kg.

4. The volume and timing of fluid intake alter measurement of hydration.
Pure water or hypotonic solutions ingested rapidly can cause dilute urine
prior to cellular equilibrium to occur.

5. Urine samples (spot) not representing the true 24-hour void.

6. Experimental designs that differ in assessment techniques (blood vs.
urine).

7. Use of stable isotopes to assess hydration. However it is not known if the
isotopes are distributed throughout the body uniformly, thus the assump-
tion used in these techniques is faulty.

8. Exercise and physical labor (as well as pregnancy labor) increases blood
volume while decreasing renal blood flow and altering the glomerular fil-
tration rate affecting hydration.

9. Changes in osmolarity and osmolality can affect the readings for hydra-
tion on certain devices (i.e., BIA).

In addition to the above, many questions exist regarding the use of plasma osmo-
lality as a biomarker for hydration. These include questions regarding the fact that
plasma osmolality varies widely depending upon the condition being tested, envi-
ronment of the test, the pre-exercise hydration state, and the intervention being
evaluated.
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One question: is there a way to meld laboratory techniques with those in the field
so that trainers, coaches and related personnel can better help athletes?

The first item to discuss is the intervention and educational sessions that athletes
should receive from appropriate professionals (i.e., exercise physiologist, Registered
Dietitian, Sports Nutritionist-CISSN, athletic trainer, etc.). Education is the key to
preventing dehydration. Combining education with fluid stations on the field or in
the general area of training, available to the athletes at specific intervals with or
without ad libitum intake available to the athlete may make euhydration an easier
goal to maintain.

The field technique using the combination of weighing the athlete before and after
the training or competition and using the weight change as the guide for rehydration
may just be the best standard when controlling for applicability, financial impact, and
ease of education. The rehydration is 600 cc per 0.46 kg of body weight lost (1300 mL/kg).
Other techniques that may be able to be used in combination with monitoring weight
changes include using blood and urine testing if available. Testing for osmolality
(both), sodium (both), and hematocrit levels (blood) are typical and inexpensive.

IX. THE DIFFERENCE BETWEEN WATER
AND OTHER MEANS OF REHYDRATION

Normal hydration is achieved with a wide range of fluid intakes by varied humans
across the lifespan. Fluid homeostasis can be challenging to maintain during physical
work and heat stress. Body water composes 50-70% of body weight. Approximately
5-10% of total body water is turned over daily via obligatory losses. The greater
the fluid losses (from non-emergency situations, not medical or surgical), the lon-
ger the time it will take for rehydration (4% weight loss may take up to 24 hours to
rehydrate), thus prevention and use of foods or fluids that may aid in more expedient
rehydration is of importance.”

Body water is maintained by matching daily water loss with intake. To a small
degree, metabolic water production also contributes hydration (metabolic hydration
yields ~250mL/day). The Food and Nutrition Board has established an adequate
intake level of 3.7 L/d and 2.7 L/d for men and women respectively.! The Continuing
Survey of Food Intakes by Individuals (CSFII) concluded that adults receive about
25% of their daily fluid intake from foods.™

Maintaining fluid and electrolyte balance means that active individuals need to
replace the water and electrolytes lost in sweat. This requires that active individu-
als, regardless of age, strive to hydrate well before exercise, drink fluids throughout
exercise, and rehydrate once exercise is over. As outlined by the American College
of Medicine (ACSM) and the National Athletic Trainer’s Association (NATA) gener-
ous amounts of fluids should be consumed 24 hours before exercise and 400—-600 mL
of fluid should be consumed 2 hours before exercise (this is about 6 to 10 0z).”
During exercise, active individuals should attempt to drink ~150-350 mL (6-12 0z)
of fluid every 15-20 mins. If exercise is of long duration (usually > 1 hour or 75 mins)
or occurs in a hot environment, sport drinks containing carbohydrate and sodium
could be used. When exercise is over, most active individuals have some level of
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dehydration. Drinking enough fluids to cover ~150% of the weight lost during exer-
cise may be needed to replace fluids lost in sweat and urine. This fluid can be part of
the post-exercise meal, which should also contain sodium, either in the food or bev-
erages, since diuresis occurs (fluid losses) when only plain water is ingested. Sodium
helps the rehydration process by maintaining plasma osmolality and the desire to
drink.

Fluid content of foods should not be underestimated or underappreciated by
health professionals. High water-content foods listed as food and percent water
include: iceberg lettuce (96%), cooked squash (94%), pickle (92%), cantaloupe (90%),
orange (87%), apple (86%) and pears (84%) as compared with steak (50%), Cheddar
cheese (37%), white bread (36%), cookies (4%) and nuts (~2%). Therefore, including
the national recommendation of five to nine fruits and vegetables in the daily diet
also assists with hydration.

Pre-exercise, some athletes use beverages that contain > 100 mmol/l NaCl, which
can temporarily induce hyperhydration, thus aiding in rehydration. Adding glycerol
to the typical sports beverage or oral rehydration solution at a dose of 1.0 to 1.5 gm/
kg/body weight also assists in inducing hyperhydration.”

Non-water sources of hydration include caffeinated beverages. Caffeine is stated
to be a mild diuretic, however, the vast evidence indicates that caffeinated beverages
and water hydrate to the same degree over a 24-hour period. Fiala et al. have noted
that, although caffeine is oft rumored to be a mild diuretic, that caffeine itself can
enhance exercise performance (typical dose at 5 mg/kg).”® This study utilized 10
athletes who completed two-a-day practices (2 hr/p = 4 hr/d) for 3 consecutive days
at 23°C (73°F). Utilizing a randomized double-blind design offering of caffeine rehy-
dration agent vs. no caffeine (classic Coca-Cola® vs. its caffeine-free version), the
findings revealed no evidence that caffeine intake impairs rehydration. No differen-
tial effects on urine or plasma osmolality, plasma volume, hematocrit, hemoglobin,
or body weight were observed. The caffeine intake was about 244 mg caffeine/d
served in ~7 cans/d of soda (~35 mg caffeine/12 0z.).”6

On the other hand, caffeine was demonstrated to have diuretic effects in a study
of 12 healthy German men and women (mean age 27 years) who were usual coffee
drinkers, but abstained from drinking or eating anything containing caffeine for
5 days before the study. Six cups of coffee (642 mg caffeine/d) led to an increase in
24-hour urine excretion of 753 + 532 mL (P < .001), a negative fluid balance, and
a decrease in body weight of 0.77 + 0.4 kg (P < .001). Total body water decreased
by 1.1 + 1.2 kg or 2.7% (P < .01). However, as the subjects abstained from caffeine
prior to the research, their response to caffeine as a diuretic may have been sensi-
tized more than had they remained caffeine replete. Some research has supported
the theory that caffeine tolerance in regular caffeine consumers may desensitize the
individual from some of the central and peripheral effects of caffeine, although the
influence is likely incomplete.””

Grandjean conducted a study of 18 males using a randomized crossover design
with a free-living 24-hour capture design. The study tested four beverages (carbon-
ated, caffeine caloric cola, non-caloric caffeinated cola, and coffee, and their respec-
tive effects on 24-hour hydration status. The researchers collected urine for 24 hours
and analyzed for electrolytes, body weight, osmolality, hemoglobin, hematocrit,
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blood urea nitrogen, creatinine, and other biomarkers. The results clearly denoted no
differences among the groups in any variable. Thus, we can now consider caffeine-
containing beverages generally non-dehydrating and likely add to hydration.”®

Newer research data has started to support the inclusion of small amounts of
protein (PRO) with carbohydrates for hydration recovery. In 2001, 10 endurance-
trained males were studied to investigate the ergogenic effects of isocaloric carbohy-
drate (CHO, 152.7 g) and carbohydrate-protein (112 g CHO with 40.7 g PRO) drinks
ingested after a glycogen-lowering diet and exercise bout. Treatments were adminis-
tered in a double-blind and counterbalanced fashion. After a glycogen-lowering diet
and run, two dosages of a drink were administered with a 60-min interval between
dosages. The CHO-PRO trial resulted in higher serum insulin levels (60.84 vs
30.1 mU/mL) 90 min into recovery than the CHO-only trial (P < 0.05). Furthermore,
the time to run to exhaustion was longer during the CHO-PRO trial (540.7 + 91.56
sec) than the CHO-only trial (446.1 = 97.09 sec, P < 0.05). In conclusion, a CHO-PRO
drink following glycogen-depleting exercise may facilitate a greater rate of muscle
glycogen resynthesis than a CHO-only beverage, hasten the recovery process, and
improve exercise endurance during a second bout of exercise performed on the same
day.”® Subsequent studies have found that adding PRO in the ratio of 1 part PRO to
every 4 parts CHO has been found to induce exercise hydration on the magnitude of
15% better than the typical CHO beverage and 40% more than water alone.3%8!

The Seifert study®! actually concluded that, contrary to popular misconception,
adding PRO to a CHO-based sports drink ... led to improved water retention by 15 %
over (a CHO-only sports drink) and 40 % over plain water. In the study, cyclists exer-
cised until they lost 2% of their body weight (through sweating) and then drank either
a CHO-PRO sports drink (Accelerade™), a CHO-only sports drink (Gatorade®), or
water. Over the next 3 hours, measurements were taken to determine how much
of each beverage was retained in the body (vs. the amount lost through urination).
The CHO-PRO sports drink was found to rehydrate the athletes 15% better than the
CHO-only sports drink and 40% better than water. All three drinks emptied from
the stomach and were absorbed through the intestine at the same rate. In addition,
there was no difference between the CHO-PRO drink and the CHO-only drink in
terms of effects on blood plasma volume. This suggests that the CHO-PRO drink
resulted in increased water retention within and between cells. Therefore a CHO-
PRO sports drink may be a preferable choice over plain water and a CHO-electrolyte
sports drink, when rehydration and fluid retention are a concern.

An additional sports application study by Seifert®? found that ingestion of a CHO-
PRO beverage minimized muscle damage indices during skiing compared to pla-
cebo and no fluid. Thirty-one recreational skiers were separated into three groups.
All three skied 12 runs, which took about 3 hours. One group drank nothing. A
second group drank 6 ounces of a placebo (flavored water) after every second run.
A third group drank an equal amount of the CHO-PRO sports drink (Accelerade).
After the 12th run, blood samples were taken from each skier and analyzed for two
biomarkers of muscle stress (myoglobin and creatine kinase). Subjects that received
the CHO-PRO sports drink showed no signs of muscle damage, while indicators of
muscle damage increased by 49% in subjects receiving only water.8? Thus, it is fair
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to conclude that in this type of sport, using a CHO-PRO drink is more beneficial than
water for maintaining skeletal integrity and hydration.

Milk, a beverage containing CHO, PRO and electrolytes, has been shown to be
an effective post-exercise rehydration drink. Shirreffs and colleagues®* compared
low-fat milk alone, with an additional 20 mmol/L NaCl, a sports drink, and water on
restoring fluid balance after exercise-induced hypohydration at a level of 1.8% loss
of body mass in a warm environment. Urine excretion over the recovery period did
not change during the milk trials, whereas there was a marked increase in output
between 1 and 2 h after drinking water and the sports drink. Subjects remained in
net positive fluid balance or euhydrated throughout the recovery period after drink-
ing the milk drinks but returned to net negative fluid balance 1 h after drinking
the other drinks. These results suggest that milk can be an effective post-exercise
rehydration drink.

Typically, hydration and rehydration for athletes is done with a 6-8% glucose-
electrolyte solution. Newer research is finding that adding just a small amount of
PRO to this type of sports beverage not only enhances hydration and rehydration
(or hydration maintenance) it also promotes muscle PRO synthesis (which does not
happen with CHO alone), and glycogen reaccumulation while reducing markers of
muscle damage. Therefore, the use of these beverages is gaining popularity for the
many benefits that appear to make them superior to the typical sports beverage for
during-exercise or post-exercise nutrition.

X. FLUID REPLACEMENT

This chapter discusses the importance of fluid replacement and how research shows that
the volume of fluid intake generally increases when water or the beverage is flavored.’
In general, the following fluid recommendations are used by sports nutritionists:3386

* 480-600 cc Fluid: 1-2 h pre-exercise

* 300-480 cc Fluid: 15 min. pre-exercise

120-180 cc Fluid: every 10—15 min. during exercise

¢ In general, start fluid intake 24 h prior to exercise event

Fluid intake coming from food must also be considered, however, in the post-
exercise recovery period, hydration is best achieved by the ingestion of either the typi-
cal glucose-electrolyte solution or a CHO-PRO mixture. However, if the exercise has a
duration of less than 60—75 min, then water (can be flavored) is recommended. There
are no proven ergogenic effects or benefits from vitamin or mineral enriched waters
except that they provide absorbable nutrients at lower caloric costs than some foods.

The athlete may consider taking note of the volume of his or her beverage intake
in order to become more familiar with how the body responds to rehydration. The
athlete can personalize his or her fluid intake based upon what types of beverages
result in improved recovery as measured by hydration, return to normal body weight,
subsequent exercise performance, and effects on mental abilities and cognition. (See
Table 6.3).
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TABLE 6.3
General Fluid Guidelines around Exercise

¢ Drink a minimum of 1 quart (4 cups, 0.95 L) of fluid for every 1,000 kilocalories you eat every
day.

¢ Drink at least 5 cups (1.2 L) of water every day.

¢ Fluids should be cool.

* For moderate exercise that lasts an hour or less, water is sufficient for replacing lost fluids. If you
like flavored drinks better, then use flavored beverages.

« For intense exercise that lasts less than 1 hour and exercise lasting more than an hour,
carbohydrate-electrolyte sport drinks are best. Added protein may also be beneficial.

¢ Drink 2 cups (474 mL) of fluid 2 hours before exercise.

¢ Drink 4-6 ounces (118-177 mL) every 15 to 20 min. during exercise.

« After exercise, drink 20 ounces (2%2 cups .59 L) of fluid for every pound of body weight lost
during exercise (1300 mL/kg)

XI. CONCLUSIONS

Exercise increases the metabolic rate. Energy production leads to heat loss, and fluid
status is affected. The climate has an underappreciated effect on hydration status. In
cold climates, the thermoregulatory response includes enhanced heat production by
a variety of means; all result in increased fluid losses. Exercising in temperate cli-
mates is actually a little easier, as the body’s accommodation response is to increase
blood volume and the sweating mechanism sensitivity. Athletes and their trainers
and coaches must be cognizant of physiological impacts of exercise, such as changes
in body temperature and blood volume in their surrounding climate. Elevated tem-
perature is related to blood volume reduction and performance. Maintaining fluid
balance reduces the effects of climate or blood volume on hydration status.

For exercise lasting less than an hour, water or noncaloric fluid is recommended.
It is not well known whether “non-intensive” exercise requires that the rehydration
solution include CHO and electrolytes; most data notes no need for the calories and
salts with short-term exercise bouts. However, a general fluid plan should still be
followed (See Table 6.4).

If the exercise is longer in duration, maintaining hydration and rehydration is that
much more important. Beverages beneficial for enhancing rehydration include CHO-
electrolyte solutions and CHO-PRO beverages. Caffeinated beverages with and
without calories also add to hydration and rehydration. Although, in the immediate
post-exercise period, data is mounting for CHO-PRO to be the superior post-exercise
rehydration and recovery beverage. Future research will focus on the multiple appli-
cations of this admixture beverage along with other potentially beneficial effects.
Taste acceptance is very important for any of these beverages to actually be used
by athletes; therefore, overcoming taste issues for beverages that contain PRO when
used during exercise is an issue for researchers and food scientists to overcome.

In conclusion, maintaining euhydration and understanding how to rehydrate
after exercise is an important aspect of sports nutrition that is underdiscussed and
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TABLE 6.4
Fluid Plan

* Requirement: ImL/kcal/day

¢ 2200 kcal diet 2200 mL (9 cups/day)
2900 kcal diet 2900 mL (12 cups/day)
Additional Fluid Needs:

* Exercise

* High temperature

¢ Low humidity

High altitude

* High fiber diet

¢ Increased fluid losses (caffeine, alcohol)

Source: Kleiner SM. 1999. Water: An essential but overlooked nutrient. J Am
Diet Assoc 99(2):200—6. Used with permission of Elsevier, Inc.

underappreciated. All health and sports practitioners should reacquaint themselves
and their patients or clients with the role of water as an important beverage for health,
weight maintenance, and physical performance. Current research on the impact of
drinking water on cancer and disease prevention is intriguing, but needs much more
investigation before the true facts can be elucidated. Early research even raises the
question of whether all water is the same for hydration,” encouraging major new
areas of research. Further research into the use of milk as a recovery beverage for
the active individual, as well as athletes, is also needed, as the average individual is
unlikely to invest in an engineered recovery drink. Practitioners should further work
to assist patients and clients with designing practical fluid intake strategies to ensure
adequate hydration and health.
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I. INTRODUCTION

It is commonly believed that a calorie is a calorie. Consequently, many believe that
weight management is simply a problem of balancing caloric intake with energy
expenditure. However, this is not always the case. Weight management involves a
proper mix of dietary influences and exercise regimens. Many individuals who work
out are trying to gain muscle weight to improve their physique, increase strength,
enhance performance, or slow the aging process. While gaining weight is too easy for
many of us, some athletes have difficulty gaining weight or maintaining it through-
out a competitive season. Additionally, it is much harder to gain the right type of
weight (i.e., muscle). Also, many athletes and recreationalists would like to lose fat
weight safely and healthily. This leads many athletes to consume too many or too
few calories based on their needs. Thus, weight management includes an understand-
ing of key concepts, macronutrient composition, and nutritional supplements.

Il. WEIGHT MANAGEMENT CONCEPTS
A. ENERGY BALANCE

1. Energy Intake and Expenditure

“Energy balance” is a catchphrase that is commonly used by exercise physiologists,
nutritionists, and dieticians. It refers to the number of calories (energy) that we take in
and whether it is above or below the amount we need to live. Depending on which side
of the scale this falls, it will determine whether we are gaining or losing weight.

Energy is consumed in the diet through protein, carbohydrate, and fat intake. In
the presence of excess calories, the body will subsequently convert and store them as
triglycerides in adipose tissue. Over time, if this process continues, obesity results.
Obesity as defined by some as a body mass index (BMI) greater than 30. However,
because BMI is not an accurate reflection of adipose mass,' it may not be the best
objective measure of obesity. Obesity results as a consequence of increasing both the
size and number of adipocytes.??

As stated, the overconsumption of macronutrients contributes to obesity. However,
not all macronutrients contribute to obesity in an equal manner. For instance, a high-
fat meal that results in a positive energy balance will stimulate fat storage without a
subsequent match in fat oxidation.*> Furthermore, the deposition of excess dietary
triglycerides into adipose tissue is associated with a very low metabolic cost (0—2%).°
In contrast, Flatt et al. reported that the conversion of carbohydrate into fat is an
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energy-requiring process in which 25% of the energy content is lost as heat.” Of the
three macronutrients, protein requires the most metabolic cost to be converted to and
subsequently stored as fat. In studies involving twins, energy intake and obesity has
been explored. Authors studying both monozygotic and dizygotic twins reported that
there may be macronutrient-specific familial influences, but not conclusively.® Also,
greater-than-average caloric intake was associated with increased levels of body fat,
despite likely genetic influences on both phenotypes.® However, the authors con-
cluded by stating that more research is needed to determine the genetic influence on
energy intake. Finally, Tholin et al. studied genetic and environmental influences
on eating behavior in a large cohort of monozygotic and dizygotic twins. The study
concluded that genetic factors are of great importance of in the eating behavior in
young adult male twins.’

In conclusion, it has been reported that the increase in the prevalence of obesity
has concomitantly occurred with an increase in portion sizes of foods that we con-
sume.'® Furthermore, it has been shown that eating low-energy-dense foods such
as fruits and vegetables helps sustain satiety while concurrently reducing energy
intake, which appears to be a more effective weight loss strategy than fat reduction
and decreased portion sizes.!” Energy expenditure, also known as physical activity, is
one of the two components of the energy balance equation.!" Both energy intake and
energy expenditure are profoundly important when discussing the etiology of obe-
sity. Energy expenditure is composed of three categories: basal metabolic rate, ther-
mic effect of food, and physical activity. Physical activity can also be broken down
into two distinct sub-classes. The first is activity thermogenesis, which is volitional
exercise. The second category is coined non-activity exercise thermogenesis, which
is all of the activity that one performs that is not related to “sporting-like” exercise.?
Examples of this include fidgeting, housework, etc.

It should be noted that non-activity exercise thermogenesis is often difficult to
quantify. Activity thermogenesis accounts for approximately 15-50% of total daily
expenditure in the sedentary to very active population respectively.!’ It further
has been estimated that spontaneous minor activity performed during the day can
account for 20% of the differences of energy expenditure in a 24-hour time frame."
Equally important, Castaneda et al. reports that minimal amounts of spontaneous
physical activity are a major predictor of accumulating fat mass during overfeeding in
humans.> An inverse association between physical activity and weight as a result of
epidemiological studies has also been shown.!® Similarly, Meredith et al.'” reported a
negative association between aerobic exercise at 65-80% maximal oxygen (VO,,,.,)
uptake and body composition. Additionally, a meta-analysis demonstrated that weight
training as well as aerobic exercise is effective in facilitating weight loss, but also can
increase or maintain lean mass.!”® Thus, adding physical activity to promote weight
loss encourages favorable changes in body composition. Sedentary lifestyle is com-
monly mentioned as a significant cause of the mounting prevalence of obesity.

In a study by Slentz et al.!” researchers reaffirmed what many have already
suspected. If individuals partake in a modest exercise program similar to those
suggested by the Centers for Disease Control and the American College of Sports
Medicine, significant increases in visceral fat can be avoided and exercise that is a
modest increase beyond their recommendations can facilitate significant decreases
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in visceral, subcutaneous, and total abdominal fat without changes in daily dietary
intake. In a study published in 2005, researchers looked at the comparison of
monozygotic twins in relation to lipoprotein and weight variation between vigor-
ously active and sedentary siblings. The authors reported vigorous exercise could
possibly reduce genetic influences on body mass index.?’ Therefore, it is of critical
importance to investigate energy expenditure in relation to obesity, especially when
it has been reported that approximately 22—29% of adults report that they engage in
no leisure-time physical activity.!3

2. Diet-Induced Thermogenesis

While there is no doubt that a major contributing factor to the obesity epidemic
is a lack of exercise, recent research has also shown that frequency of eating, as
well as carbohydrate, fats, and protein have varying physiological and thermogenic
effects.??2 In other words, a calorie may not be a calorie and the types of carbohy-
drate, proteins, and fats one consumes in the diet may influence the propensity to gain
or lose weight. For example, different types of carbohydrate affect insulin levels to
a greater degree than others. High-glycemic index (GI) carbohydrates increase glu-
cose and insulin levels to a greater degree than low- to moderate-GI carbohydrates.
Over time, consuming a diet rich in high-GI foods may serve to reduce insulin sensi-
tivity.2* Reductions in insulin sensitivity (i.e., increased insulin resistance) have been
implicated as a possible causative factor for diabetes and obesity.?32* Consequently,
consuming fewer high-GI foods or reducing carbohydrate availability in the diet
have been shown to improve insulin sensitivity and promote greater weight loss.?

The type of carbohydrate consumed may also directly influence thermogenic
properties. For example, Schwartz and colleagues®®?? evaluated the effects of con-
suming a meal containing fructose (low-GI carbohydrate) versus glucose (high-GI
carbohydrate) on glucose, insulin, and energy expenditure. As expected, the research-
ers found that ingesting the meal containing glucose as the source of carbohydrate
promoted a higher glucose and insulin level than when fructose was used as the
carbohydrate source. Interestingly, the researchers found that carbohydrate oxida-
tion and thermogenesis was higher after consuming the fructose-containing meal
in comparison with glucose. In other words, the type of carbohydrate consumed
during a meal may influence the thermogenic effect of the meal.?® This may be one
reason that people tend to lose more weight when placed on diets in which the car-
bohydrate source is primarily low- to moderate-GI foods compared with high-GI
carbohydrates.?*

The amount of fat in the diet also appears to influence thermogenesis.?’ Research
has indicated that high-carbohydrate/low-fat diets appear to promote a greater
thermogenesis than high-fat/low-carbohydrate diets. For example, Maffeis and
colleagues®® compared the effects of ingesting a high-carbohydrate meal (68%
carbohydrate, 20% fat, 12% protein) versus a high-fat meal (40% carbohydrate,
48% fat, 12% protein) on substrate oxidation, thermogenesis, and fat storage in
obese children. Results revealed that consuming a high-fat meal promoted less of
a thermogenic effect and a greater fat storage than the high-carbohydrate meal.
Similarly, Westerterp et al.3!-*? evaluated the effects in consuming high-carbohydrate,
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high-protein diet (60% carbohydrate, 10% fat, 30% protein) compared with a high-
fat diet (30% carbohydrate, 60% fat, 10% protein) on diet-induced thermogenesis.
Results revealed that carbohydrate oxidation and energy expenditure was greater
when consuming the high-carbohydrate, high-protein diet (14.6% versus 10.5% of
energy intake). These findings and others suggest that a high-carbohydrate diet pro-
motes greater thermogenesis than a high-fat diet.

While there is evidence that carbohydrate is more thermogenic than fat, there is
also evidence that protein is the king of thermogenesis. Protein, in fact, may play a
significant role in weight management.* For example, Jequier’* reported that intra-
venously administered nutrient-induced thermogenesis was approximately 6—8% of
energy infused with carbohydrate and 2-3% of energy infused with fat. However,
thermogenesis was 30—40% of energy infused following amino acid administration.
Robinson and colleagues® compared the thermogenic effects of consuming isocaloric
amounts of high-carbohydrate and high-protein meals. The researchers found that the
thermic response of consuming high-protein meals was significantly greater than when
consuming a high-carbohydrate meal (9.6% versus 5.7%). Further, the greater energy
expenditure could be attributed to a greater nitrogen turnover (protein metabolism).

If protein consumption has a greater thermic effect than carbohydrate and fat,
then people would theoretically gain less weight if fed a hypercaloric diet consisting
of a higher amount of protein compared with carbohydrate or fat. In support of this
theory, Webb and Annis*¢ overfed subjects for 30 days by 1000 calories as provided
from a normal mixed American diet, 60% of calories as carbohydrate, or 70% of
calories provided by protein. The researchers found that subjects who added 1000
calories of mixed calories and high carbohydrate gained approximately 6 pounds of
body weight whereas the subjects who consumed the high-protein diet gained only
3.9 pounds. The researchers attributed the lesser amount of weight gain to extra
calories expended from protein thermogenesis.

Johnston and coworkers,*” evaluated the effects of ingesting a high-protein meal
on thermogenesis. Subjects were fed a control diet for 2 days followed by ingesting
either a high-protein or high-carbohydrate diet for 1 day. Resting energy expenditure
was determined following a 10-hour fast and 2.5 hours after ingesting breakfast,
lunch, and dinner. After 28 or 56 days, subjects repeated the experiment following
the alternate diet. Results revealed that energy expenditure was 100% greater 2.5
hours after ingesting the high-protein meals in comparison with the high-carbohydrate
meals. In addition, nitrogen balance was significantly greater when ingesting the
high-protein diet. These findings and others indicate that protein is a more ther-
mogenic macronutrient than fat and carbohydrate.

Leidy et al. evaluated the effects of acute and chronic consumption of higher
dietary protein on energy expenditure, macronutrient use, and appetite.3® Thirty-
eight women chronically consuming a 750 kcal/d energy-deficient diet with a protein
content of 30% or 18% for 9 weeks were tested. With chronic diet groups combined,
high protein led to lower respiratory exchange ratio, lower carbohydrate oxidation,
and higher fat oxidation compared with the lower protein group. High protein also
led to reduced self-reported postprandial hunger and desire to eat. The authors con-
cluded that during weight loss, thermogenesis and protein use appear to be influ-
enced by chronic protein intake.

© 2009 by Taylor & Francis Group, LLC



172 Nutritional Concerns in Recreation, Exercise, and Sport

B. WEIGHT Loss

To promote weight loss, dietitians generally recommend that people reduce caloric
intake by about 500 calories per day while increasing energy expenditure through
exercise. One of the primary ways dietitians recommend reducing caloric intake is
by cutting fat from the diet or replacing fat with carbohydrate.**-#' This approach
has been reported to be effective; however, it has recently been criticized for a sev-
eral reasons. First, the amount of fat in the diet of Americans has declined from
about 40-45% to 30-35% over the last 10-20 years.>* Nevertheless, the incidence
of obesity has reached epidemic proportions.?* The increased incidence of obe-
sity is believed to be due to a combination of overeating, a lack of exercise, and
an increased consumption of high-GI carbohydrates, which has been shown to
decrease insulin sensitivity.?*#1-4> Second, research has shown that people who fol-
low a high-carbohydrate, low-fat, and low-protein diet typically lose a significant
amount of muscle mass.*> Muscle mass has been positively correlated with resting
energy expenditure.*** Weight loss associated with decreases in muscle mass have
been shown to decrease resting energy expenditure and thereby make it difficult to
maintain weight loss. As a result, people who lose weight often regain the weight lost
within 1-2 years.*>#¢ Increasing dietary availability of protein and incorporating a
resistance training program while dieting has been reported to help maintain muscle
mass, resting energy expenditure,*’ and lipid oxidation.*® Theoretically, this should
allow an individual to maintain weight loss to a better degree over time. There is also
an emerging body of evidence indicating that ingesting a moderate- to high-protein,
low-fat diet promotes greater weight loss than a high-carbohydrate, low-fat diet. The
reason for this greater weight loss efficacy may be related in part to the thermogenic
properties of protein.

C. WieGHT GAIN

In addition to proper training, nutrition plays a key role in promoting muscle hyper-
trophy. This involves: (1) making sure you are eating enough calories of the proper
types of energy nutrients; (2) proper timing of nutrient intake; and (3) choosing effec-
tive sports supplements that will help to increase muscle mass. The most common
method of promoting weight gain is to maintain a slightly hypercaloric diet (e.g,
500-1,000 kcals/day higher than energy balance). To determine how much food
(calories) needs to be eaten on a daily basis, two pieces of information need to be
determined: the resting energy expenditure and the activity factor. Resting energy
expenditure (REE) is the amount of energy needed to sustain resting metabolic rate.
In simple terms, it represents the fewest amount of calories that you need to eat on
a daily basis to maintain resting metabolic functions. REE does not include energy
expenditure from daily living activities such as work or a structured exercise pro-
gram. Generally, the heavier and taller you are, the greater the daily REE, while age
decreases REE. For example, if you had a 30-year-old female who was 66 inches
tall (168 cm) and weighed 150 1bs (68 kg), her REE would be approximately 1482
kcal/day. Likewise, if you had a 25-year-old male who was 72 inches tall (183 cm)
and weighed 195 Ibs (89 kg), his estimated REE would be 2036 kcal/day. This would
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represent the minimum number of calories needed to maintain resting energy expen-
diture levels. Additional calories must be added for energy expenditure from work,
exercise, and nonexercise activity thermogenesis (NEAT) in order to estimate the
number of calories needed to energy balance (i.e., body weight).

D. WEIGHT MAINTENANCE

Numerous diets can help people lose weight. However, the challenge is to maintain
weight once it is lost. In our Curves research, we have found that women can main-
tain weight loss for up to a year if they continue to exercise, eat a well-balanced
diet, and apply one basic principle to weight management. This is to monitor body
weight and to follow a high-protein 1200 kcal/day diet for only 2-3 days if they gain
3 pounds of body weight. This basic principle allows people to eat a normal healthy
diet most of the time while needing to cut back on calories only every once in a while
if they gain weight. The same principle can be implemented for men following a
1600 kcal/day diet. Some of the dietary supplements discussed above can also help
stimulate energy expenditure or curb appetite. The main goal, though, is to not allow
oneself to regain weight once lost, which has proven to be difficult.*

Ill. DIETARY MACRONUTRIENT COMPOSITION

A. HiGH CARBOHYDRATE DIETS
1. Glycemic Index of Carbohydrates

The GI measures the rate of absorption and digestion of carbohydrates and their
effect on blood sugar levels. When you consume a high-GI food, blood glucose and
insulin levels increase, promoting storage of the glucose into the liver and muscle.>
The rise in insulin levels serves to increase carbohydrate oxidation while suppressing
fat utilization. For example, ingesting high-GI foods will result in a rapid increase
in blood sugar. Raising the blood sugar levels rapidly can result in rebound hypogly-
cemia because the body releases a hormone (insulin) to bring the blood sugar levels
back down to normal. Sometimes the body “over-compensates” with insulin and
releases too much too rapidly. This can result in hypoglycemia or low blood sugar.
Hypoglycemia can cause light-headedness, weakness, and tachycardia (elevated
heart rate) until the low blood sugar level is corrected. Ingestion of high-GI foods
and drinks prior to and during exercise should be avoided. Table 7.1 provides the GI
of a list of foods.

The sugars found in most sports drinks are glucose, fructose, and sucrose. Sucrose
is a disaccharide composed of glucose and fructose. Fructose is absorbed more
slowly when compared with glucose and therefore does not create the rapid swings in
blood sugar levels that may occur when ingesting high-GI foods. Ingesting a low-GI
carbohydrate about 45 min prior to exercise may result in a more stable blood sugar
level during the early stages of prolonged exercise.’! However, when either fructose
or glucose is ingested immediately before or during exercise, there appears to be
no difference in blood sugar and carbohydrate metabolism. Furthermore, neither
fructose nor glucose is better at sparing muscle glycogen.”> One drawback to the

© 2009 by Taylor & Francis Group, LLC



174 Nutritional Concerns in Recreation, Exercise, and Sport

TABLE 7.1
Glycemic Index of Common Foods

High Glycemic > 85 Medium Glycemic 60-85 Low Gylcemic < 60

Glucose* Banana Fructose
Sucrose Grapes Dates

Syrup Oatmeal Figs

Honey Orange juice Applesauce
Bagel Pasta Ice cream
Candy Rice Milk

Molasses Corn Yogurt

Potatoes Baked beans Vegetable soups
Raisins Potato chips Fruits

*Glucose is the baseline = 100

slow absorption of fructose is its tendency to draw water into the intestines. This
can result in cramping and diarrhea. Therefore, athletes should be cautious when
consuming fructose for the first time.

A number of studies have evaluated the effects of ingesting various forms of carbo-
hydrate on performance. In one study,” cyclists who ingested a low-GI meal 30 min
prior to exercise had lower blood glucose and insulin levels than subjects ingesting
a high-GI meal. In addition, cycling time to exhaustion was increased by 59% after
ingesting the low-GI meal. These findings suggest that ingesting a low-GI meal prior
to exercise would be advantageous from a metabolic and performance standpoint.
However, other studies have reported that blood glucose levels were maintained bet-
ter during high-intensity exercise in subjects who ingested high-GI foods rather than
low-GI foods with no significant effects on endurance performance.>* In support of
this latter contention, research conducted in our lab evaluated the effects of ingesting
different types of carbohydrate gels on endurance cycling performance.’®

In adouble-blind, randomized, and crossover study design, subjects ingested either
a placebo, a high-GI carbohydrate gel (sucrose) or a low- to moderate-GI gel (honey)
prior to and during a cycling time trial lasting about 3 hours. Results revealed that
ingestion of both carbohydrate gels improved performance with no adverse effects
from ingesting the higher-GI gel. These findings indicate that it really doesn’t matter
which type of carbohydrate is ingested prior to or during exercise. Although ingest-
ing low-GI foods or drinks may result in a more controlled release of blood sugar
into the blood prior to exercise, there just is not enough evidence to recommend that
athletes will improve their performance during prolonged exercise when they ingest
low-GlI foods or drinks.’"->°

For people trying to lose weight or promote health, it makes sense to consume
low-GI carbohydrates in the diet instead of high-GI carbohydrates. In this regard, the
metabolic effects of carbohydrates differ based on the GI. Consumption of high-GI
foods causes a greater increase in insulin, carbohydrate storage, and carbohydrate
utilization in comparison with consuming low-GI carbohydrates. High-GI diets have
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been associated with obesity, diabetes, and heart disease. Short-term intervention tri-
als suggest that simply replacing high-GI foods with low-GI foods promotes weight
loss and improves insulin sensitivity.>*3 For this reason, a growing number of obe-
sity researchers recommend that people consume a moderate- to high-carbohydrate
diet consisting primarily of low-GI foods. Athletes should also consume the majority
of carbohydrates in their diet in the form of low- to moderate-GI foods, except that
carbohydrate intake during and following exercise should consist of high-GI foods.
For the athlete, however, some additional points need to be made. First, research
has shown that exercise training improves insulin sensitivity and helps individuals
manage body weight.’® Therefore, people who engage in habitual exercise training
may not benefit as much from a low-GI diet as sedentary individuals or diabetics. It is
also possible that the potential negative effects on health of consuming high-GI foods
may be of less concern in trained individuals. Second, research has indicated that
ingesting high-GI foods with protein after exercise is important to enhance protein
and glycogen synthesis. The increased protein and glycogen synthesis is believed to
be due in part to an increase in insulin levels. Therefore, it is our view that healthy
athletes should not restrict intake of high-GI carbohydrates following exercise. There
is also evidence that ingesting a low- to moderate-GI carbohydrate prior to exer-
cise may improve carbohydrate availability and reduce protein degradation during
exercise. In addition, most sports drinks and sports gels are high-GI carbohydrates.
Research has consistently shown that ingestion of sports drinks or sport gels during
exercise may enhance prolonged exercise performance.®®-%* Based on this research,
we suggest the following dietary guidelines for athletes in consideration of the GI:

* Maintain an isoenergetic diet consisting of high carbohydrate (5-8 g/kg/
day), moderate protein (1.5-2.0 g/kg/day), and low fat (0.5-1.5 g/kg/day)
during training.

* Consume low- to moderate-GI carbohydrates during pre-exercise meals
and for snacks in between meals.

* Consume moderate- to high-GI carbohydrates during prolonged exercise,
depending on tolerance.

* Consume moderate- to high-GI carbohydrates with protein during post-
workout snacks and meals.

* Replacing high-GI foods with low-GI foods during low-calorie dieting
phases may assist in weight loss.

B. HicgH ProOTEIN DIETS

There is also evidence that consuming a low calorie diet with a greater percentage of
protein than traditionally recommended promotes greater weight loss (with or with-
out resistance training).** For example, Piatti and coworkers® evaluated the effects
on weight reduction, insulin sensitivity, and protein status in overweight females of
ingesting a low-calorie diet (800 kcal/day) consisting of either high-protein content
(35% carbohydrate, 45% protein, and 20% fat) or high-carbohydrate content (60%
carbohydrate, 20% protein, and 20% fat) for 21 days. Results revealed that subjects
lost a similar amount of weight in both groups. However, subjects consuming the
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high-protein diet maintained protein balance to a greater degree, lost less muscle
mass, and experienced an increase in insulin sensitivity in comparison with subjects
on the high-carbohydrate diet. Skov and colleagues®® evaluated the effects on weight
loss in 65 overweight men and women of consuming a high-carbohydrate (58% car-
bohydrate 12% protein, 30% fat) or high protein (carbohydrate 45%, protein 25%,
fat 30%) diet for 6 months compared with controls. Results revealed that subjects
consuming the high-protein diet lost 8.1 pounds (3.6 kg) more weight and 7.3 pound
(3.3 Kg) more fat than subjects ingesting the high-carbohydrate diet. In addition,
subjects ingesting the high-protein diet experienced a significant reduction in fasting
triglycerides and free fatty acids. In companion papers, these researchers reported
that increasing dietary intake of protein had no adverse effects on kidney function or
bone.5”%% The researchers concluded that replacing carbohydrate with protein is an
effective and safe means of promoting weight loss in obese subjects.

In another study, Baba and associates® evaluated the effects on weight loss, energy
expenditure, insulin, and blood lipids of ingesting a hypocaloric high-carbohydrate
(58% carbohydrate, 12% protein, and 30% fat) or high-protein (% carbohydrate, 45%
protein, and 30% fat) in 13 obese subjects who had elevated insulin levels diet for 28
days. The researchers reported that weight loss was greater (18.3 versus 13.2 pounds)
and resting energy expenditure and insulin levels were maintained to a greater degree
in the high-protein group. Parker and coworkers™ evaluated the effects of ingesting a
high- or low-protein weight loss diet on body composition, glucose, and insulin lev-
els in 54 obese subjects with type II diabetes. In this study, subjects ingested a 1600
kcal/day high-carbohydrate (55% carbohydrate, 16% protein, 26% fat) or high-pro-
tein (42% carbohydrate, 28% protein, 28% fat) for 8 weeks. The researchers reported
that subjects lost an average of 11.4 pounds during the dietary intervention. Females
ingesting the high-protein diet lost significantly more total (11.7 [5.3 kg] versus 6.2
[3.2 kg] pounds) and abdominal fat (2.9 [1.3 kg] versus 1.5 [.68 kg] pounds) com-
pared with those following a high-carbohydrate diet. Although similar trends were
observed, no differences were observed between types of diets in fat loss among
men. Collectively, these findings suggest that consumption of a high-protein, low-fat
diet may promote greater weight loss or maintenance of lean tissues and metabolic
rate than high-carbohydrate, low-fat diets.

Although high-protein, low-carbohydrate weight loss diets have been criticized
(particularly if they increase dietary fat intake), there is accumulating evidence that
they may be more effective in promoting weight loss and maintaining muscle mass
and resting energy expenditure than high-carbohydrate weight-loss diets.”! One pos-
sible reason for the greater efficacy of high-protein, low-fat diets is that protein has
greater thermogenic effects than carbohydrate and fat. To lose fat weight, the rec-
ommendation is to: (1) reduce caloric intake by 500 calories per day; (2) consume
primarily low- to moderate-GI carbohydrates; (3) participate in a strength training
program (30—60 minutes, 3—4 times per week); and, (4) consume a relatively low-
fat (20-30% of calories), moderate-carbohydrate (35—45% of calories), high-protein
(20—-40% of calories) diet. While this may not be advantageous for endurance ath-
letes involved in intense exercise training, an emerging body of evidence suggests
this approach may be more effective in promoting fat loss than traditional high-
carbohydrate, low-fat diets.
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C. Diet Foobs

Most of the products in this category represent low-fat, low-carbohydrate, high-protein
food alternatives. They typically consist of prepackaged bars, meal replacement
powders (MRP) or ready to drink (RTD) supplements. They are designed to provide
convenient foods or snacks to help people follow a particular low- or high-calorie
diet plan. In the scientific literature, diets that provide between 420 and 1000 calories
per day are known as very low-calorie diets (VLCDs). Pre-packaged food, MRPs, or
RTDs are often provided in VLCD plans to help people cut calories. In most cases,
VLCD plans recommend behavioral modification and that people start a general
exercise program. In addition, these foods can be added to existing diet plans to
increase caloric intake if weight gain is desired.

Research on the safety and efficacy of people maintaining VLCDs generally
indicate that they can promote weight loss. For example, Hoie et al.”? reported that
maintaining a VLCD for 8 weeks promoted a 12.7 kg (12.6%) loss in total body
mass, a 9.5 kg loss in body fat (23.8%), and a 3.2 kg (5.2%) loss in lean body mass
in 127 overweight volunteers. Leutholtz and colleagues’ reported that addition of a
exercise training program (900 kcal/week) while maintaining a VLCD (420 kcal/d
for 12 weeks) resulted in similar preservation of lean body mass at 40 and 60% of
the heart rate reserve (HRR). Kern and coworkers™ reported that a medically super-
vised weight loss program involving behavioral modification and VLCD promoted
a 23 kg weight loss and that 61% of subjects maintained at least 50% of the weight
loss at 12 and 18 months follow-up. These findings and others indicate that VLCDs
(typically using MRPs or RTDs) can be effective particularly as part of an exercise
and behavioral modification program. Most people appear to maintain at least half
of the initial weight lost for 1-2 years. However, recidivism rates are relatively high
in 2- to 5-year follow-up studies. Therefore, although these diets may help people
lose weight in the short term, it is essential people who use them follow good diet and
exercise practices to maintain the weight loss.

IV. WEIGHT MANAGEMENT SUPPLEMENTS

A. FAT BLOCKERS

A number of weight-loss products claim to help suppress appetite, reduce cravings
for foods, and interfere with fat absorption. The theoretical rationale of these supple-
ments is simple. If you’re not hungry or do not crave food, then you won’t be tempted
to overeat and it will be easier to stay on a diet. Additionally, if you block fat absorption,
less fat (and fewer calories) will be stored in the body. After reviewing these types of
supplements, we found five types of nutrients or supplements typically sold to sup-
press appetite and cravings or block fat absorption as follows.

1. Fiber

One of the oldest and most common methods of suppressing the appetite is to eat
a high-fiber diet. Ingesting high-fiber foods (fruits, vegetables) or fiber supplements
increases the feeling of fullness (satiety). They typically allow you to feel full while
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ingesting fewer calories. Theoretically, maintaining a high-fiber diet may serve to
help decrease the amount of food you eat. In addition, high-fiber diets or supple-
ments have also been purported to help lower cholesterol and blood pressure as well
as help diabetics manage glucose and insulin levels. Some of the research conducted
on high-fiber diets indicates that they provide some benefit, particularly in diabetic
populations. For example, Raben et al.”> reported that subjects maintaining a low-fat
(26%), high-fiber (3.9 g/MJ) diet for 11 weeks lost 1.3 kg of weight and 1.6 kg of
fat. Other studies report either no significant effects or modest amounts of fat loss.
Collectively, these findings suggest that maintaining a high-fiber diet may have some
health benefit but do not appear to promote marked weight or fat loss.

2. Gymnema sylvestre

Gymnema sylvestre is purported to affect glucose and fat metabolism as well as
inhibit sweet cravings. In support of these contentions, some recent data have been
published by Shigematsu and colleagues’’” indicating that short- and long-term oral
supplementation of Gymnema sylvestre in rats fed normal and high-fat diets may
have some positive effects on fat metabolism, blood lipid levels, and weight gain or
fat deposition. Although these findings are interesting, we are aware of no published
studies that have evaluated the effects of Gymnema sylvestre supplementation on
lipid metabolism or body composition in humans. Consequently, more research is
needed before conclusions can be drawn.

3. Chitosan

Chitosan has been marketed as a weight-loss supplement for several years. It is pur-
ported to inhibit fat absorption and lower cholesterol. Several animal studies report
decreased fat absorption, increased fecal fat content, and lower cholesterol following
chitosan feedings.”®” However, the effects in humans appear to be less impressive.
For example, although there are some data suggesting that chitosan supplementa-
tion may lower blood lipids in humans,?® other studies report no effects on fecal
fat content® or body composition alterations®>*3 when administered to people fol-
lowing their normal diet. It seems that people may be prone to eat more when they
know they are taking a fat-blocking supplement, much as people tend to eat more
when they consume low-fat foods. Whether chitosan may promote greater amounts
of fat loss when people are put on a controlled diet is unclear.

B. THERMOGENICS

Thermogenics are supplements designed to stimulate metabolism, thereby increas-
ing energy expenditure and promoting weight loss. They typically contain the “ECA”
stack of ephedra alkaloids (e.g., Ma Haung, 1R,2S Nor-ephedrine HCI, Sida cordifo-
lia), caffeine (e.g., Gaurana, Bissey Nut, Kola) and aspirin/salicin (e.g., willow bark
extract). More recently, other potentially thermogenic nutrients have been added
to various thermogenic formulations. For example, thermogenic supplements may
also contain synephrine (e.g., Citrus aurantium, bitter orange), calcium and sodium
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phosphate, thyroid stimulators (e.g., guggulsterones, L-tyrosine, iodine), cayenne
and black pepper, ginger root.

A significant amount of research has evaluated the safety and efficacy of some of
these thermogenic nutrients. For example, Boozer et al.® reported that 8 weeks of
ephedrine (72 mg/d) and caffeine (240 mg/d) supplementation promoted a 4.0 kg loss
in body mass and a 2.1% loss in body fat with minor side effects. Molnar and asso-
ciates® reported that overweight children treated for 20 weeks with ephedrine and
caffeine observed a 14.4% loss in body mass and a 6.6% decrease in body fat with
no differences in side effects. Interestingly, Greenway and colleagues® reported that
ephedra and caffeine supplementation was a more cost-effective treatment for reduc-
ing weight, cardiac risk, and LDL cholesterol than several weight-loss drugs (fenflu-
ramine with mazindol or phentermine). Finally, Nazar and coworkers®’ reported that
4 weeks of phosphate supplementation increased resting metabolic rate by 12—19%.
Less is known about the safety and efficacy of synephrine, thyroid stimulators, cay-
enne or black pepper, and ginger root. Since the FDA banned the provision of ephe-
dra in dietary supplements, most thermogenic supplements contain a combination of
green tea extract, gaurana (naturally occurring caffeine), or willow bark (a naturally
occurring form of aspirin). It is our recommendation that you consult with your
physician before considering use of any thermogenic supplement that may contain
various central nervous system stimulants. Nevertheless, research has shown that use
of various types of thermogenic-based supplements can promote weight loss.

C. LyporyTic NUTRIENTS

A number of nutrients have been purported to increase fat metabolism (lipolysis).
The following briefly describes the theoretical rationale and reported effects of the
most common lypolytic nutrients and herbs found in weight loss supplements. Other
purported lypolytic nutrients are described in Table 7.2.

1. Betaine

Betaine is a compound involved in the metabolism of choline and homocysteine. A
number of studies have evaluated the effects of betaine feedings on liver metabo-
lism, fat metabolism, and fat deposition in animals.”3>** There has also been inter-
est in determining whether betaine supplementation may help lower homocysteine
levels, which have recently been identified as a marker of risk to heart disease.> For
this reason, betaine supplements have been marketed as a supplement designed to
promote heart health as well as weight loss. Although the potential theoretical ratio-
nale of betaine supplementation is interesting, it is currently unclear whether betaine
supplementation may serve as an effective weight-loss supplement in humans.

2. Calcium Pyruvate

Calcium pyruvate is another supplement that hit the scene about 5 or 6 years ago with
great promise. The theoretical rationale was based on studies from the early 1990s
that reported that calcium pyruvate supplementation (16—25 g/d with or without dihy-
droxyacetone phosphate [DHAP]) promoted fat loss in overweight or obese patients
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TABLE 7.2

Other Purported Weight Loss Supplements.

Nutrient
Cayenne (Capsaicin)

Citrus aurantium

5-HTP

Sesamin

Hoodia Gordonii

Glycomacropeptides

Phosphatidylserine

Evodiamine

Tetradecylthioacetic Acid

Phaseolus vulgaris Extract

Guggul Lipids

Octopamine

Salvia sclarea

Yohimbine

Theoretical Ergogenic Value

Capsaicin promotes thermogenesis, reduces hunger, and may trigger fat

breakdown. Many weight-loss supplements contain various peppers.$$3
A naturally occurring source of synephrine. Through its stimulation of

specific adrenergic receptors (B-3, but not B-1, B-2 or a.-1), synephrine
is theorized to stimulate fat metabolism without the negative
cardiovascular side effects.May have stimulant properties that can assist
in increasing metabolism and/or fat oxidation.

5-Hydroxytryptophan (5-HTP) is an amino acid that is the intermediate
step between tryptophan and serotonin. It is believed to be an appetite
suppressant and cause weight loss. %

Sesamin is a naturally occurring lignan that is present in pure sesame oil.
Sesamin has been suggested to serve as a fat oxidizer.

Hoodia Gordonii is believed to be a powerful appetite suppressant with
some anecdotal evidence. A number of weight loss supplements contain
Hoodia, although more research is needed.

Glycomacropeptides are low molecular weight peptides found in
specially processed whey proteins. Stimulate the release of CCK
(cholecystokinin), a hormone that signals the brain when one is full.
Thus, they might have appetite suppression capabilities.

One of the best known and most effective ways to lower excess cortisol
levels is with the nutrient Phosphatidylserine. Lower cortisol levels are
associated with weight loss.

This herbal extract is a mild stimulant that has shown positive energy and
diuretic characteristics. Evodiamine also has the unique ability to
significantly elevate the production of body heat and increase resting
core temperature.®!

Tetradecylthioacetic acid (TTA) is a non-beta-oxidizable fatty acid
analog that potently regulates lipid homeostasis.

The key ingredient to look for in a Carb Blocker type product is
Phaseolus vulgaris extract because this is the ingredient that has been
shown to block the absorption of carbohydrates in the digestive tract.

Guggul has long been known to normalize lipid metabolism.

Octopamine HCI, also known as Norsynephrine HCl is an interesting
compound is that it is a naturally occurring B3 adrenergic agonist.

Salvia sclarea is also the primary ingredient in Norambrolide, an
ingredient claimed by the herbal-supplement industry to promote fat
catabolism and therefore weight loss.

Increases testosterone levels, improving muscle mass and strength.
Purported to raise levels of norepinephrine to stimulate metabolism and
cause weight loss.??
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following a medically supervised weight-loss program.?®-% Although the mechanism
for these findings was unclear, the researchers speculated that it might be related to
appetite suppression or altered carbohydrate and fat metabolism. Because calcium
pyruvate is very expensive, several studies have attempted to determine whether
ingesting smaller amounts of calcium pyruvate (6—10 g/d) affect body composition
in untrained and trained populations. Results of these studies are mixed. Kalman
and colleagues® reported that calcium pyruvate supplementation (6 g/d for 6 weeks)
significantly decreased body weight (1.2 kg), body fat (-2.5 kg), and percent body
fat (-2.7%). However, Stone and colleagues,'* reported that pyruvate supplementa-
tion did not affect hydrostatically determined body composition during 5 weeks of
in-season college football training. In our study,'*! we found that 30 days of calcium
pyruvate supplementation (10 g/d) in moderately overweight females participating
in supervised exercise program produced only a modest change in body fat (—0.3
kg). Although some supportive data indicates that calcium pyruvate supplementa-
tion may enhance fat loss when taken at high doses (6—16 g/d), there is no evidence
that ingesting the doses typically found in pyruvate supplements (0.5-2 g/d) has any
affect on body composition.

3. Carnitine

Carnitine serves as an important transporter of fatty acids from the cytosol into the
mitochondria of the cell. Theoretically, increasing cellular levels of carnitine would
thereby enhance transport of fats into the mitochondria and fat metabolism. For this
reason, L-carnitine has been one of the most common nutrients found in various
weight-loss supplements. Over the years, a number of studies have been conducted on
the effects of L-carnitine supplementation on fat metabolism, exercise capacity and
body composition. Although some data shows that L-carnitine supplementation may
be beneficial for some patient populations, most well controlled studies indicate that
L-carnitine supplementation does not affect muscle carnitine content, fat metabo-
lism, or weight loss in overweight or trained subjects.'?> For example, Villani et al.'%
reported that L-carnitine supplementation (2 g/d for 8 weeks) did not affect weight
loss, body composition, or markers of fat metabolism in overweight women. In our
view, although there may be some therapeutic and ergogenic value to L-carnitine
supplementation (e.g., to enhance tolerance to training), it appears to have little value
as a fat-loss supplement. This may be due, in part, to the manner in which carnitine
is ingested. New fat-melt tablets have been reported to have better bioavailability and
absorption characteristics, which may enhance the impact on fat oxidation.

4. Chromium

Interest in chromium as a potential body composition modifier emanated from
studies suggesting that chromium may enhance insulin sensitivity and glucose dis-
posal in diabetics. Initial studies reported that chromium supplementation during
resistance training improved fat loss and gains in lean body mass as determined by
skinfold measurements.'** However, recent studies using more accurate methods of
assessing body composition have mostly reported no effects on body composition in
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healthy nondiabetic individuals. For example, Walker and colleagues'® reported that
chromium supplementation (200 pg/d for 14 weeks) did not affect body composition
alterations in healthy wrestlers during training. Likewise, Lukaski and associates!%®
reported that 8 weeks of chromium supplementation during resistance training did
not affect strength or dual energy x-ray absorptiometry (DEXA) determined body
composition changes. However, Crawford and coworkers!®’ reported that niacin
bound chromium supplementation (600 pg/d for 8-wks) promoted a significant loss
in body fat and maintenance in muscle mass in 20 overweight African-American
women following a modest diet and exercise program. It is our view that, although
most studies indicate that short-term (4-12 weeks) chromium supplementation
(200-400 pg/d) does not appear to significantly affect body composition in athletes
undergoing training, there may be some benefit in diabetics or overweight popula-
tions that deserves additional study.

5. Forskolin (Coleus forskholii)

Forskolin is another relatively new weight loss supplement to hit the scene. Forskolin
is a plant native to India that has been used for centuries in traditional Ayurvedic
medicine, primarily to treat skin disorders and respiratory problems.!”® Considerable
research has evaluated the physiological and potential medical applications of for-
skolin over the past 25 years. It has been reported to reduce blood pressure, increase
the heart’s ability to contract, help inhibit platelet aggregation, improve lung func-
tion, and aid in the treatment of glaucoma.!%®!% With regard to weight loss, forskolin
has been reported to increase cyclic AMP and thereby stimulate fat metabolism. 011!
Theoretically, forskolin may therefore serve as an effective weight loss supplement.
In support of this theory, Sabinsa Corporation (the principle source for forskolin
in the U.S.) reported that forskolin supplementation (250 mg of a 10% forskolin
extract taken twice daily for 8 weeks) administered in an open label manner to six
overweight females promoted a 7.25 1b loss in body weight and a 7.7% decrease
in bioelectrical impedance (BIA) determined body fat.!'? Although this was not a
placebo-controlled, double-blind study and BIA is not the most accurate method
of assessing body composition, these preliminary findings provide some support to
contentions that forskolin supplementation may promote fat loss. However, additional
well-controlled research is needed before any conclusions can be made.

6. Conjugated Linoleic Acids (CLA)

CLA are essential fatty acids that have been reported to possess significant health
benefits in animals. In terms of weight loss, CLA feedings to animals have been
reported to markedly decrease body fat accumulation.'3!"* Consequently, CLA has
been marketed as a health and weight-loss supplement since the mid 1990s. Although
basic research in animals is very promising, the effect of CLA supplementation in
humans is less clear.!> Some data suggest that CLA supplementation may modestly
promote fat loss or increases in lean mass.'%-'" However, the majority of studies
indicate that CLA supplementation (1.7-12 g/d for 4 weeks—6 months) has limited to
no effects on body composition alterations in untrained or trained populations.'®-124
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Recent longer-term CLA studies have shown more promising results. Consequently,
CLA supplementation may have promise to promote general health as well as help
manage body composition.

7. Dehydroepiandrosterone (DHEA) and 7-Keto DHEA

Dehydroepiandrosterone (DHEA) and its sulfated conjugate DHEASs represent the
most abundant adrenal steroids in circulation.'”> Although DHEA is considered a
weak androgen, it can be converted to the more potent androgens testosterone and
dihydrotestosterone in tissues. In addition, DHEAs can be converted into andros-
tenedione and testosterone. DHEA levels have been reported to decline with age in
humans,'?¢ a decline that has been associated with increased fat accumulation and
risk to heart disease.””” Because DHEA is a naturally occurring compound, it has
been suggested that dietary supplementation of DHEA may help maintain DHEA
availability, maintain or increase testosterone levels, reduce body fat accumulation,
or reduce risk to heart disease as one ages.'”>!?” Although animal studies have gen-
erally supported this theory, the effects of DHEA supplementation on body com-
position in human trials have been mixed. For example, Nestler and coworkers!??
reported that DHEA supplementation (1,600 mg/d for 28 days) in untrained healthy
males promoted a 31% reduction in percentage of body fat. However, Vogiatzi and
associates!'” reported that DHEA supplementation (40 mg/d for 8 weeks) had no
effect on body weight, percent body fat, or serum lipid levels in obese adolescents.
More recently, 7-keto DHEA has been marketed as a potentially more effective
form of DHEA. 7-keto DHEA is a precursor to DHEA that is believed to possess
anabolic and lypolytic properties. Although a number of studies have evaluated the
physiological effects of 7-keto DHEA on a variety of mechanisms, it is currently
unclear whether 7-keto DHEA affects body composition alterations during training.
However, additional research is needed before definitive conclusions can be made.

8. Garcinia cambogia (HCA)

HCA is a nutrient that has been hypothesized to increase fat oxidation by inhibit-
ing citrate lyase and lipogenesis. Theoretically, this may lead to greater fat burning
and weight loss over time. Although there is some evidence that HCA may increase
fat metabolism in animal studies, there is little to no evidence showing that HCA
supplementation affects body composition in humans. For example, Ishihara et al.!3°
reported that HCA supplementation spared carbohydrate utilization and promoted
lipid oxidation during exercise in mice. However, Kriketos and associates'*' reported
that HCA supplementation (3 g/d for 3 days) did not affect resting or post-exercise
energy expenditure or markers of lipolysis in healthy men. Likewise, Heymsfield
and coworkers'3? reported that HCA supplementation (1.5 g/d for 12 weeks) while
maintaining a low-fat, high-fiber diet did not promote greater weight or fat loss than
subjects on placebo. Finally, Mattes and colleagues'* reported that HCA supplemen-
tation (2.4 g/d for 12 weeks) did not affect appetite, energy intake, or weight loss.
These findings suggest that HCA supplementation does not appear to promote fat
loss in humans.
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9. Phosphatidyl Choline (Lecithin)

Phosphatidyl choline (PC) is considered an essential nutrient that is needed for cell
membrane integrity and to facilitate the movement of fats in and out of cells. It is also a
component of the neurotransmitter acetylcholine, and is needed for normal brain func-
tioning, particularly in infants. For this reason, PC has been purported as a potentially
effective supplement to promote fat loss as well as improve neuromuscular function.
Some data from animal studies supports the potential value of PC as a weight loss sup-
plement."3* There has also been some interest in determining the potential ergogenic
value of choline supplementation during endurance exercise.!*> However, it is currently
unclear whether PC supplementation affects body composition in humans.

D. PsycHoTtrOPIC HERBS

This is a relatively new type of weight-loss-supplement category. Such herbs
often contain elements such as St. John’s wort, kava, ginkgo biloba, ginseng, and
L-tyrosine. More recently, Hoodia gordonii has been marketed as a powerful appe-
tite suppressant. They are believed to serve as naturally occurring antidepressants,
relaxants, and mental stimulants. The theoretical rationale regarding weight loss is
that they may help people fight depression or maintain mental alertness while diet-
ing. Although a number of studies support their potential role as naturally occurring
psychotropics or stimulants, the potential value in promoting weight loss is unclear.

1. Hoodia gordonii

Hoodia (hoodia, xhooba, khoba, Ghaap, hoodia cactus, South African desert cactus )
is a cactus-like plant that grows primarily in the deserts of South Africa, Botswana,
Namibia, and Angola. In the last few years, hoodia has been heavily marketed for
weight loss and has become immensely popular. The plant has been eaten for centu-
ries by the Kalahari bushmen living in the area, reportedly to prevent hunger during
long journeys. South African researchers applied for a patent for the use of this com-
pound as a diet aid and licensed it to a British pharmaceutical company. According
to recent CBS and BBC news reports, companies have spent millions of dollars in
research on Hoodia and conducted a study of its effects on human volunteers. In one
study, they report that obese volunteers who took Hoodia ended up eating about 1000
calories per day less than those who did not take the supplement. However, no clini-
cal research has been published that assessed the effectiveness of Hoodia on appetite
suppression and weight loss.

E. Diuretics

The theoretical basis for use of herbal diuretics primarily stems from several studies
that have evaluated the effects of various herbal compounds on markers of diuresis in
rats. For example, Grases and colleagues'?¢ evaluated the effects of infusion of seven
different herbs (Verbena officinalis, Lithospermum officinale, Taraxacum officinale
[dandelion], Equisetum arvense, Arctostaphylos uva-ursi, Arctium lappa, and Silene
saxifraga) on markers of kidney stone formation and diuresis in female rats. The
researchers reported that although more effective substances were available, infusion
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of these herbs promoted some beneficial effects on diuresis and risk factors of kidney
stone formation. Beaux and colleagues'?” reported that administration of aqueous
extracts of Sambucus nigra and Arctostaphylos uva-ursi and hydroalcohol extracts
of Orthosiphon stamineus and Hieracium pilosella to rats increased urine output.
Additionally, they reported that O. stamineus and S. nigra increased urinary sodium
excretion. Similarly, Hao and colleagues'*® reported that oral ingestion of linialol-
ing (KLP) increased diuresis and urine volume in rats. Hnatyszyn and coworkers'*
reported that oral ingestion of 400 mg/kg of Phyllanthus sellowianus Muell. Arg
(Euphorbiaceae) increased urine output in test animals with no apparent side effects.
Collectively, these studies provide some scientific basis that certain herbs may pos-
sess diuretic properties—at least in animals.

It is currently less clear whether herbal diuretics can effectively promote diuresis and
weight loss in humans. To our knowledge, researchers from the University of Utah who
presented a pair of research papers at the 2001 American College of Sports Medicine
meeting were the first to examine this relationship. In this regard, Dolan and colleagues'
and Crosby and colleagues'#! evaluated the effects of diuretic medicines and herbs on
weight loss, dehydration, and metabolic rate. Their rationale was based on observations
from pilot work indicating that diuretic-induced dehydration (3—5%) served to decrease
resting metabolic rate (RMR). To further examine this relationship, these researchers
evaluated the effects of administering furosemide (a common diuretic medicine) and
dietary supplements containing the herb pamabron and dandelion or horsetail extract
on markers of hydration and energy expenditure in 14 healthy female subjects. In the
first study,*” the subjects spent 2 days and nights in the laboratory. On the first night,
subjects were administered 1 mg/kg of furosemide. Dietary intake and sleep times were
controlled. Markers of dehydration, urine output, resting energy expenditure, and respi-
ratory exchange ratio (a marker of carbohydrate and fat metabolism) were obtained on
the 2 subsequent mornings following administration of the diuretic. Subjects repeated
the experiment on a separate occasion without receiving the diuretic in order to provide
a control trial. Results revealed that, in comparison with the control trial, furosemide
administration promoted a significant amount of dehydration (-3.1%), greater urine
output, a decrease in mean resting energy expenditure (control 1304 vs. diuretic 1253
kcal/day), and a higher respiratory exchange ratio (control 0.94 vs. diuretic 0.98). These
findings suggested that diuretic-induced dehydration served to decrease resting energy
expenditure and fat oxidation in these subjects.

Although more research is needed, it appears that short-term use of herbal diuret-
ics may mildly promote diuresis, leading to marginal amounts of fluid and weight
loss (about 0.5-1 1bs [.22—.45 Kg] in the first day). Whether prolonged use of herbal
diuretics may be more beneficial in promoting weight loss is not clear. Nevertheless,
claims that herbal diuretics can “shred off” undesired water weight appear to be
based more on hype than on available scientific evidence.

F. WEIGHT GAIN AND MuscLE MASs

The last thing we consider when working with athletes trying to gain muscle mass
is use of dietary supplements. Even then, we recommend them only after the ath-
lete is incorporating the principles above and will recommend only supplements

© 2009 by Taylor & Francis Group, LLC



186 Nutritional Concerns in Recreation, Exercise, and Sport

research has shown to be effective in promoting lean mass during training. If you
are an athlete competing in a sport, one also has to consider whether the nutrients
or supplements are permissible to be used or provided to the athlete. The U.S.
National Collegiate Athletic Association (NCAA), for example, has a list of supple-
ments that are permissible and non-permissible for a team to provide to their ath-
letes. Athletes can take the supplements on the non-permissible list but they have
to purchase them on their own. Care should also be taken to ensure there are no
banned substances in a particular nutritional supplement for an athlete. While there
are numerous supplements available, we typically recommend only a few.

1. Protein

Research has indicated that athletes undergoing intense training may need additional
protein in their diet to meet protein needs (i.e., 1.5-2.0 grams/day). Athletes who do not
ingest enough protein may slow recovery and training adaptations.'*> Although not com-
pletely necessary, we have found that commercially available carbohydrate and protein
supplements offer a convenient way to ensure that an athlete is meeting carbohydrate and
protein needs.'*> However, ingesting additional protein beyond that necessary to meet
protein needs does not appear to promote additional gains in strength and muscle mass.

The research focus over recent years has been to determine whether different
types of protein (e.g., whey, casein, soy, colostrum, etc.) may have varying effects
on the physiological, hormonal, or immunological responses to training. Different
types of protein offer some advantages over others. For example, whey and soy pro-
tein have a very high proportion of essential amino acids (EAA), are digested at a
faster rate, and lead to greater increases in protein synthesis than other forms of
protein. We typically recommend that athletes wanting to gain muscle mass ingest
10-20 grams of a fast-digesting protein (i.e., whey) several times throughout the
day to sustain protein synthesis. In addition, they should consume a dairy product
(yogurt, skim milk, etc.), milk protein, or a combination of whey and casein prior
to going to bed to provide both fast- (whey) and slow- (casein) digesting proteins. In
this way, EAA is provided for protein synthesis (whey) as well as prolonged release
of amino acids (casein), which can reduce catabolism during prolonged fasting peri-
ods. Ingesting protein with additional leucine or glutamine can also provide some
benefits in optimizing protein synthesis and maintaining a healthy immune system
particularly during heavy training periods.

Finally, timing of protein intake is critical. Therefore, we typically will have ath-
letes ingest a carbohydrate/protein shake or bar within 30 minutes after workouts
and competition. Preferably, the protein should be whey that can quickly release
EAA into the blood and promote post-exercise protein synthesis or be a good source
of leucine and glutamine.'#*

2. Creatine

Creatine is one of the most effective nutritional supplements available to athletes to
increase high intensity exercise capacity and muscle mass during training. Numerous
studies have indicated that creatine supplementation increases body mass or muscle mass
during training.'>-% Gains are typically 2-5 (0.9 to 2.2 kg) pounds greater than controls
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during 4-12 weeks of training.!6-14” The gains in muscle mass appear to be a result of an
improved ability to perform high-intensity exercise, enabling an athlete to train harder
and thereby promote greater training adaptations.™® In addition, many cellular level
changes have been shown to occur as a result of creatine supplementation.'> We have
found that adding 5—-8 grams of creatine to vitamin- and mineral-fortified carbohydrate/
protein shakes during intentional weight-gain periods is the most effective way to pro-
mote gains in muscle mass. For example, most of our initial creatine studies added 5-8
grams of creatine to a typical carbohydrate/protein meal replacement shake.!>153
Athletes ingesting three carbohydate/protein/creatine shakes a day during 4-12
weeks of heavy resistance and conditioning training gained 5-8 pounds of muscle
mass (about 2.5-3.5 kg). These gains were significantly greater than training without
nutritional supplementation (controls), ingesting iso-energetic amounts of carbohy-
drate, or ingesting isoenergetic and hypercaloric amounts of carbohydrate and protein
supplements. While we now don’t believe it necessary to ingest as much creatine as
we utilized in these initial studies (i.e., 20-25 grams/day following the initial loading
period), this approach did promote the greatest gains in strength and muscle mass
during training. Consequently, when athletes want to gain muscle mass, we usually
recommend they take 2—3 carbohydrate/protein shakes per day with 1 small teaspoon
of creatine (about 3—5 grams) during heavy resistance training until their goal weight is
achieved. In our experience, this has proven to be a highly effective way of promoting
gains in muscle mass during training both in the clinical research trials we have con-
ducted and from practical experience working with athletes needing to gain weight.

3. B-hydroxy B-methylbutyrate (3-HMB)

In addition to protein and creatine, some of our athletes have also added calcium
B-HMB to their weight-gain nutritional strategies. HMB is a metabolite of the amino
acid leucine. Leucine and metabolites of leucine have been reported to inhibit pro-
tein degradation.’>!15 Research has shown that adding HMB to animal feed pro-
moted greater gains in fat-free mass and lower body fat. In humans, supplementing
the diet with 1.5-3 grams/day of calcium HMB has been reported to increase muscle
mass and strength in untrained subjects initiating training'-'3® and in the elderly.'®®
Gains in muscle mass are typically 0.5-1 kg greater than controls during 3—6 weeks
of training. There is also recent evidence that HMB supplementation may delay the
onset of anaerobic threshold!®® and strength gains during training.'®! In addition,
there is evidence that HMB supplementation may lessen the catabolic effects after
performing a 20-km run'®? and following eccentrically induced muscle damage.'®3
Thus, HMB may help athletes recover from intense training. Finally, there is evi-
dence that co-ingesting HMB with creatine'®* promoted greater gains in strength and
muscle mass in comparison with supplementing the diet with a placebo and creatine
alone. In support of this theory, Nissen and colleagues'®> conducted a meta-analysis
on various nutritional strategies purported to promote increases in muscle mass and
found that creatine and HMB were the only strategies that were found to signifi-
cantly increase lean muscle mass during training.

However, it should be noted that not all studies support contentions that HMB
supplementation increases fat-free mass during training. We conducted two studies
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on HMB. 16167 Ty the first study,'®® HMB (3 grams/day) was added to a low-carbohydrate
sports drink and compared with the same drink containing a placebo, creatine, or a
combination of creatine with HMB. We found no significant effects of HMB supple-
mentation on training adaptations when taken alone or with creatine. In a follow-up
study, we added 3 or 6 grams/day of HMB to a vitamin- and mineral-fortified car-
bohydrate and protein MRP supplement. Subjects supplemented with the MRP three
times per day during resistance training. We found a slight increase in mean fat-
free mass (up to 0.9 kg) but these differences were not significantly different among
groups. It should also be noted that the gains observed were not nearly as impressive
as we had seen when adding creatine to MRPs. Other studies support these find-
ings in that they report no significant effects of HMB supplementation on muscle
hypertrophy during training.!6:168-170 The discrepancy in results in untrained versus
trained subjects may be due to a greater variability in response of HMB supplemen-
tation among athletes.!%-167170 Consequently, while there are some advantages from
HMB supplementation described in the literature, the effects on body composition is
unclear, particularly in trained subjects. For this reason, we do not recommend that
our athletes take HMB. If athletes want to try it, we tell them they should do so only
after first implementing the other previously described strategies.

4. Beta-Alanine

While the three sports supplements mentioned have quite a few scientific studies
supporting their effectiveness in increasing lean body mass, the sports supplement
beta-alanine is relatively new and promising but does not yet have multiple scien-
tific studies supporting its muscle-building potential. One study that was recently
published by Hoffman et al.!”! is very promising and provides some scientific evi-
dence for adding beta-alanine supplementation for those wishing to increase lean
body mass. In this study, collegiate football players participating in a 10-week
resistance training program ingested a placebo, creatine, or creatine plus beta-
alanine. The most interesting finding from this study was that the creatine plus
beta-alanine resulted in significant increases in lean body mass as compared with
the placebo- and creatine-only groups. Because this is the only study showing
potential for beta-alanine supplementation for increasing lean body mass, one must
avoid making any definite conclusions about the effectiveness of this supplement
until more studies are conducted that demonstrate similar findings. Also, future
studies investigating the effects of beta-alanine alone (without combining it with
creatine) will be very interesting. Be on the lookout, as this supplement is becom-
ing very popular and may become the “new” creatine in the years to come.

V. FUTURE RESEARCH NEEDS

The clinical study of weight management in athletes has many hurdles and roadblocks
to overcome. The difficulty in the study of dietary intervention is simply compliance.
Without a controlled environment, such as that of a hospital, researchers are left to
rely on dietary recall. One of the primary issues in weight management research
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is that of diet records. Over the last several years, the importance of evaluation of
nutritional intervention with exercise has come to be a top priority. However, one the
largest sources of error is dietary recall. In a perfect world, researchers could moni-
tor all food intake for their study participants. This is logistically impossible, unless
your participants are in-house. Thus, all conventional methods of dietary adherence
depend on subjects’ reports. Most labs lack independent biochemical, physiological,
or genetic measures of dietary intake. Therefore, we do not know if subjects actu-
ally follow the diets being tested and compared. We also know that most subjects in
weight-loss studies under-report their energy intake and its components.'”> The sad
reality is that we do not actually know if the results of any current diet trials are valid
or reliable. Winkler'” has identified three ways in which researchers can help control
diet intervention studies: (1) biomarkers of intake for energy, macro- and micro-
nutrients and other food components relevant to weight gain or loss; (2) field measur-
ing instruments that are cheap, rapid, painless, non-intrusive, and self-administrable;
and (3) electronic data transmission systems that preclude subjects’ ability to misre-
port. Nonetheless, several areas of research are needed:

Studies that investigate biological mechanisms underlying weight loss and
weight gain in athletes (neuroendocrine, endocrine, and gastrointestinal
function, muscle and adipocyte biology, etc.)

Studies to elucidate the role of energy expenditure during weight management,
including voluntary physical activity, thermic effect of feeding, nonexercise-
activity thermogenesis, sympathetic/parasympathetic nervous system function

Studies of the effects of age-related changes on responses to weight main-
tenance interventions, including effects on body composition, metabolic
regulation, and other physiologic responses

Studies of dietary strategies to enhance long-term weight maintenance (such as meal
replacements, alterations in nutrient density or macronutrient composition)

Studies using approved or investigational weight managment agents to
enhance weight maintenance

Clinical studies evaluating the impact of differing types, intensity, and fre-
quency of physical activity on long-term weight maintenance

VI. CONCLUSIONS

Many athletes seek to improve performance by improving body composition. Weight
management is paramount for optimal performance. Most people can increase mus-
cle mass if they incorporate basic training and nutritional practices. We believe that
this can best be accomplished if athletes determine their body composition so that
results can be monitored; engage in heavy resistance training; consume a slightly
hypercaloric diet with sufficient protein; properly time nutrient intake; and, consider
using only dietary supplements that research has shown to be effective in promoting
significantly greater gains in muscle mass during training. While there are many
dietary supplements purported to promote gains in muscle mass, our experience
and research has indicated that ingesting a quality carbohydrate/protein supplement
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containing a high proportion of EAA as well as creatine in the manner described is
highly effective in optimizing muscle-mass gains during training. If one is engaged
in heavy training, adding leucine, glutamine, and possibly HMB to the post-exercise
nutritional regimen may also help optimize recovery and/or help the athlete tolerate
heavy training demands.

It is necessary for some athletes to lose weight. To lose fat weight, our recommen-
dation is to reduce caloric intake by 500 calories per day, consume primarily low- to
moderate-GI carbohydrates, participate in a strength-training program (30—-60 min-
utes, 3—4 times per week), and consume a relatively low-fat (20-30% of calories),
moderate-carbohydrate (35-45% of calories), high-protein (20-40% of calories)
diet. In addition, numerous nutritional and herbal products are marketed to promote
weight loss. Most have a theoretical basis for use but little data supporting safety
and efficacy in weight loss in humans. A number are heavily marketed despite data
indicating that they do not affect body composition in humans at the dosages recom-
mended. The available research suggests that the most effective weight-loss supple-
ments appear to be those that help individuals manage a low-caloric diet (e.g., diet
foods, MRPs, RTDs) and thermogenic supplements. High-fiber diets may also help
manage weight loss but to a lesser degree. There is good theoretical rationale and
some supportive data indicating that phosphate, green tea extract, pyruvate/DHAP
(at high doses), and long-term use of CLA may offer some benefit to weight loss.
Remember that the best way to increase fat metabolism and promote weight loss is
through exercise and eating a well balanced but slightly hypocaloric diet.
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I. INTRODUCTION

Endurance events include a wide variety of competitions, including marathon runs,
Olympic distance triathlons, cross country skiing races, and long road races and moun-
tain cycling events. Ultra-endurance events involve races that last from 4 to 24 hours
and include running > 30 to 100 miles (48 to 160 km), cycling > 100 to 300 miles (160 to
480 km), and triathlons ranging from the half-Ironman distance to the full [ronman dis-
tance of a 2.4-mile (38-km) swim, 112-mile (179-km) bike ride, and 26.2-mile (42-km)
marathon run. Multistage ultra-endurance events involve competing over consecutive
days, such as the Tour de France bicycle race (~2,500 miles or 4,000 km over 22 days),
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the Race Across America (RAAM) cycling event (3,000 miles or 4,800 km), and the
Australian Sidney to Melbourne foot race (628 miles or 1005 km).

Endurance athletes have unique nutrient demands due to their high energy expen-
ditures and must cope with a variety of practical hurdles to achieve their fuel and
fluid goals.

Il. EXERCISE METABOLISM

The predominant energy system for endurance athletes is the aerobic energy system
with brief, intermittent involvement of anaerobic energy systems. During prolonged
exercise, the oxidative metabolism of carbohydrate and fat provide the vast majority
of ATP for muscle contraction.!

Fat oxidation reaches its peak during prolonged exercise at ~65% of VO,,...>
During moderate-intensity exercise in endurance-trained people, plasma fatty acids
and intramuscular triglycerides contribute equally to fat oxidation.? In a typical ultra-
endurance event such as a half-Ironman triathlon or ultrarun, the exercise intensity
averages about 65% of VO,,,.. or less and lipids are the primary fuel source.!

In a high-intensity endurance event such as a marathon, the exercise intensity is often
75% of VO,,,,, or more and carbohydrate, primarily muscle glycogen, is the primary
fuel source. Although amino acid oxidation occurs to a limited extent during endur-
ance exercise, carbohydrate and lipid are the most important oxidative substrates.!

The utilization of muscle glycogen is the most rapid during the early stages of exer-
cise and is related to exercise intensity. As muscle glycogen declines during contin-
ued exercise, blood glucose becomes more important as a carbohydrate fuel source.
Muscle glucose uptake increases in conjunction with increases in exercise intensity
and duration. The glycogenolysis of liver glycogen initially supplies the majority of
blood glucose. As the exercise duration increases and liver glycogen declines, the
contribution of blood glucose from gluconeogenesis increases. Hypoglycemia occurs
when the liver glucose output can no longer keep up with muscle glucose uptake dur-
ing prolonged exercise.!

Fatigue during prolonged exercise is often, but not always, associated with muscle
glycogen depletion and/or hypoglycemia. Thus, nutritional strategies that optimize
carbohydrate availability before, during, and after exercise are recommended to
improve endurance performance.'-?

Nutritional strategies to increase the availability and utilization of fat (e.g. fat
loading and caffeine ingestion) have also been proposed to benefit endurance ath-
letes by slowing the rate of carbohydrate utilization.

Ill. ENERGY EXPENDITURE AND INTAKE

The energy expenditure for an endurance athlete depends on the athlete’s weight, age,
and gender and the intensity, duration, and type of activity.? To meet energy demands,
these athletes often need to eat meals and snacks continuously throughout the day.*>

Endurance athletes should consume adequate energy and carbohydrate during
training to maintain a desirable training intensity and so maximize training adapta-
tions. They should practice adjusting their fueling strategies based on the workout
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intensity, duration, and environmental conditions. Testing specific foods and fluids
before, during, and after training sessions also allows the athlete to determine effec-
tive fueling strategies for competition.*-¢

Burke and colleagues reported that elite male ultra-endurance triathletes con-
sumed an average of 4079 calories/day during a weekly training schedule of
8.1 miles (13 km) of swimming, 202 miles (323 km) of cycling, and 47 miles
(75 km) of running.” The authors also reported that male marathon runners con-
sumed an average of 3570 calories per day during training while running 91.6 miles
per week.” Fudge and colleagues reported an average energy intake of 3152 calories
and energy expenditure of 3478 calories in elite endurance Kenyan distance runners
during heavy training.?

Garcia-Roves and associates reported that elite male cyclists consumed 5333 cal-
ories per day during training and 5452 calories per day while racing.’ Martin and
associates reported that elite female cyclists consumed 3261 calories per day dur-
ing training and 3540 calories per day while racing. Most but not all of the female
cyclists modulated energy intake based on energy expenditure.'®

Nutrient needs for competition are often higher than during training, especially
for multiple-day events. In ultra-endurance events lasting up to 24 hours, it isn’t nec-
essary or practical to meet total energy expenditure."

Kimber and colleagues calculated a mean energy expenditure of 10,036 calo-
ries for male athletes and 8570 calories for female athletes during the New Zealand
Ironman triathlon. The authors reported a mean energy intake of 3940 calories for
the male triathletes and 3115 calories for the female triathletes.”> When adjusted for
fat-free mass, total energy expenditure was similar between genders. The triath-
letes’ average energy expenditure was significantly greater than their average energy
intake, creating a substantial energy deficit for both men (5973 calories) and women
(5213 calories). This indicates that the triathletes obtained a large amount (59%) of
their energy during the Ironman from endogenous fuel stores.!?

Glace and colleagues found that male ultrarunners consumed 6047 calories during
a 100-mile (160-km) trail run.'* The authors calculated a mean energy expenditure
of 13,560 calories, thus creating an energy deficit of 7513 calories in 24.3 hours.'?
In another study, Glace and associates found that male and female ultrarunners con-
sumed 7022 calories during a 100-mile trail run in the heat.!* The authors calculated
a mean energy expenditure of 9538 calories, thus creating an energy deficit of 2516
calories in 26.2 hours.!*

Saris and colleagues calculated a mean daily energy expenditure of 6069 calo-
ries and a mean daily energy intake of 5785 calories for five male cyclists compet-
ing in the Tour de France.!> Gabel and colleagues reported a mean energy intake of
7125 calories/day for two elite male cyclists during a 10-day, 2050-mile (3280-km)
ride on the original Pony Express Trail.'® Garcia-Roves and associates reported a
mean energy intake of 5595 calories per day for 10 elite male cyclists during the
Tour de Spain.!”

Eden and Abernathy reported a mean energy intake of 5952 calories/day for a
male ultradistance runner who completed the Australian Sidney to Melbourne foot
race 628 miles or 1005 km) in 8.5 days.”® O’Connor reported an energy intake of
about 6000 calories per day for a male ultradistance runner who completed a 9126
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TABLE 8.1
Calorie Intake
Event Gender Calorie intake/day

Elite ultra-endurance triathletes’ M 4079

Marathon runners’ M 3570

Elite Kenyan distance runners® M 3478

Elite road cyclists’ M 5333 training
5452 racing

Elite road cyclists!® F 3261 training
3540 racing

New Zealand Ironman triathlon!? M 3940

New Zealand Ironman triathlon!? F 3115

Ultrarunners'? M 6047 (24.3 hours)

Ultrarunners'* Mand F 7022 (26.2 hours)

Tour de France cyclists'? M 5785

Pony Express Trail cyclists'® M 7125

Tour de Spain cyclists!” M 5595

Sidney to Melbourne run'’ M 5952

Run around Australia! M ~6000

RAAM Cyclist® M 8429

RAAM Cyclist?! M 9612

4" place finish

RAAM Cyclist?? F 7950

Ist place finish

mile (14,602 km) run around Australia in 191 days.!! During a 2-week portion of
the run, Hill and Davies estimated the runner’s daily energy expenditure to be 6321
calories using the doubly labeled water technique.”®

Lindeman reported a mean energy intake of 8429 calories/day for a male cyclist
competing in the RAAM who finished in 10 days, 7 hours, and 53 minutes after
riding as much 22 hours per day.?’ Knechtle and associates reported a mean energy
intake of 9612 calories per day for a male cyclist who completed the RAAM in
fourth place after 9 days, 16 hours, and 45 minutes.?! Clark and colleagues reported a
mean energy intake of 7950 calories/day for a female cyclist who won the RAAM in
12 days, 6 hours, and 21 minutes.?? For a summary of these figures, see Table 8.1.

IV.  MACRONUTRIENTS

A. CARBOHYDRATE

Adequate carbohydrate stores (muscle and liver glycogen and blood glucose) are criti-
cal for optimum endurance performance. Consuming adequate carbohydrate on a
daily basis is necessary to meet the fuel requirements of the athlete’s training pro-
gram as well as replenish muscle and liver glycogen between training sessions and
competitive events.?>
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It is apparent that a high carbohydrate intake acutely enhances recovery and
improves endurance performance over 24 to 72 hours.’ Fallowfield and Williams
reported that a high-carbohydrate diet (8.8 g/kg/day) restored endurance capacity
within 22.5 hours of recovery between training sessions.? An isocaloric diet con-
taining less carbohydrate (5.8 g/kg/day) was associated with decreased endurance.?

Although a high carbohydrate intake promotes greater recovery of muscle glycogen,
only a handful of studies show chronic improvements in training outcomes over 11 to 28
days.> Achten and colleagues found that a high-carbohydrate diet (8.5 g/kg/day) allowed
better maintenance of physical performance and mood state during 11 days of intensified
running training compared with a moderate carbohydrate diet (5.4 g/kg/day).>* Simonsen
and colleagues found that a diet containing 10 g of carbohydrate/kg/day promoted greater
muscle glycogen content and power output during training than a diet containing 5 g of
carbohydrate/kg/day over 4 weeks of intense twice-daily rowing training.?

Until research shows otherwise, the evidence from studies of acute carbohydrate
intake and performance remain the best estimate of the chronic carbohydrate needs
of endurance athletes.> Overwhelming evidence indicates that carbohydrate supple-
mentation before and during exercise improves endurance performance.’ The use
of short-term dietary and training strategies to increase muscle glycogen stores (e.g.
carbohydrate loading) also improve performance.’ Thus, a high-carbohydrate diet is
still the best recommendation for endurance athletes.’

Endurance athletes engaged in moderate-duration, low-intensity training should
consume 5 to 7 g of carbohydrate/kg/day.>?® During moderate to heavy endurance
training, athletes should consume 7 to 12 g of carbohydrate/kg/day.>? Athletes
participating in extreme endurance training for 4 to 6 hours per day should consume 10
to 12 g of carbohydrate/kg/day.>?® These general recommendations should be fine-
tuned with consideration of the athlete’s total energy needs, specific training needs,
and feedback from their training performance.’

Daily carbohydrate recommendations™2¢ are as follows:

* Low intensity training: 5 to 7 g of carbohydrate/kg/day

* Heavy endurance training: 7 to 12 g of carbohydrate/kg/day

e Extreme endurance training (4 to 6 hours per day): 10 to 12 g of
carbohydrate/kg/day

Results of dietary surveys of serious male endurance athletes published between
1990 and 1999 suggest they are consuming an appropriate amount of carbohy-
drate—7.6 g/kg/day.’ Results of dietary surveys of serious female endurance athletes
published between 1990 and 1999 suggest they are less likely to consume adequate
dietary carbohydrate due to lower energy intakes—5.7 g/kg/day.’

Burke and colleagues found that male ultra-endurance triathletes consumed 9 g of
carbohydrate/kg/day during training.” These authors also reported that male mara-
thon runners consumed 8 g of carbohydrate/kg/day during training. Fudge and col-
leagues reported that elite endurance Kenyan distance runners consumed 9 g of
carbohydrate/kg/day during heavy training.?

Garcia-Roves and associates reported that elite male cyclists consumed 11 g of
carbohydrate/kg/day during heavy training and 12 g/kg/day during racing.® Martin
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and associates reported that elite female cyclists consumed 9 g of carbohydrate/kg/day
during heavy training and 9.9 g/kg/day during racing.!

A study of Tour de France male cyclists by Saris and colleagues found that the
cyclists consumed an average of 12 g of carbohydrate/kg each day during the race.'?
A case study of two male cyclists during a 10-day, 2050-mile (3280-km) ride by
Gabel and colleagues found that the cyclists consumed an average of 18 g of carbo-
hydrate/kg/day.!® Garcia-Roves and associates reported an average intake of 12.6 g
of carbohydrate/ kg/day for male cyclists during the Tour de Spain."”

Lindeman reported that a male cyclist who competed in the RAAM consumed an
average of 22.6 g of carbohydrate/kg/day.?’ The cyclist obtained the majority of his
total energy intake from a high-carbohydrate liquid supplement (23% carbohydrate).?
Knechtle and associates reported an average carbohydrate intake of 24.8 g of carbo-
hydrate/kg/day for another male RAAM cyclist.! Eden and Abernathy reported that
a male ultradistance runner competing in the Australian Sidney to Melbourne foot
race consumed an average of 17 g of carbohydrate/ kg/day." For a summary of these
statistics, see Table 8.2.

Nutrient-dense carbohydrate foods and fluids should be emphasized during train-
ing as they contain other nutrients such as vitamins and minerals that are important
for the overall diet as well as recovery from exercise.’ Adequate energy intake is also
important to promote glycogen restoration. Consumption of a reduced-energy diet can
impair endurance performance due to suboptimal muscle and liver glycogen stores.>

Training for endurance events involves hours of prolonged exercise that may
include multiple daily training sessions. The stress of such rigorous training can
decrease appetite, resulting in reduced consumption of energy and carbohydrate.>?

Brouns and colleagues evaluated the effect of a simulated Tour de France study
on food and fluid intake, energy balance, and substrate oxidation.?’” Although the

TABLE 8.2

Carbohydrate Intake

Event Gender Carbohydrate intake

Elite ultra-endurance triathletes’ M 9 g/kg/day

Marathon runners’ M 8 g/kg/day

Elite Kenyan distance runners® M 9 g/kg/day

Elite road cyclists’ M 11 g/kg/day training
12 g/kg/day racing

Elite road cyclists'® F 9 g/kg/day training
9.9 g/kg/day racing

Tour de France cyclists' M 12 g/kg/day

Pony Express Trail cyclists'® M 18 g/kg/day

Tour de Spain cyclists!” M 12.6 g/kg/day

RAAM Cyclist®® M 22.6 g/kg/day

RAAM Cyclist?! M 24.8 g/kg/day

4t place finish

Sidney to Melbourne run'® M 17 g/kg/day
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cyclists consumed 630 g of carbohydrate (8.6 g/kg per day), they oxidized 850 g of
carbohydrate per day (11.6 g/kg per day).?” In spite of ad libitum intake of conven-
tional foods, the cyclists were unable to ingest sufficient carbohydrate and calories
to compensate for their increased energy expenditure.?’” When the diet was supple-
mented with a 20% carbohydrate beverage, carbohydrate intake increased to 16 g/kg
per day and carbohydrate oxidation rose to 13 g/kg per day.?’

Athletes who have extremely high carbohydrate requirements and suppressed
appetites due to heavy endurance training should include compact, low-fiber forms
of carbohydrate, such as pasta, white rice, and sugar-rich foods. Carbohydrate-rich
fluids such as sports drinks, juices, high-carbohydrate liquid supplements, commer-
cial liquid meals, milk shakes, and fruit smoothies may also be appealing to athletes
who are very tired and dehydrated.’

B. PROTEIN

While acute endurance exercise results in the oxidation of several amino acids, the
total amount of amino acid oxidation amounts to only 1-6% of the total energy cost
of exercise.?®? The branched chain amino acid leucine has been most frequently
studied in relation to endurance exercise.?®?° A low-energy or -carbohydrate intake
will increase amino acid oxidation and total protein requirements.?3-2

During low- to moderate-intensity endurance activity, 1.2 g of protein/kg/day is
sufficient when energy and carbohydrate intake are adequate.?® Elite endurance ath-
letes may require 1.6 g/kg/day or twice the recommended dietary allowance of pro-
tein for sedentary people.?*3? In a simulated Tour de France cycling study, Brouns
and colleagues found that well-trained male cyclists required 1.5 to 1.8 g of protein/
kg/day to maintain nitrogen balance.’® Tarnopolsky and associates found that elite
male endurance athletes required 1.6 g of protein/kg/day to maintain nitrogen bal-
ance.’! Friedman and Lemon found that well-trained endurance runners required 1.5 g
of protein/kg/day to maintain nitrogen balance.*

Endurance athletes can meet their higher protein requirements by consuming a
mixed diet that provides adequate energy and 15% of the calories from protein.?
Although most endurance athletes get enough protein, those with low-energy or
-carbohydrate intakes may require nutritional advice to optimize dietary protein
intake.?8%

Studies of male endurance athletes suggest they are consuming an appropriate
amount of protein. The data on female endurance athletes is extremely limited. Burke
and colleagues found that male ultra-endurance triathletes consumed 2 g of protein/
kg/day during training.” They also reported that male marathon runners consumed
2 g of carbohydrate/kg/day during training.” Garcia-Roves and associates reported
that elite male cyclists consumed 2.9 g of protein/kg/day during heavy training and
2.6 g/kg/day g of protein/kg/day during racing.” Martin and associates reported that
elite female cyclists consumed 2.6 g of protein/kg/day during heavy training and
2.2 g/kg/day g of protein/kg/day during racing.!”

A study of Tour de France male cyclists found that they consumed an average
of 3.1 g of protein/kg/day during the race.”> A study of Tour de Spain male cyclists
found they consumed 3.0 g of protein/kg/day during the race.'”
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TABLE 8.3

Protein Intake

Event Gender Protein intake

Elite ultra-endurance triathletes’ M 2 g/kg/day

Marathon runners’ M 2 g/kg/day

Elite Kenyan distance runners® M 2.1 g/kg/day

Elite road cyclists’ M 2.9 g/kg/day training
2.6 g/kg/day racing

Elite road cyclists'® F 2.6 g/kg/day training
2.2 g/kg/day racing

Tour de France cyclists' M 3.1 g/kg/day

Pony Express Trail cyclists'® M 2.7 g/kg/day

Tour de Spain cyclists!” M 3.0 g/kg/day

RAAM Cyclist®® M 3.6 g/kg/day

RAAM Cyclist?! M 2.8 g/kg/day

4t place finish

Sidney to Melbourne run'® M 2.9 g/kg/day

A case study of two male cyclists during a 10-day, 2050-mile (3280-km) ride
found that the cyclists consumed an average of 2.7 g of protein/kg/day.'s The
two male cyclists who competed in the RAAM consumed an average of 3.6 g of
protein/kg/day?® and 2.8 g of protein/kg/day.?! A male ultradistance runner compet-
ing in the Australian Sidney to Melbourne foot race consumed an average of 2.9 g of
protein/kg/day.'® Fudge and colleagues reported that elite endurance Kenyan distance
runners consumed 2.1g of protein/kg/day during heavy training (see Table 8.3).8

Gender may affect protein metabolism. During endurance exercise, women oxi-
dize more lipids and less carbohydrate and protein compared to equally trained and
nourished men. Tarnopolsky suggests that female endurance athletes may have a 10
to 20% lower protein requirement than male endurance athletes.*

C. Far

The Food and Nutrition Board of the Institute of Medicine established an Acceptable
Macronutrient Distribution Range (AMDR) for fat at 20 to 35 percent of total cal-
ories.* Fat is an essential nutrient and provides energy, fat soluble vitamins, and
essential fatty acids.’* Endurance athletes should consume at least 1 g of fat per kg
of body weight.

Individuals who consume high-fat diets (greater than 35% of calories) also con-
sume more total energy and saturated fatty acids. Low-fat diets (less than 20% of
calories) increase the risk of inadequate intakes of vitamin E and essential fatty
acids, and may contribute to unfavorable changes in high-density lipoprotein choles-
terol and triglycerides.®

Studies of male endurance athletes suggest they are consuming an appropri-
ate amount of fat. Data on female endurance athletes is extremely limited. Burke
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TABLE 8.4
Fat Intake
Event Gender Fat intake
Elite ultra-endurance triathletes’ M 1.8 g/kg/day (27% of calories)
Marathon runners’ M 2 g/kg/day (17% of calories)
Elite Kenyan distance runners® M 1 g/kg/day (32% of calories)
Elite road cyclists’ M 2.8 g/kg/day training (29.9% of calories)
2.2 g/kg/day racing (25.3% of calories)
Elite road cyclists'® F 1 g/kg/day training and racing
(17% of calories)
Tour de France cyclists'> M 2.1 g/kg/day (23% of calories)
Pony Express Trail cyclists' M 3.5 g/kg/day (27% of calories)
Tour de Spain cyclists!”? M 2.3 g/kg/day (25.5% of calories)
RAAM Cyclist® M 1 g/kg/day (9% of calories)
RAAM Cyclist?! M 2.3 g/kg/day (16.2 % of calories)
4t place finish
Sidney to Melbourne run'® M 3.2 g/kg/day (27% of energy intake)

and colleagues found that male ultra-endurance triathletes consumed 1.8 g of
fat/kg/day (27% of energy intake) during training.” They also reported that male
marathon runners consumed 2 g of protein/kg/day (32% of energy intake) during
training.” Garcia-Roves and associates reported that elite male cyclists consumed
2.8 g of fat/kg/day (29.9% of energy) during training and 2.2 g/kg/day (25.3% of
energy intake) during racing.” Martin and associates reported that elite female
cyclists consumed 1 g of fat per kg/day (17% of energy intake) during both train-
ing and racing.'”

Saris and colleagues found that male Tour de France male cyclists consumed
2.1 g of fat/kg/day (23% of energy intake) during the race.”> A study of Tour de Spain
male cyclists found they consumed 2.3 g of fat/kg/day (25.5% of energy intake) dur-
ing the race.”

Gabel and colleagues found that two male cyclists consumed an average of 3.5 g
of fat/kg (27% of energy intake) during a 10 day, 2,050 mile (3280 km) ride.'® The
two male cyclists who competed in the RAAM consumed an average of 1 g of
fat/kg/day?® (9% of energy intake) and 2.3 g/kg/day?' (16.2% of energy intake). The
male ultradistance runner competing in the Australian Sidney to Melbourne foot
race consumed an average of 3.2 g of fat/kg (27% of energy intake).'® Fudge and col-
leagues reported that elite endurance Kenyan distance runners consumed 1 g of fat/
kg/day (17% of energy intake) during heavy training (see Table 8.4).%

V.  MICRONUTRIENTS

Endurance athletes who consume adequate total energy usually meet or exceed popu-
lation reference values such as the Dietary References Intakes (DRI) for vitamins
and minerals.’® Consuming a nutrient-dense diet containing fruits, vegetables, whole
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grains, legumes, lean meat, and dairy foods during training also helps to ensure ade-
quate micronutrient intake.’’

Endurance athletes who regularly restrict energy intake or eat a limited variety
of foods may be at risk for suboptimal micronutrient intakes. Some endurance and
ultra-endurance athletes may have increased requirements due to excessive losses in
sweat and or urine.637

Supplementation may be necessary when intake is inadequate. However, athletes
should not exceed the upper limit (UL) for any nutrient to prevent possible adverse
effects on health and performance. Supplementation with single micronutrients is
not recommended unless there is a medical necessity (e.g., iron to treat iron defi-
ciency anemia).’”38

The antioxidant vitamins C and E play an important role in protecting cell mem-
branes from oxidative damage. Although endurance exercise is associated with
increased oxidative stress, it also increases the body’s enzymatic and non-enzymatic
antioxidant defenses as an adaptation to training. Supplemental vitamin C may reduce
oxidative stress and help prevent upper respiratory tract infections in endurance and
ultra-endurance athletes. Supplemental vitamin E may reduce oxidative stress and
protect against muscle damage, but does not improve endurance performance.’%37

Until research suggests otherwise, it is prudent to recommend that endurance and
ultra-endurance athletes consume an antioxidant-rich diet, rather than supplements,
to protect against oxidative damage.373940

Endurance training can increase iron requirements (due to increases in hemoglo-
bin, myoglobin and iron-containing proteins involved in aerobic metabolism) and iron
losses (through sweating, gastrointestinal bleeding, and mechanical trauma such as foot
strike hemolysis). Endurance and ultra-endurance athletes, especially female athletes
and runners, are at risk for depleting their iron stores.3¢*4? If untreated, iron deple-
tion can progress to iron deficiency anemia, which reduces VO,_,,, aerobic efficiency,
and endurance performance.*> Athletes at risk for iron deficiency should have routine
checks of their iron status and counseling on dietary strategies to increase iron intake.*?
Iron supplements are recommended for documented iron deficiency anemia.*

Calcium is important for the building and repair of bone tissue and the mainte-
nance of blood calcium levels. Inadequate dietary calcium increases the risk of low
bone mineral density and stress fractures. Female endurance and ultra-endurance
athletes who have low energy intakes, eliminate dairy products, or have menstrual
dysfunction are at high risk for low bone mineral density. Situations where medical
referral is indicated include: (1) being amenorrheic for longer than six months; (2) a
history of anorexia nervosa; (3) occurrence of stress fractures; (4) being postmeno-
pausal; and (5) having a strong family history of osteoporosis.*}

There is limited data on the micronutrient intake of endurance athletes. Data on the
micronutrient intake of female endurance athletes is virtually nonexistent. Burke and
colleagues found that male ultra-endurance triathletes and marathoners had adequate
intakes of the major micronutrients during training.” Singh and colleagues reported
that ultramarathoners had adequate pre-race intakes of vitamin and minerals from
both food and supplements.** The biochemical indices of the ultramarathoners’ vita-
min and mineral status were also normal.** Lindeman noted that a male cyclist had an
adequate intake of micronutrients during training for the RAAM.?° Garcia-Roves and
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associates reported that all of the vitamin and mineral intakes for elite male cyclists
during training and competition were above the recommended daily allowances.’

O’Connor reported that the male ultradistance runner who completed the run
around Australia consumed two to three times the recommended dietary allowances
(RDA) for micronutrients."! Eden and Abernathy found that all of the micronutrients
except riboflavin were met in the diet of a male ultradistance runner competing in the
Australian Sidney to Melbourne foot race."”

Gabel and colleagues found that vitamin and mineral intakes were two to three
times the RDA for most vitamins and minerals for two male cyclists during a 10-day,
2050-mile (3280-km) ride.!® Saris and associates found that Tour de France cyclists
had low intakes of thiamin (in spite of very high energy intakes) due to their high
consumption of refined carbohydrate foods such as sweet cakes and soft drinks.!?
The researchers conceded that any questions and concerns about food quality and
nutrient density became immaterial after the consideration of micronutrients from
pills and injections.!3

A balanced diet is the ideal source of micronutrients.?” In addition to providing
a variety of nutrients, foods contain a large number of bioactive compounds that
have health benefits such as phytochemicals.’”* And, endurance athletes eat foods,
not single nutrients. The influence of diet on health occurs not only from the subtle
effects of numerous individual food components, but from whole foods and the asso-
ciated interactions that occur among these components.¥ Messina and colleagues
refer to this concept as “food synergy” and recommend emphasizing healthy dietary
patterns rather than individual foods or nutrients.*3

Some endurance athletes may jeopardize their micronutrient status during train-
ing by emphasizing convenient, familiar high-carbohydrate foods (e.g., bagels and
pasta made from refined flour, commercial sports drinks, high-carbohydrate liquid
supplements) that are low in fiber and lack nutrient density.?? The following addi-
tions can help improve the quality of the training diet: (1) emphasize whole grains
(oatmeal, whole wheat bread, popcorn); (2) add vegetables in pasta dishes, pizza, stir
fry, and soups; (3) try tropical fruits, berries, and fruit smoothies; and (4) use foods
fortified with calcium (e.g. orange juice) and iron (e.g., hot cereal).?’

VI. WATER AND SODIUM

Drinking during endurance exercise is necessary to prevent the detrimental effects
of excessive dehydration (> 2% body weight loss) and electrolyte loss on exercise
performance and health.*6 Dehydration increases physiologic stress as measured by
core temperature, heart rate, and perceived exertion and these effects are accentu-
ated during exercise in warm to hot weather.*® The greater the body-water shortage,
the greater the physiologic strain and impairment of endurance performance.*’

Physiologic factors that contribute to reduced endurance performance when dehy-
drated include increased core temperature, increased cardiovascular strain, increased
glycogen utilization, altered metabolic function, and possibly altered central nervous
system function.*6

The amount and rate of fluid replacement depends on the athlete’s individual sweat-
ing rate, exercise duration, and opportunities to drink. It is not possible to propose a
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one-size-fits-all fluid and electrolyte replacement schedule due to the multiple factors
that influence sweating rate and sweat electrolyte concentration.*®

Sodium is the principal electrolyte lost in sweat. The concentration of sodium in
sweat averages about 35 mEq/L or 805 mg/L (range 10 to 70 mEq/L).*® As sweat-
ing rate increases, the concentration of sweat sodium and chloride also increases.*¢
Dehydration can also increase the sweat concentrations of sodium and chloride.*¢
Heat acclimatization generally reduces sweat sodium concentrations.*® Endurance
and ultra-endurance athletes who have high sweat rates and a high sweat-sodium
concentration (“salty sweat”) can sustain substantial losses of sodium.*?

Symptomatic exercise-associated hyponatremia (plasma sodium concentration <
135 mmol/L) can occur in prolonged endurance exercise lasting > 4 hours. The lower
the plasma sodium falls, the faster it falls, and the longer it remains low, the greater
the risk of dilutional encephalopathy and pulmonary edema.*®

Contributing factors to exercise-associated hyponatremia include drinking an
amount of fluid that exceeds sweat and urinary water losses and excessive loss of
total body sodium.*® In events that last < 4 hours, hyponatremia is primarily caused
by overdrinking before, during, and after the event.*®#° During a marathon, symp-
tomatic hyponatremia is more likely to occur in smaller and less lean individuals who
run slowly, sweat less, and drink excessively before, during, and after the race.*$4°

During prolonged ultra-endurance exercise such as an Ironman triathlon, total
sodium losses can induce symptomatic hyponatremia whether the athlete is over- or
under-drinking, so replacing some of the sodium losses is warranted.*® High sweat
rates and a high sweat-sodium concentration can also contribute to hyponatremia.*?
Large sweat-sodium losses confer a greater risk of developing hyponatremia because
less fluid intake is required to produce dangerously low blood sodium levels.*®

Endurance athletes can experience health problems from either dehydration or
overdrinking. Dehydration is more common and can impair exercise performance
and contribute to serious heat illness. Symptomatic hyponatremia, however, is more
dangerous and can produce grave illness or death.*¢

There is limited data on fluid and sodium intakes and body-weight changes dur-
ing endurance events. Mean intake during the Tour de France was 6.7 L but varied
considerably throughout the race."” Fudge and colleagues reported that elite endur-
ance Kenyan distance runners consumed 4.2 L per day during heavy training.® The
Tour de Spain researchers recorded an intake of only 3.29 L per day during the April
race."” The runner in the Sidney to Melbourne foot race consumed an average of 11 L
per day.’® The male ultradistance runner who completed the run around Australia
had an average daily water turnover of about 6 L over a 14-day period on the temper-
ate eastern coast.’® A male cyclist consumed 13.5 L of fluid and 12.3 g of sodium
during a 24-hour mountain bike race on an all-terrain course."

Several studies have reported hourly fluid intake during exercise. The two male
cyclists drank an average of (approximately 620 mL per hour of exercise) during
their 10-day, 2050-mile (3280-km) ride.'® The male RAAM cyclist drank an aver-
age of 15.7 L per day (approximately 677 mL per hour of exercise).?’ The Iroman
triathletes drank 889 mL per hour on the bike and 632 mL per hour on the run.>! The
authors calculated average fluid losses of 808 mL per hour on the bike and 1021 mL
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per hour on the run.’! The triathletes lost an average of 2.5 kg—about 3% of body
weight for the males and 4% of body weight for the females.>!

Two studies by Glace and colleagues evaluated fluid and sodium intakes and
body-weight changes during two 100-mile (160-km) trail runs.'>* Male ultrarunners
consumed 18 L of fluid (0.7 L/hour) and 12 g (0.5 g/hour) of sodium during a 160-km
trail run. The ultrarunners lost 1.6 kg—about 2% of body weight.”* The authors
estimated that body fat accounted for about 1.13 kg of the weight loss according to
skinfold measurements.!3

In a second study, male and female ultrarunners consumed 19.4 L of fluid (0.7
L/hour) and 16.4 g of sodium (0.6 g/hour) during a 160 km trail run in the heat."*
Despite extreme energy expenditure and thermal stress, body mass was very well
maintained throughout the race—the runners lost only 0.5 kg.!* High fluid intakes
were associated with decreased serum sodium levels and increased risk of men-
tal status change, suggesting possible fluid overload.'* However, finishers consumed
more fluids than non-finishers and also were better at meeting their energy require-
ments (see Table 8.5).14

Endurance exercise can cause substantial water and electrolyte losses, particu-
larly in warm to hot weather. If not appropriately replaced, water and electrolyte
imbalances (dehydration and hyponatremia) can develop and impair the athlete’s
exercise performance and health. Athletes should customize their fluid replacement
plans due to the considerable variability in sweating rates and sweat electrolyte con-
tent between individuals.*®

TABLE 8.5

Fluid and Sodium Intake

Event Gender Fluid Intake Sodium Intake

Tour de France cyclists'> M 6.7 L/day

Elite Kenyan distance runners® M 4.2 L/day

Tour de Spain cyclists!” M 3.29 L/day

Sidney to Melbourne run'® M 11 L/day

Run around Australia®® M 6 L/day

24-hour mountain bike race!! M 13.5 L/day 123 ¢

Pony Express Trail cyclists' M 10.5 L/day
~620 mL/hour of exercise

RAAM Cyclist? M 15.7 L/day
677 mL/hour of exercise

New Zealand Ironman Mand F  Bike: 889 mL/hour

triathlon'? Run: 632 mL/hour

Ultrarunners'3 M 18 L/24.3 hours 12 g/24.3 hours
700 mL/hour 500 mg/hour

Ultrarunners'4 Mand F  19.4 L/26.2 hours 16.4 g/26.2 hours
700 mL/hour 600 mg/hour
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VII. FUELING AND FLUID REPLACEMENT

A. CARBOHYDRATE LOADING FOR COMPETITION

Muscle glycogen depletion is a well-recognized limitation to endurance perfor-
mance.! Carbohydrate loading (glycogen supercompensation) can elevate muscle
glycogen stores from resting levels of 100—120 mmol/kg to about 150-250 mmol/kg
and improve performance in endurance events exceeding 90 minutes.>>3 For endur-
ance athletes, carbohydrate loading could be viewed as an extended period of “fuel-
ing up” to prepare for competition.* The regimen can postpone fatigue and extend
the duration of steady-state exercise by about 20%.>* Carbohydrate loading may also
improve endurance performance by about 2 to 3%, in which a set distance is covered
as quickly as possible.>*

The “classical” 7-day model of carbohydrate loading involved a 3- to 4-day
“depletion” phase of hard training and a low carbohydrate intake. The athlete fin-
ished with a 3- to 4-day “loading” phase of tapered training and a high carbohydrate
intake before the event.*

Sherman and colleagues demonstrated that endurance athletes were able to super-
compensate muscle glycogen stores without a depletion phase. Muscle glycogen
stores were elevated to the same extent after 3 days of tapered training and a high
carbohydrate intake (10 g/kg/day), whether preceded by a 3-day “depletion” phase or
a more typical diet and training regimen.> The modified carbohydrate loading pro-
tocol is more practical and avoids the fatigue and extreme diet and training require-
ments associated with the depletion phase of the classical regimen.*

Several studies have suggested that endurance athletes can carbohydrate load in
as little as 1 day.®>7 Bussau and colleagues found that muscle glycogen increased
significantly from pre-loading levels of ~90 mmol/kg to ~180 mmol/kg after 1 day
and remained stable despite another 2 days of rest and a high-carbohydrate diet of
10 g/kg/day.* Fairchild and associates found that a high-carbohydrate intake of 10.3g/kg
following a 3-minute bout of high-intensity exercise enabled athletes to increase
muscle glycogen levels from preloading levels of ~109 mmol/kg to 198 mmol/kg
in 24 hours.”” Burke notes that muscle glycogen supercompensation is probably
achieved within 36 and 48 hours of the last exercise session, provided the athlete
rests and consumes adequate carbohydrate (10 to 12 g carbohydrate/kg/day).

For most athletes, a carbohydrate loading regimen will involve 3 days of a high-
carbohydrate intake (8—12 g of carbohydrate/kg).* Some athletes may have difficulty
tolerating the higher fiber content of a high-carbohydrate diet.* To avoid gastroin-
testinal distress, the athlete may benefit from consuming low-fiber foods such as
white bread, plain cereal, pasta, peeled fruit, and liquid sources of carbohydrate.*
Athletes who struggle to consume enough carbohydrate can add liquid meals, high-
carbohydrate supplements, and fat-free sweets (jam, honey, hard candy). As with
other nutritional strategies, athletes should test their carbohydrate loading regimen
prior to a prolonged workout or a low-priority race.*

The performance benefits of carbohydrate loading may add to the benefits of
consuming carbohydrate during exercise.” The combination of carbohydrate load-
ing with other dietary strategies that are used to improve endurance performance
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(e.g., pre-exercise meal, consuming carbohydrate during exercise, caffeine ingestion)
should be thoroughly studied.’

B. PRre-ExercisE MEAL AND HYDRATION

Consuming foods and fluids in the 4 hours before exercise helps to: (1) restore liver gly-
cogen, especially for morning exercise when liver glycogen is depleted from an over-
night fast; (2) increase muscle glycogen stores if they are not fully restored from the
previous exercise session; (3) ensure the athlete is hydrated; (4) prevent hunger, which
may in itself impair performance and (5) give the athlete a psychological boost.*

The pre-exercise meal should emphasize carbohydrate-rich foods and fluids.*
Consuming carbohydrate on the morning of an endurance event may help to main-
tain blood glucose levels during prolonged exercise. Compared with an overnight
fast, consuming a pre-event meal 2 to 4 hours before exercise containing 200 to 300 g
of carbohydrate improves endurance performance.3-¢

The performance benefits of a pre-exercise meal appear to add to those of con-
suming carbohydrate during endurance exercise. However, the improvement in
performance from a pre-exercise meal is less than when smaller quantities of carbo-
hydrate are consumed throughout endurance exercise.”

Research suggests that the pre-exercise meal contain ~1.0 to 4.5 g of carbohy-
drate/kg, consumed 1 to 4 hours prior to exercise (see Table 8.7).6%6! To avoid poten-
tial gastrointestinal distress, the carbohydrate and calorie content of the meal should
be reduced the closer to exercise the meal is consumed.®*¢! Foods that are low in fat,
low—moderate in protein, and low in fiber are recommended, as they are less likely
to cause gastrointestinal upset.* Commercial liquid meal supplements or home-made
smoothies are beneficial when an athlete is nervous and unable to tolerate solid foods
before competition (see Table 8.6).*

Endurance athletes may want to experiment with low-glycemic index foods (e.g.,
pasta, oatmeal, apples, oranges, beans, yogurt) before exercise to promote a more
sustained release of carbohydrate during prolonged exercise.* While there is no clear
evidence of a performance benefit, a low-glycemic pre-exercise meal may be helpful
when consuming carbohydrate during exercise is not practical or possible.*

A small number of endurance athletes experience symptoms of hypoglycemia and
a rapid onset of fatigue after consuming carbohydrate in the hour before exercise.

TABLE 8.6
Pre-Exercise Meal Recommendations®%-6!

Time before Exercise Amount of Carbohydrate

1 hour 1 g/kg
2 hours 2 g/kg
3 hours 3 g/kg
4 hours 4 g/kg
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The reason for this is not known. In most cases, the blood glucose lowering that may
occur during the first 20 minutes of exercise following carbohydrate ingestion is self-
correcting during exercise and not associated with performance decrements.*

Endurance athletes who react negatively to consuming carbohydrate before exer-
cise can choose from several strategies: consume a low-glycemic index carbohydrate
before exercise; take in carbohydrate a few minutes before exercise; or wait until
exercising to consume carbohydrate. The exercise-induced rise in the hormones epi-
nephrine, norepinephrine, and growth hormone inhibit the release of insulin and
thus counter insulin’s effect in lowering blood glucose.*

Endurance athletes should begin exercise with normal hydration and plasma
electrolyte levels.*® Athletes will generally be normally hydrated when they have
consumed ample beverages with meals and had adequate time (8 to 12 hours) to
recover from their last exercise session.*® If the athlete has experienced extensive
sweat losses and hasn’t had enough time to reestablish normal hydration, an aggres-
sive prehydration program may be warranted.*¢ This will help ensure that fluid and
electrolyte deficits are rectified prior to exercising.

Prior to exercise, the athlete should slowly drink fluid (about 5 to 7 mL/kg per
body weight) at least 4 hours before activity.*® (Note: 7 mL/kg is equivalent to about
1 oz or 30 mL for every 10 b or 4.5 kg of body weight). If the athlete does not pro-
duce urine, or the urine is dark or highly concentrated, he or she should slowly drink
more fluid (an additional 3 to 5 mL/kg or about one-half oz for every 10 1b) about 2
hours before exercise (see Table 8.7).4¢

Drinking several hours before exercise allows adequate time for the urine output to
return toward normal.*® Drinking beverages that contain sodium (20 to 50 mEq/L, or
460 to 1150 mg/L) such as sports drinks or eating small amounts of salted snacks or sodi-
um-containing foods at meals helps to stimulate thirst and promote fluid retention.*

Athletes should experiment with different pre-exercise foods and fluids in train-
ing. Before competition, the athlete should choose familiar, well-tolerated, and palat-
able foods and fluids.*

C. GuiyceroL HYPERHYDRATION

Hyperhydration can be achieved by over-drinking combined with an agent such
as glycerol that “binds” water within the body. In theory, glycerol hyperhydration
improves heat dissipation and decreases cardiovascular stress, thereby improving

TABLE 8.7

Pre-Exercise Hydration Recommendations*®

Time before Exercise Amount of Fluid (drink slowly)
4 hours 5 to 7 mL/kg

7 mL/kg = ~1 oz for every 10 Ib
2 hours (if athlete has not produced urine) 3to 5 mL/kg

5 mL/kg = ~ ¥2 oz for every 10 Ib

© 2009 by Taylor & Francis Group, LLC



Endurance Performance 217

endurance performance. Studies have evaluated consumption of 1 to 1.2 g of glyc-
erol per kg along with a large fluid bolus of 25 to 35 mL per kg in the hours before
exercise. This typically allows a fluid expansion or retention of about 600 mL (above
consuming fluid alone) by reducing urinary volume.*

Glycerol hyperhydration may aid high-intensity endurance exercise in hot and
humid environments where sweat losses are high and the opportunities to replace
fluid are significantly lower than the rates of fluid loss.®?-%* However, glycerol hype-
rhydration has not improved performance in all studies of this type.* In addition, the
underlying mechanism is not clear because the purported improvements in heat dis-
sipation and decreases in cardiovascular stress have not been observed.*

Side effects reported with glycerol hyperhydration include nausea, gastrointesti-
nal distress, and headaches resulting from increased intracranial pressure.* Glycerol
hyperhydration can also substantially dilute and lower plasma sodium prior to start-
ing exercise® and may thus increase the risk of dilutional hyponatremia if the indi-
vidual drinks too much during exercise.*®

Endurance athletes who want to hyperhydrate with glycerol should be supervised
and monitored by appropriate sports medicine professionals. Athletes should use it
in competition only after adequate experimentation and fine-tuning.*

D. Exercise FUELING AND HYDRATION

It is well established that consuming 30 to 60 g of carbohydrate per hour during
endurance exercise can delay the onset of fatigue and improve endurance capacity
by maintaining blood glucose levels and carbohydrate oxidation in the latter stages
of exercise.®>-%° Carbohydrate feedings supplement the body’s limited endogenous
stores of carbohydrate.® During prolonged exercise, ingested carbohydrate can
account for up to 30% of the total amount of carbohydrate oxidized.”

The maximum amount of carbohydrate that can be oxidized during exercise from
a single carbohydrate source (e.g., glucose) is about 1 g per minute or 60 g per hour
because the transporter responsible for carbohydrate absorption in the intestine becomes
saturated.”! Consuming more than 1 g per minute from one source does not raise the
rate of carbohydrate oxidation and increases the risk of gastrointestinal distress.

By consuming multiple carbohydrates that use different intestinal transporters,
the total amount of carbohydrate that can be absorbed and oxidized is increased.
When glucose and fructose or glucose, fructose, and sucrose are ingested together
during exercise at a rate of 2.4 g per minute (144 g per hour), the rate of exogenous
carbohydrate oxidation can reach 1.7 g per minute or about 105 g per hour.”>"* Drinks
containing multiple transportable carbohydrates are also less likely to cause gastro-
intestinal distress.”*”

Water absorption is also enhanced when sports drinks include two to three dif-
ferent carbohydrate sources (glucose, sucrose, fructose, or maltodextrins) compared
with solutions containing only one carbohydrate source.”® The addition of a second
or third carbohydrate activates additional mechanisms for intestinal transport and
involves transport by separate pathways that are noncompetitive.”®

In theory, consuming multiple transportable carbohydrates should enhance endur-
ance performance by increasing exogenous carbohydrate oxidation and reducing the

© 2009 by Taylor & Francis Group, LLC



218 Nutritional Concerns in Recreation, Exercise, and Sport

reliance on endogenous carbohydrate stores. Compared with an isocaloric amount of
glucose, the ingestion of glucose and fructose (1.5 per g minute) increased peak exog-
enous carbohydrate oxidation, reduced ratings of perceived exertion, and increased
self-selected cadence in the latter stages of 5 hours of cycling at 50% of maximal
work rate.”” While these findings suggested a reduction in fatigue with the ingestion
of glucose and fructose compared with glucose, direct measures of performance
were not obtained.””

Currell and Jeukendrup found that ingestion of glucose and fructose (1.8 g per minute)
improved cycling time trial performance by 8% compared with an isocaloric amount of
glucose following 2 hours of cycling at 55% of maximal work rate.”® The glucose and
fructose may have promoted better ATP resynthesis than glucose, thus allowing the
maintenance of a higher power output.”® This was the first study to provide evidence that
increased exogenous carbohydrate oxidation improves endurance performance.

The series of studies conducted by researchers at the University of Birmingham have
shown that consuming between 1.8 to 2.4 g of carbohydrate per minute (108 to 144 g per
hour) from a mixture of carbohydrates increases carbohydrate oxidation up to 75 to 104
g of carbohydrate per hour.”>>778 When providing recommendations for carbohydrate
intake during exercise, it is reasonable to take into account the athlete’s body weight. To
maximize carbohydrate oxidation and improve performance, endurance athletes should
consume ~1 g of carbohydrate per kg per hour from either carbohydrate-rich fluids or
foods providing a mixture of carbohydrates. Athletes should individually determine
the optimum amount of carbohydrate to enhance their performance.®

Kimber and colleagues found that male Ironman triathletes consumed 1.1 g of
carbohydrate/kg/hr.'? The female triathletes consumed 1.0 g/kg/hr. All athletes con-
sumed significantly more energy during the bike (2233 calories for women; 2896
calories for men) than during the run (883 calories for women; 1049 calories for
men).'? Calorie intake during cycling provided 73% of the total energy intake.'” This
is not surprising, as cycling composed about 54% of the total race time for these ath-
letes, and foods and fluid are easier to consume and digest while on the bike.'? The
bike portion of an Ironman also gives athletes the opportunity to obtain energy and
fluid in preparation for the marathon run.?

A study of Tour de France male cyclists by Saris and colleagues found that the
cyclists consumed nearly half of the daily calories that were consumed during the
race, resulting in a carbohydrate intake of 94 g per hour (1.3g/kg/hr)."> About 30% of
the total carbohydrate consumed came from high-carbohydrate beverages (e.g. high-
carbohydrate drink, sports drink, soft drinks, and liquid meal).

A case study of two male cyclists during a 10-day, 2050-mile (3280 km) ride by
Gabel and colleagues found that the cyclists consumed about 60 to 75 g of carbohy-
drate per hour of cycling and obtained about 24% of their total energy intake from
high carbohydrate beverages (e.g. sports drinks, fruit juices).'® Garcia-Roves and
associates reported that male cyclists in the Tour de Spain consumed only 14% of the
daily calories during the race, resulting in a carbohydrate intake of 25 g per hour."”

Eden and Abernathy reported that a male ultradistance runner competing in the
Australian Sidney to Melbourne foot race consumed approximately 39 g of carbo-
hydrate per hour.!” The runner utilized a combination of high-carbohydrate solid
foods and a sports drink during running to meet his energy requirements.'® Glace
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TABLE 8.8

Carbohydrate Intake

Event Gender Carbohydrate Intake
New Zealand Ironman triathlon'? M 1.1 g/kg/hour
New Zealand Ironman triathlon!? F 1.0 g/kg/hour
Tour de France cyclists' M 1.3g/kg/hour
Pony Express Trail cyclists!® M 60 to 75 g/hour
Tour de Spain cyclists'” M 25 g/hour

Run around Australia®® M 39 g/hour
Ultrarunners'3 M 44 g/hour
Ultrarunners'* Mand F 54 g/hour

and associates found that male ultrarunners consumed 44 g of carbohydrate per hour
during a 160-km trail run.!® In another study, Glace and colleagues found that male
and female ultrarunners consumed 54 g of carbohydrate per hour during a 160-km
trail run in the heat (see Table 8.8).14

The athlete should develop and refine a fueling plan weeks and months ahead of
the priority race by experimenting in workouts and in lower-priority races. The ath-
lete should test this fueling plan while exercising at race pace and in environmental
conditions that simulate race conditions. Athletes should not consume untested foods
or fluids during the race as the result may be severe indigestion and poor perfor-
mance (see Table 8.9).6

Endurance athletes should monitor body weight changes during training and
competition in different environmental conditions to estimate their sweat losses.*
This allows them to develop customized fluid replacement programs for their par-
ticular needs.*® To determine sweat rate, the athlete should weigh before and after a
specified time of exercise (e.g., 1 hour). Nude weights should be used when possible
to avoid corrections for sweat trapped in the clothing. The post-workout weight and

TABLE 8.9
Carbohydrate Content

of Typical Items Consumed
during Endurance Exercise

1 quart of Gatorade® = 60 gm

1 PowerBar® =47 gm

2 Gu® gels =50 gm

1 banana =30 gm

3 large graham crackers = 66 gm
4 Fig Newtons =42 gm
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TABLE 8.10
Determining Sweat Rate

Weigh before and after activity (e.g., 1 hour run)
(Pre-Weight — Post Weight)

+ Fluid Intake During Activity

= Athlete’s Individual Sweat Rate

any urinary fluid losses should be subtracted from the pre-workout weight. Then, the
amount of fluid consumed during the workout should be added (see Table 8.10).46

Endurance athletes should drink only enough during exercise to closely match fluid
loss from sweating.*® The athlete should monitor weight losses during training and com-
petition and drink sufficient fluid to limit weight loss to 1-2% of initial body weight.5* A
weight loss of up to 3% may be tolerable and not impair performance in cool weather.4¢

During training, athletes should experiment with different fluid replacement
drinks and practice adjusting their drinking strategies based on the workout inten-
sity, duration, and environmental conditions.® Drinking appropriately in workouts
enables the athlete to maintain a desirable training pace (and so maximize training
adaptations), protects against heat illness, and allows the athlete to practice proper
drinking strategies for competition.®

To prevent hyponatremia, endurance athletes should avoid overconsumption of
fluids and associated weight gain.*® Athletes should determine their hourly sweat rate
and drink only enough to closely match fluid loss from sweating.*® During endurance
exercise, a loss of 1 to 2% of body weight is likely to occur from factors unrelated to
sweat losses (substrate oxidation) and is acceptable.® Consuming a sodium-contain-
ing sports drink helps to maintain plasma sodium levels and may reduce the risk of
hyponatremia during prolonged exercise.?08!

Athletes participating in endurance exercise lasting over 3 hours should be par-
ticularly meticulous in establishing their fluid replacement schedule. As the exercise
duration increases, the cumulative effects of slight disparities between fluid intake
and loss can cause extreme dehydration or hyponatremia.*

Endurance athletes use a variety of fluids, foods, and gels during training and
competition. Liquid and solid carbohydrates are equally effective in increasing blood
glucose and improving performance, though each has certain advantages.$2%3

Sports drinks and other fluids containing carbohydrate encourage the consump-
tion of water needed to maintain normal hydration during exercise. Carbohydrate
ingestion and fluid replacement independently improve performance and their ben-
eficial effects are additive.3* The sodium in sports drinks helps to replace sweat
sodium losses and stimulate thirst.#® Sports drinks are a practical way to obtain
water, carbohydrate, and sodium during endurance events lasting up to 3 hours and
offer the benefit of simplifying the athlete’s race nutrition plan.®

If both fluid replacement and carbohydrate delivery are going to be met with a
single beverage, the carbohydrate concentration should not exceed 8% (or even be
slightly less), as highly concentrated carbohydrate beverages reduce gastric emptying.*
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TABLE 8.11

Exercise Fueling and Hydration

1 g of carbohydrate/kg/hour’ (multiple transportable carbohydrates)
Drink to closely match sweat rate*®
Ingest sodium: ~ 800 mg lost in 2 1b (907.1 g) of sweat*® (sports drinks, gels, other items)

High-carbohydrate liquid supplements containing 18 to 24% carbohydrate may be uti-
lized during ultra-endurance events to help increase carbohydrate and energy intake.
However, they are too concentrated in carbohydrate to double for use as fluid replace-
ment beverages and may cause gastrointestinal distress when consumed in large vol-
umes.?° Lindeman noted that a male RAAM cyclist’s reliance on a 23% carbohydrate
solution to meet the majority of his energy needs contributed to gastrointestinal dis-
tress during the race despite consistent dilution.?®

Carbohydrate and electrolytes can also be obtained by non-fluid sources such
as carbohydrate gels, energy bars, and other foods.*® These items are compact, can
be easily carried, and provide variety (different flavors and textures) to prevent a
boredom-related decline in energy intake and help relieve hunger.5!116.19

Koopman and colleagues found that the combined ingestion of protein (0.25 g/kg/
hour and carbohydrate (0.7 g/kg/hour) before, during, and after prolonged moderate
intensity exercise (6 hours at 50% of VO,,,,,) improved net protein balance at rest,
during exercise, and during subsequent recovery in endurance athletes.®> Foods or
fluids that contain small amounts of protein and fat may also help to provide satiety
and maintain energy levels during prolonged exercise (see Table 8.11).

Gabel and colleagues reported that the two ultra-endurance cyclists who cycled
2050 (3280 km) miles in 10 days achieved an optimal intake due to the variety and
palatability of foods that were available during the event.!® Eden and Abernathy
noted that the foods eaten during the Sidney to Melbourne race were based on what
the male ultra-distance runner had enjoyed eating during training and what he could
tolerate while competing."®

High-fiber foods should be limited during competition to avoid gastrointestinal
distress (e.g., abdominal bloating, cramping, bathroom breaks). Lindeman noted
that a male RAAM cyclist’s high fiber intake (57 g per day from consuming fiber-
rich sports bars and fruit) may have contributed to his gastrointestional distress dur-
ing the race.?

When the athlete’s gut blood flow is low (e.g., during intense cycling or running) the
athlete should emphasize carbohydrate-rich fluids (sports drinks, liquid meals, high-
carbohydrate liquid supplements, fruit juices, and carbohydrate gels) to promote rapid
gastric emptying and intestinal absorption. When the athlete’s gut blood flow is mod-
erate (e.g., during moderate-paced cycling or slow running) the athlete may be able to
consume easily digested carbohydrate-rich foods such as sports bars, fruit, and grain
products (fig bars, bagels, graham crackers) in addition to liquid foods and fluids.?

Athletes can generally consume more calories per hour cycling than running.®
Ironman triathlon competitors often decrease their calorie intake toward the end of
the bike segment to start the run with a fairly empty gut. During the run segment of
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TABLE 8.12
Pace and Fueling

Intense Exercise = Low Gut Blood Flow:

liquid food
sports drinks
carbohydrate gels

Moderate Exercise = Moderate Gut Blood Flow:
fruits

grain products
sports bars

a triathlon, the athletes usually consume only sports drinks, gels, and water to reduce
the risk of gut distress (see Table 8.12).

Endurance athletes should consume liquid or solid fuel before feeling hungry or
tired, usually within the first hour of exercise. Consuming small amounts at frequent
intervals (every 15 to 20 minutes) helps to prevent gastrointestinal upset, maintain
blood glucose levels, and promote hydration. The athlete’s foods and fluids should
be easily digestible, familiar (tested in training), and enjoyable (to encourage eating
and drinking).6

E. Recovery NUTRITION AND HYDRATION

Restoring muscle and liver glycogen stores, replacing fluid and electrolyte losses,
and promoting muscle repair are important for recovery following strenuous endur-
ance training.’

Endurance athletes commonly engage in prolonged high-intensity workouts once
or twice a day with a limited amount of time (6 to 24 hours) to recover before the
next exercise session. Utilizing effective refueling strategies following daily training
sessions helps to optimize recovery and promote the desired adaptations to training.
During competition, especially multiday events such as bicycle stage races, there may
be less control over the exercise—recovery ratio. In this case, the goal is to recover as
much as possible for the next day’s event.’

The most important factor affecting muscle glycogen storage is the total amount of
carbohydrate consumed.?® An adequate intake of carbohydrate and energy will opti-
mize muscle glycogen repletion during consecutive days of hard workouts.?’-%° During
the early period of recovery (0 to 4 hours), the endurance athlete should consume 1 to
1.2 g of carbohydrate per kg each hour. Recovery meals and snacks contribute toward
the athlete’s daily carbohydrate requirements of 7 to 12 g of carbohydrate/kg/day.>

When there is less than 8 hours between workouts or competitions that deplete
muscle glycogen stores, the endurance athlete should start consuming carbohy-
drate immediately after the first exercise session to maximize the effective recovery
time. The athlete may be more comfortable eating small amounts more frequently
(e.g., every 30 minutes). During longer periods of recovery (24 hours), it doesn’t
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appear to matter how intake is spaced throughout the day as long as the athlete con-
sumes adequate carbohydrate and energy.>

There is no difference in glycogen synthesis whether liquid or solid forms of car-
bohydrate are consumed.®® However, as noted in the “Carbohydrate” section earlier
in the chapter, liquid forms of carbohydrate may be appealing when athletes have
decreased appetites due to fatigue or dehydration.’ Carbohydrate-rich foods with a
moderate to high glycemic index should be emphasized in recovery meals or snacks
to supply a readily available source of carbohydrate for muscle glycogen synthesis.”

The addition of protein to the recovery feeding does not enhance muscle glycogen
storage when the amount of carbohydrate is at or above the threshold for maximum
glycogen synthesis (1 to 1.2 g/kg/hr).”'->3 However, consuming protein with recovery
snacks and meals may help to increase net muscle protein balance, promote muscle
tissue repair, and enhance adaptations involving synthesis of new proteins.>?® The
endurance athlete’s initial recovery snack or meal should include 10 to 20 g of high
quality protein (about 6 to 12 g of essential amino acids) in addition to carbohydrate.’
Recovery meals and snacks count toward the athlete’s daily protein requirements of
~1.6 g of protein/kg/day.’

The foods consumed during recovery meals and snacks should contribute to the
athlete’s overall nutrient intake. Nutritious carbohydrate-rich foods and lean sources
of protein and dairy also contain vitamins and minerals that are essential for health
and performance. These micronutrients may be important for post-exercise recov-
ery processes.’

Endurance athletes should avoid consuming large amounts of foods high in fat or
protein when total energy requirements or gastrointestinal distress limits food intake
during recovery. These foods can displace carbohydrate-rich foods and reduce mus-
cle glycogen storage.’

Ideally, the endurance athlete should fully restore fluid and electrolyte losses
between exercise sessions.*® Consuming regular meals and beverages will restore
normal hydration over 24 hours, provided the food contains enough sodium to
replace sweat losses.*® If the individual is significantly dehydrated and has a short
period (less than 12 hours) in which to recover before exercise, an aggressive rehy-
dration program may be necessary.*%-949

Inadequate replacement of sodium losses prevents the return of normal hydration
and stimulates excessive urine production.’® Consuming sodium during recovery pro-
motes fluid retention and stimulates thirst.”® Sodium losses are harder to determine
than water losses because athletes have vastly different rates of sweat electrolyte
losses.*¢ Although drinks containing sodium (e.g., sports drinks) may be beneficial,
many foods can supply the needed electrolytes.*¢ Extra salt (one-half teaspoon or
2.5 g of salt supplies 1000 mg of sodium) can be added to meals and recovery fluids
when sweat sodium losses are high.*¢

Endurance athletes should drink 1.5 L of fluid for each kg lost (24 oz or 720 mL
for each pound or 0.5 kg lost) to achieve rapid and total recovery from dehydra-
tion.”* The additional volume (150% of sweat losses) is required to compensate for
the increased urine production that goes along with the rapid intake of large volumes
of fluid.*¢ When possible, fluids should be consumed over time and with ample elec-
trolytes to maximize fluid retention (see Table 8.13).7
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TABLE 8.13
Recovery Nutrition

0 to 4 hours: 1 to 1.2 g of carbohydrate/kg/hour?
10 to 20 g of high quality protein in initial feeding®
24 oz for each 1b lost (150% of sweat lost) %
Ample electrolytes to maximize fluid retention®’

VIII. STRATEGIES TO ENHANCE FAT OXIDATION

A. CAFFEINE

There is substantial evidence that caffeine enhances endurance performance.”®
Caffeine was removed from the World Anti-Doping Association’s list of prohibited
substances in January 2004. While caffeine’s mechanism of action is unknown, it is
unlikely that it improves endurance by increasing fat oxidation and sparing muscle
glycogen utilization (the popular so-called “metabolic theory”).”®% As a central ner-
vous system stimulant, caffeine may reduce the perception of effort by lowering the
neuron activation threshold and making it easier to recruit muscles for exercise.”®%
Caffeine may also increase the force of muscle contractions by positively influencing
calcium kinetics and sodium—potassium pump activity.’$°

A commonly recommended dose to improve endurance is 3 to 6 mg of caffeine/kg,
consumed 1 hour before exercise.!’® However, recent evidence suggests that the ben-
eficial effects of caffeine occur at lower levels of intake—1 to 3 mg of caffeine per
kg—when it is consumed before or during exercise.”! Cox and colleagues found a
similar 3% improvement in time trail performance with (1) six doses of 1 mg caf-
feine/kg spread throughout 2 hours of submaximal cycling prior to the time trial; (2)
6 mg caffeine/kg consumed 1 hour prior to the cycling bout; or (3) 1.5 mg caffeine/kg
consumed over the last third of the exercise protocol.'! Further research is needed to
identify the dose and timing of caffeine intake to improve endurance performance.’®

Caffeine is unlikely to elevate urine output or cause dehydration if consumed in
moderation before or during exercise.!”? In fact, Kovacs and associates found that the
addition of caffeine to a 7% carbohydrate-electrolyte solution improved 1 hour cycling
time-trial performance at all caffeine doses compared with the carbohydrate-electrolyte
drink alone.!* The performance improvement was the same with caffeine doses of 3.2
mg/kg and 4.5 mg/kg and greater than with 2.1 mg/kg.!'”® The addition of caffeine to
a sports drink may enhance performance by increasing carbohydrate oxidation. Yeo
and colleagues found that ingesting 5 mg of caffeine/kg/hr with a 5.8% glucose solu-
tion during endurance exercise increased exogenous carbohydrate oxidation compared
with glucose ingestion alone, possibly due to enhanced intestinal absorption.!%*

Coffee is not an ideal source of caffeine due to the variability of caffeine content
and the possible presence of chemicals that may impair exercise performance.”® The
majority of research studies have used pure caffeine rather than caffeinated drinks or
sports products.”® Further research is required on the effectiveness of caffeinated prod-
ucts (energy drinks, caffeinated beverages and gels) commonly used by athletes.
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Some athletes do not respond to caffeine and others experience adverse effects
such as tremors, increased heart rate, headaches, and disrupted sleep.”® These side
effects are more common at caffeine doses exceeding 6 mg/kg.’® Endurance athletes
who want to use caffeine should experiment with pure caffeine in training before
and during exercise to determine the dose that elicits the greatest benefits and least
adverse effects.”®

B. SHORT-TERM FAT ADAPTATION

Several studies have evaluated the effects of a 5-day fat adaptation period (60 to 70%
energy from fat) followed by 1 day of carbohydrate restoration (10 g carbohydrate/
kg) on exercise metabolism and performance in endurance-trained athletes.!%5-197 A
5-day time frame represents a more manageable period for extreme dietary change
and minimizes the potential health and training disadvantages caused by longer
periods of fat adaptation.

Short-term fat adaptation significantly increases fat oxidation and reduces muscle
glycogen utilization during submaximal exercise (< 70% of V0,,,,,) compared with
an isocaloric high-carbohydrate diet.!%5-197 These higher rates of fat oxidation per-
sist even under conditions in which carbohydrate availability is increased by having
athletes consume a high-carbohydrate meal before exercise or ingest carbohydrate
during exercise.%%197 Despite a dramatic increase in fat oxidation, however, fat-
adaptation and carbohydrate restoration strategies do not enhance endurance or
ultra-endurance performance.!%5-197

The metabolic changes that occur with dietary fat adaptation suggest an upregula-
tion of fat metabolism. Burke and Kiens propose that what was initially viewed as
“glycogen sparing” following fat adaptation may actually represent a downregula-
tion of carbohydrate metabolism or “glycogen impairment.”!08

Stellingwerff and colleagues found that fat adaptation and carbohydrate restora-
tion were associated with reduced activity of pyruvate dehydrogenase at rest and
during exercise.!” This would impair rates of glycogenolysis at a time when muscle
carbohydrate requirements are high.!%19 Havemann and colleagues found that fat
adaptation/carbohydrate restoration had no effect on overall performance during a
100 km time-trial but compromised the ability of well-trained cyclists to perform 1
km sprints during the time-trial.'°

Competitive success in endurance and ultra-endurance sports requires more than
the ability to exercise for hours at a moderate intensity.!°® The strategic moves that
occur during these sports—breaking away, surging during an uphill stage, and sprint-
ing to the finish line—all depend on the athlete’s ability to work at high intensities,
which are in turn fueled by carbohydrate.!%® Since fat adaptation appears to impair
this critical ability!'® and does not enhance prolonged endurance exercise,'>-1%7 there
appears to be no scientific support to recommend this dietary strategy.'%®

IX. ULTRA-ENDURANCE AND MULTI-DAY EVENTS

The importance of proper refueling and rehydrating during ultra-endurance
events cannot be overemphasized.!"!'!!'"2 The primary nutritional needs are water,
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carbohydrate, and sodium.!! During the event, athletes should limit foods that are
high in fat, protein, and fiber to decrease the risk of gastrointestinal distress.!® The
following pointers are also helpful:

* The food plan should be built around the athlete’s food preferences and
include a variety of foods rather than a limited number of items.!1:16:19:22

e Food and fluid intake should be closely monitored.!'16192° The crew
should be prepared to enforce an eating and drinking schedule during
multiple day events. If necessary, separate timers can be set for both liquid
and solid feedings.?

* Weighed food records are recommended to assess dietary intake.' Ideally,
body weight should be assessed daily during multiple-day events.'® By
tracking the athlete’s food and fluid intake and body weight, the crew can
take immediate corrective action if the athlete starts to fall behind on fluid
or energy intake.!622

* Solid food should be easy to handle, chew, and digest. Beverages should
promote rapid gastric emptying so that fluids and nutrients are quickly
absorbed.*®!"3 Concentrated nutrition such as high-carbohydrate supple-

ments or liquid meals may be offered immediately before scheduled
rest.20-22.86

In an ultra-endurance event, the athlete’s fueling and fluid replacement strategies
can mean the difference between successfully completing the event or dropping out
of it. The advice of a registered dietitian with expertise in sports nutrition is rec-
ommended to determine the ultra-endurance athlete’s nutritional requirements and
develop an individualized dietary plan. The sports dietitian can also help to monitor
the athlete’s nutrition during multiple-day events and help enforce programmed food
and fluid intake when necessary.!!16:19:20

X. FUTURE RESEARCH NEEDS

Limited data exists on the macronutrient and energy intake of female endurance
athletes during training and competition. Further research is recommended to deter-
mine the adequacy of female endurance athletes’ macronutrient and energy intakes,
especially during training.

There is insufficient data on the micronutrient intake and status of endurance
athletes,!"* especially for female endurance athletes. Further research is recom-
mended to determine the adequacy of endurance athletes’ micronutrient intakes.

Muscle glycogen supercompensation may add to the benefits of other dietary
strategies that are used to improve endurance performance. These combined strate-
gies should be systematically researched.

Recent research suggests that low doses of caffeine—I1 to 3 mg of caffeine per
kg—improve performance when consumed before or during exercise. Further
research is warranted to identify the dose and timing of caffeine intake to improve
endurance performance as well as the effectiveness of caffeinated products com-
monly used by athletes.
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XI. CONCLUSIONS

Consuming adequate carbohydrate (5 to 12 g/kg/day) and energy on a daily basis
is necessary to meet the fuel requirements of the athlete’s training program as well
as replenish muscle and liver glycogen between training sessions and competitive
events. These athletes can meet their higher protein requirements (~1.2 to 1.6 g/
kg/day) by consuming a mixed diet that provides adequate energy and 15% of the
calories from protein. Endurance athletes should consume at least 1 g of fat per kg of
body weight (~20 to 35% of calories from fat).

Endurance athletes who consume adequate total energy usually meet or exceed
population reference values such as the DRI for vitamins and minerals. Consuming
a nutrient-dense diet containing fruits, vegetables, whole grains, legumes, lean
meat, and dairy foods during training and competition also helps to ensure adequate
micronutrient intake. Endurance training can increase iron requirements as well as
iron losses.

Drinking during endurance exercise is necessary to prevent the detrimental
effects of excessive dehydration (> 2% body weight loss) and electrolyte loss on
exercise performance and health. Athletes should customize their fluid replacement
plans due to the considerable variability in sweating rates and sweat electrolyte con-
tent between individuals.

Carbohydrate loading can improve performance in endurance events exceeding
90 minutes. For most athletes, a carbohydrate loading regimen will involve 3 days
of a high-carbohydrate intake (8 to 12 g of carbohydrate/kg) and tapered training.
Fat adaptation impairs the athlete’s ability to work at high intensities and does not
enhance prolonged endurance exercise.

Consuming carbohydrate prior to exercise can help performance by “topping off”
muscle and liver glycogen stores. The pre-exercise meal should contain ~1.0 to 4.5 g of
carbohydrate/kg, consumed 1 to 4 hours prior to exercise. To avoid potential gas-
trointestinal distress, the carbohydrate and calorie content of the meal should be
reduced the closer to exercise the meal is consumed. Prior to exercise, the athlete
should slowly drink about 5 to 7 mL/kg at least 4 hours before activity. When sweat
losses are high and the opportunities to replace fluid are low, glycerol hyperhydration
may help intense endurance exercise in hot and humid environments. Athletes using
glycerol to hyperhydrate should be supervised and monitored by appropriate sports
medicine professionals.

Consuming carbohydrate during exercise can improve performance by maintain-
ing blood glucose levels and carbohydrate oxidation. Endurance athletes should con-
sume ~1 g of carbohydrate per kg each hour from either carbohydrate-rich fluids or
foods providing a mixture of carbohydrates. To prevent dehydration and hypona-
tremia, endurance athletes should drink only enough during exercise to closely
match fluid loss from sweating. The athlete should monitor weight losses during
training and competition and drink sufficient fluid to limit weight loss to 1 to 2%
of initial body weight. Low doses of caffeine—1 to 3 mg of caffeine per kg—may
improve performance when consumed before or during exercise.

Consuming carbohydrate following exercise facilitates rapid refilling of carbohy-
drate stores. During the early period of recovery (0 to 4 hours), the endurance athlete
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should consume 1 to 1.2 g of carbohydrate per kg each hour. Consuming 10 to 20 g of
high-quality protein with recovery snacks and meals may help to increase net muscle
protein balance, promote muscle tissue repair, and enhance adaptations involving
synthesis of new proteins. Endurance athletes should drink 1.5 L of fluid for each kg
lost (24 oz or 720 mL for each pound or 0.5 kg lost) and consume adequate sodium
to achieve rapid and total recovery from dehydration.

Endurance athletes should practice adjusting their fueling strategies based on
workout intensity, duration, and environmental conditions. Testing specific foods
and fluids before, during, and after training sessions also allows the athlete to deter-
mine effective fueling strategies for competition.
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I. INTRODUCTION

The ultimate goal of athletics is to maximize potential and deliver peak performance,
whether the competitor is one’s opponent or oneself. When these entrenched goals
relate to performance, a true athlete’s drive toward reaching them is unmatched. It
is this profound incentive that triggered the advent of the use of ergogenic aids and
continues to propel the further development of this emerging science.

The term “ergogenic” has its etymologic origin in ancient Greece, a culture that
was captivated by human athletic achievement. From the Greek, ergon meaning
“work” and gennan meaning “to produce,” evident in this definition is the potential
of some of these substances to provide the highly sought missing pieces in one’s path
toward enhanced performance. The variety of ergogenic aids available allow dif-
ferent athletes to approach diverse goals, including those that are sport-specific and
those that relate to achieving general improvements in endurance, strength, or power
performance. However, many of these supplements, some highly marketed, lack
research-based evidence of their efficacy in humans, while others are backed by con-
crete support for their veritable ineffectiveness in improving human performance.

This chapter is designed to serve as a reference for sound, applicable information
on 35 of the most prominent purported ergogenic aids. Herein, we explore the present
state of the highly dynamic field of ergogenic aids through a concise presentation of
the current substances of interest and the sum of the relevant human-based evidence.

II. ERGOGENIC AIDS AND HUMAN USE
A. STRONG HUMAN RESEARCH TO SupPORT USE
1. B-Alanine

As the only beta amino acid that exists in nature, beta-alanine has gained recent
attention in the world of sports nutrition. Beta-alanine is a naturally occurring non-
essential amino acid that is typically found in a carnivorous diet (chicken and turkey).
The performance-enhancing effects as a result of beta-alanine alone are minimal.
However, beta-alanine has been identified as the rate-limiting substrate necessary
for the synthesis of a dipeptide protein called carnosine.">» While, initially, carnosine
may appear to be the substrate of interest, this dipeptide cannot be taken up into
the muscle intact and is readily hydrolyzed into histidine and beta-alanine. It is the
presence of beta-alanine that promotes a rise in carnosine levels. In fact, scientists
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reported an average increase of 64% in muscle carnosine after 4 weeks of supple-
menting with 4—6 g per day of beta-alanine.>*

Carnosine (B-alanyl-L-histidine) is primarily found in fast-twitch skeletal muscle,
where it acts as a physiochemical hydrogen ion (H*) buffer and is essential in delaying
the drop in pH associated with anaerobic metabolism. Carnosine appears to buffer as
much as 40% of the H* that cause the acidic conditions in skeletal muscle.?* In the-
ory, increasing the muscle carnosine levels through chronic training or beta-alanine
supplementation would improve the muscle’s buffering capabilities and further lead
to an improvement in anaerobic performance. However, methods to increase muscle
carnosine concentration have been somewhat disputed. While carnosine has been
suggested to be elevated in chronically trained athletes, the effects of acute training
are less clear. Earlier research suggested that 10 days to 8 weeks of intensive training
could increase intramuscular carnosine content.>¢ However, more recently, studies
have shown that intense training, utilized as an acute method to induce intramuscular
acidosis, has been unable to promote arise in skeletal muscle carnosine levels.”-* Harris
et al. reported that 5 weeks of intense interval training (1- and 3-minute intervals)
had no significant effect on muscle carnosine levels in women.” In addition, using a
4-week single-leg training program for the vastus lateralis resulted in no change in
skeletal muscle carnosine content in either the trained or untrained legs.’

Sports scientists have investigated the relationship between skeletal muscle car-
nosine levels and high-intensity exercise performance in trained cyclists.!® They
reported a significant and positive relationship between carnosine concentration and
the average power from a 30-second maximal sprint on a cycle ergometer. These
results offer support for the theory that an increase in skeletal muscle carnosine con-
centration is positively associated with improved anaerobic performance due to the
muscle’s enhanced buffering ability.

The role of beta-alanine supplementation in augmenting intramuscular carnosine
levels has been the topic of several recent studies. Supplementing with beta-alanine
has been shown to significantly increase skeletal muscle carnosine content by 60%
or more.> More interestingly, a study published by Derave et al.!! contested the idea
of a “ceiling effect” with respect to carnosine levels in highly trained sprint ath-
letes, reporting 37-47% and 57-67% increases after 4 and 6 weeks of beta-alanine
supplementation, respectively. Furthermore, the combination of training and supple-
mentation appears to stimulate a greater increase in carnosine concentration than
supplementation alone.” Harris et al. reported that beta-alanine supplementation
combined with intense training may double the increase in carnosine content.”” Kim
et al. also showed an enhanced effect of combining supplementation and training. In a
group of elite cyclists, muscle carnosine was not altered after 12 weeks of training in
the absence of beta-alanine, but increased 46% with beta-alanine supplementation.'?

Elevated intramuscular carnosine levels have also been positively related to
improvements in performance. Hill and colleagues? examined the effect of beta-
alanine supplementation on muscle carnosine levels and exercise performance in
untrained individuals. In a double-blind fashion, 25 men, ages 19-31, supplemented
either 4.0 g beta-alanine or sugar placebo for the first week, followed by a dose of
6.4 g for an additional 9 weeks. Muscle carnosine levels (via muscle biopsy) and total
work done (kJ) were measured at weeks 0, 4, and 10 during cycling to exhaustion
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FIGURE 9.1 The influence of beta-alanine supplementation vs. placebo on time to exhaus-
tion (TTE; Stout, Amino Acids 2006),>7 physical working capacity at fatigue threshold
(PWCFTT1; Stout, JSCR 2006; PWCFT?2; Stout, Amino Acids 2006),'*257 ventilatory threshold
(VT; Zoeller 2006)*# and total work done (TWD; Hill 2007).2

at 110% of max power established from a graded exercise cycle ergometry test.
Average carnosine levels increased by 58% at week 4 and an additional 15% at week
10. Furthermore, there was a 13% and 16% increase in total work done during cycle
ergometry at weeks 4 and 10, respectively (Figure 9.1). Another study examined the
influence of beta-alanine on neuromuscular fatigue in a group of untrained men." In
a double-blind approach, participants consumed either 1.6 g of beta-alanine or sugar
placebo four times per day for 6 days, followed by a 3.2 g per day period for 22 days.
Prior to and following supplementation, the men performed an incremental cycle
ergometry test to assess neuromuscular fatigue using the physical working capacity
at fatigue threshold (PWCyg;) method. In theory, the PWCg; represents the highest
exercise intensity a person can maintain without signs of fatigue and is highly related
to anaerobic threshold measurements. This technique offers insight into peripheral
fatigue by utilizing surface electromyography to quantify electrical activity of the
vastus lateralis. The results revealed a significantly greater increase in PWCp(9%) in
the beta-alanine group compared with no change in the placebo group. In a follow-up
study, Stout and colleagues'* examined the effects of beta-alanine supplementation
in untrained college-age women and reported similar significant increases in PWCpy
(12.6%), ventilatory threshold (13.9%), and time to exhaustion (2.5%) during a graded
exercise cycle ergometry test (Figure 9.1). These findings suggest that 28-day beta-
alanine supplementation appears to increase the level of intensity at which men and
women can train or compete without signs of rapid fatigue. Essentially, performance
and quality of training would be enhanced by elevating the onset of fatigue threshold
due to a delay in metabolite accumulation.

© 2009 by Taylor & Francis Group, LLC



Purported Ergogenic Aids 239

In conclusion, beta-alanine supplementation (3.2 g—6.4 g per day) appears to
significantly elevate intramuscular carnosine levels and further enhance perfor-
mance in both trained and untrained individuals by maintaining the homeostatic
pH environment of the muscle cell. Additionally, improvements in performance
have been reported in both men and women and have been centered on anaerobic
activities.

2. B-Hydroxy-B-Methylbutyrate (HMB)

HMB is a natural metabolite of the essential amino acid leucine.!> Scientists at Iowa
State University generated the theory that HMB may play an important role in pro-
tein metabolism, particularly in stressful situations. Specifically, HMB may regulate
enzymes responsible for muscle tissue breakdown.”> A meta-analysis substantiated
the use of HMB as an effective sports supplement, detailing its effect on improved
strength and lean mass gains in anaerobic and aerobic training. It was further reported
to spare muscle protein catabolism and speed recovery.!?

Researchers at Iowa State conducted the first HMB supplementation study in
humans, in which untrained male subjects participated in a resistance-training pro-
gram and were assigned to one of three groups: a control group, a group that con-
sumed 1.5 g HMB per day, or a group that consumed 3 g HMB per day.!” Following
1 week of resistance training, the 3 g HMB-supplementing group demonstrated a
44% reduction in muscle protein catabolism compared with the control group. The
HMB group also continued to maintain a lower degree of muscle protein breakdown
for the entire 3-week study. Furthermore, the subjects in both HMB-supplemented
groups experienced significant gains in strength: +23% for the 1.5 g per day group
and +29% for the 3 g per day group. In support, a study conducted at East Tennessee
University examined the effects of resistance training plus HMB supplementa-
tion in untrained men and women.'® All subjects trained three times per week for
4 weeks while supplementing 3 g per day of HMB or a placebo. The HMB group
demonstrated greater gains in strength and lean body mass over the placebo group.
In a more recent study, recreationally active college students underwent five weeks’
high-intensity interval training on a treadmill, while supplementing with 3 g per day
of HMB or placebo. Only the HMB-supplementing group resulted in a significant
increase (13.4%) in aerobic performance (VO,,,,,)."

While HMB has been shown to be an effective anti-catabolic supplement, its
use in trained individuals has yet to demonstrate any benefits. Kreider et al.,!’® in a
double-blind fashion, provided 3 or 6 g per day of HMB to a group of experienced
resistance trained athletes for 28 days. No improvements were reported for protein
synthesis, 1RM strength, or body composition. It has been proposed that trained
individuals may need a higher dose to demonstrate the anti-catabolic effect, but more
research with this population is necessary.

In summary, HMB supplementation appears to work best for those who are
untrained or in the process of altering their training program and want to lessen the
associated muscle soreness and damage. Based on the available evidence, 3.0 g per
day is recommended for 3 to 5 weeks when starting a new program.
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3. Caffeine

The stimulatory effects of caffeine have been known for centuries, and it continues
to be one of the most widely used supplements in the world (Figure 9.2). Caffeine is a
central nervous system and metabolic stimulant utilized to reduce feelings of fatigue
and to restore mental acuity. Caffeine readily crosses the blood—brain barrier, where
it acts as an adenosine antagonist. While adenosine typically has an inhibitory effect
on the central nervous system, causing feelings of fatigue and drowsiness, caffeine’s
structure allows it to mimic the shape of adenosine and bind to adenosine receptors,
causing the opposite effect, accelerating neural cell activity. Many studies have dem-
onstrated the exercise performance-enhancing effects of caffeine.'®?° The traditional
hypothesis is that caffeine increases the levels of our “fight or flight” chemical mes-
sengers, including epinephrine and norepinephrine, that promote fat utilization and
result in the sparing of intramuscular glycogen.

Caffeine supplementation prior to exercise has been shown to increase fat oxida-
tion (using fat for energy)?' and to spare muscle glycogen utilization by up to 55%.%>23
The decrease in glycogenolysis during exercise would prove to be essential for
endurance and prolonged athletic activities during which carbohydrate stores deplete
before finishing the activity. In support, performance data suggest that an elevation
in fat oxidation, as well as a reduction in muscle glycogen utilization, leads to an
increase in time to exhaustion. In support, Schneiker and colleagues demonstrated
significant improvements in intermittent sprint ability (two 36-minute tests consist-
ing of 18 4-second sprints on a cycle ergometer) after 7 days of caffeine supplementa-
tion (6 mg per kg of body weight per day).2* In addition, caffeine may help endurance
athletes by positively influencing psychological state and altering pain perception.

Caffeine (mg)

Hershey's ChocolateBar
Hershey's Special Dark Choc.
Pepsi

Dr. Pepper

Sunkist Orange Soda
Blacktea, brewed 8oz
Mello Yello

Mountain Dew
Greentea, brewed 8oz
Red Bull

Plain, brewed 8oz coffee
Enviga Energy Drink
Excedrin, Extra Strength
AMP Energy Drink

Full Throttle

Starbucks Latte (160z)
Monster Energy

NoDoz Max Strength
Starbucks Grande Coftee

FIGURE 9.2 Caffeine content in commonly consumed food and beverages. 8 oz. is equiva-
lent to 237 mL; 16 oz. is equivalent to 473 mL. All other items listed are prepackaged or
recommended doses.
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In a meta-analysis, caffeine supplementation subsequently resulted in a reduced rat-
ing of perceived exertion during constant load exercise."”

While caffeine has been primarily used in improving endurance-related activi-
ties, its effect in strength and power-type exercises may be attributed to an enhanced
ability to maximally activate skeletal muscle.?> The research supporting use in
anaerobic activities is equivocal. Anaerobic power, assessed with a 30-second cycle
ergometer sprint, after a range of caffeine doses (3.2-7 mg/lb), demonstrated no
improvements?®?’ with one study resulting in a 7% increase in anaerobic power
for the caffeine group only.?® In addition, a report by Wiles et al. demonstrated
improved performance time during a bout of short-duration, high-intensity exercise
and an improvement in mean power, following 5 mg per kg body weight of caf-
feine per day.?® Furthermore, another study provided support for an improvement in
bench press 1RM following caffeine supplementation.’® While the use of caffeine
as an ergogenic aid in anaerobic activities is not conclusive, the mild stimulant
effect of caffeine on the central nervous system may make it a worthwhile pre-
workout supplement.

Studies seem to suggest that an ergogenic benefit from caffeine can be achieved with
a dose of 3 mg per kg (1.4 mg per 1b) body weight, while a dose of 5 to 6 mg per kg
(2.3-2.7 mg per Ib) body weight may be more effective at increasing free fatty acid lev-
els. The most common effective dosing recommendation would be to supplement with
3—6 mg per kg (1.4-2.7 mg per Ib) of body weight 30—60 minutes before exercise.!*°

4. Creatine

Creatine (Cr) is an organic compound that is synthesized in small amounts (2%) in
the liver, pancreas, and kidneys from the amino acids arginine, methionine, and
glycine.?! Creatine can also be obtained through exogenous sources, from foods that
are high in protein, such as fish and beef.?!> Approximately 95% of all Cr stores
in the body are found in skeletal muscle, and over 500 studies have demonstrated
an increase in intramuscular Cr stores through supplementation.®! The rationale for
augmenting Cr levels is based on initial energy substrate use during the onset of
exercise. The adenosine triphosphate (ATP)-phosphocreatine (PCr) system is always
the first to supply energy during exercise, yet PCr and creatine phosphate (CP) are
depleted at an extremely rapid rate.

Creatine supplementation of 20 to 30 g per day for 3 days has been suggested to
enhance exercise performance in two ways. Through supplementation, Cr may first
provide a greater primary source of energy by increasing the initial amount of avail-
able PCr in the muscle, and, second, it may increase the amount of free Cr, which aids
the rate of PCr regeneration during recovery.* Further physiological explanations for
the ergogenic effects have been demonstrated by an increase in muscle growth and
muscle strength, measured by bench press and leg press, due to enhanced Cr levels
(Figure 9.3),>*%7 and an increase in lean body mass as a result of an increase in train-
ing volume.*>* In addition, Cr supplementation has been demonstrated to increase
muscle cross-sectional area (Type I, ITA, 1IB)*-3 and augment myosin heavy chain
expression,?® and may result in intramyocellular swelling, which, in turn, may affect
protein and carbohydrate/glycogen storage.*0-+
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160 -
140 - —
120 -
100 1 0 Week 0
80 - 0 Week 2
60 - B Week 4

Strength (kg)

40 - B Week 6

0 T T T T

Placebo Creatine Placebo Creatine
1RM BP (kg) 1 RM SQUAT
(kg)

FIGURE 9.3 Strength adaptations from a six-week creatine supplementation and resistance
training intervention. * Adapted from Volek et al. Eur J Appl Physio. 2004.3¢

In summary, the International Society of Sports Nutrition’s (ISSN) pub-
lished position stand states that Cr monohydrate is the most effective ergogenic
nutritional supplement currently available in terms of increasing high-intensity
exercise capacity and lean body mass during training. The ISSN states that Cr
supplementation is not only safe, but possibly beneficial in regard to preventing
injury. There is also no evidence of detrimental short- or long-term effects of Cr
supplementation. The quickest method of increasing muscle Cr stores appears to
be to consume approximately 0.3 g per kg of body weight per day of Cr monohy-
drate for at least 3 days followed by 3-5 g per day thereafter to maintain elevated
stores. Ingesting smaller amounts of Cr monohydrate (e.g. 2-3 g per day) will
increase muscle Cr stores over a 3- to 4-week period; however, the performance
effects of this method are less supported. The addition of carbohydrate or carbo-
hydrate and protein to a Cr supplement appears to increase muscular retention of
Cr, although the effect on performance measures may not be greater than using Cr
monohydrate alone.?

5. Essential Amino Acids (EAAs)

EAAs are amino acids that the body cannot manufacture and must be consumed in
the diet. There are nine EAAs, which include histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, and valine (Table 9.1). When
combining the use of EAAs, formulations vary considerably. In general, however,
the literature supporting the use of EAAs suggests a dose-dependent effect on pro-
tein synthesis and supports use in recovery, not as a means for “energy” (calories).
Research has demonstrated that consuming EAAs pre- and post-exercise aug-
ments amino acid uptake and availability for protein synthesis.** In support, Tipton
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TABLE 9.1
Essential Amino Acids
Essential Minimum
Amino Acids  Daily (mg) Augments Food Sources
1 Histidine 9 Tissue repair, muscle growth  Pork, poultry, rice, wheat, cheese
2 Isoleucine* 10 Mucle development/repair,  Eggs, fish, lentils, poultry, beef, soy,
energy wheat, almonds, dairy
3 Leucine* 14 Protein synthesis, Cottage cheese, sesame seeds, peanuts,
gluconeogenisis lentils, chicken, fish
4 Lysine 12 Triglycerides Green beans, lentils, soybeans, spinach
5 Methionine 13 Metabolism Fish, whole grains, dairy
6 Phenylalanine 14 Catecholamine response Dairy, almonds, avocados, lima beans,
peanuts, seeds
7 Threonine 7 Collagen, tooth enamel Dairy, beef, poultry, eggs, beans, nuts
8 Tryptophan 3.5 Serotonin, melatonin Chocolate, oats, bananas, milk, cottage
cheese, fish, turkey, peanuts
9 Valine* 10 Muscle metabolism, tissue Whole grain, meat, mushrooms,

repair peanuts, soy protein

* = Branched Chain Amino Acids

and colleagues** demonstrated a significant additive effect of combining EA A supple-
mentation with a resistance training bout, compared with resistance training alone.
Fifteen grams of an EAA beverage was given immediately before and another 15 g
of EAAs 1 hour after resistance training, for a total of 30 g of EAAs, resulting in an
improved muscle protein balance over a 24-hour period. These findings confirm that
supplementing EA As before and after training can have a powerful anabolic effect
on skeletal muscle that persists for more than just a few hours post-exercise.** Other
studies have shown that consuming EA As pre-exercise may be more important than
consuming them post-exercise for boosting the anabolic effect of resistance training
and building muscle more rapidly. Furthermore, combining EAAs with carbohy-
drates (CHO) before an exercise training session has been shown to improve protein
synthesis to a greater extent than when consumed after exercise.*~*3 A recent study
by Bird et al.**>° demonstrated anti-catabolic effects of combining EAA and CHO
(6% CHO; 6 g EAA) during a short-term resistance training bout, which resulted in
decreased cortisol and attenuated myofibrillar protein degradation.

In addition, there may be a threshold for EA A intake of approximately 20 g, above
which greater doses may not further improve the protein synthesis response.*3-47:51-53
In light of the sum of reviewed studies, specifically those confirming that EAA con-
centrations directly stimulate protein synthesis, it would be recommended for any
athlete desiring to increase the benefits of training to consume EAAs before and
after exercise. Based on the available evidence, to enhance the effects of training and
to improve recovery, 3-20 g per day is recommended consumed in combination with
carbohydrate 30 minutes pre-exercise and within 1 hour post-exercise.

© 2009 by Taylor & Francis Group, LLC



244 Nutritional Concerns in Recreation, Exercise, and Sport

6. Sodium Bicarbonate

As a result of muscular contraction, ATP is reduced to supply energy, resulting in
an increase in H*. During intense exercise, the accumulation of H* surpasses physi-
ological buffering capabilities, decreasing the intracellular pH and, therefore, reduc-
ing the muscles’ ability to contract (metabolic acidosis), which can result in fatigue,
increased use of protein for energy, and loss of muscle mass.>* Sodium bicarbonate,
however, is extremely alkaline (low acidity/high pH) and has generally been shown
to be effective for increasing intra- and extracellular pH of muscle cells, further cor-
responding to a delay in the onset of muscle fatigue and improving recovery from
high-intensity events.’*-%* For example, McNaughton and Thompson®® reported a
12% and 10% improvement in total work capacity and power, respectively, after
5 days of sodium bicarbonate supplementation (500 mg per kg body weight). In addi-
tion, Coombes and McNaughton®* investigated the effects of 300 mg per kg body
weight sodium bicarbonate ingestion on isokinetic strength and endurance, dem-
onstrating an improved ability to perform work. Their results further support the
use for sodium bicarbonate in anaerobic activities. However, with respect to endur-
ance events, no performance-enhancing benefits have been demonstrated following
sodium bicarbonate supplementation prior to the activity.®-°

While sodium bicarbonate is favored as an effective supplement, several factors
must be considered for recommended dosing. Based on supporting research, posi-
tive results are demonstrated from consuming 300 to 500 mg per kg body weight.
However, such dosages have been associated with side effects of diarrhea, cramp-
ing, nausea, and vomiting. These side effects are reduced when using doses of 100
to 200 mg per kg body weight, yet these doses may not be as useful for enhanc-
ing performance.f7%7! Side effects may also be reduced when supplementation is
accompanied by copious water intake. Additionally, the timing of sodium bicarbon-
ate supplementation can affect its ability to influence performance. Most studies
have utilized a 90-minute pre-exercise consumption to allow for absorption into the
bloodstream and greater buffering capacity. In summary, the recommendation for
delaying fatigue from intense exercise is 300 mg per kg body weight per day as
sodium bicarbonate diluted in 1L of water, consumed 1-2 hours prior to exercise or
competition.

7. Sodium Citrate

Like sodium bicarbonate, sodium citrate can reduce blood acidity and increase the
body’s capacity to buffer the H* responsible for causing fatigue during high-inten-
sity exercise. During high-intensity exercise, anaerobic glycolysis continually pro-
duces H* ions, decreasing intramuscular pH. Absorption of sodium citrate into the
bloodstream after oral ingestion produces an increase in blood pH. The dissonance
between the intramuscular and blood pH concentration accelerates the movement of
H* from the working muscle into extracellular spaces. This movement consequently
reduces the negative effects of metabolic acidosis. Thus, sodium citrate acts to bal-
ance the pH and further delay the onset of fatigue.

According to existing research, sodium citrate’s performance-enhancing effects
appear to be dependent on exercise duration. Short-duration exercise, even at very high
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intensities, does not allow enough time for a maximal rise in H*; therefore, sodium
citrate’s buffering capabilities are not fully utilized and have not demonstrated a con-
tribution to improved exercise performance in events lasting less than 60 seconds.””
However, more studies have shown enhanced exercise performance when maximal
intensity exercise lasted between 2 and 15 minutes.”-39 Hausswirth and colleagues’
reported a 20% improvement in maximal isometric knee extension endurance. Later,
sodium citrate, given 90 minutes prior to exercise, was demonstrated to improve
3000-meter running performance in a group of Olympic caliber athletes.?!

When given 60-90 minutes before high-intensity events lasting more than 2
minutes, a single dose of 0.4-0.5 g sodium citrate per kg body mass may elicit the
greatest benefits. In addition, sodium citrate is well tolerated by most users, with few
accounts of gastrointestinal distress.

B. EquivocAL HUMAN RESEARCH TO SuPPORT USE
1. Alpha-Ketoglutarate (AKG)

As an intermediate in the Krebs cycle, AKG is naturally involved energy metabolism.
It is also a precursor for glutamine synthesis and pyridoxal-5-phosphate (vitamin By),
one of two critical co-factors used in transamination, a reaction by which the body
forms non-essential amino acids or new amino acids from other amino acids.

AKG is most often recognized as an anticatabolic, or protein-sparing, agent, which
works by sparing endogenous glutamine pools and increasing glutamine synthesis
and availability. The evidence to support AKG supplementation comes primarily
from clinical human studies. In a group of hip replacement patients, Blomqvist and
colleagues®? demonstrated that AKG (administered at 0.28 g per kg body weight)
was effective in preventing protein catabolism and sparing free glutamine at
24 hours post-surgery. Wernerman et al.%* also reported reduced losses of muscle
mass following surgery when high doses of AKG were orally administered.

Few studies have used AKG supplementation in healthy individuals. One study,
however, using trained but noncompetitive men, supplemented a combination of
AKG (14 mg per kg body weight) and vitamin B, (16 mg per kg body weight), result-
ing in a 6% increase in maximal aerobic exercise performance and significantly
reduced peak levels of blood lactate following supramaximal running workloads
lasting less than 140 seconds.?

To gain a sports performance benefit, an average person (70 kg) would need to
consume 980 mg of AKG, whereas a much larger dose of 20 g would be needed to
reduce protein breakdown and spare muscle glutamine.

2. Alpha-Ketoisocaproate (KIC)

KIC is the branched-chain keto acid derived from the amino acid leucine, and, when
ingested, about 50% of the consumed dose is converted into leucine.® KIC is also a
direct precursor to the production of beta-hydroxy-beta-methylbutyrate (HMB) and
has demonstrated anabolic and anticatabolic characteristics.®® In particular, a recent
study investigated the effects of supplementing with HMB (3 g) and KIC (0.3 g)
daily on a muscle damaging protocol. The supplementing group demonstrated
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significantly reduced measures of delayed onset muscle soreness, an attenuated cre-
atine kinase response, and a reduced decrement in 1RM.%” KIC supplementation
has demonstrated a protein-sparing effect, meaning that, under certain conditions,
supplementing with KIC may help offset the loss of muscle mass. Theoretically, KIC
may improve performance by increasing energy,® delaying the build-up of metabo-
lites that cause fatigue,?® and decreasing muscle damage caused by intense exer-
cise.?” Despite some positive results, a recent study suggested that a dose of 9 g of
KIC per day, given immediately prior to an exercise test, did not result in improved
performance.®® Although various studies have tested the effects of KIC doses rang-
ing from 1.5-20 g, more research is necessary before a verified recommendation for
the effective dose can be given. It should be noted, however, that high doses, greater
than 10 g, may cause gastrointestinal problems in some individuals.

3. Alpha-Lipoic Acid (ALA)

ALA is associated with an array of biological functions. While it is found in abun-
dance in red meat in a carnivorous diet, it is also produced endogenously, and, there-
fore, is considered a nonessential nutrient. As it relates to athletic performance, ALA
primarily functions as a potent antioxidant, assists in energy-producing reactions,
and mimics the actions of the hormone insulin.

ALA’s antioxidant effects were demonstrated in healthy adults, in which a dose
of 600 mg per day for 8 weeks significantly reduced LDL-cholesterol oxidation,
a process involved in initiating atherosclerosis. ALA was also found to be supe-
rior to vitamin E at decreasing plasma protein carbonyls, high levels of which may
be linked to an increased risk for cancer.”! Furthermore, ALA may increase the
availability of glutathione, a powerful antioxidant that fights the free radicals that
cause fatigue. By sparing glutathione, ALA may delay fatigue and improve perfor-
mance during vigorous, long-duration aerobic exercise, supporting ALA’s role as a
“metabolic antioxidant.”*> While ALA is primarily reputed as a metabolic agent, ath-
letes commonly ingest ALA in combination with glucose to promote an augmented
post-exercise insulin response, potentially speeding recovery. In a randomized con-
trolled study, healthy untrained men consumed 1 g of ALA in combination with 20 g
of creatine monohydrate and 100 g of sucrose each day for 5 days. The supplement-
ing group demonstrated significantly greater increases in muscle phosphocreatine
levels than men who consumed creatine plus sucrose or creatine alone.”® To achieve
an antioxidant effect, an ALA supplement of 300—600 mg per day is recommended.
To benefit from ALA’s insulin-like action, the recommended supplemental dose is 1
g per day with glucose immediately after exercise.

4. Branched-Chain Amino Acids (BCAAs)

The essential amino acids leucine, isoleucine, and valine collectively form a group
referred to as branched-chain amino acids, composing approximately 30% of the
total muscle protein content. BCAAs are essential amino acids that the body cannot
synthesize and, thus, must be obtained through the diet. BCAAs are found in high
concentration in whey protein (26% BCAA), milk (21%), meats, fish, eggs, and other
quality protein sources. Although they are readily available in dietary sources, BCA As

© 2009 by Taylor & Francis Group, LLC



Purported Ergogenic Aids 247

are in high demand as the primary amino acids oxidized during exercise (especially
endurance exercise) and oxidative stress and are fundamental for protein synthesis.
Research investigating BCAA supplementation pre-, during-, and post-exercise has
demonstrated augmented protein synthesis and a reduction in protein degradation,
ultimately enhancing recovery time.**> For example, the effect of supplementing
approximately 4—15 g of BCAAs per day or about 35 mg per pound (77 mg per kg)
of body weight during resistance exercise resulted in a decrease in muscle protein
breakdown and an increase in muscle building. Shimomura et al.® have also reported
BCAA supplementation to be effective in reducing delayed-onset muscle soreness
(DOMS) and fatigue for a few days following a fatiguing squat protocol. Bloomstrand
and colleagues also provided support for BCAA supplementation in delaying central
fatigue during and after prolonged exercise, by competing with tryptophan (an amino
acid precursor to serotonin) and reducing its uptake into the brain.%’

Furthermore, an investigation of the effects of BCAAs in a group of marathon
runners revealed that, when mixed into a glucose rehydration drink, 7.5 g of BCAAs
improved mental performance, and 16 g of BCA As improved physical performance.®’
BCAAs may conceivably enhance performance in runners by enabling them to run
harder and maintain mental focus. In addition, in a study from Rutgers University, 14
men and women ingested either a placebo or BCAA (5 mL per kg body weight) drink
every 30 minutes during cycling at 40% of maximal exercise capacity. The BCAA-
consumption groups demonstrated a 11.7% increase in time to exhaustion.”®

Although the positive research supporting the use of BCAA supplementation is
vast, some studies have failed to show any ergogenic effects.”-19 However, BCAA
research clearly supports improved recovery from exercise and enhanced protein
synthesis and it could be argued that BCA As indirectly improve performance. Thus
far, however, BCA As have not been shown to be directly ergogenic during exercise.
In summary, these results indicate that supplementing with BCAAs during endur-
ance or resistance training may spare valuable muscle by performing an anticatabolic
function, while simultaneously increasing muscle protein building,*+°>192 which
would assist in recovery, training adaptations, and performance. The recommended
dosages range between 9 and 15 g for the total dose consumed during exercise lasting
approximately 2 hours. Also, some evidence indicates that supplementing 12 g daily
for 2 weeks may assist in alleviating exercise-induced skeletal muscle damage.

5. Colostrum

Colostrum is a form of milk produced by the mammary glands for the nourishment
of newborns. Its release occurs just before the onset of genuine lactation (milk secre-
tion). While milk has many bioactive compounds that may be beneficial for active
individuals, colostrum is even more complex. Along with nutrients and antibod-
ies, colostrum contains multiple bioactive components, with growth factor fraction
(IGF-1) and immunoglobulin fraction having gained the most attention for future
ergogenic potential.'® A third remaining fraction contains enzymes, proteins, and
various peptides that are of less interest to athletes.!”> Research suggests that IGF-1
and the high-quality protein found in colostrum may stimulate muscle growth and
promote protein synthesis.!**!9 In a double-blind, placebo-controlled study, 39 men
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completed an 8-week running program (45 minutes, 3 times per week) with supple-
mentation (60 g colostrum per day or placebo). After 4 weeks, both groups improved
comparably in treadmill running performance. However, at 8 weeks, the colostrum
group ran 10% farther than the placebo group. In addition, the colostrum group dem-
onstrated reduced levels of creatine kinase (an indicator of muscle damage) and an
associated reduction in muscle trauma. Furthermore, a group of 51 males, combining
8 weeks of resistance and plyometric training and colostrum supplementation (60 g
per day), resulted in improvements in peak vertical jump power and peak cycle power,
with no change in 1RM of anaerobic work capacity, compared with placebo.!

Additionally, a few studies have demonstrated enhanced endurance perfor-
mance due to the influence of IGF-1 on lipoprotein lipase (fat breakdown for
energy utilization) and the inhibition of insulin activity in fat cells.'”” Coombes
and colleagues!® reported significant improvements in cycling time trial per-
formance after a 2-hour ride at 65% VO, after 8 weeks of 20 g or 60 g of
colostrum per day. Buckley et al.'”® also demonstrated that 8 weeks of colos-
trum supplementation (60 g per day) may enhance recovery between two bouts of
incremental treadmill running to exhaustion by 5.2%. Colostrum supplementation
may also positively influence body composition by augmenting the loss of body
fat and reducing muscle breakdown (increase in or maintenance of lean body
maSS).106’1 10-112

The recommended dose of colostrum is 20—60 g per day. However, research pre-
sented by Antonio and colleagues''® demonstrated that 20 g per day over an §8-week
period in regular exercisers resulted in significant gains in lean body mass but no
change in performance. Furthermore, combining a lower dose (20 g) with a high-
quality protein (such as whey) may offer less expensive and additional benefits.

6. Dehydroepiandrosterone (DHEA)

DHEA, a steroid that is produced naturally by the adrenal glands, serves as a pre-
cursor to the sex hormones testosterone and estradiol. The conversion of DHEA
to estradiol would not be advantageous for athletes in light of its anabolic effect
on fat cells. However, the conversion of DHEA to testosterone may have potential
performance-enhancing effects.

Testosterone is a potent anabolic hormone that promotes skeletal muscle pro-
tein accrual, and more muscle mass should translate into improved strength-power
performance. However, the ergogenic effects of DHEA supplementation have been
questioned. Wallace et al.'”® investigated the effects of a 12-week resistance train-
ing program and DHEA supplementation (100 mg per day) in a group of healthy
middle-aged men and reported no significant changes in the DHEA group for upper-
and lower-body strength. In addition, another study, employing 3 weeks of DHEA
supplementation and resistance training in healthy adults, reported no significant
changes in lean mass or strength gains.!"> However, several studies employing DHEA
supplementation in elderly men and women have demonstrated significant improve-
ments in immune function, muscle strength, muscle mass, and quality of life.l14!13

While the effects of DHEA on athletic performance are uncertain, a dose of
100 mg per day might offer health-related benefits. Furthermore, DHEA may have a
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role in enhancing quality of life and improving strength and lean body mass in aging
men and women. Caution should be used surrounding the ergogenic use of DHEA,
as it is listed as a banned substance on the International Olympic Committee’s list.

7.  Gamma-Aminobutyric Acid (GABA)

GABA is an inhibitory neurotransmitter present in high concentrations throughout
the central nervous system. Although it is an amino acid, it is not found in proteins,
rather, it is synthesized by converting the principal excitatory neurotransmitter, glu-
tamate, into the inhibitory form. GABA became popular among bodybuilders after a
study revealed that acute supplementation (one single dose) resulted in an increase in
growth hormone (GH) within 3 hours of consuming a 5 g oral dose.!'® Two follow-up
studies confirmed the effectiveness of a 5 g oral dose in healthy adults, as well as
revealing a dose-dependent increase when 10 g GABA was ingested.!'”!"® One of
these studies did, however, reveal a curvilinear response when 18 g of GABA was
supplemented 4 days in a row and effectively resulted in a blunted GH response.!'®
Consequently, ingesting too much GABA may actually have the opposite of the
desired effect on GH release. Furthermore, recent data suggest that GABA may have
inhibitory effects on the motor cortex after anaerobic exercise, thus reducing central
fatigue.!?’

Additionally, while data are limited, some evidence suggests the potential use of
GABA as an anti-anxiety aid that may also promote improved sleep. Based on the
available data, in order to stimulate GH release, 5-10 g per day should be consumed
on an empty stomach about 1 hour before bedtime.

8. Ginseng

While there are many species of ginseng, Panax ginseng (or Asian ginseng) and
Panax quinquefolius (or American ginseng) are the two most commonly used forms
and are believed to be the most effective due to the presence of biologically active
ginsenosides (steroid-like compounds). In addition to historical use as aphrodisiacs
and stimulants, both American and Asian ginseng are taken orally as adaptogens,
substances believed to increase the body’s resistance to stresses such as trauma,
anxiety, and bodily fatigue. However, as with most herbs, there is considerable varia-
tion in chemical make-up and density of active ingredients between, and even within,
ginseng species,'?’ so all ginseng cannot be expected deliver analogous performance
or physiological benefits.

In a comprehensive review of research data relevant to ginseng as performance
enhancer, scientists have concluded that Asian ginseng extracts, standardized to
not less than 4% total ginsenosides, produced some ergogenic effects in 74% of
the studies that supplemented for more than 4 weeks, while Asian ginseng was
suggested to be ineffective if used for less than 4 weeks.!?! In addition, evidence
suggests that Asian ginseng, when consumed before exercise, can improve perfor-
mance and act as a stimulant, and strong evidence supports the use of American
ginseng in glucose disposal and recovery. For example, the use of Asian ginseng has
been shown to improve endurance time to exhaustion and VO, during endurance
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exercise,'?? and to enhance recovery.'?> However, evidence suggests that Asian gin-
seng does not appear to enhance physical performance.!?#125 Furthermore, the use
of American ginseng may reduce skeletal muscle damage following high-intensity
exercise.'?® In addition, Vuksan et al. have provided evidence for reduced plasma
glucose levels following 1, 2, or 3 g of American ginseng when taken 40 minutes
before a glucose load.!?7!28

Based on the available science, for energy, performance enhancement, or for use
as an adaptogen, 200 mg per day as Panax ginseng root (standardized to not less
than 4% total ginsenosides) is recommended, consumed in divided doses: once in
the morning and again 30—60 minutes prior to exercise. When taking ginseng as
an aid to dispose glucose, 1-3 g per day is suggested as American ginseng (Panax
quinquefolius) consumed in divided doses, 40 minutes before meals or under high
glucose loads.

9. Glycerol

Also known as glycerin, glycerol is a colorless, odorless, sweet-tasting, syrupy lig-
uid that is marketed as a sugar alcohol that does not affect blood sugar or increase
insulin.'?® It is commonly used for added sweetness and palatability to high-protein
or low-carbohydrate nutrition bars. In addition, glycerol has been suggested to serve
as an ergogenic aid due to its hyperhydrating effects. Much of the data suggest that
glycerol is an effective hyperhydrating agent,'*-132 yet its influence on performance
is uncertain. Hitchins et al.'** demonstrated an increase in power output without an
increased perception of effort, after an acute dose (1 g per kg body weight) prior
to exercise. Glycerol supplementation (1.0-1.2 g per kg body weight) has also been
associated with an average 23% increase in time to exhaustion,'3* as well as main-
taining normal body temperature and heart rate during exercise in the heat.!3>!36
While some evidence is positive, not all studies have shown an ergogenic effect. For
instance, Latzka and colleagues reported that glycerol ingestion was unable to lower
oral or skin temperatures, improve sweating efficiency, or reduce heart rate while
exercising in a hot environment.'*” Furthermore, other studies revealed that 1.0-1.2 g
per kg body weight glycerol supplementation has no significant influence on cardio-
vascular, metabolic, or thermoregulatory function.!?135

While glycerol supplementation may not work for everyone,'3® individual responses
vary, and one’s personal reaction may be uncovered through experimentation. Sport
scientist Dr. Wagner advises “as with any sport drink or nutritional aid, if an athlete
decides to try glycerol-induced hyperhydration, he or she should experiment with it
in training before using it in competition” (p. 210).!* Based on the available data, a
dose of 1 g of glycerol per kg (0.45 g per 1b body weight) in about 1-2 cups (237-473
mL) of water or a favorite juice is suggested.

10. N-Acetylcysteine (NAC)

NAC supplementation has been shown to improve immune function and reduce
the free radial stress that can cause muscle fatigue and damage. These benefits
appear to result from an increase in glutathione (GSH) availability with NAC
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supplementation.”>!3%140 GSH is a potent antioxidant that protects the body from
destructive free radicals that can cause fatigue or tissue damage. When the demand
for GSH is high, as it is during exercise, there is a dramatic decrease in intramuscular
GSH and increase in circulating GSH. However, if the demand for GSH continuously
exceeds the available supply, muscle catabolism and contraction-induced fatigue
increase.'*-'¥3 In light of this, supplemental NAC may be needed to support GSH
levels and could result in a sports performance benefit when administered before
exercise."*+-47 For example, one study demonstrated that NAC supplementation prior
to (15 minutes and 20 minutes) and during continuous exercise attenuated muscle
fatigue and improved Na*-K*-pump kinetics.*® Matuszczak and colleagues'® also
support a delay in fatigue during repetitive exercise following NAC supplementa-
tion. Furthermore, there are reports of a direct correlation between an improvement
in aerobic fitness and NAC response, which may imply an improvement in aerobic
performance following NAC supplementation.'*> Similarly, NAC supplementation
more strongly influences slow-twitch fiber GSH kinetics and has been shown to delay
muscle fatigue in prolonged aerobic activities with no direct ergogenic benefits in
short-duration or maximal anaerobic exercise.'*+14%147 Moreover, some evidence sug-
gests that the ergogenic benefits from NAC supplementation may be dependent upon
training status.'¥

Based on the available research, for endurance performance benefits or to delay
muscle fatigue, 600-1500 mg per day should be consumed with food approximately
60-120 minutes prior to aerobic exercise training or competition. For general and
antioxidant use, 600 mg per day to 4 g per day is recommended in divided doses
with meals.

11. Rhodiola

Rhodiola, like ginseng, is considered an adaptogen that optimizes serotonin and
dopamine levels."’® Rhodiola use may promote a wide variety of benefits, includ-
ing neurostimulatory, antidepressant, antifatigue, antioxidant, immunostimulatory,
sex hormone stimulatory, antistress, anti-inflammatory, and anticancer actions,
among others.!>-157 For example, acute supplementation of Rhodiola rosea (200 mg
per day for 2 days) resulted in improved time to exhaustion during a 30-minute endur-
ance test, along with improvements in VO, In the same group of healthy men,
chronic (4 weeks) rhodiola supplementation did not elicit any significant performance
gains.’® Furthermore, Rhodiola rosea has been suggested as an anti-inflammatory
agent in healthy untrained individuals, which may indirectly lead to improved
performance.!>?

Individuals should be aware that rhodiola consists of a variety of species, whereas
the majority of the data employ supplementation with Rhodiola rosea root extract.
For general chronic use and as a potential adaptogen, it is recommended that
100-600 mg per day as Rhodiola rosea root extract (standardized to provide
3.6-21.6 mg per day rosavin) be consumed on an empty stomach. For an acute perfor-
mance effect, it is recommended that 300-1,800 mg as Rhodiola rosea root extract
(standardized to provide 10.8—64.8 mg rosavin) be consumed on an empty stomach,
approximately 30—60 minutes prior to exercise or competition.
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12. Ribose

Ribose, a simple sugar naturally synthesized in the body, is used to make energy for
skeletal and cardiac muscle and other tissues. While ribose is immediately absorbed
intracellularly and converted to energy, the process is slow. As an essential compo-
nent to the backbone of ATP,'>° ribose may play an important role in energy avail-
ability when mechanical energy demand is high. During intense activity, energy is
depleted more rapidly than it can be replenished, ultimately leading to fatigue. Thus,
it is believed that supplementing ribose may be useful in rebuilding ATP and there-
fore creating more available energy during and after exercise.'® Although inconclu-
sive, research suggests that ribose supplementation does accelerate ATP resynthesis,
but this has seldom been associated with improved performance.!%-1 However, a
few studies have demonstrated positive effects of ribose ingestion on performance.
For example, Witter et al.'®” and Gallagher et al.'®® compared the effects of 10 g of
ribose per day versus placebo on cycling performance in a group of college-aged
men. They reported greater gains after ribose supplementation for mean power out-
put over 5 days of training and greater peak power at the last training session than
the placebo group. In another study, strength and endurance were measured in male
bodybuilders supplementing with 10 g per day over a 4-week period. The ribose
group experienced significant increases in the number of bench press repetitions to
failure, in addition to improvements in maximal strength.!6°

Additional long-term studies are warranted before a more conclusive use of ribose
in sport-specific activities is suggested. Therefore, based on the absence of exercise
benefits indicated by the majority of studies, no recommend dose for ribose supple-
mentation can be made to enhance performance.'®

13. Taurine

Taurine is the most abundant free amino acid in excitable tissues, such as muscle,
heart, and brain.'” Although taurine is classified as a non-essential amino acid, it
plays a fundamental role in several physiological functions within the body, in par-
ticular modulation of neurotransmission, cell-volume regulation, cell-membrane
stabilization, adipose-tissue regulation, and calcium homeostasis.”'-'7 In addition
to regulating physiological phenomena, taurine has been proposed to improve time
to exhaustion, reduce exercise-induced injury, decrease oxidative stress, and regu-
late core body temperature,'”’-'”” which may translate into augmented performance.
Furthermore, it is considered a conditionally essential amino acid, meaning that
under certain conditions, such as intense training, the body cannot synthesize ade-
quate amounts, suggesting the importance of taurine supplementation.

Studies have reported that intramuscular taurine concentrations decrease as a
result of exhaustive high-intensity exercise lasting 30, 60, or 100 minutes, and the
deficit is particularly pronounced in fast-twitch muscle fibers.”®!180.181 Notably,
Zhang and colleagues demonstrated an increase in performance following 1
week of taurine supplementation. When their healthy young subject population
supplemented taurine for 1 week prior to an exhaustive exercise bout, taurine
significantly improved exercise time to exhaustion, maximal oxygen consump-
tion, and maximal workload achieved.!”” Also, due to the influence of taurine
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on regulation of core body temperature, its use may reduce athletes’ risk of heat
stress and heat stroke.!” Based on the current research, recommendations con-
sist of 100-500 mg per kg body weight per day consumed prior to meals and/or
glucose-containing solutions.

C. Limitep To No HUMAN REeSEaArRcH TO SupPORT USE
1. Adenosine Triphosphate (ATP)

ATP, an essential source of energy for numerous cellular processes, is fundamen-
tal for the transfer of energy. ATP is hydrolyzed to adenosine diphosphate (ADP)
and inorganic phosphate (P,), where the P, bond is split, releasing chemical energy,
and initiating physiological processes.!$? During physical activity, energy from ATP
is released during muscle contraction but is limited by the body’s capabilities for
resynthesis.'33 Furthermore, supplementing with ATP may influence available con-
centrations for energy, resulting in an improvement in performance. However, the
influence of ATP supplementation on performance is limited and uncertain. One
study investigated the effects of 150 or 225 mg ATP supplementation over a 14-day
period on aerobic and anaerobic performance.!®* There were no reported changes in
whole blood concentrations of ATP immediately after supplementation or at 14 days
post-supplementation. Furthermore, ATP supplementation did not alter bench press
strength or endurance, or peak power or total work during repeated Wingate tests.
The researchers did, however, note improvements in the number of repetitions to
fatigue at 1RM and total lifting volume after 14 days of 225 mg ATP supplementa-
tion. Herda and colleagues'®® examined the acute effects of a supplement intended to
improve ATP concentrations on performance in college-aged men. Following 7 days
of supplementation, there were no observed improvements in vertical jump height,
leg strength, leg endurance, or forearm endurance. Due to the lack of research, more
data are required before any recommendation can be made for the use of ATP as an
efficacious sports supplement.

2. Betaine

A metabolite of choline, and the trimethylated form of glycine, betaine is present in
the diet in large concentrations in wheat germ and bran, as well as in sources such
as spinach, shrimp, beets, and some wheat products.'®® Betaine’s two primary func-
tions in the body are as a methyl donor and an osmolyte, a compound that maintains
normal cell volume. As an osmolyte, betaine protects cells, proteins, and enzymes
from heat, dehydration, and other environmental and physiological stresses. As a
methyl donor, betaine is used to convert homocysteine to L-methionine and is, there-
fore, also a precursor to creatine and S-adenosylmethionine (SAMe), which has been
used as a dietary supplement for bone and joint health, as well as mood regulation.
In healthy adults, 6 weeks of betaine supplementation at 1.5, 3, and 6 g per day was
shown to decrease levels of homocysteine, an indicator of heart and blood vessel
disease, in a dose-dependent manner.'®” In another study, 6 g per day of betaine for
12 weeks provided to 42 obese men and women resulted in a significant reduction
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in homocysteine levels; however, no changes in body composition, body weight, or
resting energy expenditure occurred.'88

Data to substantiate a sports enhancing effect is limited; two studies, currently
available only as abstracts, provide evidence that when betaine was co-ingested with a
carbohydrate and electrolyte beverage during and after exercise in hot climates, sprint
time to exhaustion, as well as anaerobic and aerobic metabolism, improved.!3>1°° Based
on available science, the recommendation is to supplement 600 mg—6 g per day con-
sumed with meals or immediately post-exercise with recovery drink.

3. Choline

Choline is considered an essential nutrient and is required for the synthesis of cell
membrane phospholipids, betaine, and the neurotransmitter acetylcholine. Choline
plays a key role in neuromuscular function, as well as in cell structure integrity and
fat metabolism. It can be found in high concentrations in a variety of foods, the two
most common of which are eggs and soy lecithin.!”'°2 While choline is essential for
many biological functions, studies have demonstrated that choline levels can decrease
significantly as a result of strenuous exercise and that supplementation with choline
may significantly increase choline availability; however, supplementation has shown
no effect on endurance performance.!>-1° Although there have been no reports of
improvements in performance following choline supplementation, all available stud-
ies have used only an acute dose immediately before or no more than 1 day before
competition, in highly trained indvidiuals. Thus, we cannot completely dismiss its
use. Based on available science, 300 mg—1.2 g per day of choline supplementation
is recommended, in the form of choline bitartrate or choline citrate, consumed in
divided doses, with meals or pre-exercise.

4. Chromium

Chromium is an essential trace mineral found in small amounts in the typical
American diet. As a cofactor for insulin, chromium may amplify insulin’s effects
on the transport of glucose, amino acids, and fatty acids into the cell. This enhanced
transport could possibly boost the anabolic effects of insulin by increasing protein
and glycogen synthesis in the muscle cell.'”” While chromium is essential, it would
appear that most, if not all, Americans consuming a sufficient number of calories
obtain enough chromium from diet alone.'*®!%° However, athletes who are on a low-
calorie diet and in intense training for an extended period may consider adding
supplemental chromium to their diet. It is also important to note that chromium
supplementation serves as a preventive method for chromium depletion. In such
cases, the data suggest improvements in strength and glycogen synthesis are limited,
however, more research is needed. The current recommended intake of chromium is
50-200 mcg per day.

5. Citrulline Malate

Citrulline is a non-essential amino acid that is vital for the synthesis of arginine and
nitric oxide. Research suggests that citrulline may increase lactate reabsorption, and
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more importantly, ATP resynthesis.?? The potential result of citrulline’s action is
enhanced exercise performance as a consequence of delayed fatigue. In the major-
ity of the existing research, citrulline was administered in the form of citrulline
malate (L-citrulline-DL-malate). Moreover, researchers noted that the combination
of citrulline malate was significantly more effective for increasing ATP resynthesis
than either compound given independently.??° In a later “exercise”-specific study of
the effects of 6 g per day for 15 days on finger flexion, orally consumed citrulline
malate was given to 18 men. The results showed that ATP production during exer-
cise increased by 34%, and phosphocreatine resynthesis after exercise improved by
20%.* Concerning the synergistic effect of the combination of citrulline and malate,
scientists have proposed that citrulline preferentially increases lactate re-absorption,
while DL-malate facilitates ATP resynthesis via its role in the TCA cycle, a part of
the aerobic metabolic pathway. Based on limited research, in order to delay muscle
fatigue by increasing ATP resynthesis and lactate re-absorption, 6 g per day as citrul-
line malate (53.9% L-citrulline; 46.1% DL-malate) is suggested.

6. Conjugated Linoleic Acid (CLA)

CLA is a naturally occurring free fatty acid that is found in meat and dairy products
such as beef, turkey, milk, and cheese. The use of CLA is widely promoted as an
aid to reduce body fat. However, in humans, the effects of CLA supplementation
on body composition and exercise performance have been highly inconclusive. For
example, Lambert et al.?%! demonstrated no effect of 3.9 g CLA per day for 12 weeks
on body composition, resting metabolic rate, resting energy expenditure, or appetite
in 62 healthy women. However, the effects of chronic CLA supplementation (3.4 g
per day for 6 and 24 months) in overweight and obese participants have been more
notable, resulting in improvements in total and regional decreases in body fat.202-204
Due to the minimally available data in healthy, normal-weight individuals, no rec-
ommended dose can be suggested.

7. D-Pinitol

D-pinitol is found in rich concentrations in various legumes, fruits, pine tree compo-
nents, and other botanicals. Chemically similar to the sugar-like compound inositol,
it appears to stimulate glucose uptake and, thus, may reduce blood glucose. D-pinitol
is most effective at decreasing blood glucose when consumed either in the absence
of glucose or prior to a glucose-containing drink.?%>-2%7 For this reason, D-pinitol
has become popular with bodybuilders, fitness enthusiasts, and athletes attempting
to promote muscle cell loading and recovery. It is quite expensive, and its value in
exercise performance enhancement is still inconclusive. However, the available data
involving supplementation and D-pinitol’s insulin-mimetic effects in the absence of
glucose do present a host of sports-specific applications if validated. The current
data suggest that consuming 600 mg immediately before a high-carbohydrate recov-
ery drink after an intense, high-volume workout, may allow the recovery process,
namely the rebuilding of glycogen stores, to proceed more rapidly and to a greater
extent. However, no data supports this hypothesis.

© 2009 by Taylor & Francis Group, LLC



256 Nutritional Concerns in Recreation, Exercise, and Sport

8. Ecdysterone

Ecdysterone is an ecdysteroid, or insect hormone, that is also present in most
plant species. In 1976, Russian researchers reported that ecdysterone significantly
increased body weight and protein content in muscle and other organs in rats that had
received 0.5 mg per 100 g of body weight per day for 7 days. The effect appeared to
be present in younger, growing rats, and it was noted that the increased anabolism
was not due to the same pathway as the male hormone testosterone.?® The results of
several Eastern European studies support the beneficial effects of ecdysterone con-
sumption when combined with protein in endurance and strength-trained athletes.
After 3 weeks of supplementation, they reported an increase in muscle mass and
total work performance during exercise testing, as well as a reduction in body fat.
However, most of these studies are in Russian, and English translations of the full
texts are not available.??°-215 Despite these limitations in translation, pure ecdysterone
may have enough supporting data to justify its use in sports. Based on the available
data, 0.5-10 mg per kg body weight per day of ecdysterone (as 20-hydroxyecdysone)
consumed in equally divided doses, with protein, or immediately post-workout with
protein has been recommended.

9. Glutamine

Glutamine is the most prevalent free amino acid in plasma and among the most
prevalent in muscle. It acts as a substrate for gluconeogenesis, an oxidative energy
source in growing or regenerating tissue, and is involved in the regulation of muscle
protein synthesis, protein degradation in skeletal muscle and liver glycogen syn-
thesis.?'¢ It is considered to be a conditionally essential nutrient needed in the diet
under certain catabolic conditions. Glutamine was reclassified as such when patients
receiving standard parenteral nutrition consistently became glutamine depleted.?"”
Decreases in glutamine concentrations have also been commonly associated with
overtraining syndrome or very high-intensity training regimens in generally healthy
populations.?'®

Most studies of glutamine supplementation have demonstrated little to no ben-
efit on exercise performance or body composition. However, some research has
reported success in using glutamine as an energy recovery aid to boost glycogen
resynthesis after exhaustive exercise.?!®220 Interestingly, data also demonstrated
that glutamine plus a carbohydrate beverage provided no additional effect on mus-
cle glycogen over glutamine alone, but did increase whole body glycogen resynthe-
sis in the liver. In addition, glutamine alone did not raise insulin, whereas insulin
increased significantly with the ingestion of the carbohydrate-containing drink.?2°
This effect may be of value to athletes who seek recovery between workouts but
are trying to lose weight and avoid extra calories. However, this theory needs to
be examined more closely. It should be stressed that claims that glutamine reduces
protein breakdown and supports immune function, which originated largely from
research conducted in ill or injured people, are somewhat misleading. Several
independent reviews of the literature have all come to much the same conclusion:
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glutamine supplementation is required to be very high (at least 20 g per day) and in
sustained doses (consumed immediately upon injury and continuously thereafter)
to be effective in influencing net protein balance and immune function.??!-224
Based on the available science, to augment glycogen resynthesis a recommended
dose of 8 g of glutamine should be consumed immediately post-exercise. For anti-
catabolic and general use, 20 g per day or more should be consumed immediately
post-exercise or in divided doses.

10. Hydroxycitric Acid (HCA)

HCA is extracted from the dried fruit rind of Garcinia cambogia, which grows
in west and central Africa and Southeast Asia. HCA has a chemical structure
similar to that of citric acid and has been suggested to potentially promote the
utilization of fat for energy and contribute to the inhibition of lipogenesis by com-
peting with the enzyme ATP-citratelyase. Anecdotal reports suggest that HCA
supplementation may cause weight loss in humans without the central nervous
system stimulatory effect that occurs with most weight reduction supplements.
However, the majority of studies across athletic and non-athletic populations have
found that supplementing HCA alone was not significantly better than ingesting a
placebo in terms of fat oxidation, satiety, energy expenditure, or weight loss.?23-227
In one study, although not significant, a greater number of the people in the HCA
group lost weight compared with the placebo group. The authors suggest that this
could have resulted from a decrease in appetite due to a potential satiety effect of
HCA .228-232 Several Japanese studies also offer support for HCA’s role in glycogen
sparing and fat oxidation.?33-2% Perhaps in conjunction with exercise and diet, HCA
may help control appetite and allow people to lose a significant amount of weight.
Based on available data, the recommended dosages range from 750-2800 mg
per day.

11. Octacosanol

A waxy plant extract found in wheat germ oil and sugar cane, octacosanol is a
nutraceutical that has received attention for its potential role in muscle and strength
development by acting on nervous tissue. Theoretically, if supplementation of octo-
cosanol exerts a positive influence on the efficiency of the nervous system, it may
facilitate speed and strength production, as well as influence the growth response in
skeletal muscle by activating more muscle fibers during athletic movements. In one
study, when 16 subjects were supplemented with 1 mg of octacosanol for 8 weeks,
they experienced improved reaction time to visual stimuli, as well as a significant
increase in grip strength.?*¢ To date, other human studies involving octacosanol as
an ergogenic aid have exhibited severe design flaws and cannot provide conclusive
evidence for its use. Limited data suggest that 1 mg per day may improve exercise
performance; however, more recent, controlled research is needed to validate these
results.
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12. Pyruvate

Pyruvate is a three-carbon ketoacid product of glucose metabolism. During longer-
duration, lower-intensity exercise, pyruvate is primarily utilized aerobically to make
copious amounts of energy; whereas, during higher-intensity exercise, pyruvate is
used mostly anaerobically to make energy very rapidly but is accompanied by the
accumulation of lactic acid and hydrogen ions and subsequent fatigue after as little
as 15 seconds. Researchers hypothesize that supplementing pyruvate may help the
aerobic system operate more efficiently, improve endurance capacity, and reduce pre-
mature fatigue.?’” Two studies reported an 80% improvement in endurance capacity
in trained men, reflected in their ability to run longer, when they supplemented 25 g
per day of pyruvate for a week.?3¥2% These studies were criticized on the basis that
the tremendously high dose of pyruvate supplemented would not be affordable and
may not be safe over the long term. As a result, other investigators tested the effect
of 7-8 g per day in trained and untrained men for 1 to 2 weeks, yet they found no
effect on endurance performance.?*2*! Two other studies examining the ergogenic
potential of lower doses of pyruvate also found pyruvate supplementation to have no
significant effect on exercise performance or body composition in untrained adults
or football players, respectively.?*>?#* In general, unless athletes supplement with a
very costly 25 g per day of pyruvate, endurance performance benefits are unlikely.

13. Tribulus

Supplemental tribulus is derived from Tribulus terrestris, a groundcover plant
widespread throughout many of the world’s warm temperate and tropical climates.
Bodybuilders have long used tribulus with the goal of increasing testosterone,
strength, and muscularity, but thus far, the clinical data in humans is limited and
not positive. Research in humans has demonstrated tribulus to be ineffective for
resistance-trained males who consumed a daily dose 3.21 mg per kg of body weight
or 450 mg for 5 to 8 weeks. Tribulus was found to offer no performance-enhancing
or physique-altering benefit compared with placebo.?**245 However, research in rats
suggests that, to observe any benefits, the amount and purity of tribulus’s active
component, protodioscin, is critical.>*¢ While no research in humans has substanti-
ated the benefits seen in rat studies, data in rats suggest that a much higher dose of
5-10 mg per kg body weight per day of active protodioscin (from Tribulus terrestris)
be consumed in divided doses with meals or as a single dose immediately prior to
exercise to potentially see any hormonal or performance benefits. However, based on
available science, Tribulus is not recommended at this time.

14. Tyrosine

Tyrosine is a conditionally essential amino acid that is naturally produced in the body
under normal conditions but may not be synthesized in adequate quantities under
stressful conditions, such as disease states or intense exercise training. Tyrosine is a
well-documented precursor to the thyroid hormone thyramine, and plays a critical
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role in the production of the skin pigment melanin and in the release of luteiniz-
ing hormone, which is instrumental to reproductive system function.?*’ Tyrosine’s
primary function in the body is to serve as the direct precursor to the synthesis
of catecholamines, including dopamine (DA), epinephrine (E), and norepinephrine
(NE). Considering its direct involvement in the sympathetic nervous system’s stimu-
lation of the “fight or flight” response and hormone release from the adrenal glands,
tyrosine supplementation may improve both endurance and anaerobic performance
by increasing NE and DA release. However, recent studies have demonstrated no
performance enhancement from tyrosine supplementation prior to high-intensity
exercise.?*$24 Interestingly, in sleep-deprived subjects, 150 mg per kg body weight
of tyrosine improved memory, reasoning ability, mathematical processing, tracking,
and visual vigilance in comparison with the known stimulants, D-amphetamine,
phentermine, and high-dose caffeine (approximately 300 mg).?>° Researchers also
reported that a dose of 150 mg per kg body weight of tyrosine, when provided to
sleep-deprived subjects, reduced the typical psychomotor performance declines
associated with mental fatigue.?>! Along these lines, tyrosine supplementation could
potentially improve performance in sleep-deprived athletes. Data have also sup-
ported the ergogenic potential of tyrosine for use in extreme temperature conditions.
Mahoney et al.>% exposed human subjects to water immersion testing at various tem-
peratures and found that tyrosine supplementation helped to alleviate memory dec-
rements associated with acute cold exposure. While data is limited in humans, the
recommendation consists of 50—150 mg of tyrosine per kg body weight consumed on
an empty stomach, approximately 60—90 minutes prior to exercise.

15. Yohimbine

Yohimbe, an herbal extract from the bark of the African evergreen tree Pausinystalia
yohimbe, contains the active ingredient yohimbine, an alpha-antagonist, or a sub-
stance capable of blocking alpha-adrenergic receptors. Adipocytes, or fat cells,
have both alpha- and beta-adrenergic receptors, which trigger different functions.
Stimulation of the alpha-receptors signals the cells to start storing more fat. However,
when these receptors are blocked (i.e., by alpha-antagonists such as yohimbine), the
fat storage process is averted. Some researchers suggest that supplementing yohim-
bine, in combination with exercise, can maximize fat loss by increasing lipolysis.?3
Exercise stimulates beta-receptors on fat cells, resulting in fat being released and
used for energy, and supplemental yohimbine, through its actions on alpha-receptors,
may block the normal resynthesis of fat during recovery. Research has demonstrated
that supplementation of yohimbine in adults significantly elevated blood markers
of fat metabolism and was further enhanced with the addition of exercise.>* In one
study, highly trained men who supplemented 10 mg of yohimbine twice a day for
3 weeks experienced significantly greater fat loss than the placebo group.?>> However,
because alpha-receptors are present in the heart, arteries, and lungs, in addition to
fat tissue, many side effects of yohimbine use may occur. Some of the most com-
mon side effects are feelings of panic, clumsiness, and confusion.?® Based on the
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available research, the current recommendations are 0.2 mg per kg of body weight
per day in two equally divided doses.

.  SUMMARY AND CONCLUSIONS

The field of sports nutrition is rapidly advancing, with new research providing evi-
dence in support of, or contesting the use of, supplements to augment performance
(see Table 9.2). Concomitantly, the use of supplements in athletics and performance
has increased considerably in efforts to enhance training, strength adaptations, recov-
ery, metabolism, and hydration, as well as to reduce fatigue and deter injury. While
many advantageous supplements exist, an equal number of ineffective aids persist,
many of which are highly marketed, leaving consumers with uncertainty and a cause
for possible harm. This chapter outlines the more widely used supplements, evaluat-
ing the available human-related evidence and the true performance and physiologi-
cal effects that may be observed. Guidelines for rational use are profiled throughout
the chapter and illustrated in Table 9.3.

TABLE 9.2
National Collegiate Athletic Association—List of Banned
Substances—2007-2008

Stimulants

Amiphenazole Diethylpropion
Amphetamine Dimethylamphetamine
Bemigride Doxapram
Benzphetamine Ephedrine (ephedra, mahuang)
Bromantan Ethamivan
Caffeine Ethylamphetamine

(>15 ul mL concentration in urine) Fencamfamine
Chlorphentermine Meclofenoxate
Cocaine Methamphetamine
Cropropamide Methylenedioxymethamphetamine
Crothetamide Methylphenidate
Diethylpropion Nikethamide
Dimethylamphetamine

Anabolic Agents

Androstenediol Dehydrocholrmethyl-
Androstenedione testosterone
Boldenone Dehydroep oxymesterone
Colstebol Dihydrotestosterone (DIH)

(Continued)
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TABLE 9.2 (CONTINUED)
National Collegiate Athletic Association—List of Banned
Substances—2007-2008

Anabolic Agents

Dromostanolone Norethandrolone
Epitrenbolone Oxandrolone
Fluoxymesterone Oxymetholone

Gestrinone Stanozolol

Mesterolone Testosterone
Methandienone Tetrahydrogestrinone (THG)
Methyltestosterone Trenbolone

Nandrolone

Norandrostenediol

Norandrostenedione

Diuretics and Other Urine Manipulators

Acetazolamide Furosemide
Bendroflumethiazide Hydrochlorothiazide
Benzhiazide Hydroflumethiazide
Bumetanide Methylclothiazide
Chlorothiazide Metolazone
Chlorthalidone Polythiazide
Ethacrynic acid Probenecid
Finasteride Triamterene
Flumethiazide Trichlormethiazide
Street Drugs
Heroin

Marijuana (concentration in urine in THC metabolite >15 ng/mL)
Tetrahydrocannabinol (THC; concentration in urine of THC metabolite >15 mg/mL)

Peptide Hormones and Analogs
Corticotrophin (ACTH)
Growth hormone (HGH, somatotrophin)
Human chorionic gonadotrophin (HCG)
Insulin-like growth factor (IGF-1)
Luteinizing hormone (LH)

Releasing factors that are also banned: darbepoetin, erythropoietin (EPO) & sermorelin.

Anti-Estrogens

Anastrozole
Clomiphene
Tamoxifen
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TABLE 9.3
Guidelines for Use

Common Name

Adenosine triphosphate
Alpha-ketoglutarate

Alpha-ketoisocaproate

Alpha-lipoic acid

Beta-alanine
Betaine

Beta-hydroxy-beta-
methylbutyrate

Branched chain amino
acids

Caffeine
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Recommended
Use(s)

n/a
Anti-catabolic

Exercise recovery
muscle buffer

Anti-oxidant insulin
mimetic

Proton buffering
anti-oxidant

Protein utilization
cell maintenance

Anti-catabolic
increased muscle
strenqth

Anabolic anti-
catabolic glycogen
resynthesis
recovery

Simulant glycogen
sparing

Recommended Dose(s)

n/a

13.905 mg/kg b.w.
—0.28 g/kg/d b.w.

1.5 g/d-20 g/d

300 mg/d-1 g/d as
R-ALA

3.2 g/d-6.4g/d

600 mg/serving—6 g/d

3 g/d-6 g/d

9 g/d-20 g/d

3 mg/kg b.w.—6 mg/kg
b.w.

During Post-
Exercise  Exercise

Other

v'-with meals

v'-with meals

v/-between or with
meals

v'-with meals

v/-with meals

Special Notes

Insufficient data

Consume with
glucose and vitamin
B6

>10 g/d may cause
gastrointestinal
stress

Consume with or in
the absense of
glucose

Consume on an
empty stomach

Consume with meals
and protein

Only applies to
previously untrained
and/or elderly
athletes

Consume as
45%:25%:30% ratio
of Leu:Iso:Val
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Choline

Chromium
Citrulline
Colostrum

Conjugated linoleic acid
Creatine

D-pinitol
Dehydroepiandrosterone
(DHEA)

Ecdysterone

Essential amino acids

Gamma-aminobutyric
acid

Cell structure
neuromuscular
function

Glucose transport
Delay muscle fatigue
increase ATP
resynthesis
Protein synthesis
anti-catabolic
n/a
Increase energy
increase strength
Glucose disposal
glycogen
resynthesis
Increase
testosterone
increase strength
Protein synthesis

Protein synthesis
exercise recovery

Increase GH blood
pressure reduction
reduce feelings of
fatigue

300 mg/d-1.2 g/d as
Choline Bitartrate or
Choline Citrate

50 mecg/d-200 mcg/d
6 g/d as Citrulline
Malate

20 g/d—60 g/d

n/a

0.3 g/kg b.w. for 3 days
followed by 3-5 g/d

200 mg/dose—600 mg/
dose

100 mg/d
0.5 mg/kg/d b.w.—10 mg/
kg/d b.w. as 20-

Hydroxyecdysone
3 g/d—40 g/d

5/g-10 g/d

v/-with meals

v'-between or with
meals

v/-with high quality
protein

v/-prior to meals

v -with meals

v'-between or with
meals

v'-1 hr prior to bedtime

May be substituted
with 3 g/d-9 g/d
Phosphotidylcholine
(PC)

Consume as 53.9%
L-Citrulline and
46.1% DL-Malate

Consume with
protein

Insufficient data

Applies primarily to
elderly men and
women

Consume with
protein

Consume on an
empty stomach or in
combination with
CHO

Consume on an
empty stomach
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TABLE 9.3 (CONTINUED)

Guidelines for Use

Common Name

Ginseng

Glutamine

Glycerol

Hydroxycitrate
Ipriflavone
N-acetylcysteine

© 2009 by Taylor & Francis Group, LLC

Recommended
Use(s)

Stimulant Increase
Energy Glucose
Disposal Reduce
Muscle Damage

Anti-Catabolic
Glycogen
Resynthesis

Endurance
Performance
Hydration Heat
Tolerance

Fat Oxidation

Bone Support

Endurance
Performance Delay
Muscle Fatigue
Vasodilation
Anti-Oxidant
General Use

Recommended Dose(s)

200 mg/d as Panax
ginseng root
(standardized to >4%
total ginsenosides, and
2>1.5% total
ginsenosides as Rg1)

1 g/d-3 g/d as Panax
quinquefolius root
(standardized to 23.21%
total ginsenosides, and
2>1.5% total
ginsenosides as Rb1)

8 g/dose 220 g/d

1 2:20 mL~1.2 g:25 mL,
per kg b.w. (as
Glycerol:6% CHO-
containing fluid)

750 mg—2800 mg/d

600 mg/d

600 mg/d—4 g/d

Pre-
Exercise

v

Other

v -prior to meals and/

or glucose

v'-between meals

v'-with meals

v/-with meals

Special Notes

>20 g/d for
anti-catabolic effect

Consume slowly

Consume with food

Consume with food
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Octacosanol
Pyruvate

Rhodiola

Ribose
Sodium bicarbonate

Sodium citrate

Taurine

Tribulus

Tyrosine

Yohimbine

n/a

Endurance
performance

Neurostimulant
adaptogen
anti-Inflammatory

n/a

Delay anaerobic
muscle fatigue

Delay anaerobic
muscle fatigue

Glucose disposal
anti-oxidant
cellular function
regulate body
temperature

Increase strength
increase

testosterone

Stimulant mental
acuity energy

Fat metabolism

n/a
7 g/d-25 g/d

100 mg/d—1,800 mg/d as

Rhodiola rosea root
(standardized to
2>3.6 mg/d-64.8 mg/d
rosavin, respectively)
n/a
300 mg/kg/d b.w.

0.4 g/kg b.w—0.5 g/kg
b.w.

100 mg/kg/d b.w—
500 mg/kg/d b.w.

5 mg/kg/d b.w.—10 mg/
kg/d b.w. Protodioscin
active (from Tribulus

terrestris above ground

parts)
50 mg/kg/d b.w.—
150 mg/kg/d b.w.

0.2 mg/kg/d b.w.

<

v'-between meals

v/-prior to meals and/
or glucose

v'-with meals

v'-immediately upon
waking in the
morning

Insufficient data

Consume on an
empty stomach

Insufficient data
Dilute in 1 L of water

Consume on an
empty stomach,
prior to glucose

Consume on an
empty stomach w/
more potent
catecholaminergic
agonist(s); do not
consume with
BCAAs or glucosa
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I. INTRODUCTION

Aging across the lifecycle leads to many physical, physiological, psychosocial, and
environmental changes that may affect the dietary and nutritional needs of profes-
sional, amateur, and weekend athletes. For example, between birth and 18 years of age,
body mass (BM) increases approximately twentyfold. Moreover, the increase in BM
is linear during childhood but accelerates during puberty and then decelerates rapidly
at different rates in boys and girls. During adulthood, muscle mass is maintained, but
from approximately 50 years of age, declines linearly then nonlinearly from approxi-
mately 65 years onward. These physical changes greatly affect energy and dietary
requirements. Furthermore, energy and dietary requirements are affected by different
levels of physical activity and exercise that are altered with both aging and lifestyle
changes. The purpose of this chapter is to examine the specific lifecycle concerns as
athletes age. Specifically, this chapter will examine the macro- and micronutrient needs
of child and adolescent athletes, pregnant and lactating athletes, and aging athletes.

Il. CHILD AND ADOLESCENT ATHLETES

A. INTRODUCTION

For child and adolescent athletes, an adequate dietary intake is crucial to main-
tain health and facilitate optimal growth and maturation as well as minimize injury
and optimize training and competition performance. Childhood is also a period of
continuous education about eating and good nutrition that lays the foundations of
healthy nutrition practices for life that together with a physically active lifestyle can
reduce the risk of many lifestyle-related diseases.

For the purposes of this chapter, children are defined as ages 611 years and ado-
lescents as ages 1218 years.!

Childhood is typically a period during which involvement in sport typically begins
and adolescence a period where sport involvement is maintained or becomes limited.
The dietary reference intakes (DRIs) for the United States of America and Canada,

© 2009 by Taylor & Francis Group, LLC



Life Cycle Concerns 283

the Dietary Reference Values (DRVs) United Kingdom and the Recommended
Daily Intakes (RDIs) for Australia are very similar and will be used interchangeably
throughout the chapter, depending on the research being used to inform the topic
being discussed. While specific dietary guidelines for normal healthy children and
adolescents have been developed in Australia,' both the United Kingdom? and the
United States® appear to include the dietary guidelines or nutrient requirements for
normal healthy children and adolescents within their guidelines for adults.

There is little empirical scientific information relating to the specific dietary
needs of child and adolescent athletes. However, a number of excellent reviews from
leading sport and exercise scientists or sport dieticians have addressed the area.*-°

B. FactOoRrs AFFECTING NUTRITIONAL NEEDS

Throughout childhood (prepuberty) and adolescence (puberty), a number of fac-
tors influence nutritional needs. These include increases in body size and weight
(growth), changes in the rate of attaining that body size (maturation), changes in
physical activity levels, and both parental and peer influences on food intake pat-
terns. During childhood there is an increase in both bone length and bone mass that
accelerates at puberty.”® However, there is enormous variability in the timing of this
increased velocity or “growth spurt.” Girls tend to start their growth spurt and attain
their peak height 2 years earlier than boys.!!

Age is generally a poor indicator of physiological maturity and nutritional require-
ments.!! Intense training in childhood and adolescence, when combined with poor
nutrition, can have negative effects on skeletal growth and maturation.* In a study by
Theintz and colleagues,'? the growth rates of prepubertal gymnasts was shown to be
lower than moderately active prepubertal controls. The outcome of prolonged energy
restriction could result in delayed maturation or growth retardation. Menarche (onset
of menstruation) has also been shown to occur later in female athletes compared with
nonathletes.! If growth rate is reduced, “catch-up” growth may occur. However, this
may be compromised if the delay in maturation is severe.*

During the prepubertal period, the proportion of fat and muscle in boy and
girls is similar. During puberty, boys gain proportionally more muscle mass than
fat, experience a higher peak velocity in height growth, and develop a greater red
blood cell mass, resulting in a more lean BM per unit of height.!! In adolescent girls,
peak weight occurs before peak height. This may cause concern for young athletes
involved in sports where an emphasis is placed on a lean physique (e.g., gymnastics).
Consequently, pubertal development in girls may make it difficult to achieve the
ideal physique required by certain sports."* Regardless of gender, during puberty,
adolescents need to eat frequently, and often in large amounts. Young athletes may
have difficulty maintaining their weight during this period and may require high-
energy liquid meal supplements and snacks.

Regular physical activity in a healthy, well-nourished child is crucial for nor-
mal skeletal and muscle growth as well as the development of cardiovascular fit-
ness, neuromuscular coordination, and cognitive function.'® Exercise and nutrition
are independently recognized as important modifiable lifestyle factors essential
for optimal bone health during growth.'® Current evidence suggests that regular
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weight-bearing exercise and adequate dietary calcium intakes (around 1000 mg per
day) may be required to optimize bone health; however, exercise would appear to be
more important for optimizing bone strength because it has a direct loading effect
on bone mass and structural properties, whereas nutritional factors appear to have an
indirect effect (via hormonal factors) on bone mass.!®

Some young athletes such as gymnasts and dancers undertaking intense physical
training and consuming low-energy diets may be at risk of attenuated growth and
delayed maturation, and catch-up growth may occur if training intensity is reduced
and energy intake increased. For an excellent review see Bass and Inge.*

C. ENErRGY REQUIREMENTS

Adequate energy intake for the child and adolescent athlete is vital for not only nor-
mal growth and maturation, but BM maintenance and to meet the extra energy needs
of physical training.” Female adolescent athletes, particularly those involved with
distance running, walking, and jumping events, may be at greater risk of inadequate
energy intake or disordered eating as they pursue a lighter and leaner physique.'*
However, few studies have empirically measured the energy requirements of children
and adolescents performing sport. In general, because children are less economical
in movement than adults, they tend to have higher energy needs than adults for the
same activity. Moreover, the few studies measuring self-reported energy intakes of
young athletes have shown large variability in energy intakes that are age-, sport-
and gender-specific.*®

In Australia and New Zealand in 2006, the National Health and Medical Research
Council recommended estimated energy requirements based on gender, age, height,
body mass, estimated basal metabolic rate, and physical activity levels based on six
categories from bed rest through to vigorous activity (Table 10.1)."” These guide-
lines are considered more appropriate than the alternative approach used in North

TABLE 10.1
Estimated Energy Requirements for Children and Adolescents (M}/day)

Age Male Female

(yry BMR  Sed LAA. MA HA VA BMR Sed LA MA HA VA

8 4.5 6.4 73 82 92 101 42 6.0 69 1.7 8.6 9.4
10 5.1 7.3 8.3 9.3 104 114 47 6.7 76 85 9.5 104
12 5.8 8.2 93 105 116 128 52 7.4 85 95 106 11.6
14 6.6 9.3 106 119 132 146 5.7 8.1 92 103 115 126
16 73 103 11.8 132 147 162 59 8.4 95 107 119 13.1
18 7.7 109 125 140 156 171 6.0 8.5 9.7 109 121 133

BMR = Basal metabolic rate; Sed = Very sedentary; LA = Light activity; MA = Moderate activity;
HA = Heavy activity; VA = Vigorous activity.

1 MJ = 1,000 kJ. 4.18 kilojoules are equal to 1 kilocalorie.

Source: Adapted from NHMRC Nutrient Reference Values for Australia and New Zealand, 2006."7
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America'® and Britain,? both of which limit the number of physical activity catego-
ries compared with the Australian and New Zealand recommendations.

Chronic negative energy balance during childhood has been shown to result in
short stature, delayed puberty, menstrual irregularities, poor bone health, increased
incidence of injuries, and a greater risk of developing eating disorders.*'*!° In con-
trast, chronic positive energy balance may lead to overweight, obesity, and the asso-
ciated negative health consequences of such conditions.?%!

D. MACRONUTRIENTS

Extensive reviews of the literature related to metabolic and hormonal responses to
exercise in children and adolescents have been conducted.???* Both reviews con-
cluded that substrate utilization during exercise differs between children and adults.
They highlighted that lower respiratory exchange ratio values are often observed in
young individuals during prolonged moderate exercise, suggesting that children rely
more on fat oxidation than do adults. Increased free fatty acid mobilization, glycerol
release, and growth hormone increases in preadolescent children also support this
suggestion. Plasma glucose responses during prolonged exercise are generally com-
parable in children and adults. However, when glucose is ingested at the beginning
of moderate exercise, plasma glucose levels are higher in children than in adults,
possibly due to decreased insulin sensitivity during the peripubertal period.

Changes in energetic metabolism occurring during adolescence are also depen-
dent on pubertal events with an increase in testosterone in boys and estrogen and
progesterone in girls.?* The profound effects of ovarian hormones on carbohydrate
and fat metabolism, along with their effects on oxidative enzymes, could explain
the differences in substrate metabolism observed between girls and women. Finally,
although the regulatory mechanisms of fat and carbohydrate balance during exercise
are quite well identified in adults, there is a lack of data specific to children and
adolescents.

1. Carbohydrates

In adults, high-carbohydrate (CHO) diets have long been shown to benefit athletic
performance.?*2¢ In children, recent research has shown increased rates of both
endogenous and exogenous CHO oxidation in children compared with adolescents
and adults.?’-? Stephens et al.?” observed greater fat use, lower CHO use, and lower
lactate concentrations in early and midpubescent boys compared with late puberty
or young adult males. No differences in endogenous CHO oxidation were noted
between early and midpuberty or late puberty and young adults at any cycling endur-
ance exercise intensity, suggesting the development of an adultlike metabolic profile
occurs between mid- to late puberty and is complete by the end of puberty. Timmons
et al.?® also observed an increased reliance on exogenous CHO during endurance
exercise that is particularly sensitive to pubertal status, with the highest exogenous
CHO oxidation rates observed in nonathletic pre- and early pubertal boys, indepen-
dent of chronological age. Moreover, the exogenous CHO oxidation rate as a percent-
age of energy expenditure was inversely related to testosterone levels.

© 2009 by Taylor & Francis Group, LLC



286 Nutritional Concerns in Recreation, Exercise, and Sport

The limited available data suggest potential gender-related differences in energy
substrate utilization even during childhood.? These investigators measured substrate
utilization in 12-yr-old preadolescent and 14-yr-old adolescent girls who consumed
flavored water or a CHO-enriched drink while cycling for 60 min at approximately
70% maximal aerobic power. They concluded that exogenous CHO influences endog-
enous substrate utilization in an age-dependent manner in healthy girls but that total
exogenous CHO oxidation during exercise is not different between prepubertal and
adolescent girls. In the same study they observed that serum estradiol levels in all
girls significantly correlated with fat and endogenous CHO oxidation but not with
exogenous CHO oxidation. Thus, it appears that in both males and females, hor-
monal influences at puberty alter substrate utilization patterns during exercise.

Glycogen stores appear lower in children than adults.?>?* Low muscle glycogen
content is possibly associated with a low activity of glycolytic enzymes and high
oxidative capacity,’® while lower levels of sympathoadrenal hormones are likely to
favor lipid metabolism in children. This profile changes through adolescence.?' Thus,
due to a lack of empirical data, it remains unclear whether young athletes need CHO
intakes similar to adults. However, it has been suggested that young athletes con-
sume at least 50% of their total daily energy intake as carbohydrates.®

Of concern to parents, coaches, and clinicians is that simple sugars (soft drinks,
sports drinks, confectionery) and acids (citrus fruits and drinks) found in common
child food and drink preferences provide the substrates for enhancing acid produc-
tion and threatening dental health.3? Preventive measures to help prevent dental prob-
lems include

» Water rinsing

* Chewing sugar-free gum

* Drinking fluids through a straw or water bottle nozzle
* Chilling the drinks

* Preventing dehydration

2. Fat

Child athletes have been shown to have an increased ability to utilize fat as an energy
source during exercise.>* While this increased reliance on fat may suggest the need
for increased fat intake in child athletes, the normal western diet delivers more than
adequate dietary fat. High-fat diets are generally relatively low in CHO, thus nega-
tively impacting on both training performance and recovery in child and adolescent
athletes. As with adult athletes, there exists no evidence to suggest that young ath-
letes undertaking endurance exercise may benefit from a higher fat content in their
diets.3

For public health reasons, both the 2003 Dietary Guidelines for Children and
Adolescents in Australia’ and American Heart Association (2005)* recommend
lowering total fat intake to 30% and 25-35% respectively, of total daily energy
intakes with no more than 10% contribution from saturated fat.!* Young athletes
aiming to reduce BM or body fat may overly restrict dietary fat intake, resulting in
an insufficient intake of essential fatty acids and fat-soluble vitamins A, D, E, and K.
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Moreover, restricting the intake of fat in healthy, non-obese children and adoles-
cents may impair growth and development, although it is not known whether this is
due to restriction of fat intake or overall energy restriction.’® Furthermore, restric-
tion of foods containing high amounts of fat such as dairy products and red meat
may create intake deficits of protein, calcium, iron, vitamin B,,, and fat-soluble
vitamins A, D, E, and K that are crucial for both optimal physical growth and physi-
cal performance.

In summary, it has been suggested that young athletes consume 25-30% of their
total daily energy intake as fat with young athletes’ being able to possibly take in
slightly higher amounts of fat than inactive children and adolescents because of their
increased energy expenditure and use of fat as a substrate during physical training
and performance.®

3. Protein

Proteins are the fundamental structural compounds of cells, antibodies, enzymes,
and hormones.*® An adequate intake of protein containing the essential amino acids
is thus crucial for optimal growth and maturation in children. Moreover, protein
also plays a role in satiety and constitutes the sole form of replacing nitrogen in
the body.

Normal healthy children and adolescents have higher protein needs than adults to
support the growth of muscles, bones, connective tissue, and organs. However, few
studies have examined the protein requirements of child or adolescent athletes. In one
of the few studies to examine protein utilization in children, the effects of 6 weeks
of walking exercise (45—-60 min/session, 5 days/week) on protein metabolism was
examined in seven untrained prepubescent male and female children.’” Whole-body
protein oxidation significantly increased but protein synthesis decreased, suggesting
the body adjusted to prevent a negative nitrogen balance. In a later study, the effects
of 6 weeks of twice-weekly resistance training on protein utilization was examined
in healthy children who maintained their normal dietary intake of energy and pro-
tein.* The investigators observed a significant increase in muscular strength and fat-
free mass together with a significant down-regulation of protein metabolism.

Protein recommendations for children must take into account not only the main-
tenance of normal bodily functioning but also the increased requirements during
growth spurts. In most western countries, protein intakes typically exceed protein
requirements, suggesting that child and adolescent athletes from these countries con-
sume adequate protein. Table 10.2 suggests that normal healthy Australian children
are easily meeting the Australian RDIs for protein intake.

In adult athletes, protein intake recommendations (1.2-1.7 g/kg/day) are slightly
higher than the DRIs for normal healthy adults, especially for athletes undertak-
ing endurance-, sprint- or strength-oriented sports.’**° Thus, it might be suggested
that athletic children, especially those engaged in strength and power sports (e.g.,
team sports, sprint swimming, running, or cycling) or endurance sports may require
increased protein requirements compared with normal children, especially during
growth spurts in athletes undertaking regular high-volume or intensity training such
as swimmers or high-performance athletes in team sports.
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TABLE 10.2
Protein Recommendations and Intakes for Australian

Children and Adolescents

Group Age (years) RDI (g/day)  Protein Intake (g/day)
Males 4-7 18-24 64

8-11 27-39 82

12-15 42-60 101

16-18 64-70 120
Females 4-7 18-24 57

8-11 27-39 69

12-15 44-55 74

16-18 57 80

Source: Adapted from Baghurst, K. and Binns, C. 2003 Dietary Guidelines
for Children and Adolescents in Australia. Canberra: National Health and
Medical Research Council.!

In summary, the limited available data would suggest that child and adolescent
athletes on a normal healthy diet that is not low in energy requirements are meeting
protein intake requirements. However, during growth spurts, child athletes under-
taking intense or prolonged training and possibly on negative energy balance diets,
may be at risk of inadequate dietary protein intake.

E. MICRONUTRIENTS

Micronutrients perform the same actions in both adult and young athletes and non-
athletes. They serve as co-factors in metabolic reactions, are involved in tissue syn-
thesis, maintenance of body fluid balance and neuromuscular facilitation.3® Research
has suggested that most child and adolescent athletes are taking in enough vitamins
and minerals to meet their daily requirements except for calcium and vitamins D
and E.® However, research from both the United Kingdom* and Australia*? suggests
young athletes widely use dietary supplements of vitamins and minerals, as adult ath-
letes do, to maintain health, improve immune function, prevent illness, boost energy,
correct poor dietary intake, and improve performance. While there is no research
evidence to suggest the general use of such supplements, such supplementation might
be suggested for young athletes with poor dietary habits, vegetarians, those following
a reduced energy intake diet, amenorrheic, or diagnosed with iron deficiency.

1. Vitamins

In a healthy adult population it is widely acknowledged that if energy intakes meet
energy expenditures, it is likely that vitamin needs will be met.* In contrast, a recent
study investigated the energy, nutrient, and dietary fiber intakes of 180 healthy
but nonathletic adolescent males using a 3-day food record.** These investigators
observed that median intakes for percent energy from carbohydrate, fat, and protein
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TABLE 10.3
Estimated Average Daily Requirements of Selected Vitamins
Suggested for Young Athletes

Boys 9-13 Girls 9-13 Boys 14-18 Girls 14-18

Vitamin Years Years Years Years
A (ug) 445 420 630 485
Thiamine (mg) 0.7 0.7 1.0 0.9
Riboflavin (mg) 0.8 0.8 1.1 0.9
Niacin (mg) 9 9 12 11
B, (Lg) 0.8 0.8 1.1 1.0
By, (Ug) 1.5 1.5 2.0 1.0
Folacin (ug) 250 250 330 330
C (mg) 39 39 63 56
E (mg) 9 9 12 12
D (ug) 5 5 5 5

Source: Adapted from Petrie, H.J., Stover, E.A., and Horswill, C.A. 2004. Nutr, 20,
620-631.8

were within the accepted macronutrient distribution ranges, but more than 50% of
subjects consumed inadequate amounts of vitamins A and B, and more than 75%
of subjects consumed inadequate amounts of magnesium, phosphorus, and zinc.
Although one of the few studies to examine energy and micronutrient intake in
young nonathletic but healthy people, the results suggest the possible need for vita-
min supplementation in young athletes.

An extensive review of macronutrient and micronutrient intake in young athletes?
suggests they consume an amount of vitamins that achieves or comes close to achiev-
ing the daily requirements of their healthy but nonathletic peers. The same authors
suggest that vitamin B intake may need to increase to meet the elevated demands of
physical training (Table 10.3).

In adult athletes who restrict energy intakes, it is common to see vitamin intakes
that are below the DRL.* Similarly, young athletes who follow low-energy diets
(e.g., dancers, gymnasts, wrestlers) may risk suboptimal vitamin intakes with a
number of studies suggesting low intake levels of folate in 12-17 year-old ballet
dancers® and low levels of vitamin E in young gymnasts.*® Again, these results
suggest the need for child and adolescent athletes to supplement with multivitamin
and mineral supplements.

2. Minerals

Research based on athletic adult populations suggests that, with the exception of
minerals lost in high amounts in sweat (sodium, potassium, calcium, and magne-
sium), elevated metabolism through exercise does not increase mineral requirements
in those adult athletes taking in a normal healthy and well-balanced diet.® Similarly,
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in children and adolescent athletes, there may be a need to increase dietary intake
of sodium, potassium, calcium, and magnesium lost in athletes where high volumes
of sweat are normal.

Calcium, iron, and zinc intakes are often reported to be below DRIs in the few
dietary surveys conducted on child*’-# and adolescent®® athletes. These surveys sug-
gest that young female athletes who may restrict their energy intake (e.g., dancers,
gymnasts) tend also to restrict their dairy product intake and thus calcium intake.
Dietary intake of calcium recommendations are based on the amount needed to
both maintain calcium balance and promote optimum bone development. If calcium
intake is low (< 400 mg/day) during childhood and adolescence, it may negatively
impact bone development and overall health.>! Crucially, approximately 26% of
bone mineral is accrued during puberty? with exercise, particularly if started before
puberty, enhancing bone mineral density.’? Furthermore, Manore et al.'* concluded
that amenorrhea in female athletes has negative consequences on long-term mineral
density. Moreover, poor bone quality has consistently been shown to increased frac-
ture rates in both boys and girls, particularly those on low calcium intakes.>* Thus, it
appears prudent to ensure that young athletes’ daily intake of calcium be encouraged
at levels (1300 mg/day) suggested in an extensive review of child and adolescent
athlete mineral needs summarized in Table 10.4.8

Young team players or child athletes undertaking intense or prolonged endurance
training may be at risk of iron loss via hemolysis, gastrointestinal blood loss, and
excessive sweating.”>> Again, adolescent female athletes in particular are at risk due
to their menstrual losses combined with possible low consumption of dietary iron.

Finally, suboptimal zinc intakes have been observed in young female athletes.*34
Taken together, these finding suggest, especially in vegetarian households, the need
for ensuring adequate dietary intakes on calcium, iron, and zinc in child athletes
through either dietary means or supplementation.

In summary, few studies have examined the macro- or micronutrient needs of
child or adolescent athletes. Those that have strongly suggest the need for increased
energy intake with an emphasis on carbohydrates, especially in young athletes under-
taking regular high-intensity or volume training such as swimmers, runners, and
team sport players. The limited available research suggest that fat and protein intake
is adequate to meet both the needs of training and growth in most young athletes.

TABLE 10.4
Estimated Average Daily Requirements of Selected Mineral Suggested
for Young Athletes

Age Group Calcium (mg) Iron (mg) Zinc (mg)
Males 9-13 years 1300 5.9 7
Females 9-13 years 1300 5.7 7
Males 14-18 years 1300 7.7 8.5
Females 14-18 years 1300 7.9 7.3

Source: Adapted from Petrie, H.J., Stover, E.A., and Horswill, C.A. 2004. Nutr, 20, 620-631.8
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However, during growth spurts or in young athletes undertaking regular physical
training with high energy expenditures (e.g., swimming, dancing, gymnastics),
protein intake should increase to ensure adequate supply of amino acids for tissue
synthesis and muscle repair.

Micronutrient intake for young athletes appears adequate, except in young ath-
letes undertaking high-volume or intensity training or who may be in at-risk groups
such as distance runners, swimmers, gymnasts, and dancers who may be restricting
energy intake or taking in inadequate energy. In such groups, it appears that iron and
zinc needs may increase and in young female athletes with diet- or exercise-induced
amenorrhea, calcium requirements may increase from 1300 mg/day to 1500 mg/day
(see Table 10.4 for daily recommended intakes of calcium, iron and zinc).

In conclusion, the limited available research on the nutrient and energy needs
of young athletes suggests the need for increased energy intake with an increased
energy intake that emphasizes carbohydrates and, during growth spurts, increased
protein intake. In recognition of these facts, Sports Dieticians Australia®® has recom-
mended increased intakes of cereals, vegetables, fruit, and dairy products for young
athletes compared with normal healthy Australian children (Table 10.5).

F. Fruips

Compared with the available research on hydration and thermoregulation in adult
athletes, relatively few studies have been conducted on children and adolescent ath-
letes. A number of reviews’’° and position statements® have focused on the issue,

TABLE 10.5
Recommended Number of Servings of Food for Child and Adolescent
Athletes
Food Group 4-7 Years 8-11 Years 12-18 Years SDA Recommendation
Cereals 5-7 6-9 5-11 3-9+
Vegetables, legumes 2 3 3 2-5+
Fruit 1 1 3 12+
Milk, yogurt and 2 2 3 2-3
cheese
Lean meat, fish. 1 1 1 1
poultry, nuts,
legumes
Extra foods (e.g., 1-2 1-2 1-3 12

cakes, pies, soft
drinks, lollies)

SDA = Sports Dieticians Australia

Source: Adapted from Baghurst, K. and Binns, C. 2003. Dietary Guidelines for Children and
Adolescents in Australia. Canberra: National Health and Medical Research Council' and Sports
Dietitians Australia. 2001. Fuelling and Cooling the Junior Athlete. Melbourne: Sports Dietitians
Australia.>

© 2009 by Taylor & Francis Group, LLC



292 Nutritional Concerns in Recreation, Exercise, and Sport

with a recent review highlighting the differences between young and mature athletes
when examining heat regulation during exercise.®!

Children have less developed and less efficient thermoregulatory mechanisms
than adults.®! Specifically, the available research has identified the following age-
related differences in thermoregulatory factors between young and mature athletes:

1. Body size: Children in particular and adolescents in general have a larger
body surface area (BSA) to BM ratio (BSA:Mass) than adults. As a result,
during exercise they generate more heat per kilogram of BM than adoles-
cents or adults but their ability to transfer heat from the core to the skin
is less effective. Moreover, they are also exposed to a faster influx of heat
when the environmental temperature exceeds skin temperature, thus mak-
ing it more difficult to regulate their core body temperature. Even during
the puberty-related growth spurts, smaller adolescents may continue to be
thermoregulatory challenged due to their greater BSA:Mass ratio com-
pared with adults.

2. Sweating mechanisms: The major form of heat loss during exercise in high
ambient temperatures is evaporation of sweat from the skin. Research has
consistently shown that children have immature sweat mechanisms com-
pared with adults, with children relying more on convection and radiation
than evaporation to thermoregulate.®! Children have a lower sweat rate
than adults (approx. 2.5 times less) due to a lower sweat production rate
per sweat gland.®? This sweat rate is higher at the end of puberty than at
the beginning.®® Furthermore, children are at greater risk of heat-related
injuries due to the sweating threshold (the core temperature when sweat-
ing starts) being higher in children than in adults.%

3. Voluntary hydration: Like adults, children and adolescents progressively
dehydrate when left to drink ad libitum.%* However, dehydration in chil-
dren is accompanied by a more rapid rise in core temperature compared
with adults, possibly due to a lower cardiac output or evaporative cool-
ing capacity in children.% Recent research examining the determinants of
endurance exercise capacity in the heat in prepubertal boys suggests that
this more rapid rise in core temperature or brain perception (RPE), rather
than circulatory insufficiency, may be the critical factors defining limits to
exercise in the heat in children.®

4. Drinking practices: While water is often described as the best choice
of fluid before, during, and after vigorous physical activity, a sports
electrolyte-replacement drink may help children rehydrate more effective-
1y.57 Studies on voluntary drinking habits and flavor preferences in children
after exercise also suggest that they drink more fluids to rehydrate when
flavored (especially grape or orange) sports drinks are offered instead of
water.5%8 During exercise, it appears that both junior endurance athletes®
and team players® may not take in adequate fluid during competition per-
formance. For example, Dougherty and others (2006)%° demonstrated a
significant deterioration in basketball skill performance and court sprint
performance accompanying 2% dehydration in skilled 12- to 15-yr-old
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basketball players. In contrast, when fluid replacement was adequate and
included a 6% sports drink, both basketball shooting performance and
on-court sprinting significantly improved compared with taking in water
alone.®® Moreover, recent research has suggested that exogenous carbohy-
drate oxidation is significantly higher during exercise in pre- and early-
pubertal boys, compared with pubertal boys.?>® Taken together, these
results strongly suggest the use of sports drinks as a fluid replacement
during exercise in children.

5. Clothing: As discussed earlier, children’s and adolescents’ larger BSA:Mass
ratio and less well-developed sweating mechanisms compared with adults
mean they rely more heavily on convection and radiation than evaporation
to thermoregulate.” This would strongly suggest that the type (light-colored
and cotton) and fit (loose) of clothing for children and adolescents exercis-
ing in the heat is important to minimize radiant heat load and increase the
body’s access to air currents for convective heat loss, respectively.

6. Acclimatization: The limited available research suggest that young ath-
letes can improve their heat tolerance with improved aerobic fitness and
acclimatization, as adults can.”? Similar to adults, children and adoles-
cents adapt to heat stress through lowering heart rates, lowering core and
skin temperatures, increasing sweat rates, lowering the core temperature
at which sweat onset occurs, and reducing the loss of electrolytes in sweat.
However, the limited available research evidence suggests that the rate of
acclimatization is slower in children and adolescents than in adults.”

In conclusion, a recent review highlighted that an optimal drink volume and
composition for young people during exercise depends upon age, sweat and urine
electrolyte losses, drink palatability, fat mass, stage of puberty, clothing worn, and
degree of acclimatization.®! The same researchers stated that it is thus not possible
to recommend a single volume for all children and adolescents. However, main-
taining adequate hydration before, during, and after exercise is crucial for the pre-
vention of heat injuries in children and adolescents, as it is in adult athletes. The
lower sweat capacity of children and adolescents compared with adults’ may suggest
that a smaller fluid intake during exercise may be appropriate. However, the limited
research available suggests that for a given level of dehydration, children experience
a greater increase in core temperature compared with adults.% As a result, the mar-
gin for detrimental fluid loss may be smaller. Table 10.6 outlines the Sports Medicine
Australia guidelines for fluid replacement before, during, and after exercise in chil-
dren and adolescents.”

G. SuppLEMENT USE

Adolescents are likely to use supplements to enhance performance and recovery.
A survey of UK junior track and field athletes reported 62% of athletes used some
type of supplement, mainly multivitamins.*' In a survey of Australian adolescents,
supplements were used for short-term health benefits, prevention of illness, improved
immunity, an energy boost, better sports performance, and to rectify a poor diet.*?
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TABLE 10.6
Sports Medicine Australia Guidelines for Fluid Replacement
in Children and Adolescents

Age (years) Time (minutes) Volume (mL)*
Approximately 15 45 (before exercise) 300-400

20 (during exercise) 150-200

As soon as possible after exercise Liberal until urination
Approximately 10 45 (before exercise) 150-200

20 (during exercise) 75-100

As soon as possible after exercise Liberal until urination

* In hot environments fluid intake may need to be more frequent.

Source: Adapted from Sports Medicine Australia. 1997. Guidelines for fluid replace-
ment in children and adolescents.”®

Currently, no evidence supports the use of supplements for enhanced growth, lean
body mass, or physical performance in healthy adolescents. Young athletes generally
consume more food and therefore obtain adequate amounts of vitamins and minerals
from dietary sources. Adolescents with marginal intake of nutrients such as iron and
calcium may benefit from use of a vitamin or mineral supplement. Young athletes
who are vegetarian, on energy-restricted diets, or amenorrheic should seek medical
or dietetic advice in regard to supplementation.”

Adolescents are particularly vulnerable to peer pressure and anecdotal stories by
their sporting heroes who endorse the use of supplements. In addition, many believe
that supplements available from health food stores are safe and have been scien-
tifically tested,”* and are unaware of any potential risks.*? Young athletes should be
made aware that supplements will not instantly improve their performance or change
their physique, and may be potentially dangerous to their health.

The efficacy and potentially harmful effects of ergogenic substances have not been
researched in athletes younger than 18 years.””> Muscle-building substances such as
protein powders, creatine monohydrate and B-hydroxy-f-methylbutyrate (HMB) are
frequently used by young male athletes. However, the long-term safety of many of
these substances is unknown. Furthermore, some ingredients in these products may
be banned and may result in a positive drug test. The consensus by the American
College of Sports Medicine is that creatine monohydrate should not be consumed by
children under 18 years.” The American Academy of Pediatrics has taken a stronger
stance and condemns the use of any performance-enhancing substance by children
and adolescents.”

The increased use of energy drinks and other caffeinated beverages in children and
adolescents is also of concern. In a study of Australian adolescents, those involved in
sport, particularly males, reported deliberately using energy drinks as stimulants.*?
While there are no formal guidelines for caffeine consumption in children and ado-
lescents, children who consume high levels of caffeine may experience headaches
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and sleep disturbances.”” Further investigation into the use of supplements, energy
drinks, and other products containing caffeine in adolescent athletes is warranted.

H. Foob Hasits

Few studies have been conducted on the determinants of healthy eating habits in
children. One of the most extensive reviews in the area suggests a number of indi-
vidual, economic, social, and environmental factors influence healthy food choice in
western children.’”® These are summarized in Table 10.7.

While many factors contribute to childhood obesity and children’s poor diets, food
marketing affects children’s food choices, preferences, diets, and health. A recent
Australian study” examined the nature and amount of both healthy and unhealthy
food sales promotion use on food packaging in selected Australian supermarkets, spe-
cifically those directed at children. The study found that within seven food categories
(cookies, snack foods, confectionery, chips and savory snacks, cereals, dairy snacks,
and ice cream), between 9 and 35% of food products used promotional tactics. The
use of television, movie celebrities, and cartoon characters for promotion was most
common, making up 75% of all promotions, with giveaways accounting for 13% of
all promotions. Data from this study also confirmed that 82% of all food promotions
were for unhealthy foods and only 18% were used to promote healthy foods.”

In support of the suggestion that food marketing is negatively affecting children’s
nutrition, a recent North American study assessed the nutritional quality of the foods
marketed by Nickelodeon, one of the largest companies that markets food to chil-
dren.?® The study showed that of 168 television food ads, 148 (88%) were for foods
of poor nutritional quality. Of 21 Nickelodeon magazine food ads, 16 (76%) were for
foods of poor nutritional quality. Fifteen grocery store products were identified with
Nickelodeon characters on the packaging; 9 (60%) were foods of poor nutritional
quality. In addition, of the 48 possible children’s meal combinations at restaurants
with promotional offers tied to Nickelodeon programs, 45 (94%) were of poor nutri-
tional quality. Taken together, these studies highlight the reason that the American
Academy of Pediatrics®' concluded that television has a negative influence on the
nutritional status of children and adolescents and recommended limiting television
viewing to 1-2 hours a day.

Parents, caregivers, siblings, peers, and coaches can act as role models and be
major influences on children’s food choices later in life.> The “Dietary guidelines
for children and adolescents in Australia” has recommended the following strat-
egies for encouraging the adoption of good eating habits and monitoring of food
intake in children and adolescents:

1. Establish routines where the child and caregiver sit down together and talk
during meal times and snacks.

2. Establish habits—such as milk with a meal or water at bedtime—that will
help ensure variety and nutritional adequacy.

3. Keep in the fridge or on the kitchen counter a ‘snack-box’ containing
healthy snack foods such as fruit, vegetables, cheese and small sandwiches
that children can either use independently or have offered to them.
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TABLE 10.7

Factors Affecting Healthy Food Choices in Children and Youth

Determinant

Individual .

Economic

Social

Environmental ¢

Factor(s)

Age (e.g., decreased diet quality and breakfast consumption and increased
snacking with age)
Gender (females at greater nutritional risk than males)
Food preferences (taste)
Nutrition knowledge and relationship to physical activity and health (generally
low among children)
Attitudes
Income and socio-economic status
Food pricing (low income leads to poor healthy food choices)
Education (low parental education levels leads to poor health food choices)
Employment (maternal employment negatively associated with family meal
frequency)
Cultural
Familial

o parental intakes, especially maternal, strongly influence childrens’ food

choices

o food exposure and availability (positive influence)

o family-focused meal structures (positive influence)

o authoritarian parenting style (‘junk foods’ as rewards or restricted for

punishment are negative influences)

o Parental knowledge and attitudes (positive influence)

Peers
o Peer modeling a strong predictor, especially with new foods in pre-
schoolers

Product marketing/mass media
o Influence food preferences, food purchases and food requests
o Influence knowledge and attitudes
o Influence dieting behavior and body image problems (especially girls)
o Television a major negative influence as it promotes less healthy foods and
influences food requests.
Home
o Healthy food availability and access (positive influence)
Fast-food establishment
o Expanding food portion size (negative influence)
o Increased energy dense but nutrient poor foods (negative influence)
School
o Availability of healthy food (positive influence)
o School policy (positive influence)
o School curricula (positive influence)
o Teacher and peer modeling (positive influence)

Source: Adapted from Taylor, J. P, Evers, S., and McKenna, M. 2005. Can. J. Public Health. 96 Suppl

3, S20-6, S22-9.7
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4. Introduce the practice of including the child at mealtimes as soon as he or
she is able to sit up and handle meals.

5. Do not give the child too large a serving. It is better to offer small amounts
and have more available if desired.

6. Provide foods the child likes, plus new food to try. Be accepting if the
child does not like particular foods, but remember that likes and dislikes
change over time. Do not avoid serving a food the child dislikes but the
rest of the family likes; continue to serve it, placing only a small amount
on the child’s plate; and accept it if it is not eaten.

Adolescents have eating behaviors that differ from adults’ and children’s.®
However, to date. most research has focused on eating patterns of adults. Furthermore,
there is little information on the eating behaviors of adolescent athletes. Rapid physi-
cal and cognitive development in this age group is substantial.!! Despite their addi-
tional energy requirements, many adolescents consume diets that are not adequate
to meet their developmental needs.?*85 While most adolescents are aware of the
importance of a healthy diet, their eating behaviors are heavily influenced by age-
related attitudes and beliefs. Food choices are influenced by factors such as physi-
cal growth, peer group pressure, the media, and psychological factors such as body
image (Table 10.8).8¢

The taste preferences of adolescents are generally for high-fat, fast, and take-
away foods,?” with snacks contributing significantly to energy intake.* Many ado-
lescents cite lack of time and convenience as significant barriers to healthy eating?®
and many eat from boredom.? Skipping meals is also a common behavior. Breakfast
intake declines as children move into adolescence, particularly in girls.3° This may
be associated with attempts to lose weight through energy restriction. There is also a
decrease in frequency of meals eaten with the family as youngsters age.?6 Adolescents
who eat with their family have been shown to eat more fruit and vegetables and fewer
fried foods.”

Throughout childhood, eating habits of boys and girls are similar. As children
move into adolescence, gender differences become more apparent. Female ado-
lescents are influenced by their emotional state and are more likely to diet to lose
weight.’! Concerns with body image can translate into poor eating practices and

TABLE 10.8

Factors Affecting Adolescent Food Choices

Most Important Secondary Importance Less Importance

Food cravings Food availability Mood

Appeal of food (taste) Parental influence Body image

Time considerations Perceived benefit (get energy, body shape) Habit

Convenience The situation (with peers, family) Cost, Media, Vegetarian

Source: Adapted from Neumark-Sztainer, D., Story, M., Perry, C., and Casey, M. 1999. J. Am. Diet
Assoc. 99, 929-937 86
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TABLE 10.9
Suitable Snack Food for Adolescent Athletes

Breakfast cereal with milk

Sandwiches or bread rolls filled with cheese or meat (turkey, chicken, tuna)
Pancakes with banana and honey

Smoothies (made with milk, fruit and yogurt) or milkshakes
Homemade pizzas (made with English muffins or pita bread )
Dried fruit and nut mixes

Pita bread and hummus

Stewed fruit and yogurt sprinkled with Granola

Cereal and sports bars

Liquid meal supplements

English muffins or crumpets spread with peanut butter

Baked or microwave potato topped with salsa and grated cheese

disordered eating patterns. However, adolescent females tend to have better nutrition
knowledge, and eat more fruit and vegetables and fewer foods that are high in fat and
sugar than adolescent boys.38:22

Adolescents may obtain their nutrition information from a range of sources. Girls
are more likely than boys to obtain their information from magazines.® Coaches,
trainers, and peers have been identified as primary sources of nutrition information
for the athlete.”® Coaches, in particular, have been shown to be linked to eating habits
in adolescent athletes.* Younger, less experienced athletes may follow the dietary
advice provided by their coach, trainer, or peers when they are eating with them and
modify their food intake accordingly.

In educating younger athletes, it is important to understand the various influ-
ences on food choice that can assist in providing appropriate advice to this age group.
Adolescent athletes should be encouraged to consume nutritious snacks that will assist
with meeting additional energy requirements (Table 10.9). As breakfast is a meal that is
commonly high in carbohydrate, adolescent athletes who skip this meal may struggle
to adequately meet the additional energy and carbohydrate requirements of training
and competition. Young athletes should be encouraged to be responsible for their own
food choices and be provided with simple information on how to choose suitable food.
Parents can assist by modeling healthy eating practices and attitudes towards eating.

I. ADOLESCENT BoDY IMAGE AND WEIGHT CONTROL

Concerns about body image are common in adolescents and can start before puberty
in both boys and girls.”! Young males tend to prefer a muscular physique, while young
females prefer to be small and thin®" Concerns about body image may translate to
restricted energy intake, poor eating practices, and disordered eating. Many young ath-
letes who are not overweight may attempt to lose weight due to issues with body image.

Many children and adolescents are involved in sports where a lean physique is per-
ceived to be advantageous (e.g., gymnastics, diving, rowing, boxing, wrestling, and
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swimming). Other sports emphasize attaining maximal muscle mass with minimal
body fat (e.g., soccer, rugby, wrestling, weightlifting). Reduction in BM can also be of
benefit to performance in certain sports such as distance running, rowing, and cycling.®
Common methods used to reduce weight include food restriction, vomiting, overex-
ercising, diet pill use, inappropriate use of prescribed stimulants or insulin, nicotine
use, and voluntary dehydration.’® These practices can impair athlete performance and
increase risk of injury.”® Medical complications may include delayed maturation, oli-
gomenorrhea (infrequent menstruation), and amenorrhea (absence of menstruation) in
females, development of eating disorders, permanent growth impairment, increased risk
of infectious diseases, and changes in endocrine, gastrointestinal, renal, cardiovascular,
and thermoregulatory systems and depression.'3

Restriction of food intake is the most common way athletes attempt to lose
weight.®>% Many studies have shown that young athletes, in particular female ath-
letes involved in weight sensitive sports, have low energy intakes.%’

Young athletes may overly restrict dietary fat intake to control their weight.
This may result in an insufficient intake of essential fatty acids and fat-soluble vita-
mins A, D, E, and K. Elimination of fat may also result in an inadequate intake of
protein-rich foods.® This may cause a negative nitrogen balance and be insufficient
for adequate growth. Young athletes should be counseled on nutritional requirements
for their age, including calcium and Vitamin D and the benefits of regular weight-
bearing exercise for bone health.!* Food restriction may develop into disordered eat-
ing behaviors such as fasting, bingeing, and purging.

J. DisorRDERED EATING

Female adolescents who participate in sports where there is emphasis on a lean phy-
sique may be at increased risk of disordered eating.'* Some young athletes develop
clinical eating disorders such as anorexia nervosa, bulimia nervosa, or eating dis-
orders not otherwise specified. Eating disorders appear to peak in prevalence and
severity during adolescence and may be related to physiological, psychological, and
social changes that occur during this time.?

Restrictive eating in young females can impair reproductive and skeletal health.
The interrelationship between energy availability, menstrual function, and bone
mineral density is described as the female athlete triad.”* Most negative effects occur
when energy availability is below 30 kcal kg™ of fat-free mass per day. Menstrual
dysfunction or functional hypothalamic amenorrhea (secondary amenorrhea) can
result in low peak bone density (z-score of —1.0 to —2.0 below the expected range for
age).!3 Poor bone density and menstrual irregularity is associated with increased rate
of stress fractures.”® The prevalence of delayed menarche (primary amenorrhea) has
been shown to be 22% in adolescent female athletes® in comparison with 1% of the
general population.'® Secondary amenorrhea (loss of menstruation) has been shown
to be higher (67%) in female runners of less than 15 years of gynecological age com-
pared with their older counterparts (9%)./°! Young athletes who have been identified
with the female athlete triad will require multidisciplinary treatment including a
physician, a mental health practitioner, and a dietician. The younger the athlete, the
greater the need for family involvement in the treatment.!3
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K. SuMMARY

The nutrition needs of child and adolescent athletes are crucial for their overall
health, growth and maturation, and sporting performance. As with adult athletes, a
well-nourished and hydrated athlete will play better and for longer, stay more men-
tally alert, and recover more quickly from training and competition. In contrast,
young athletes who are undernourished through not eating well or too little may suf-
fer poor bone growth, delayed maturation, and poor sports performance.

Sports Dietitians Australia’® has developed a fact sheet for fueling and cooling
junior athletes during sporting events and recovery from training and competition.

* During day-long events

* Take food and drinks to events including simple and quick snacks
(see Table 10.10).

* Include two water bottles per athlete, one of water, the other a flavored
drink e.g., sports drink, cordial or juice. Encourage the continual sipping
of the drinks.

* If conditions are hot, include frozen fruit juices.

* If there is less than 1 hour before or between events, priority is carbohy-
drate-rich fluids or jelly confectionery for quick energy boosts.

e If there is 1-2 hours between events, have fluids and a light snack
(Table 10.10) such as energy bars, cereal bars, fresh or canned fruit,
bread with honey or jam, low-fat dairy product, or a small number of jelly
lollipops.

e If there is longer than 2 hours between events, offer sandwiches, bread
rolls, toast, crumpets and honey, baked beans, spaghetti, noodles, cereal
and milk, creamy rice and fruit, or pancakes. If nerves are a problem, try
liquid meals such as a smoothie instead of solid foods.

* If the break is longer than 3 hours, consume a larger meal.

» Eating for recovery after day-long events

» Canned, frozen and packet products that are high carbohydrate foods
(rice, pasta).

TABLE 10.10
Simple and Quick Snacks Recommended for Children
and Adolescent Athletes

Pancakes/scones/muffins Flavored dairy foods (yogurt/milk)
Muesli/cereal bars Smoothies/milk shakes
Fruit—canned/fresh/dried Baked bean snack paks

Jellied fruit packs Canned noodles/spaghetti

Fruit juice Dairy desserts

Fruit buns/fruit loaf Boiled potato/sweet corncobs

Breakfast cereal Honey/jam/cheese sandwich
Bread/rolls/crumpets Cracker biscuits with cheese and spread
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e Salad bars at restaurants.

* High-carbohydrate, low-fat dessert.

 After sport meals

¢ Drink lots of fluids.

* Carbohydrate-rich foods such as fruit or juice, crackers with cheese, toast,
bread, or crumpets, muffins, fruit bread, rice or pasta with stir fry meat
and vegetables, canned beans and salad, mashed potatoes and salad.

Ill.  PREGNANT AND LACTATING ATHLETES

A. INTRODUCTION

A number of potential health benefits exist for women who continue a regular exer-
cise program throughout pregnancy. These include prevention of gestational diabe-
tes, less subcutaneous fat deposition, facilitation of labor, and reduced stress.!??

Currently, few studies have investigated the specific nutritional requirements of
athletes who continue to engage in regular high-intensity exercise throughout preg-
nancy. Dietary advice for pregnant women is commonly focused on preventing low
infant birth weight, decreasing the risk of neural tube defects, and preventing fetal
alcohol syndrome. However, a number of diet-related complications may occur during
pregnancy that require specific advice from a nutrition expert. These include nausea
and vomiting, heartburn, constipation and hemorrhoids, edema, gestational diabetes,
and pregnancy-induced hypertension.'”? The physiological effects of pregnancy that
are most likely to impact on nutrient requirements in the athlete are an increase in
blood volume, cardiac output, oxygen requirements, slowing of the gastrointestinal
system, and alterations to thermoregulatory control.!%2103 Pregnant athletes can ben-
efit from specific nutrition advice that can meet the changing physiological needs
and dietary-related complications of pregnancy, and a concurrent exercise regime.

Birth weight is correlated with infant mortality and morbidity. Low birth weight
(< 2500g) and very low birth weight (< 1500g) are major factors in perinatal
mortality.'® Newborns who are small for gestational age are at risk of hyperten-
sion, obesity, glucose intolerance, and cardiovascular disease.'” There have been
reports that suggest a link between women who engage in strenuous physical activi-
ties and lower-birth-weight babies.!% However, other studies have failed to confirm
this association.!¢197 The guidelines of the American College of Obstetricians and
Gynecologists for exercise during pregnancy and postpartum period state that “it
appears that birth weight is not affected by exercise in women who have adequate
energy intake” (p. 8). Conversely, the additive energy requirements of exercise
and pregnancy when combined with poor maternal weight gain may lead to fetal
growth restriction.' Furthermore, birth weight has been shown to be substantially
lower in women exercised at or above 50% of preconception levels compared with
nonexercisers.'”® This suggests that female athletes should not attempt to increase
the intensity or duration of their training during pregnancy. Maternal size and preg-
nancy weight gain have been correlated to infant birth weight.'2 Weight gain in
pregnant athletes may be less than for the sedentary women. This has been attributed
to decreased neonatal fat mass.!08
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TABLE 10.11
Dietary Reference Intake Values for Energy during Pregnancy
and Lactation

Pregnancy
Age (years) Stage of Pregnancy Estimated Energy Requirement (EER)?kcal (kJ)
14-18 1st trimester 2368 (9898)
2nd trimester 2708 (11319)
3rd trimester 2820 (11788)
19-50 1st trimester 2403 (10045)"
2nd trimester 2743 (11466)"
3rd trimester 2855 (11934)?
Lactation
Age (years) Stage of lactation Estimated Energy Requirement (EER)?kcal (kJ)
14-18 1st 6 months 2698 (11278)
2nd 6 months 2768 (11570)
19-50 1st 6 months 2733 (11424)"
2nd 6 months 2803 (11717)"

@ The intake meets that meets the average energy expenditure of individuals at the reference height,
weight and age:
b Subtract 7 kcal/d (29.3kJ/d) for each year above 19 years.

Source: Adapted from the Institute of Medicine, Food and Nutrition Board, 2002. Dietary Reference
Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein and Amino Acids.'®

B. ENERGY REQUIREMENTS

Additional energy is required to meet the needs of the developing fetus and the meta-
bolic needs of pregnancy. Energy requirements increase with increase in weight.'%
There is an increase in requirements of 340 to 360 kcal/day (1421 to 1505 kJ/day)
during the second trimester and an additional 112 kcal/d (470 kJ/day) in the third
trimester.!%> See Table 10.11.

Overall energy requirements will increase with increased physical activity. The
female athlete who has trained up until pregnancy and is in energy balance will have
an energy intake matched to her current level of activity. As her training level is
likely to decrease in the second and third trimesters, it is unlikely that the athlete will
need to significantly increase her energy intake beyond the additional needs of preg-
nancy. However, some female athletes are restrictive eaters who limit their energy
intake to control their weight.!* Excessive exercise with inadequate energy intake
may lead to suboptimal intake and poor fetal growth.!® The impact of restrictive
energy intakes in recreational or elite athletes who continue to exercise throughout
pregnancy and the effect on fetal growth and development has not been addressed in
the literature. Female athletes who have previously been diagnosed with disordered
eating should be carefully monitored throughout pregnancy.
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C. CARBOHYDRATE REQUIREMENTS

Carbohydrate is an important fuel source for the developing fetus; particularly dur-
ing the second and third trimester of pregnancy.'” Pregnant athletes require ade-
quate carbohydrate to meet the concurrent demands of exercise and pregnancy.
Furthermore, there is evidence that pregnant women may use carbohydrate at a
greater rate both at rest and during exercise than nonpregnant women. Soultanakis
et al.'!% found that 1 hour of continuous prolonged exercise at 55% of maximal oxy-
gen consumption resulted in a significantly faster decline in blood glucose to a lower
level post exercise in pregnant women compared with nonpregnant women. Artal
et al.'! did not find any significant difference in blood glucose before and after
15 minutes of a low-intensity exercise bout, suggesting that the intensity and dura-
tion of the exercise impacts on the ability to maintain blood glucose in pregnancy.
However, research on substrate use during exercise in pregnant athletes is limited.
Further studies investigating the use of carbohydrate as a fuel source during preg-
nancy are needed before any conclusive recommendations on carbohydrate intake
can be made.

D. PRrOTEIN REQUIREMENTS

Protein requirements increase during gestation and are greatest in the third tri-
mester. However, increase in protein requirements are usually met by a subsequent
increase in total energy intake.!%> Athletes also have increased requirement for pro-
tein depending on the type, intensity, and duration of exercise. Provided sufficient
additional energy is consumed to meet the needs of exercise and pregnancy, protein
requirements will in most circumstances be adequate to meet additional needs.

E. IRON REQUIREMENTS

Increase in the maternal blood supply increases the demand for dietary iron. Iron
requirements increase substantially during pregnancy (an additional 700—800 mg
throughout the pregnancy), although a higher rate of absorption also compensates for
this increase.!'? Athletes also have higher iron requirements and potentially higher
losses than nonathletes.’® Pregnant or lactating athletes have very high iron require-
ments, despite no menstrual blood loss, and are unlikely to meet these needs from
their dietary intake. Iron supplementation may be necessary to meet the physiological
needs of pregnancy and exercise. If the athlete continues training through pregnancy,
hemoglobin and hematocrit should be measured every 6 to 8 weeks and 2 to 3 weeks
postpartum. A level of hemoglobin less than 12g/dL has been suggested to impede
training in the pregnant athlete.!'® Iron deficiency anemia is commonly treated with
60-120 mg of ferrous iron throughout the day.'”> Once hemoglobin levels return to
normal, 30 mg/d may be continued. Excessive doses of iron are not recommended in
pregnancy as they have been linked to the pathogenesis of preeclampsia and gesta-
tional diabetes.!> For women of childbearing age who become pregnant, the impor-
tance of eating foods high in heme-iron or iron-rich foods or iron-fortified foods with
an enhancer of iron absorption such as vitamin C-rich foods is highlighted as one of
the key recommendations of the 2005 Dietary Guidelines for Americans.''*
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F. Fouc AciD REQUIREMENTS

Folic acid requirements increase throughout pregnancy and are particularly impor-
tant in the early stages for the prevention of neural tube defects. The recommended
daily allowance (RDA) for folic acid in non-pregnant women is 400 mcg/d.""> This
increases during pregnancy and lactation to 600 mcg/d. The Institute of Medicine,
Food and Nutrition Board,'> recommends that 400 mcg come from folate-fortified
foods or supplements in additional to dietary folate, and suggests that women should
commence taking additional folate prior to conception. The importance of this to
women of childbearing age who become pregnant and those in the first trimester of
pregnancy is highlighted as one of the key recommendations of the 2005 Dietary
Guidelines for Americans."'* Specifically, these women should consume adequate
synthetic folic acid daily from fortified foods or supplements in addition to food
forms (mushrooms, green vegetables, peanuts, legumes, citrus fruits) of folate from
a varied diet. Female athletes who are trying to conceive are advised to take a folic
acid supplement.

G. OTtHER CONSIDERATIONS
1. Thermoregulation

During pregnancy, heat production is increased due to an increase in basal meta-
bolic rate. Data on the effect of exercise on core temperature during pregnancy
is limited. An increase in maternal core temperature of more than 1.5°C during
formation of the embryo can cause congenital malformations.!”> Maintenance of
euhydration and blood volume is clearly of importance to the pregnant woman
to ensure heat dissipation to prevent a rise in core temperature. Pregnant women
should exercise caution when exercising in hot, humid conditions. Particular atten-
tion should be paid to ensuring regular fluid consumption before, during, and after
exercise sessions.

2. Caffeine

Caffeine may be harmful in pregnancy. Intakes above 300 mg/day (four average-sized
cups or three average-sized mugs of instant coffee or six average-sized cups of tea)
may be associated with low birth weight and miscarriage.''® Pregnant athletes should
be made aware of the risks of caffeine consumption above this amount. This may be
particularly relevant to athletes who have previously used caffeine as an ergogenic
aid in addition to habitual consumption.

3. Adolescent Athletes and Pregnancy

Adolescents have a higher risk of low-birth-weight infants.!> Many enter pregnancy
with a suboptimal nutrient intake due to poor eating habits. Pregnant adolescent ath-
letes need specific nutrition counseling to ensure adequate weight gain throughout
pregnancy. Special attention should be paid to at-risk nutrients, in particular low
iron, calcium, and folic acid intake.
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4. Postpartum

Exercise regimes should be gradually resumed, as many of the physiological changes
of pregnancy persist for 4 to 6 weeks after delivery.'”® Some detraining will have
occurred and therefore resumption should be gradual. Some athletes may be anx-
ious to regain their pre-pregnancy weight. Moderate weight reduction is encouraged.
Decreased milk reduction in breastfeeding women may be attributed to inadequate
fluid consumption or insufficient energy intake for training.

Athletes may want to regain their pre-pregnancy weight as soon as possible after
pregnancy. Athletes who are breastfeeding should be reminded that exclusively
breastfeeding with no reduction in energy intake will support the loss of body fat.
Lean women may compromise milk production if they restrict their energy intake.!
Breastfeeding before exercise may avoid any potential problem associated with
increased acidity of milk due to lactic acid build-up.! Athletes should be encour-
aged to breastfeed due to the potential long-term health benefits for the baby, which
may include better weight stability, decreased risk of Type 2 diabetes mellitus, and
decreased incidence of infectious disease. The mother may also benefit by decreased
risk of breast and ovarian cancer, improved bone health, and earlier return to pre-
pregnancy weight.!?

H. RECOMMENDATIONS

Exercise has minimal risks and definite benefits for most women during pregnancy.'®3
However, there is minimal research on athletes who continue an intensive train-
ing regime throughout pregnancy. The American College of Obstetricians and
Gynecologists (ACOG) recommends that pregnant athletes require closer supervision
than routine pregnancies.'® The overall health, obstetric, and medical risks should
be assessed before an athlete is prescribed an exercise program. Once engaging in a
regular training program, the nutritional, cardiovascular, and musculoskeletal condi-
tion of the athlete should be assessed regularly. The additional energy and nutrient
requirements of pregnant athletes need careful planning. Advice should be sought
from a sports dietitian to ensure they are obtaining sufficient energy for both preg-
nancy and their training regime. The athlete should be informed that she will not be
able to reach the same performance levels as before pregnancy and she should not
attempt to increase either intensity or duration of training. Special attention needs to
be given to nutrients such as iron and folate. Pregnant adolescent athletes will need
specialized nutrition care with a focus on iron, calcium, and folic acid intake.

Due to a decreased thermoregulatory response, particular attention should be
paid to hydration status. Pregnant athletes should ensure that they consume ade-
quate fluid throughout the day and drink regularly throughout training to replace
fluid losses. Fluid balance can be monitored by weighing pre- and post-exercise.
Carbohydrate-electrolyte drinks (sports drinks) may be of benefit during exercise
due to the concurrent supply of carbohydrate and fluid. The carbohydrate may atten-
uate the negative effects of decreased blood glucose. It is clearly evident that further
research is needed on the pregnant female athlete before specific nutrient recom-
mendations can be made.
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IV. THE AGING ATHLETE

A. INTRODUCTION

During recent decades there has been an increase in the number of older individ-
uals engaging in regular physical activity and exercise for the health benefits of
decreasing both morbidity and all-cause mortality.!’$!"® Many of these physically
active older individuals are increasingly becoming recreational or competitive ath-
letes focused on sports performance. For example, the inaugural World Masters
Games held in Toronto, Ontario had 8305 participants across 22 sports; the 2002
Melbourne, Australia World Masters Games 24,886 participants across 26 sports,
and the 2009 World Masters Games being held in Sydney, Australia anticipating the
biggest mass participation (30,000), multinational, multisport (28 sports) festival in
the world.'?°

Recommendations for nutrition in aging athletes should focus on both the nutri-
tional requirements of the aging process'?'?? and the nutrient needs of the aging
exerciser.'3-13! Individuals age at greatly differing rates for genetic, environmental,
lifestyle, and cultural reasons. Furthermore, aging athletes participate in sports rang-
ing from bowling to ironman triathlon and vary from the physically dependent to the
physically elite. Moreover, aging athletes compete for a wide variety of reasons with
enjoyment, health and fitness benefits, social, and competition appearing to be the
primary drivers for involvement.!32!33

Compared with younger athletes, aging athletes display an age-related decline in
training intensity and volume, and, as they age, appear to move from strength, speed,
and power events to endurance-oriented events.'**-137 For the health professional,
consideration of the above factors is further complicated by the fact that 85% of the
elderly population suffers from some type of chronic degenerative disease requiring
medication(s) that may have potential drug—nutrient interactions. Such interactions
may affect the intake, digestion, absorption, and utilization of several nutrients.!3%13
Indeed, a number of reports have suggested that between 14% and 25% of partici-
pants in masters sport have a preexisting medical condition (primarily hypertension,
asthma, coronary heart disease), with up to 34% taking medication (cardiovascular,
respiratory, non-steroidal anti-inflammatory).!36:140

Recently, nutrition research has shifted from a focus on alleviating nutrient defi-
ciencies to also stressing chronic disease prevention in aging individuals.*'-145 Thus,
the motivations, training practices, presence of chronic disease and medication usage
patterns, and variety of sports or activities participated in by aging athletes make
generic guidelines for nutrition in this group a challenge for the health practitioner.

The aging process, at least in sedentary individuals, is accompanied by many
physiological changes that may affect nutritional needs. These include loss of muscle
mass, less efficient immune system, gastric atrophy, decreased sensitivity to taste
and smell, poor dental health, a loss of thirst sensitivity, decreased cardiovascular
health, and decreased bone density. Whether these declines are the result of the
aging process per se or the inactivity that accompanies the aging process remains
to be conclusively evaluated. However, a number of empirical studies appear to sug-
gest that some of these factors do decline with age, even in aging athletes.'*¢147 For
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example, several studies have shown that muscle mass declines in aging endurance
athletes'*¥1%° Thus, the health practitioner must be aware that aging athletes present
with a wide range of motivations, training backgrounds, physiology, medical condi-
tions, and dietary practices that must be considered together when giving individual-
ized advice.

DRIs for the general population rarely include recommendations for athletes or
active individuals young or old. Furthermore, the oldest age group for which many
recommendations have only recently been developed is 51 to 70 years and, for only
several nutrients, greater than 70 years.!’® These age ranges are very large and make
little allowance for the metabolic and physiological changes that occur during aging
or the activity levels or health status of aging individuals. While the limited avail-
able evidence>""!3? suggests that both men and women with higher cardiovascular
fitness consume diets more closely approaching national dietary recommendations
than their less fit peers, the DRIs may not be a valid means of evaluating the nutri-
tional needs of the aging athlete in physical training of different modes, intensities,
frequencies, and durations.

While several investigations have examined the dietary'>*-” and nutritional sup-
plementation practices'® of various aging athletic populations, only recently have a
number of reviews attempted to examine the nutritional needs of an aging athletic
population. 127129131

B. FactOors AFFECTING NUTRITIONAL NEEDS

A number of physiological changes occur in the aging athlete that may affect not
only training and competition performance, but nutritional recommendations.
Table 10.12 summarizes the major changes that may affect the nutritional require-
ments of aging athletes.

C. ENERGY REQUIREMENTS

The daily energy requirements of an aging population decrease due to age-related
decreases in each of the components of energy expenditure: resting metabolic rate
(RMR), the thermic effect of food, and daily energy expenditure.’>*-'6! For exam-
ple, Elia et al.'”® demonstrated that, in a healthy but sedentary aging population,
decreased physical activity levels explained 46% of the variance in decreased daily
energy expenditure with age, with decreased basal metabolic rate (44% variance) and
decreased thermogenesis (10% variance) explaining the balance. Studies on male
and female masters athletes have suggested that the age-related decline in RMR is
attenuated in older females who remain physically active'*> and maintained at levels
similar to younger athletes in male masters athletes who maintain training volumes
and energy intakes.!!

In 2002, the Institute of Medicine estimated daily energy requirements for older
adults of various age groups who are physically active (Table 10.13).!8

An age-related decrease in daily energy expenditure, in both nonathletes and
physically active men training for endurance events more than three times a week,
is primarily due to both age-related decreases in fat-free mass (FFM) and decreases
in physical activity or training volume levels.!3%151:163.164 However, research evidence
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TABLE 10.12

Age-Related Changes That May Influence Nutrient Requirements

of Aging Athletes
Age-Related Change

Decreased muscle mass
Decreased aerobic capacity
Decreased bone density
Decreased immune function
Decreased gastric acid

Decreased skin capacity for Vitamin D

synthesis
Decreased calcium bioavailability
Increased oxidative stress status
Increased levels of homocysteine
Decreased thirst perception
Decreased kidney function

Nutritional Implication

Decreased energy requirement

Decreased energy requirement

Increased need for calcium and vitamin D

Increased need for vitamins By, E and zinc

Increased need for vitamin B,,, folic acid, calcium,
iron and zinc

Increased need for vitamin D

Increased need for calcium and vitamin D
Increased need for carotenoids, vitamins C and E
Increased need for folate and vitamins B6 and B,
Increased fluid needs

Increased fluid needs

Source: Modified from Reaburn, P. 2006. Nutrition and the aging athlete, in Burke, L. and Deakin,
V. (Eds.) Clinical Sports Nutrition, 3rd ed., p. 636. Sydney: McGraw-Hill.'?°

from sedentary populations suggests that body composition (fat mass versus FFM)
changes dramatically with aging with an approximate doubling of body fat between
20 and 50-60 years of age and a fall in body fat after 70 years of age.!6>16 Similar
observations of decreased FFM are also observed in older male and female endur-
ance runners, except that the body fat levels increase only marginally with age.!3!167

A number of studies examining the energy intakes of older athletes suggested
that older athletes undertaking regular physical training have higher energy intakes

TABLE 10.13

Estimated Energy Requirements for Older Adults Who

Are Active

Males Females
Age G
ge Group (yr) kcal/day kJ/day kcal/day kJ/day
50-59 2757 11579 2186 9181
60-69 2657 11159 2116 8887
70-79 2557 10739 2046 8593
80-89 2457 10319 1967 8261

Source: Adapted from Intitute of Medicine. 2002. Dietary Reference Intakes

forEnergy, Carbohydrates, Fiber, Fat, Protein and AminoAcids (Macronutrients).

Washington, DC: National Academy Press.'8
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than those of age-matched sedentary but healthy controls,'>*15518 egpecially
when matched for energy intake per kilogram of body mass.!3! Furthermore, the
energy intakes of these older athletes appear higher than those suggested for their
respective age groups or gender in the DRIs.1’*-156 For example, energy intakes
ranging between 10,336 kJ/d'>> and 11,549 kJ/d!¢ have been reported by older
(55-75 years) male endurance athletes, with a mean intake of 8663 kJ/d reported
by 65-84-year-old female endurance athletes undertaking physical training of at
least 1 hour per day.!>*

In general, the reported energy intakes of older athletes are lower than those
observed in similarly trained younger athletes.!3:19%170 This may be due to an age-
related decrease in active muscle mass previously observed in aging athletes,#814
reduced training volumes (frequency, intensity, duration) that has previously been
observed in older athletes,'3*13¢ or reduced leisure time activity levels commonly
reported in older populations.””! Some evidence suggests that aging athletes who
maintain high-intensity training at levels similar to those of younger athletes also
appear to experience an age-related decline in resting energy expenditure and
dietary energy requirement relative to younger athletes, but both factors are higher
than those of sedentary age-matched controls.!”! This finding would suggest that the
more competitive aging athlete who maintains high-volume and high-intensity train-
ing into older age may have the same percent energy and dietary requirements as a
younger athlete but greater absolute needs than sedentary controls of the same age.

D. MACRONUTRIENTS

Carbohydrate, fat, and protein intakes are essential for meeting not only the energy
requirements of an individual, but to ensure normal bodily functioning through
the associated intake of fiber, vitamins, and minerals.””> Age-related decreases
in the intakes of these macronutrients have been observed in a sedentary aging
population.':163 The Food and Nutrition Board of the Institute of Medicine in the
United States has set a macronutrient distribution range for healthy diets at 45-65%
CHO, 10-35% protein, and 20-35% fat.!® The American College of Sports Medicine
(ACSM), American Dietetic Association (ADA) and the Dieticians of Canada (DC)
Joint Position Statement!”® suggests that athletes will obtain adequate macronutri-
ent intakes by consuming a body weight maintenance diet that provides energy as
55-58% CHO, 12—15% protein, and 25-30% fat.

Few studies have examined the macronutrient intake of aging athletes.!3!-168
Beshgetoor and Nichols'®® examined 4-day diet records of 25 female masters cyclists
and runners aged 50.4 years who used or didn’t use dietary supplements. They
observed 52-55% CHO, 17-20% protein, and 28% fat intake in their cohort, values
that are within the guidelines for both healthy adults and athletes. Brodney et al.!>
examined nutrient intakes of 7959 men and 2453 women aged 20—-87 years in low,
moderate, and highly aerobically fit cohorts. They observed significantly higher per-
cent CHO and lower percent fat intakes and in both men and women in the high fit-
ness group compared with the low or moderate fit groups. However, the CHO intake
of the high fit group was lower (48% men, 51% women) and higher for fat intake
(33% men, 31% women) than that recommended by the ACSM, ADA, and DC for
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athletes. Taken together, these studies suggest the need for increased CHO intake
and lower fat intake in aging athletes, for both performance and health reasons.

1. Carbohydrates

For athletes, CHO is the primary fuel source for working muscles and is stored
within the liver and muscle as glycogen.3¢ In older endurance athletes, glycogen stor-
age per unit of muscle is lower than in similarly trained younger runners, while gly-
cogen utilization per unit of energy expenditure appears higher during submaximal
exercise.””* However, following regular endurance training, older individuals are able
to increase muscle glycogen storage and restore glycogen stores post-exercise at rates
similar to younger athletes.!’+!17

The recommended CHO intake for athletes is similar to that of the general popu-
lation, and therefore is similar for older athletes because CHO absorption and uti-
lization remain intact with a physically active lifestyle and nutritious diet in aging
persons.'’s!”7 Thus, the older athlete should consume at least 55% of energy intake
as CHO obtained from a variety of food sources and the bulk of the CHO-containing
foods consumed should be those rich in complex CHOs and with a low glycemic
index.* A high percentage of this intake should be starchy CHO (bread, cereals,
rice, pasta, potato), which also provides protein, vitamin, mineral, and fiber intake.

Thus, apart from the physical benefits (enhanced performance and recovery)
gained by a high-CHO diet of 5-12 g/kg/d?*-26, an older athlete can also derive great
health benefits that may lower all-cause mortality and morbidity. Based on this data,
Table 10.14 shows the suggested daily carbohydrate needs of older athletes undertak-
ing various types of training.

2. Fat

Dietary fat is ncessary as a source of essential fatty acids, fat-soluble vitamins (A, D,
E, and K),!”? and as an energy source during low-intensity or prolonged exercise at
below 70% of maximal aerobic power.'”® The optimal daily intake of fat need only
be 25-30% of daily energy intake in both a young and older sedentary or exercising
populations.!” It appears that older populations are meeting this recommendation as
the 1995 Australian National Nutrition Survey (NNS) showed that the mean percent
energy intake for persons aged 25-65 years and over was approximately 32% for
males and 33% for females, with no difference between young and older groups.'”!

TABLE 10.14
Suggested Daily Carbohydrate Needs of Older Athletes

Type of Training CHO Needs (g/kg/d)
General training 5-7

Regular moderate intensity/Endurance 7-10
Ultraendurance 10-12
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Similarly, the most recent British National Diet and Nutrition Survey of adults aged
19-64 years showed that approximately 35% of energy intake was from fats.!”

An aging population retains the ability to digest, absorb, and utilize fat.!76:180
Furthermore, older athletes and highly aerobically fit individuals appear to consume
more fat relative to total energy than the recommended population targets or than
healthy sedentary age-matched controls.!52154156.168181 Q]der athletes consuming
more than 30% of daily energy intake as fat may compromise cardiovascular health.
As in younger athletes, older athletes on a low-energy diet should consume between
20-25% of daily energy intake from fat sources for more energy to be derived from
CHO and protein.'®? While research has shown that low-fat diets neither positively
or negatively affect performance,!” daily energy intake containing less than 20% fat
may compromise the absorption of fat-soluble vitamins (A, D, E, K) and decrease
satiety between meals.

3. Protein

Protein is continually being degraded and synthesized within the human body so
that a dietary supply of amino acids is necessary to offset protein losses. Amino
acids are used in the synthesis of structural proteins (e.g., connective tissue, muscle
tissue), functional proteins (e.g., enzymes, antibodies, hemoglobin), and as an energy
source in the absence of adequate glucose or fatty acids.?¢

The current U.S. DRI for protein for adults of all ages is 0.8 g/kg/d'® and the
Australian RDI is 0.75 g/kg/d.'>° An athlete’s protein needs are even greater than
those of a nonathlete because of increased use of protein during physical activity
for gluconeogenesis, amino acid oxidation, and the tissue breakdown accompany-
ing both training and competing.'®3184 Furthermore, within an athletic population,
the DRIs for protein may vary depending on exercise intensity, CHO availability,
exercise mode, energy balance, gender, training age, timing of macronutrient intake,
and age'173,183,184

Insufficient energy intakes are also associated with a negative nitrogen balance
and protein loss, given that there is a well-defined interaction between total energy
intake and protein need.'® Moreover, increased protein requirements have been
observed with high- versus low-intensity exercise'®¢ and long- versus short-duration
exercise.'’®” Thus, it has been suggested that younger endurance-trained athletes in
regular training consume about 1.2-1.4 g/kg BM/d (150% of current U.S. DRI) and
young strength-trained athletes consume about 1.2—1.7 g/kg BM/d (200% of current
U.S. DRI).173.183

Older endurance or power athletes may have lower protein requirements than
suggested for younger athletes for a number of reasons. First, the aging process is
accompanied by a decline in muscle mass in both healthy active individuals'®® and
older athletes¥!4° secondary to an age-related decrease in both whole-body pro-
tein turnover and protein synthesis.!¥>1%0 Second, older athletes appear not to train
with the same intensity or volume as younger athletes.!3!36.137.191 Third, although
not conclusively investigated, there may be an age-related reduction in the absorp-
tive capacity of the gut for amino acids and peptide.'”® Fourth, due to a number of
underlying problems (dietary recall problems, inadequate equilibration periods or
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inadequate energy intakes given by researchers in nitrogen-balance studies), the
protein requirements suggested in the DRIs may have been overestimated.!?® Taken
together, the above factors suggest that older athletes may require a lower daily
protein intake than those suggested by Lemon'®? and the ACSM, ADA, DC'3 for
younger athletes.

Thus, although the protein needs of different aged athletic populations has
yet to be investigated, it has previously been suggested that aging exercisers may
require 0.8-1.0 g/kg BM/d,!?¢ with Evans'®® suggesting older exercisers may require
1.0-1.25 g/kg BM/d to maintain or promote a positive nitrogen balance. Recently,
Lucas and Heiss!** suggested that an intake of between 1.0-1.3 g/kg BM/d for older
adults engaged in resistance training, provided that their overall energy needs are
being met.

The customary diets of both younger and older athletes have been shown to pro-
vide enough protein to adequately meet need, especially when the diets contain
sufficient energy and include complete sources of protein (e.g., diary, meats, eggs,
and fish).!311% However, adjustments may have to be made for illness, chronic dis-
ease, or suboptimal total energy intakes. The recommended figure of 1.0-1.3 g/kg
BM/d approximates the reported protein intakes of 1.25-1.45 g/kg BM/d previ-
ously observed in older athletes and regular exercisers from a variety of training
backgrounds.!3h156.164168 However, older athletes in heavy training, particularly those
involved with strength and power sports, may require increased intakes!'*?!% because
resistance exercise increases muscle protein synthesis in both elderly and young
individuals.!?6:1%7

Previous data suggest that exogenous amino acids may stimulate protein synthe-
sis in an elderly male population.'*®1°® However, other studies have observed either
no anabolic effect of high-protein diets?*® or no relationship between protein intake
(adjusted for BM and physical activity) and appendicular muscle mass. These data
suggest that protein intake above the DRI is not linked to preservation of muscle
mass in older populations.'41% However, recent research strongly suggests that
protein supplemention (0.3 g/kg), particularly when combined with creatine supple-
mentation (5g/day), immediately before or after resistance training sessions in aging
individuals may be important for creating an anabolic environment important for
both muscle growth and strength gains.20!-203

E. MICRONUTRIENTS

Vitamins and minerals are essential for efficient nutrient metabolism and numerous
bodily functions affecting sports performance.’® A large proportion of older adults
do not consume sufficient amounts of many micronnutrients from foods alone.?’*
While supplements compensate to some extent, only an estimated half of people
over 51 years of age in the United States use them daily.2** Fewer than 50% of both
supplement users and nonusers met the estimated average requirement for folate,
vitamin E, and magnesium from food sources alone. After accounting for the contri-
bution of supplements, 80% or more of users met the estimated average requirement
for vitamins A, B, B,,, C, and E; folate; iron; and zinc; but not magnesium. However,
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some supplement users, particularly men, exceeded the tolerable upper intake levels
for iron and zinc and a small percentage of women exceeded the tolerable upper
intake level for vitamin A.2%4

The intensity, duration, and frequency of the sport or training session and the
overall energy and nutrient intakes of the individual athlete increases an athlete’s
requirements for vitamins and minerals above recommended levels.** This increased
need may be the result of many factors, including losses via sweat, urine, and feces;
decreased gastrointestinal absorption; increased degradation rates; increased needs
for muscle and connective tissue maintenance and repair; increased metabolic rates
at rest and during exercise; and the stress of early bodily adaptation to heavy training
loads.?* Research has shown that a linear relationship exists between overall energy
intake and vitamin and mineral intake.!®*26 High-energy intakes are required by
both younger'” and older athletes'>*-15618 to meet the energy demands of physical
training and competition. It would thus be expected that the micronutrient intake in
both these groups should be in excess of the DRIs, assuming that a well-balanced
diet is chosen.

Numerous studies examining the dietary practices of younger athletes have
shown that dietary intakes of the minerals zinc, iron, magnesium, copper and cal-
cium, together with the vitamins By, B,,, and D, are below the DRIs."7%182 The few
studies that have examined nutritional intakes of older endurance athletes suggest
low intakes of the minerals calcium, iron, zinc, and magnesium, and vitamins D and
E, despite consuming energy intakes that were well above the DRIs.!34-156.168

Athletes, in general, have increased losses of many micronutrients, espe-
cially minerals, compared with nonathletes, as a result of losses through sweat
and urine,??7 especially during endurance activities.?>> When associated with low
dietary intakes, the body stores of these micronutrients can be reduced,'”? result-
ing in a deficiency state which negatively affects performance.?*> Furthermore, the
risk of micronutrient deficiency may be higher in older athletes who have very low
energy intakes or chronic medical conditions, or take medications that may impair
micronutrient absorption or utilization.!?® This review examined in detail the area of
food—drug interactions and highlighted that more than 50% of non-institutionalized
Americans aged over 65 years or over use five or more medications, and 12% use
10 or more. More importantly, 25% take prescribed drugs from one or two thera-
peutic classes, more than 20% from three classes, 30% from four or five classes,
and over 15% from six or more classes. This highlights the issue of polypharmacy
in older individuals and the importance of the health practitioner in screening for
such usage when working with the aging athlete. A number of previous reports have
suggested that between 14% and 25% of participants in masters sport have a preex-
isting medical condition (primarily hypertension, asthma, coronary heart disease),
with up to 34% taking medication (cardiovascular, respiratory, non-steroidal anti-
inflammatory).!36:140

Older athletes may be at a greater risk of micronutrient deficiencies than younger
athletes. Possible reasons for this increased risk are age-related gut impairment associ-
ated with reduced nutrient absorption,'” different nutrient requirements between indi-
viduals, use of medication (Table 10.15), and the presence of chronic disease states.
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TABLE 10.15

Drug-Nutrient Interactions That May Affect Nutrient Requirements

Drug

Diuretics

(e.g., Aldactone, Chlotoride,
Lasix)

Antipsychotic / psychoactives

Cardiac glycosides

(e.g., Digoxin)

Anticonvulsants

(e.g., Phenytoin, Dilantin,
Phenobarbitone)

Salicyclate

(e.g., Aspirin, Voltaren,
Nurofen, Orudis)

Corticosteroids

(e.g., Prednisone,
Prednisolone, Cortisone)

Antacids
Tetracycline
Bile acid sequesters

Mineral oil laxatives
(e.g., Agarol)

Effect

Alterations in renal tubular
function

Disinterest in food

Anorexia, nausea, vomiting,
disinterest in food
Induction of liver enzymes

Reduced absorption of folic
acid
Gastrointestinal blood loss

Inhibition of calcium
absorption, alterations in
glucose metabolism and
electrolyte imablance

Increased excretion of vitamin
C

Decreased absorption of
phosphate

Increased excretion of vitamin
C

Malabsorption of fat-soluble
vitamins

Inhibition of fat-soluble
vitamins absorption

Depletion of Potassium

Nutrients Affected

Loss of sodium, potassium and
magnesium

Protein and calories intake
reduced

Protein and calories intake
reduced

Altered vitamin D metabolism

Folic acid

Tron deficiency

Calcium imbalance
(osteoporosis), hyperglycemia,
sodium retention and
potassium deficiency

Vitamin C

Phosphate

Vitamin C

Vitamins A, D, E and K

Vitamins A, D, E and K
malabsorption

Potassium

Sources: Adapted from Basu, T. K. and Dickerson, J. W. 1974. Chem Biol Interact 8, 193-2062%;
Roe, D. A. 1994. Prim Care 21, 135-47?%; and Thomas, J. A. and Burns, R. A. 1998. Drugs Aging

13, 199-209.210

1. Vitamins

a. Vitamin A

Vitamin A (retinol) is essential for vision, growth, maintenance of epithelial tissues,
and the integrity of the immune system.'”? Together with B-carotene, vitamin A’s
precursor, this vitamin has been suggested as an antioxidant and thus helps prevent
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tissue damage and facilitate tissue repair.'”? In a healthy aging population, the renal
and liver clearance of vitamin A is decreased by about 50% compared with younger
adults. This suggests that the current DRIs for retinol, of 900 and 700 pg/d for older
males and females respectively, may be too high.

Thus, aging athletes should focus on consuming vitamin A precursors, the
carotenoids from food sources, as suggested in the Dietary Guidelines for Older
Australians,”" to take advantage of the antioxidant and immune system benefits of
vitamin A. Healthy sources of Vitamin A include broccoli, carrot, pumpkin, tomato,
spinach, brussels sprouts, and cabbage.

b. Vitamin B,

Vitamin By is a coenzyme involved in amino acid and glycogen metabolism. It aids
in the formation of hemoglobin and myoglobin and thus plays an important role in
an athlete’s diet.””> The requirement for vitamin B, increases as the intake of pro-
tein increases because of vitamin By’s role in amino acid metabolism.?'> Because
vitamin B, and protein tend to occur together in foods (meat, fish, poultry, cereals,
vegetables, whole grains), dietary adequacy of this vitamin is usually satisfactory in
individuals eating the normal western diet.

The current U.S. DRI for vitamin B is 1.7 and 1.5 mg/d for elderly (> 51 years)
males and females respectively, and does not differ significantly from the recommen-
dation for younger adults 19-50 years of 1.3 mg/d.!® However, most dietary intake
surveys have confirmed that the intake of vitamin By in inactive elderly persons is
inadequate to meet the DRIs.?!* Furthermore, evidence from depletion and repletion
studies suggests that the amount of vitamin B, needed to obtain balance in older
persons is greater than the U.S. DRI.24

In older exercisers, as in younger ones, there is increased loss of vitamin B,
through urinary 4-PA excretion,?’ thus suggesting increased need for vitamin By
in aging exercisers. Furthermore, in an aging population, the serum concentrations
of vitamin B, appear to decrease and there appears to be a greater amount of the
vitamin needed to ensure immune system functioning in elderly individuals.?!6:2!7
Finally, vitamin B plays a crucial role in converting homocysteine to cystathionine.
High levels of homocysteine are a risk factor for cardiovascular disease.?'® Thus,
for health and physical performance reasons, it has been suggested that the DRI for
vitamin B be increased in aging athletes to 2.0 mg/d.!?¢

c. Vitamin B,

Vitamin B,,, required for hematopoiesis, acts as a coenzyme in nucleic acid metabo-
lism and thus plays an important role in an athlete’s physiology.'”> The major dietary
intakes of vitamin B, come from red and organ meats. However, older people may
eat less red meat in an attempt to keep cholesterol and fat intakes down, thus limiting
their intake of B,,. Moreover, strict vegetarians may not meet the DRI for vitamin B,
of 2.4 ng/d as B,, is found only in animal food sources.

A decrease in the overall energy intake of older athletes relative to younger
athletes'>*-19%168 might suggest a decrease in the need for thiamin and niacin. The
incidence of pernicious anemia, as a result of malabsorption and deficiency of B,,
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increases in aging individuals. This type of anemia is linked to an age-related atro-
phic gastritis seen in approximately 30% of those over 60 years of age?' and the
subsequent decrease in stomach acid and intrinsic factor secretion.???

Despite the suggestion that older athletes may have an increased need for vitamin
B,, for hematopoiesis, the only published studies to date that have examined vitamin
B,, intakes in older endurance athletes on a mixed diet showed intake of this vita-
min was above the DRI.P%1%8 However, it has been suggested that the vitamin B,,
and folate requirements necessary to prevent anemia in older persons may be less
than that required to maintain low homocysteine levels necessary for cardiovascular
health.??! Thus, it has been suggested that the DRI for vitamin B, be increased in
older people to 150% of the current U.S. DRI (2.4 pg/d) in order to prevent deficiency
symptoms.?!3 Moreover, one of the key recommendations of the Dietary Guidelines
for Americans'* is the need for people over 50 years of age to consume vitamin B,
in its crystalline form as a supplement or in fortified foods. It has also been suggested
that a further increase of the DRI to 2.8 ug B,, per day may be needed for older
persons undertaking regular exercise, particularly those who are vegetarians or have
atrophic gastritis.'?¢

d.  Vitamin C

The antioxidant properties of vitamin C play a role in the protection of connective
tissue damage, enhancing tissue repair, and may, therefore, enhance recovery from
physical training and competition.??>?2* Moreover, vitamin C enhances iron absorp-
tion from foods and acts as a cofactor in some hydroxylation reactions such as con-
verting dopamine to noradrenaline.!”?> Importantly, for an older population more at
risk of chronic disease, diets rich in antioxidants have also been linked to reduced
risk of cancer, cardiovascular disease, and cataracts.??4-22¢ Major sources of vitamin
C include citrus fruits, tomatoes, capsicums, and salad greens including broccoli,
brussels sprouts, cabbage, and spinach.

At present, there is no evidence to suggest that vitamin C absorption or utilization
is impaired with aging??’ or that dietary intakes in an aging sedentary population®??
or aging athletes!>*-156.168 are lower than the current U.S. DRI of 75 and 90 mg/d for
females and males over the age of 51 years, respectively. While vitamin C require-
ments may be increased in hot climates, by smoking cigarettes (increase intake by
35 mg/d), or heavy pollution, there appears to be no suggestion to encourage supple-
mentation of vitamin C in older athletes.'?62!> Importantly, for an older population
with increased prevalence of chronic disease, megadoses of vitamin C (> 1000 mg/d)
have been shown to cause side negative effects. Kidney stone formation, gout (in
those predisposed to this disease), impairment of copper absorption, and destruction
of By, have been reported with megadoses of vitamin C.?? Vitamin C supplements
in megadoses have also been associated with “runners diarrhea.”?*

e. Vitamin D

Vitamin D, together with calcium, phosphorus, and protein, is widely regarded as
promoting growth and mineralization of bones, as well as enhancing the absorption
of calcium.'”? Importantly for athletes undertaking heavy training loads, vitamin D
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is also a modulator of mononuclear phagocyte and lymphocyte functioning,?*! which
is important to the body’s immune response. Apart from dietary intake of vitamin D
(fortified cereals and margarines, and eggs), most vitamin D is manufactured in the
liver and, to a lesser extent, in the kidney, and by the action of UV light on a vitamin D
precursor in the skin.

Adequate intakes of vitamin D appear crucial for older individuals, given its
importance in maintenance of bone integrity. However, there appears to be an
age-related decrease in the capacity of aging skin to synthesize vitamin D pre-
cursors.??? Vitamin D production may also be compromised by seasonal varia-
tions in light, latitude, clothing, and sunscreens.?* Moreover, there appears to be
an age-related reduction in the renal production of activated vitamin D;?** and a
decreased dietary intake and absorption of vitamin D in healthy but sedentary
aging populations.'76:23

The United States National Research Council?*® reported that about 75% of
elderly Americans (> 51 years) met two thirds of the then-DRI for vitamin D of
5 ug/d. Moreover, the Australian National Nutrition Survey of 1995""! also showed
that the dietary intakes of vitamin D were inadequate in aging Australians. In light
of the importance of vitamin D in calcium absorption and bone mineralization and
thus osteoporosis prevention, these findings suggested that the U.S. DRI should
increase to 10 ug/d in males and females over 51 years of age and 15 pg/d in those over
70 years of age.'”® Thus, that vitamin D supplementation may be warranted in
older persons, including athletes who have difficulty meeting recommendations
by dietary means, have dark skin, or have little exposure to sunlight, is high-
lighted as one of the key recommendations of the 2005 Dietary Guidelines for
Americans.'"*

f.  Vitamin E

Vitamin E is another antioxidant that has a protective role similar to vitamins C and A.
Vitamin E is thought to protect tissues against lipid peroxidation that can result from
prolonged or eccentric exercise (e.g., running, cycling, weight training).?"2% A recent
study observed a significant association between low serum concentrations of vitamin
E and a decline in physical function in the elderly, strongly suggesting the need for
supplementation in an aged population.?* Elderly populations have been shown to
benefit from vitamin E supplementation through improved immune function,?*® and
reduced incidence of cataracts,2* cancers?*? and cardiovascular disease.2®

No evidence of vitamin E deficiency has been observed in older male athletes or
female endurance athletes who take supplements,'34-13%168 with a previous study of
18 older male endurance athletes suggesting a more than adequate intake of vitamin
E.156 However, more recent evidence from female masters endurance runners and
cyclists suggests that aging female endurance athletes who do not use supplements
may have lower than the DRI for vitamin E.!® The current U.S. DRI for vitamin E
was increased from 10 and 8 mg/day for males and females, respectively, to 15 mg/d
for both genders and all age groups over 14 years of age.!® This requirement may
increase with increasing intakes of polyunsaturated fat in diets, which are more sus-
ceptible to lipid peroxidation than diets higher in saturated fat.
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Vitamin E is found in vegetable oils, unprocessed cereal grains, nuts and seeds,
green leafy vegetables, meats, and wheat germ, and no negative side effects have
been observed with supplementation of up to and over 700 mg TE/d.?** Sachek and
Roubenoff,'?® in a review of nutrition for elderly exercisers, suggested that older indi-
viduals undertaking endurance training who were concerned about cardiovascular
problems may consider a vitamin E supplement of 100-200 mg TE/d.

g. Riboflavin

Riboflavin, or vitamin B,, is a major constituent of two coenzymes involved with
energy metabolism and, as such, is of importance to athletes,'”? particularly those
embarking on a new training program, increasing the intensity of physical activity,
or dieting.?'> The current U.S. DRI for riboflavin is 1.3 and 1.1 mg/d for elderly males
and females, respectively.!®

Older athletes, particularly those exercising 2.5 or more hours a week, dieting, or
increasing training volume or intensity, may have a greater need for riboflavin than
the present DRI,?! although the only study to examine riboflavin intake in aging ath-
letes has shown deficiency.'® However, a 1992 study identified that 14 older women
(aged 50—67 years) undertaking an exercise program and having a riboflavin intake
equal to the U.S. DRI had a decrease in urinary riboflavin excretion, which may be
indicative of riboflavin depletion.?*> In a classic paper examining the vitamin needs
of the elderly, it was suggested that the nutrient recommendation for riboflavin for
older persons be the same as for younger persons (1.3 mg/d for males and 1.1 mg/d
for females).?!3 Selected food sources of riboflavin include organ meats, milk, bread,
and fortified cereals.

h. Folate

Folate is a coenzyme for both nucleic acid and amino acid metabolism and red
blood cell formation.'”? Although aging does not appear to affect folate absorption
or use, low folate status is a risk factor for cognitive decline associated with older
age.?*® Results from the 1995 National Nutrition Survey (NNS) of Australians sug-
gested that older persons consuming a western diet are not likely to be at risk of
folate deficiency.'”! In Australia in 1995, folate was allowed to be added to some
commercial foods, for example, breakfast cereal, bread, and fruit juice. Folate-
rich foods include nuts, seeds, dark green leafy vegetables, legumes, meats, milk
products, and now the fortified products. However, in older athletes with gastric
atrophy so common in elderly persons,?'® the associated decrease in stomach acid
production may lead to decreased folate absorption.”*” An earlier review of nutri-
tion for older exercisers suggested that exercising older individuals consume at
least 200 pg/d of folate, as long as vitamin B,, intake is adequate, because high
levels of folate can mask vitamin B,, deficiency.'?® However, more recently, the
Institute of Medicine of the National Academies has increased the DRI for folate to
400 pg/d for adults over 30 years of age and to 500 and 600 pg/d for lactating and
pregnant women, respectively, given folate’s importance in preventing neural tube
defects in the fetus.’® Major sources of folic acid include green leafy vegetables
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(eg. spinach and broccoli), fortified cereals, mushrooms, peas, asparagus, peas,
and beetroot.

2. Minerals

a. Calcium

Calcium is essential for neuromuscular transmission, blood coagulation, muscular
contraction, and bone health."”> Calcium becomes even more important with aging,
given that there is an age-related loss of bone minerals in both males and females
as a result of bone resorption’s predominating over bone formation, particularly
postmenopause.?*® Although weight-bearing exercise promotes bone density, older
athletes who already have low bone density and poor dietary intakes of calcium
are likely to be at high risk of stress fractures when undertaking repetitive impact
activities.?*> Moreover, such repetitive impact activities (e.g., running), particularly
in a hot or humid environment, may lead to significant calcium loss via sweat-
ing.?>° Thus, calcium is an important dietary mineral in older athletes, particularly
perimenopausal and postmenopausal women, to help maintain long-term bone
health. However, research has consistently shown that a large percentage of older
males and females from industrialized countries have calcium intakes below the
DRI.161,179,251

Aging is accompanied by an overall decrease in calcium absorption, particularly
in postmenopausal women. This decrease, together with suboptimal calcium intakes
reported in some older athletes'3*+136168 increases the requirements for calcium. This
increase is reflected by the higher DRI for older (> 51 years) males and females
(1200 mg/day) compared with younger populations (1000 mg/day).

Calcium bioavailability is also affected by atrophic gastritis, which is common in
older persons as a result of decreased stomach acid’s decreasing the dissociation of
calcium from food complexes.?>? Calcium absorption is dependent on activated vita-
min D. Vitamin D status, as suggested earlier, may be suboptimal in older people.
A deterioration in renal function, where active vitamin C is manufactured, has been
attributed to the age-related decrease in circulating active vitamin D and thus the
decreases in calcium absorption.

The RDI for calcium, as recommended by the Institute of Medicine of the
National Academies, is 1000 and 1200 mg/d for males and females 19-50 years and
> 51 years, respectively. However, calcium balance studies have suggested intakes of
1000 mg/d for estrogen-treated postmenopausal females and as high as 1500 mg/d
for untreated females.?>>2>* It would appear prudent to suggest calcium intakes at the
higher end of these recommended ranges for older athletes who lose sweat profusely,
as substantial amounts of calcium can be lost through sweat.?** In older (> 65 years)
healthy females, mean calcium intakes from the 1995 Australian NNS'7! were only
68% of the DRI, a major concern given the etiology of osteoporosis, risks of fall
fractures, and the role of calcium in bone mineralization. This finding of lower than
recommended intakes of calcium appears consistent, with Wakimoto and Block'®!
observing that only 5% of older women and 10% of older men consuming the DRI
of 1200 mg/d of calcium.
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In older athletes, both exercise and calcium-enriched diets have been shown to
have independent effects on bone mineral density in postmenopausal women.?332%
The majority of available evidence from studies of older athletes suggests that
older persons in regular physical training are not consuming enough calcium in the
diet.!34156.168.257 Calcium supplements may be warranted in those people who are lac-
tose intolerant, dislike milk and dairy products, are allergic to milk, or cannot meet
these calcium requirements through other dietary means. Supplements of calcium
citrate malate are better absorbed than calcium carbonate supplements in postmeno-
pausal women with low dietary intakes of calcium, and appear more effective than
calcium carbonate in reducing bone demineralization and lowering bone fracture
rates. 234

b. Iron

In athletes of any age, particularly those involved with endurance exercise, iron is an
integral component of the oxygen-carrying capacity of both hemoglobin in the blood
and myoglobin within muscle. Moreover, iron is also found within the mitochondrial
cytochrome complex and thus is crucial for aerobic metabolism.

Iron deficiency anemia has been shown to reduce performance capacity and
maximal aerobic power in younger athletes?® and is commonly observed in both
younger endurance athletes, particularly those who are female and vegetarian.?>® It
also appears that weight-bearing endurance athletes such as runners are more prone
to iron deficiency, because iron losses occur with excessive sweating,?%° gastrointes-
tinal bleeding,?®! and hemolysis.?%?> The iron losses of older athletes have not been
examined, although a study of 25 middle-aged female endurance cyclists and run-
ners showed iron intake to more than adequately meet the DRI of 8 mg.1%

Although losses of iron in younger endurance athletes may be as high as 18 mg/d,>"
iron losses have not been studied in older athletes undertaking similar levels of phys-
ical activity. Iron stores usually increase with aging in both males and females.?3
Older people, therefore, usually need less dietary iron than younger people. In a male
sedentary older population, nutritional iron deficiency is rare and any observed ane-
mia is most commonly associated with chronic illness that may decrease or interfere
with iron absorption.?* However, an Australian survey suggested that up to 30-45%
of adult females had estimated dietary intakes of iron below the DRI.!! The U.S. DRI
for both elderly males and females, assuming 75% of DRI is from heme iron sources,
is 8 mg/d for males over 19 years of age and 18 and 8 mg/d for females 19-50 years
and over > 51 years, respectively, and should be adequate for aging athletes adhering
to the Dietary Guidelines for Older Australians.®'' The Institute of Medicine of the
National Academies recommends pregnant women consume 27 mg/d and lactating
women 9 mg/d." However, older athletes who are female or vegetarian involved with
intense endurance running in thermally stressful environments might benefit by con-
suming up to 15 mg iron/d.'?¢

Selected food sources of iron include fruits, vegetables, fortified cereals and
grain products such as cereal (non-heme iron sources), and meat and poultry (heme
iron sources). Non-heme iron absorption is lower for vegetarians than meat-eaters.
Therefore, the Institute of Medicine of the National Academies suggests that the iron
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requirement for vegetarians is approximately twofold greater than those consuming
a nonvegetarian diet.'

c. Zinc

Dietary zinc is an important mineral in older individuals because of its role in tissue
repair and immune function,?® particularly in an aging population.?%® Zinc is also
an essential component of a large number of enzymes that synthesize and degrade
CHOs, fats, proteins, and nucleic acids.??’ Zinc is primarily lost through urine, feces,
and sweating?%82% and may thus be compromised in athletes training in hot, humid
environments. There is also a suggestion that zinc has a higher turnover in anaero-
bic exercise.?’%?”! This might suggest increased zinc requirements for older power
athletes, team players, or endurance athletes undertaking high-intensity interval
training. However, there is no evidence to suggest that the zinc balance is differ-
ent between young and older populations on a similar type of diet. While there is
evidence of decreased zinc absorption in elderly persons, there is evidence that zinc
excretion is also diminished, thus zinc balance is better maintained.?’>

The 1995 Australian NNS revealed that the average zinc intake for older males
(> 65 years) was borderline but was below the DRI of 12 mg/d for the same cohort
of women."”! The same study observed poor dietary zinc intakes, with the finding
that 30—69% of Australian adults had intakes less than the DRI. 7! This finding was
more recently confirmed in the United States, where researchers observed 75% of
women aged 50 to 69 years and 90% of men over 70 years do not consume the DRI
for zinc, with 25% of older women and 10% of older men consuming 5 mg/d or less.'®!
Suboptimal or borderline dietary intakes of zinc are also reported in older athletes.!o®

High intake of foods containing phytates (e.g., cereals and grains) reduces the
bioavailability of zinc from these and other zinc-rich foods.?”> Moreover, the bio-
availability of zinc can be further compromised in athletes taking calcium or iron
supplements with food.?’* Thus, athletes on high-CHO diets (e.g., vegetarians), who
have small amounts of meat or seafood (good sources of zinc), and are on iron or
calcium supplements, may be at risk of zinc deficiency. These athletes may warrant
supplementation. The Institute of Medicine of the National Academies has recom-
mended DRIs of 11 and 8 mg/d for all males and female adults over 19 years of
age with increased values of 11 and 12 mg/d for pregnant and lactating women,
respectively.'® As with iron intake, zinc absorption may be lower in vegetarians than
meat-eaters. It is thus recommended that vegetarians take in a twofold greater intake
versus meat-eaters.'s

In summary, zinc depletion may be a problem in an aging population or for older
endurance athletes with high sweat rates and older atheletes consuming high-CHO
diets with a high phytate content. It may be of benefit to increase dietary zinc intake
to 15 mg/d for both males and females in this cohort.

F. FLuips

Fluids are lost from the body via respiratory loss, feces, urine, and sweating.!”> The
limited research examining the hydration status of healthy older adults suggests they
maintain water input, output, and balance at levels comparable to those of younger
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adults and have no apparent changes in hydration status.?”> In young adult athletes,
particularly those involved in endurance sports, sweat losses of up to 2 L/h have
been reported during long-duration, high-intensity exercise in hot and humid condi-
tions.?’® For an athlete of any age, even modest fluid losses (< 2% BW) have led to
decreased athletic performance.?”’

The older athlete may be more susceptible than younger athletes to hydration
problems. This suggestion was highlighted by Ainslie et al.,>”® who examined the
effect of age on hydration, energy balance, metabolism, and performance in young
(24 £ 3 yr) versus older (56 * 3 yr) walkers undertaking strenuous hill walking
over 10 consecutive days. While they observed maintained BM over the 10 days of
walking between 10 and 35 km/day, the older walkers exhibited a twofold increase
in urine osmolarity compared with a maintained urine osmolarity in the younger
group, strongly suggesting that the older walkers became progressively dehydrated.

The aging process is associated with a number of age-related changes that may
explain this increased rise.?’?-2%2 These include age-related decreases in total body
protein leading to an age-related decrease in total body water, renal antidiuretic hor-
mone receptors losing their efficiency leading to increased water excretion by the
kidneys, an age-related reduction in thirst sensation caused by a decrease in osmore-
ceptors that are sensitive to blood concentrations of fluid-regulating hormones and
electrolytes, an age-related decrease in sweat production, and a delay in the onset of
the sweat response. However, it has been reported that lifelong aerobic exercise may
retard the age-related decrease in peripheral sweat production reported in earlier
studies.?? Taken together, these age-related changes strongly suggest that aging ath-
letes may have problems with heat exchange and fluid balance, and should be cautious
about fluid intake during exercise, particularly during prolonged endurance exercise
in thermally stressful environments. Older competitors should be encouraged to
experiment with different hydration strategies during training and competition.

Numerous studies examining fluid replacement in young adults have shown that,
due mainly to the presence of sodium, carbohydrate-electrolyte drinks are more
effective than water in stimulating fluid intake, restoring plasma volume, maintain-
ing fluid and electrolyte balance, and attenuating core body temperature during exer-
cise in thermally stressful environments.?84285 Similar results were observed in 27
older male (n = 13) and female (n = 14) recreational exercisers aged 54-70 years who
undertook four bouts of 15 minutes of moderate intensity cycling at 65% of VO,,,.,
followed by 15 minutes of rest at 30°C and 50% relative humidity.?%¢ Subjects drank
either carbohydrate-electrolyte solutions or water ad libitum during the rest breaks.
While the older adults drank enough to maintain fluid balance, the carbohydrate-
electrolyte solution promoted greater voluntary fluid intake and restored plasma vol-
ume losses faster than water. In addition, the older women drank more water than
the men during interval exercise in the heat, possibly putting the smaller women at
an increased risk of developing hyponatremia than the older men.

G. SuppLEMENT USE

It is well recognized that physically active persons eating well-balanced diets and
following standard recommended dietary guidelines such as those recommended
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TABLE 10.16
Dietary Guidelines for Older Australians

Enjoy a wide variety of nutritious foods.

Keep active to maintain muscle strength and a healthy body weight.
Eat plenty of vegetables (including legumes) and fruit.

Eat plenty of cereals, breads, and pastas.

Eat a diet low in saturated fat.

Drink adequate amounts of water and/or other fluids.

If you drink alcohol, limit your intake.

Choose foods low in salt and use salt sparingly.

Include foods high in calcium.

e o

H
e

Use added sugars in moderation.

—_
—_

Eat at least three meals every day.

12. Care for your food: prepare and store it correctly.

Source: Adapted from Binns, C. 1999. Dietary Guidelines for Older Australians. Canberra:
National Health and Medical Research Council.?!!

for older Australians (Table 10.16) may not need to take vitamin supplements.
Moreover, most experts agree there is little harm in taking multivitamin/multimin-
eral (MVMM) capsule(s) containing the recommended quantity of each vitamin or
mineral, particularly in those with marginal intakes.?%

Athletes in physical training tend to increase food and energy intake and thus
meet macronutrient and micronutrient recommendations. Moreover, vitamin and
mineral supplementation appears to have no effect on performance when standard
dietary guidelines for older persons, such as those in Table 10.16 are met. However,
supplementation may be recommended in older athletes with low-energy intakes,
high-energy outputs, or excessive sweat losses, specific diseases affecting micro-
nutrient requirements, a diagnosed micronutrient deficiency, or with poor dietary
practices.

In the National Health and Nutrition Examination Survey (NHANES) 1999-
2000, 52% of adults reported taking a dietary supplement in the past month, and
35% reported regular use of a MVMM product. NHANES III data indicate an over-
all prevalence of dietary supplement usage of 40%, with prevalence rates of 35% in
NHANES II and 23% in NHANES 1. Women (versus men), older age groups, non-
Hispanic whites (versus nonHispanic blacks or Mexican Americans), and those with
a higher education level, lower BM index, higher physical activity level, and more
frequent consumption of wine had a greater likelihood of reporting use of MVMM
supplements in NHANES 1999-2000.287:288

Three studies have examined supplement use in older athletes.!*®1%8 Streigel et
al.1’® examined supplement use in 598 male and female masters athletes competing
in the World Masters Indoor Athletic Championships in 2004. They observed that
60.5% of all participants used supplements, with the predominant substances being
vitamins (35.4%) and minerals (29.9%). In contrast to younger elite athletes, who use
such supplements for performance enhancement,? the masters athletes in this study

© 2009 by Taylor & Francis Group, LLC



324 Nutritional Concerns in Recreation, Exercise, and Sport

used these substances predominantly for health reasons that were linked to health
professionals’ advice.!>® Other findings of interest from this study were that:

* Only 0.4% used illicit drugs or doping substances.

* Supplement users tended to train with a higher frequency than nonusers.

* Supplement users compared with nonusers showed no differences for age, gen-
der, family status, education, disciplines, training years, or use of alcohol.

* The most frequent reasons for using supplements included injuries (25.5%),
health reasons (19.9%), success in sports (18.3%), increased endurance and
performance (17.3%), and increased strength (10.3%).

An earlier study compared the dietary intakes of supplementing (n = 16) and
nonsupplementing (n = 9) female masters cyclists and runners with a mean age of
50.4 years.'® They observed no differences in energy intakes between the groups
but did observe that, despite both groups meeting the DRIs for all micronutrients
except calcium and vitamin E, that the supplement group had greater intakes than
the nonsupplement group for calcium, magnesium, vitamin C, and vitamin E. They
concluded that female masters athletes may need to rely on dietary supplements
rather than nutrient-dense foods to provide daily nutritional needs.

It has previously been suggested that a daily MVMM supplement that provides no
more than 100% of the U.S. DRI may be recommended for aging exercisers involved in
regular physical training. Furthermore, the same authors suggested that single-nutrient
supplements should be limited to calcium and vitamins B, B,,, D, and E, depending on
an individual’s risk for certain diseases and food consumption patterns.!?¢

Finally, while anecdotal evidence and popular myth suggest the use of micronutri-
ent supplements to benefit cardiovascular, cancer, eye health, immune, and cognitive
functions, the widespread enthusiasm for the use of these supplements, especially
antioxidants, as anti-aging treatments or as treatments for specific diseases of aging
is not supported by the currently available scientific literature. 2°!-292

H. MEeDICATION—NUTRIENT INTERACTIONS

There are many nutrient—nutrient interactions, such as the relationship between cal-
cium intake, protein intake, vitamin D, and sodium intake in the prevention or cause
of osteoporosis. With up to 85% of older persons having at least one chronic medi-
cal condition,?®? the aged population uses more medications than younger persons.
There also appears to be a high rate of chronic illness in masters athletes (primarily
hypertension, asthma, and coronary heart disease) and thus it is not surprising that
up to 34% of masters athletes take medication (primarily cardiovascular, respira-
tory, and non-steroidal anti-inflammatory),'3!40 figures similar to those observed in
a normal population.'3

The number of medications used is an important predictor of the adverse nutrient
interactions that may occur, because the number of reactions increases exponentially
with the number of drugs used.?®* These interactions are further complicated by
an age-related decrease in endocrine function, prescriptive dietary restrictions, and
the pathophysiologic changes that occur with aging. While prescribing drugs with a
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meal is an effective means of reminding older persons to take their medication, the
interaction of food and drug may not maximize ingestion of either.?>> For example,
anticholinergics may change gastrointestinal tract motility, and antacids may alter
the pH within the same tract.?%

Certain drugs can affect nutritional status and may lead to over- or under-nutri-
tion. Table 10.15 summarizes the major medication—nutrient interactions that may
affect older athletes. In summary, the mechanisms by which nutritional status can be
affected is by a decrease or increase in appetite, malabsorption of nutrients, stimula-
tion of basal metabolic rate, and changes in the glycemic level of food.?!! Given the
complexity of the drug—nutrient interaction, it is important that the health profes-
sional work closely with a sports physician in maximizing both nutrient and drug
effectiveness or refer to the excellent reviews available in this area.!38:29

I. SUMMARY

Nutritional recommendations for older athletes must consider the following impor-
tant factors:

Age-related changes in physiology

Dietary changes that occur with exercise

The type of exercise (power, endurance)

Training volumes (frequency, intensity, duration)

The presence of chronic illness or disease

Nutrient—-medication interactions

The goals and motivations of the older athlete (competitive, health and
fitness, or recreational)

NNk L=

It appears the limited amount of available research examining the nutritional prac-
tices of older athletes or exercising older adults suggests the need for older athletes to
monitor intakes of vitamins By, B,,, D, and E, folate and the minerals calcium, iron, and
zinc. This should be achieved through eating a wide variety of lower-energy, nutrient-
dense or fortified fiber-containing foods; adequate fluid intake; and the possible need
for supplementation; especially of calcium, vitamin D, and vitamin B,,. Moreover, older
athletes should become aware of guidelines such as the Dietary Guidelines for Older
Australians®! that emphasize the need for maintaining energy balance through selec-
tion of a wide variety of foods high in vegetables (including legumes) and fruit, cereals,
breads, and pastas and low in saturated fat. Finally, the paucity of studies examining the
interactive effects of diet, exercise, and the presence of chronic disease, strongly sug-
gests the need for more research related to the highly trained aging athlete.

V. CONCLUSIONS

The issues facing coaches and athletes as they mature from childhood through
adolescence and adulthood to older age are multifaceted. Physical and physio-
logical changes, lifestyle influences, cultural, environmental, and training factors
(type, intensity, duration, and frequency) all influence the dietary requirements of
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athletes as they age. Into older age, the issues of chronic disease and drug interac-
tions also appear to influence dietary needs.

Despite the complex issues faced by health professionals individualizing nutrient
needs of athletes as they age, the importance of a healthy diet that meets the recom-
mended dietary guidelines for healthy eating, together with the unique demands of
athletes compared with their sedentary peers is paramount. Specifically, it appears
that the carbohydrate and protein needs of athletes of all ages are greater, as is the
requirement for the micronutrients calcium, iron, zinc. Furthermore, it appears that
multivitamin and mineral supplements are recommended for athletes of all ages, with
an emphasis on the B-group and vitamins D and E. More research is suggested regard-
ing the specific nutrient needs of the specific populations in specific types of sports.

V1. FUTURE RESEARCH

Based on the preceding extensive review of the literature, the following potential
areas of research are suggested:

1. Determination of the macro- and micronutrient needs of general and spe-
cific endurance, speed and power, and team sports of child and adolescent
athletes

2. Determination of the energy requirements of general and specific endur-
ance, speed and power, and team sports of child and adolescent athletes

3. The use of supplements, energy drinks, and caffeinated drinks by child
and adolescent athletes

4. Eating patterns of child and adolescent athletes

5. The impact of restrictive energy intakes on fetal growth and development
in pregnant recreational and elite athletes maintaining physical training

6. Energy and macronutrient requirements of pregnant and lactating athletes

7. Substrate use during exercise of various exercise intensities during preg-
nancy in recreational and elite female athletes

8. The interaction between prescriptive drugs, exercise intensities, and diet in
recreational and elite aging speed and power and endurance athletes

9. The food and eating habits of aging recreational and elite speed, power,
and endurance athletes

10. Substrate usage patterns at various exercise intensities in aging endurance
athletes

11. The dietary habits (macro- micronutrient) of recreational and elite aging
speed, power, and endurance athletes
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night-eating syndrome, 11
P/O ratio, 13
pregnant and lactating athletes, 302
range of intakes in various sport situations.
11-12
resynthesis of ATP, 6
sympathetic nervous system, 6
timing of energy consumption, 10-11
acutely (day of competition or during
competition), 10-11
chronically, 11
Tour de France cyclists, 7, 13
Women's Health Equity Act, 15
EPA, see Eicosapentaenoic acid
Epinephrine. 259
Ergogenic aid, pyruvate as, 43
Ergogenic aids, purported, 235-279
caffeine, stimulatory effects of, 240
carnosine, 236, 237
ceiling effect, 237
conditionally essential nutrient, 256
equivocal human research to support use,
245-253
alpha-kctoglutarate, 245
alpha-ketoisocaproate, 245-246
alpha-lipoic acid, 246
branched-chain amino acids, 246-247
colostrum, 247-248
dchydroepiandrosterone, 248-249
gamma-aminobutyric acid, 249
ginseng, 249-250
glycerol, 250
N-acetylcysteine, 250-251
rhodiola, 251
ribose, 252
taurine, 252-253
guidelines for use, 262-265
hyperhydrating agent, 250
Krebs cycle, 245
LDL-cholesterol oxidation, 246
limited to no human research to support use,
253-260
adenosine triphosphate, 253
betaine, 253-254
choline, 254
chromium, 254
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citrulline malate, 254-255
conjugated linoleic acid, 255
D-pinitol, 255
ecdysterone, 256
glutamine, 256-257
hydroxycitric acid, 257
octacosanol, 257
pyruvate, 258
tribulus, 258
tyrosine, 258-259
yohimbine, 259-260
metabolic antioxidant, 246
National Collegiate Athletic Association list
of banned substances, 260-261
neuromuscular fatigue, 238
strong human research to support use,
236-245
B-alanine, 236-239
caffeine, 240-241
creatine, 241-242
essential amino acids, 242-243
B-hydroxy-B-methylbutyrate, 239
sodium bicarbonate, 244
sodium citrate, 244-245
summary, 26
sweating efficiency, 250
Essential amino acids (EAAs), 76, 190, 242 243
Essential fatty acids, 49
Estimated Average Requirements (EARs), 93
ETS, see Electron transport system
Exercise
assessment of energy expenditure, 12
associated hyponatremia, 212
associated muscle cramps, 148
calcium supplementation and, 129
demand, fat supply and, 7
excessive, pregnant and lactating athletes,
302
fluid guidelines around, 160
fluid losses and, 146, 152
long-duration, 16
metabolism of fatty acids during, 50
net protein balance and, 72
pre-exercise hydration recommendations,
216
pre-exercise meal recommendations, 215
prolonged, 173, 202
thermoregulation and, 147
timing of carbohydrate intake after, 10.
Exercise performance
calcium supplementation and, 128
carbohydrates and, 34-46
carbohydrate loading, 36-37
carbohydrate-related supplements, 43—46
food forms, 3741
fructose, 41—42
galactose, 42-43
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hydration, 38

maltodextrin, 42

ribose, 43

temporal issues, 34-36

trchalose, 42-43
chromium supplementation and, 133
magnesium supplementation and, 132

F

FAD, see Flavin adenine dinucleotide
Fat(s), 46-61
aging athlete, 310
alpha-linolenic acid, 50
apoproteins, 60
bile acids, 51
carnitine supplements, 60
characterization, 46
child and adolescent athletes, 286
choline, 60
chronic adaptation to MCT oil, 56
classifications and dietary sources, 47-50
cholesterol, 50
fatty acids, 47-50
phosphoplipids. 50
TGs, 47
digestion and absorption, 50-5!
eicosanoids, S8
endurance performance and, 208-209
energy density of, 3
essential fatty acids, 49
exercise performance, 55-60
carnitine and choline, 59-60
conjugated linoleic acid. 57-58
fat loading, 55-56
MCT oil, 56-57
omega-3 fatty acids, 58-59
fatty acids
characteristics of, 49
energy production and, 54
essential 49
exercise and, 50
omega-3, 49
omega-6, 49
oxidation, 53
trans, 48
trans unsaturated fatty acids, 48
unsaturated, classification of, 48
free mass (FFM), 307
influence of exercise on lipid status, 60-61
intramyocellular TG, 52
ketones, 56
lecithin, 50, 60
lipid metabolism, 51-54
during exercise, 54
general metabolic processes. 51-54
lipoprotein-bound TG, 52
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long chain saturated fatty acids, 48
malonyl CoA, 53
medium-chain triglyceride oil, 56
micelles, 51
norepinephrine-induced lipolysis, 57
omega-3 fatty acids, 49
omega-6 fatty acids, 42
oxidation, peak, 202
oxidation, strategies to enhance, 224-225
caffeine, 224-225
short-term adaptation, 225
sterols, 50
supply. exercise demand and, 7
thermogenesis and, 170
trans unsaturated fatty acids, 48
unsaturated fatty acids, 48
Fat blockers, 177-178
chitosan, 178
fiber, 177-178
gymnema sylvestre, 178
Fat-soluble vitamins, 94—100
recommendations for adults, 92
vitamin A, 94-96
vitamin D, 96-97
vitamin E, 97-99
vitamin K, 99-100
Fatty acids, 47-50
characteristics of, 49
energy production and, 54
essential 49
exercise and, 50
omega-3, 49
omega-6, 49
oxidation, 53
trans, 48
unsaturated, classification of, 48
Fatty liver, 111
FDA, banning of ephedra, 179
Female athlete triad, 8. 13
FFAs, see Free fatty acids
FFM, see Fat-free mass
Fiber, 27, 177-178
Flavin adenine dinucleotide (FAD), 30. 101
Flavin mononucleotide (FMN), 101
Flavoproteins, 101
Fluids. see Hydration
FMN, see Flavin mononucleotide
Folate, 105-107
Folic acid, 106, 304
Food(s)
carbohydrate content, 25-26
diet, 177
fluid content of, 157
forms, carbohydrates, 37—-41
glycemic index of, 173
habits, child and adolescent athletes, 295
high-carbohydrate, 211
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higher glycemic-index foods, 38
low-energy-dense, 169
plan, endurance performance, 226
sources
boron, 136
calcium, 127
carbohydrates, 24-28
chromium, 134
fats, 47-50
magnesium, 131
minerals, 136
protein, 83
suitable snack food for adolescent athletes,
298
synergy, 211
zinc-rich, 321
Forskolin, 182
Free fatty acids (FFAs), 52, 57, 104
Free radicals, vitamin E and, 98
Fructose, 26, 41-42, 173

G

GABA, se¢ Gamma-aminobutyric acid
Galactose, exercise performance and, 42—43
Gamma-aminobutyric acid (GABA). 249
Garcinia cambogia, 183
GH, see Growth hormone
GI, see Glycemic index
Ginseng, 249-250
GLP-1, see Glucagon-peptide-1
Glucagon-peptide-1 (GLP-1), 11
Gluconeogenesis, 32, 202
Glucose, 24, 173

polymers, 28

production of, 26

secretion, 32
Glutamine, 256-257
GLUT?2 transporter, 29
Glycemic index (GI), 40
Glycerol, 45-46, 250
Glycerol hyperhydration, 216
Glycogen

loading, 36

sparing, 225

synthesis, 223
Glycolysis, 30
Growth hormone (GH), 249
GTP. see Guanosine triphosphate
Guanosine triphosphate (GTP), 3L
Gymnema sylvestre, 178

H

HA, see Hydration Assessment Checklist
HDL, see High density lipoproteins
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HDL-C, see HDL-cholesterol
HDL-cholesterol (HDL-C), 61
Heart rate reserve (HRR), 177
Hexose monophosphate shunt, 100
High density lipoproteins (HDL), 60
HMB, see Beta-hydroxy-beta-methylbutyrate
HOMA-IR, see Homeostasis model analysis for
insulin resistance
Homeostasis model analysis for insulin
resistance (HOMA-IR), 133
Hoodia gordonii, 184
Hormone sensitive lipase (HSL), 52
HRR, see Heart rate reserve
HSL, see Hormone sensitive lipase
5-HTP, see 5-Hydroxytryptophan
Hydration, 145-165
Adequate Intake, 145
aging athlete and, 321
antidiuretic hormone, 150
assessment methods, 154
biomarker for, 155
caffeine, 149
caffeine rehydration agent, 157
cancer and, 151
child and adolescent athletes, 291, 294
children, 153
cognitive performance, 153
compensatory responses, 149
daily euhydration variability of TBW, 147
definition and symptoms of dehydration.
147-148
dehydration
children at risk for. 153
chronic, 150
education about, 156
self-induced, 153
seniors at risk for, 151
symptoms of, 148
difference between water and other means of
rchydration, 156-159
electrolyte balance, 156
environment and thirst, 149
exercise fueling and, 217
factors for measuring, 155
fluid content of foods, 157
fluid homeostasis, 156
fluid plan, 161
fluid replacement, 159
general fluid guidelines around exercise, 160
healthy elderly, 151
Hydration Assessment Checklist, 155
hydration assessment methods, 154
hydration and health and disease, 150-152
hydration and physical and athletic
performance, 152-154
hydration recovery, 158
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hypohydration, 152, 153

kidney stones, 150

milk, 159, 161

non-intensive exercise, 160

osmoregulation, 149

over-consumption of fluids, 154

practical measurements of hydration,
154-156

properties of water, 146-147

Recommended Daily Intake/Allowance, 145

recovery nutrition and, 222

regulation of thirst and hydration, 148-150

renin-angiotensin-aldosterone system, 149

respiratory water losses, 146

rule of thumb guidelines, 151

seniors, 151

sweat, 152

symptoms of dehydration, 148

taste and, 149

thermoregulation, 147

topical overview of water, 146

urinary excretion rates, 149

urinary stone formation, 15L

vasopressin secretion, 149

water losses during exercise, 152
Hydration Assessment Checklist (HA), 155
Hydroxocobalamin, 107
Hydroxycitric acid, 257
5-Hydroxytryptamine, 34
5-Ilydroxytryptophan (5-HTP). 180
Hyperhydrating agent, glycerol as, 250
Hypoglycemia, 32, 33, 173
Hypohydration, 152. 153

Indirect calorimetry, 4
Infant mortality. birth weight and. 301
Inorganic phosphate (Pi), &
Institute of Medicine (IOM), 93, 145
Insulin
release. branched chain amino acids
and, 79
resistance, magnesium supplementation
and, 132
sensitivity, 133
athletes, 175
diabetes and, 170
magnesium supplementation and, 132
International Oly mpic Committee, 249
IOM, see Institute of Medicine
Iron
aging athlete and, 320
requirements
endurance training, 210
pregnant and lactating athletes, 303
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K

Ketones, 56

KIC, see Alpha-ketoisocaproate
Kidney stones, hydration and, 150
Krebs cycle, 30, 245

L

Lactic acid, 44
Lactic acid dehydrogenase, 30
Lactose, 28
LDL, see Low density lipoproteins
LDL-C, see LDL-cholesterol
LDL-cholesterol (LDL-C), 60, 246
Lecithin, 50, 60, 184
Leucine balance, 84
Life cycle concerns, 281-340
aging athlete, 306-325
carbohydrates, 310
dietary guidelines, 323
DRlIs, 307, 313
drug-nutrient interactions, 314
estimated energy requirements, 308
factors affecting nutritional needs, 307
fat, 310-311
fluids, 321-322
hydration, 321
macronutrients, 309-312
medication—nutrient interactions,
324-325
micronutrients, 312-321
minerals, 319-321
physiological changes, 306
protein, 311-312
summary, 325
supplement use, 322-324
training intensity, 306
vitamins, 314-319
catch-up growth, 283
child and adolescent athletes, 282-301
acclimatization, 293
adolescent body image and weight
control, 298-299
carbohydrates, 285-286
clothing, 293
disordered eating, 209
drinking practices, 292
energy requirements, 284-285
factors affecting food choices, 297
factors affecting healthy food choices,
296
factors affecting nutritional needs,
283-284
fat, 286287
fluids, 291-293
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food habits, 295-298
macronutrients, 285-288
micronutrients, 288-291
minerals, 289-291
protein, 287-288
suitable snack food for adolescent
athletes, 298
supplement use, 293-295
sweating mechanisms, 292
taste preferences, 297
thermoregulatory mechanisms, 292
vitamins, 288-289
voluntary hydration, 292
energy requirements. 307-309
future research, 326
infant mortality, birth weight and, 301
menstrual dysfunction, 299
pregnant and lactating athletes, 301-305
adolescent athletes and pregnancy, 304
caffeine, 304
carbohydrate requirements, 303
energy requirements, 302
folic acid requirements, 304
iron requirements, 303
postpartum, 305
protein requirements, 303
recommendations, 305
thermoregulation, 304
puberty, 283
Lipid(s). see also Fat(s)
mctabolism, 51-54
during exercise, 34
general metabolic processes. 51-54
peroxidation, vitamin E and, 98
Lipolysis, norcpinephrinc-induced, S7
Lipoprotcin-bound TG, 52
Lipoprotein lipase (LPL), 52
Low density lipoproteins (LDL), 60
LPL, see Lipoprotein lipasc
Lypolytic nutrients, 179184
betaine, 179
calcium pyruvate, 179-181
carnitine, 181
chromium, 181-182
conjugated linoleic acids, 182183
debydroepiandrosterone and 7-keto DHEA,
183
forskolin, 182
garcinia cambogia, 183
phosphatidyl choline (lecithin), 184

M

Macrocytic anemia, 105
Macronutrient(s)
aging athlete, 309
child and adolescent athletes, 285-288
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composition, 173-177
diet foods, 127
glycemic index of carbohydrates, 173-175
high carbohydrate diets, 173-175
high protein dicts, 175-176
endurance performance, 204-209
carbohydrate, 204-207
fat, 208-209
protein, 207-208
energy density, 3
obesity and, 168
sports drinks, 38
water as, 146
Magnesium, 129-133
food sources, 131
measures of magnesium status, 130
requirements, 130
role of in human body, 129-130
status of athletes. 130-131
supplementation and exercise performance,
132-133
Malonyl CoA, 53
Maltodextrin, 28m 42
Masters athlete. 14
MCT oil, see Medium-chain triglyceride
Meal replacement powders (MRP). 127
Medium-chain triglyceride (MCT) oil, 56
Megaloblastic anemia, 106
Menstrual dysfunction, 299
Messenger ribonucleic acid (nRNA), 78
Mctabolic antioxidant, ALA's role as, 246
Metabolic energy, 2
Metabolic theory, 224
Methylcobalamin, 107
Micelles, 5L
Micronutrients
aging athlete, 312
child and adolescent athletes, 288-291
endurance performance and, 209-211
post-excrcise recovery processes, 223
Milk
post-exercise ingestion of, 83
as recovery beverage, 159, 161
Minerals, 123-143
aging athlete and, 319-321
calcium, 319
iron, 320
zinc, 321
boron, 135-137
exercise performance and, 135-137
food sources, 136
calcium, 125-129
bone remodeling, 125
calcium status of athletes, 128
exercise performance and, 128-129
food sources, 127
homeostasis, 125-126
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menstrual disorders and, 128
osteoporosis, 126
requirements, 127-128
role of in human body, 125
supplementation and intake on weight
loss, 120
chromium, 133-135
brief history of supplementation, 133
food sources, 134
requirements, 133
role of in human body, 133
supplementation and exercise
performance, 133-135
Dietary Reference Intakes, 124
future research needs, 137
glycosylated hemoglobin, 133
importance of obtaining accurate dietary
intake information, 124-125
insulin sensitivity, 133
life cycle concerns, 289
limitations of previous research, 137
magnesium, 129-133
exercise performance and, 132-133
food sources, 131
magnesium status of athletes. 130131
measures of magnesium status, 130
requircments, 130
role of in human body, 129-130
Monosaccharides, 24, 26
Monounsaturated fatty acids (MUFAs), 48
MPB, see Muscle protein breakdown
MPS, see Muscle protein synthesis
mRNA, see Messenger ribonucleic acid
MRP, s¢e Meal replacement powders
MUPFAs, see Monounsaturated fatty acids
Multistage ultra-endurance events, 201
Muscle
control, acetylcholine synthesis and, 111
cramps, exercise-associated, 148
glycogen
exercise and, 202
synthesis, postexercise carbohydrate
intake and, 78
mass, weight gain and, 185-188
beta-alanine, 188
p-HMB, 187-188
creatine, 186-187
protein, 186
net phenylalanine balance, 80.
protein, 186
breakdown (MPB). 27
synthesis (MPS), 27

N

NAC, see N-acctylcysteine
N-acetylcysteine (NAC), 250-251
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NAD, see Nicotinamide adenine dinucleotide

NADP, see Nicotinamide adenine dinucleotide
phosphate

Na-K pump, see Sodium-potassium pump

NATA, see National Athletic Trainer’s
Association

National Athletic Trainer’s Association (NATA),
156

National Health and Nutrition Examination
Survey (NHANES), 323

NE, see Niacin equivalents

NEAT, see Non-exercise activity thermogenesis

Neurotransmitters, vitamin B6 and, 104

NHANES, see National Health and Nutrition
Examination Survey

Niacin, 102-104

deficiency disease, 103
equivalents (NE), 103

Nicotinamide adenine dinucleotide (NAD), 30,
103

Nicotinamide adenine dinucleotide phosphate
(NADP), 103

Nicotinic acid, 103

Night blindness, 94

Night-eating syndrome, 1L

Non-exercise activity thermogenesis (NEAT),
34,173

Non-monosaccharides, 28

Norepinephrine. 57, 259

o

Obesity

childhood, 295

contributor to, 168. see also Weight

management

insulin sensitivity and, 170
Octacosanol, 257
Omega-3 fatty acids, 49, 58-59
Omega-6 fatty acids, 42
Osteoporosis, 126
Oxidative phosphorylation, 31

P

PA, see Physical activity

4-PA, see 4-Pyridoxic acid

Pantothenic acid, 109

Parathyroid hormone (PTH), 96, 125

PC, see Phosphatidyl choline

PCr, see Phosphocreatine

PDH complex, see Pyruvate dehydrogenase
complex

Pellagra, 103

Pentose phosphate shunt, 100

Peroxyl radical scavenger, 97

Phenylalanine balance, muscle, 80



352

Phosphatidyl choline (PC), 111, 184
Phosphocreatine (PCr), 5
Phosphoplipids, 50
Physical activity (PA), 3
Pi, see Inorganic phosphate
Plasma procoagulants, 99
Polylactate, 44
Polyunsaturated fatty acids (PUFAs), 48
Preformed vitamin A, 94
Pregnant and lactating athletes, 301-305
adolescent athletes and pregnancy, 304
caffeine, 304
carbohydrate requirements, 303
energy requirements, 302
folic acid requirements, 304
iron requirements, 303
postpartum, 305
protein requirements, 303
recommendations, 305
thermoregulation, 304
Protein(s). 75-90
AA availability to muscle, 84
acyl-carrier protein, 109
aging athlete, 311-312
amino acid—carbohydrate supplement, I8
carboxylated. 99
casein, 84
child and adolescent athletes, 287-288
CHO-EAA ingestion, 81, 82
controversy, 76-77
creatinine excretion, 85
critical factors for protein metabolism,
77-85
background, 27
nutricnt ingestion before exercise,
80-83
nutrient ingestion following exercise,
77-80
protein type, 83-85
differences in circulating insulin, 83
electrolytes, 83
endurance performance and, 207-208
energy expenditure and, 171
high protein diets. 175-176
historical perspective, 26,
hydration recovery and, 158
insulin release, 79
leucine balance, 84
milk, 83
muscle glycogen synthesis, 78
muscle net phenylalanine balance. 80
net muscle protein balance, 77
phosphatidylinositol 3-kinase/Akt, 83
pregnant and lactating athletes, 303
rapamycin, 28
requirements, pregnant and lactating
athletes, 303
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research needs, 85

vegetarian diets, 84

weight gain and muscle mass, 186
Psychotropic herbs, 184
PTH, see Parathyroid hormone
PUFAs, see Polyunsaturated fatty acids
4-Pyridoxic acid (4-PA), 105
Pyruvate, 43-44, 258
Pyruvate dehydrogenase (PDH) complex, 30
Pyruvic acid, 30, 43

RAAM cycling event, see Race Across America
cycling event
Race Across America (RAAM) cycling event,
202, 209, 221
Rapamycin, 78
Rate of perceived exertion (RPE). 52
RDAs, sec Recommended Dietary Allowances
Reactive hypoglycemia, 33
Ready to drink (RTD) supplements. 177
Recommended Dietary Allowances (RDAs),
93,211
folic acid, 304
riboflavin, 102
vitamin B6, 104
vitamin B12, 108
vitamin E, 99
REE, see Resting energy expenditure
Renin-angiotensin-aldosterone system, 149
RER, see Respiratory exchange ratio
REs, see Retinol equivalents
Respirator quotient (RQ), 54
Respiratory exchange ratio (RER). 4, 54
Respiratory water losses, 146
Resting energy expenditure (REE), 172
Resting metabolic rate (RMR). 3, 134, 185, 307
Retinoic acid, 94
Retinol equivalents (REs), 95
Rhodiola, 251
Riboflavin, 101-102
Ribonucleic acid (RNA), 130
Ribose, 26, 43, 252
Rickets, 96
RMR, see¢ Resting metabolic rate
RNA, see Ribonucleic acid
RPE, see Rate of perceived exertion
RQ, see Respirator quotient
RTD supplements, see Ready to drink
supplements

S

Saccharides, 24
S-adenosylmethionine (SAMe), 253
SAMe, see S-adenosylmethionine
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Serotonin, 34
SGLT1, see Sodium-glucose cotransporter L
Sodium bicarbonate, 244
Sodium citrate, 244-245
Sodium-glucose cotransporter L (SGLT1), 29
Sodium-potassium pump (Na-K pump), 147
Sports bars, 39
Sports drinks
macronutricnts providing energy in, 38
optimal, 38
palatability of, 35
sodium in, 220
sugars found in, 173
Sports gels, 39
Sports products. carbohydrate content
of, 25-26
Sterols, 50
Sucrose, 173
Sugars, 24, 173
Supplement(s)
adolescents using, 293
aging athletes and, 322
antioxidants, 99
boron, 135-137
calcium, 128, 129
carbohydrates, 43—46
alanine, 46
chromium, 44—45
exercise and, 10
glycerol, 45-46
lactic acid, 44
pyruvate, 43—44
carnitine, 60
child and adolescent athletes, 293-295
chromium, 45, 133-135
dietary, 179
glutamine, 256
glycerol, 250
glycogen-sparing, 33
magnesium, 132-133
multi-mineral, 135
proteins, 76, 85
ready to drink, 177
sports, food forms, 37
vitamin, 96
weight gain and muscle mass, 185-188
beta-alanine. 188
B-hydroxy B-methylbutyrate, 137-188
creatine, 186-187
protein, 186
weight loss, purported, 180
weight management, 177-188
diuretics, 184-185
fat blockers, 177-178
lypolytic nutrients, 179-184
psychotropic herbs, 184
thermogenics, 178-179
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T

Taste, hydration and, 149
Taurine, 252-253
TBW, see Total body water
TCA cycle, see Tricarboxylic acid cycle
TDEE, see Total daily energy expenditure
Tetradecylthioacetic acid (TTA), 180
Tetrahydrofolic acid (THF), 105
TG, see Triacylglycerol
Thermogenesis, 169, 170
Thermogenics, 178-179
Thermoregulation, 147
THF. see Tetrahydrofolic acid
Thiamin, 100-101
Thiamin pyrophosphate (TPP), 100
Thirst, see also Hydration
mechanism, environment and. 149
perception of, 148
regulation of, 149
Total body water (TBW), 147
Total daily energy expenditure (TDEE), 3. 12
Tour de France cyclists
carbohydrate consumption, 206
energy requirements, 7, 13
mean sodium intake, 212
TPP, see Thiamin pyrophosphate
Transient hypoglycemia, 33
Trans unsaturated fatty acids, 48
Trehalose, exercise performance and, 42—43
Triacylglycerol (TG), 47
intramyocellular, 52
lipoprotein-bound, 52
Tribulus, 258
Tricarboxylic acid (TCA) cycle, 30
Triglycerides, reduction in, 176
Trimethylamine, 111
Tryptophan, 103
TTA, see Tetradecylthioacetic acid
Tyrosine, 258-259

U

Ultra-endurance events, 225-226
Ultramarathoners, micronutrient intake, 210
Unsaturated fatty acids, 48

A%

Vasopressin secretion, hydration and, 149
Vegetarian diets, protein and, 84
Very low-calorie diets (VLCDs), 177
Very low density lipoproteins (VLDL), 52, 60
Vitamins, 91-121
aging athlete and, 314-319
folate, 318
riboflavin, 318
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vitamin A, 314
vitamin B, 318
vitamin B ,, 315
vitamin C, 316
vitamin D, 316
vitamin E, 317
alpha-tocopherol, 97
antioxidant supplementation, 99
ariboflavinosis, 102
ascorbic acid, 111
autoimmune condition, 108
beriberi, 100
carotenoids, 94
choline, liver and, 111
cobalamins, 107
definitions of DRI categories, 92
dehydroascorbic acid. 111
Dietary Folate Equivalents, 106
fat-soluble vitamins, 94-100
recommendations for adults, 92
vitamin A, 94-96
vitamin D, 96-97
vitamin E, 97-99
vitamin K, 99-100
fatty liver, 111
flavoproteins. 101
folic acid, 106
four D's, 103
future research needs, 114
life cycle concerns, 288
macrocytic anemia, 105
malabsorption, 108
megaloblastic anemia, 106
methylcobalamin, 107
muscle control, acetylcholine synthesis
and, 111
neurotransmitters, 104
niacin deficiency disease, 103
night blindness, 94
pellagra, 103
pentose phosphate shunt, 100
peroxyl radical scavenger, 97
phosphatidyicholine, 111
plasma procoagulants, 99
preformed vitamin A, 94
retinoic acid, 94
rickets, 96
trimethylamine, 111
tryptophan, 103
water-soluble vitamins, 100-114
biotin, 109-110
choline, 110-111
folate, 105-107
niacin, 102-104
pantothenic acid, 109
recommendations for adults, 93
riboflavin, 101-102
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thiamin, 100-101
vitamin B, 104-105
vitamin B,, 107-109
vitamin C, 111-114
xerophthalmia, 94
VLCDs, see Very low-calorie diets
VLDL, see Very low density lipoproteins
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Water, see Hydration
Water-soluble fibers, 22
Water-soluble vitamins, 100-114
biotin, 109-110
choline, 110-111
folate, 105-107
niacin, 102-104
pantothenic acid, 109
recommendations for adults, 93
riboflavin, 101-102
thiamin, 100-101
vitamin B¢, 104-105
vitamin B,,, 107-109
Weight loss
calcium supplementation and, 129
energy deficit for. 9-10
Weight management, 167-199
adolescent body image and, 298
body mass index. 168
carbohydrates, 170
concepts, 168-173
diet-induced thermogenesis, 170-171
energy balance, 168-171
energy intake and expenditure, 168-170
weight gain, 172-173
weight loss, 172
weight maintenance, 173
dietary macronutrient composition, 173-177
diet foods, 177
glycemic index of carbohydrates, 173-175
high carbohydrate diets, 173-175
high protein dicts, 175-176
energy expenditure, 169
FDA banning of cphedra, 179
future research needs, 188-189
hypoglycemia, 173
insulin sensitivity, 170. 172
meal replacement powders, 177
non-activity exercise thermogenesis, 169
nutrient-induced thermogenesis, 171
other purported weight loss supplements,
180
physical activity sub-classes, 169
protein, 171
purported supplements, 180
ready to drink supplements. 177
sugars found in sports drinks, 123
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supplements, 177188 X
diuretics, 184-185
fat blockers, 177-178 Xerophthalmia, 94
lypolytic nutrients, 179-184 Xylose, 26
psychotropic herbs, 184
thermogenics, 178-179 Y
weight gain and muscle mass, 185-188
[hermogenesis' 169 Yohimbine, 259-260
triglycerides, reduction in, 176
very low-calorie diets, 177 Z

Women’s Health Equity Act, 15
World Anti-Doping Association, 224 Zinc, aging athlete and, 321



Nutrition

NUTRITIONAL
CONCERNS in

RECREATION, EXERCISE,
and SPORT A

Edited by
Judy A. Driskell = Ira Wolinsky

PRAISE FOR NUTRITIONAL CONCERNS IN RECREATION, EXERCISE,
AND SPORT

“... Drs. Driskell and Wolinsky have done an exceptionally good job in (\
assembling information ihat provides a broad-based overview and detailed
discussion of current topics related to physical activity and nutrition. ...
highly qualified experts from a wide variety of related fields. .. very user-
friendly. ... | recommend this book highly for anyone who is interested in
a well-presented update on the relationship between diet and athletic
performance....”

—George Liepa, Ph.0., Eastern Michigan University, Ypsilanti

-

S

:

N
k&\i v

“,.. nas an al-star line-up of sports nutrition scientists who have contributed
1o the book. ... covers a range of tapics such as hydration, vitamins, weight
management and ergogenic aids. This book is a great resource for bath the
basic scientist as well as the fitness practitioner."

—Juse Antonio, Ph.D., FACSIM, CEQ of the International Sociely of Sports Nutrition

“... awell-referenced text book suitable for the college classroom and
exercise enthusiast. It contains current information regarding ergogenic
aids and other topics in exercise and nutrition. A must read for the informed
individual "

—Brian C. Leufholtz, Ph.D., FACSM, Baylor University, Waco, Texas

Nutritional Coneerns in Recreation, Exercise, and Sport discusses the central roles macronutrients and
micronutrients play in healthy nutrition. It includes practical considerations related to hydration, body
weight, and the use of nutritional supplements as ergogenic aids. It also discusses the various athletic
concerns athletes will likely face during different life stages, such as the young athlete, the pregnant athlete,
and the aging athlete.

Concise and extensively referenced, this valuable resource provides the knowledge base athletes need
to make well-informed dietary decisions, oplimize overall health,

and achieve personal performance Success. La1l5k
978-1-4200-LBL5-
| | 9 0 0

4000 Broken Sound Parkway, NW

CRC PI'ESS Suite 3(;3, 'Br::cu ‘i'!'::rov: FLg 487

Taylor & Francis Group 270 Madison Avenus 9478 0"068153

an informa business New York, NY 10016
2 Park ilton Park
Ab;'gdi?:g:'onmc;;ld ZRN, UK www.crcpress.com




	Cover Page
	Title: Nutritional Concerns In Recreation, Exercise, And Sport
	ISBN 1420068156
	Dedication
	Contents
	Preface
	The Editors
	Contributors
	Chapter 1 Energy Requirements
	Contents
	I. Introduction
	Ii. Energy Balance And Its Components
	A. What Is Energy?
	B. Energy Intake
	C. Energy Expenditure

	Iii. How To Assess Intake And Expenditure In Athletes
	Iv. Challenges Of Matching Supply With Demand
	A. Matching ATP Production with ATP Requirements
	B. Exercise Intensity and Duration
	C. MultIplE Bouts of ExErCIsE
	D. Quantity vs. Quality of Energy Requirements
	E. Long-Term Mismatch of Energy Supply and Demand
	1. Excessive Intake Relative To Demand ( Energy Surplus)
	2. Insufficient Intake Relative To Demand ( Energy Deficit)


	V. Energy Deficit For Weight Loss
	Vi. Does It Matter When You Consume Your Energy?
	A. Acutely (Day of Competition or during Competition)
	B. Chronically

	Vii. Range Of Intakes In Various Sport Situations
	Viii. Energy Efficiency
	A. Do Athletes Become More Energetically Efficient?
	B. Is There a Conservation of Energy?

	Ix. Environmental Factors And Special Populations
	A. Altitude
	B. Climate
	C. Masters Athlete
	D. Diabetic Athlete
	E. Sex Differences

	Ix. Future Research Needs
	X. Conclusions
	References


	Chapter 2 Carbohydrates and Fats
	Contents
	I. IntroduCtIon
	Ii. Carbohydrates
	A. Classifications and Dietary Sources
	B. Digestion and Absorption
	C. Carbohydrate Metabolism
	1. General Metabolic Processes Of Carbohydrate Metabolism
	2. Carbohydrate Metabolism During Exercise

	D. Carbohydrates and Exercise Performance
	1. Temporal Issues
	2. Carbohydrate Loading
	3. Food Forms
	4. Types
	a. Fructose
	b. Maltodextrin
	c. Galactose and Trehalose
	d. Ribose

	5. Carbohydrate- Related Supplements
	a. Pyruvate
	b. Lactic Acid
	c. Chromium
	d. Glycerol
	e. Alanine



	Iii. Fat
	A. Classifications and Dietary Sources
	1. Tgs
	2. Fatty Acids
	3. Phosphoplipids
	4. Cholesterol

	B. Digestion and Absorption
	C. Lipid Metabolism
	1. General Metabolic Processes Of Lipid Metabolism
	2. Lipid Metabolism During Exercise

	D. Lipids and Exercise Performance
	1. Fat Loading
	2. Mct Oil
	3. Conjugated Linoleic Acid
	4. Omega- 3 Fatty Acids
	5. Carnitine And Choline

	E. Influence of Exercise on Lipid Status

	Iv. Conclusions
	References


	Chapter 3 Proteins
	Contents 
	I. Introduction
	Ii. Historical Perspective
	Iii. Controversy
	Iv. Critical Factors For Protein Metabolism
	A. Background
	B. Nutrient Ingestion Timing
	1. Following Exercise
	2. Before Exercise

	C. Protein Type

	V. Research Needs
	Vi. Conclusions
	References


	Chapter 4 Vitamins
	Contents
	I. Introduction
	Ii. Fat- Soluble Vitamins
	A. Vitamin A
	B. Vitamin D
	C. Vitamin E
	D. Vitamin K

	Iii. Water- Soluble Vitamins
	A. Thiamin
	B. Riboflavin
	C. Niacin
	D. Vitamin B6
	E. Folate
	F. Vitamin B12
	G. Pantothenic Acid
	H. Biotin
	I. Choline
	J. Vitamin C

	Iv. Conclusions And Future Research Needs
	References


	Chapter 5 Minerals—Calcium, Magnesium, Chromium, and Boron
	Contents
	I. Introduction
	Ii. Dietary Reference Intakes
	Iii. Importance Of Obtaining Accurate Dietary Intake Information
	Iv. Calcium
	A. Role of Calcium in the Human Body
	B. Calcium Homeostasis
	C. Calcium Requirements
	D. Calcium Status of Athletes
	E. Calcium Supplementation and Exercise Performance
	F. Calcium Supplementation and Intake on Weight Loss

	V. Magnesium
	A. Role of Magnesium in the Human Body
	B. Measures of Magnesium Status
	C. Magnesium Requirements
	D. Magnesium Status of Athletes
	E. Magnesium Supplementation and Exercise Performance

	Vi. Chromium
	A. Role of Chromium in the Human Body and Chromium Requirements
	B. Brief History of Chromium Supplementation
	C. Chromium Supplementation and Exercise Performance

	Vii. Boron
	A. Boron Requirements and Boron Supplementation and Exercise Performance

	Viii. Limitations Of Previous Research
	Ix. Future Research Needs
	X. Conclusions
	References


	Chapter 6 Hydration
	Contents 
	I. Introduction
	Ii. Topical Overview Of Water
	Iii. Properties Of Water
	Iv. Definition And Symptoms Of Dehydration
	V. Regulation Of Thirst And Hydration
	Vi. Hydration And Health And Disease
	Vii. Hydration And Physical And Athletic Performance
	Viii. Practical Measurements Of Hydration
	Ix. The Difference Between Water And Other Means Of Rehydration
	X. Fluid Replacement
	Xi. Conclusions
	References


	Chapter 7 Weight Management
	Contents
	I. Introduction
	Ii. Weight Management Concepts
	A. Energy Balance
	1. Energy Intake And Expenditure
	2. Diet- Induced Thermogenesis

	B. Weight Loss
	C. Weight Gain
	D. Weight Maintenance

	Iii. Dietary Macronutrient Composition
	A. High Carbohydrate Diets
	1. Glycemic Index Of Carbohydrates

	B. High Protein Diets
	C. Diet Foods

	Iv. Weight Management Supplements
	A. Fat Blockers
	1. Fiber
	2. Gymnema sylvestre
	3. Chitosan

	B. Thermogenics
	C. Lypolytic Nutrients
	1. Betaine
	2. Calcium Pyruvate
	3. Carnitine
	4. Chromium
	5. Forskolin (Coleus forskholii)
	6. Conjugated Linoleic Acids ( Cla)
	7. Dehydroepiandrosterone ( Dhea) And 7- Keto Dhea
	8. Garcinia cambogia (HCA)
	9. Phosphatidyl Choline (Lecithin)

	D. Psychotropic Herbs
	1. Hoodia gordonii

	E. Diuretics
	F. Weight Gain and Muscle Mass
	1. Protein
	2. Creatine
	3. b-hydroxy b-methylbutyrate (b-HMB)
	4. Beta- Alanine


	V. Future Research Needs
	Vi. Conclusions
	References
	Table 7.1 Glycemic Index Of Common Foods
	Table 7.2 Other Purported Weight Loss Supplements.


	Chapter 8 Endurance Performance
	Contents
	I. Introduction
	Ii. Exercise Metabolism
	Iii. Energy Expenditure And Intake
	Iv. Macronutrients
	A. Carbohydrate
	B. Protein
	C. Fat

	V. Micronutrients
	Vi. Water And Sodium
	Vii. Fueling And Fluid Replacement
	A. Carbohydrate Loading for Competition
	B. Pre-Exercise Meal and Hydration
	C. Glycerol Hyperhydration
	D. Exercise Fueling and Hydration
	E. Recovery Nutrition and Hydration

	Viii. Strategies To Enhance Fat Oxidation
	A. Caffeine
	B. Short-Term Fat Adaptation

	Ix. Ultra- Endurance And Multi- Day Events
	X. Future Research Needs
	Xi. Conclusions
	References


	Chapter 9 Purported Ergogenic Aids
	Contents
	I. Introduction
	Ii. Ergogenic Aids And Human Use
	A. Strong Human Research to Support Use
	1.b-Alanine
	2.b-Hydroxy-b-Methylbutyrate (HMB)
	3. Caffeine
	4. Creatine
	5. Essential Amino Acids ( Eaas)
	6. Sodium Bicarbonate
	7. Sodium Citrate

	B. Equivocal Human Research to Support Use
	1. Alpha- Ketoglutarate ( Akg)
	2. Alpha- Ketoisocaproate ( Kic)
	3. Alpha- Lipoic Acid ( Ala)
	4. Branched- Chain Amino Acids ( Bcaas)
	5. Colostrum
	6. Dehydroepiandrosterone ( Dhea)
	7. Gamma- Aminobutyric Acid ( Gaba)
	8. Ginseng
	9. Glycerol
	10. N- Acetylcysteine ( Nac)
	11. Rhodiola
	12. ribose
	13. Taurine

	C. Limited to No Human Research to Support Use
	1. Adenosine Triphosphate ( Atp)
	2. Betaine
	3. Choline
	4. Chromium
	5. Citrulline Malate
	6. Conjugated Linoleic Acid ( Cla)
	7. D- Pinitol
	8. Ecdysterone
	9. Glutamine
	10. Hydroxycitric Acid ( Hca)
	11. Octacosanol
	12. Pyruvate
	13. Tribulus
	14. Tyrosine
	15. Yohimbine


	Iii. Summary And Conclusions
	References


	Chapter 10 Life Cycle Concerns
	Contents
	I. Introduction
	Ii. Child And Adolescent Athletes
	A. Introduction
	B. Factors Affecting Nutritional Needs
	C. Energy Requirements
	D. Macronutrients
	1. Carbohydrates
	2. Fat
	3. Protein

	E. Micronutrients
	1. Vitamins
	2. Minerals

	F. Fluids
	G. Supplement Use
	H. Food Habits
	I. Adolescent Body Image and Weight Control
	J. Disordered Eating
	K. Summary

	Iii. Pregnant And Lactating Athletes
	A. Introduction
	B. Energy Requirements
	C. Carbohydrate Requirements
	D. Protein Requirements
	E. Iron Requirements
	F. Folic Acid Requirements
	G. Other Considerations
	1. Thermoregulation
	2. Caffeine
	3. Adolescent Athletes And Pregnancy
	4. Postpartum

	H. Recommendations

	Iv. The Aging Athlete
	A. Introduction
	B. Factors Affecting Nutritional Needs
	C. Energy Requirements
	D. Macronutrients
	1. Carbohydrates
	2. Fat
	3. Protein

	E. Micronutrients
	1. Vitamins
	a. Vitamin A
	b. Vitamin B6
	c. Vitamin B12
	d. Vitamin C
	e. Vitamin D
	f. Vitamin E
	g. Riboflavin
	h. Folate

	2. Minerals
	a. Calcium
	b. Iron
	c. Zinc


	F. Fluids
	G. Supplement Use
	H. Medication–Nutrient Interactions
	I. Summary

	V. Conclusions
	Vi. Future Research
	References


	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	K
	L
	M
	N
	O
	P
	R
	S
	T
	U
	V
	W
	X,Y,Z

	Back Page



