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Series Preface

 

The CRC series, Nutrition in Exercise and Sport, provides a setting for in-
depth exploration of the many and varied aspects of nutrition and exercise,
including sports. The topic of exercise and sports nutrition has been a focus of
research among scientists since the 1960s, and the healthful benefits of good
nutrition and exercise have been appreciated. As our knowledge expands, it
will be necessary to remember that there must be a range of diets and exercise
regimes that will support excellent physical condition and performance.
There is not a single diet-exercise treatment that can be the common denomi-
nator, or the single formula for health, or panacea for performance.

This series is dedicated to providing a stage upon which to explore these
issues. Each volume provides a detailed and scholarly examination of some
aspect of the topic.

Contributors from any bona fide area of nutrition and physical activity,
including sports and the controversial, are welcome.

We welcome the contribution 

 

Nutrition and the Strength Athlete

 

 by Catherine
Ratzin Jackson. This is the second book contributed by her to the series, the
first being 

 

Nutrition for the Recreational Athlete

 

. Separately or together they
constitute an extremely useful reference source in the area of sports nutrition.

 

Ira Wolinsky, Ph.D.

 

Series Editor
University of Houston
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To my children, Blair Thomas, Brent Mathew, Bryce Robert, and
Marissa Cathryn, who adopted strength training as part of their life-
style at very young ages. They are 

 

my

 

 role models for health, fitness,
and wellness.



 

Preface

 

This volume is part of a miniseries of special topics in the CRC series on
Nutrition in Exercise and Sport. The series has become a highly regarded
source of accurate, up-to-date information in the field of sport and exercise
nutrition. The subject matter of this particular volume covers a topic fraught
with controversy and misconception. It is intended that only scientifically
based information be presented on the topic and that myths surrounding
resistance training be dispelled.

By way of introduction to the volume it is necessary to define several terms
and set the stage for the importance of the topic area. Progressive resistance
training is also referred to as strength training; the intent of this mode of exer-
cise is to improve the strength of muscle with the use of submaximal and
repetitive stimuli. Strength training is frequently used to reduce the risk of
injury, maximize bone density and bone health, rehabilitate injury, and in
general improve the quality of life. Weight training is also a mode of progres-
sive resistance training. However, the desired result is an increase in muscle
mass or bulk; the intent of this mode of exercise is to increase muscle size and
power through the use of a minimal number of repetitions with high resis-
tance. The distinctions between the two are not necessarily finite, as most ath-
letes use a combination of both.

The importance of strength and weight training cannot be emphasized
enough. It is recognized by the American College of Sports Medicine that this
mode of exercise is necessary to maintain a high quality of life. It is also rec-
ognized that strength training is of benefit to the young (Appendix A),
healthy adults (Appendix B), older adults (Appendix C), and adults with or
at risk for osteoporosis (Appendix D).

This book begins with an extensive review of the parameters within which
resistance training is defined. Subsequent chapters cover areas of known
interest to those who participate in resistance training. The book concludes
with a practical chapter of applications to a particular sport. Each chapter has
been written by experienced and highly regarded researchers and practitio-
ners in the area of this mode of exercise. All of the authors participate in some
form of strength training as part of their lifestyle. It is the intent to have made
this volume informative, interesting, and practical.

 

Catherine G. Ratzin Jackson, Ph.D.

 

July 2000
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1.1 Introduction

 

Improving health and performance during resistance training is a multidi-
mensional concept. For example, optimizing the training stimulus is one fac-
tor conducive to improving performance. However, training cannot be
optimal if either recovery between workouts or nutritional intake is not ade-
quate. Recovery periods enable the body to adapt to the training sessions and
prepare for subsequent workouts. Nutritional intake (i.e., macro and micro-
nutrients, caloric intake) plays a complementary role to training for growth,
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repair, and energy supply and is discussed elsewhere in this book. Thus,
acute muscular performance and subsequent training adaptations may be
limited if both factors are not properly addressed. This concept becomes
increasingly important during long-term resistance training because the rate
of progress decreases considerably compared to initial improvements. There-
fore, optimizing nutritional intake, recovery, and training are mandatory
requirements of any strength and conditioning program if the desired level
of physical development and performance is to be reached.

The primary focus of this chapter will be to give the reader a basic under-
standing of how to develop and optimize a resistance training program. An
optimal resistance training exercise prescription will more effectively meet
the training goals of the individual and result in more effective exercise stim-
uli and better training adaptations. The design of resistance training pro-
grams is based on the correct manipulation of program variables, some of
which include exercise selection, order, load, and volume, in accordance with
the needs and goals of the individual. The outcome is the improvement in
one or more training goals, such as muscular strength, power, endurance, or
hypertrophy.

In general, the human body adapts favorably to stresses placed upon it.
However, the period of adaptation to a specific program is short, so contin-
ual variation and progressive overload are necessary for increases in muscu-
lar fitness. An understanding of the interaction of the acute program
variables involved in resistance training program design is very important
for optimal progression beyond the initial phase of adaptation. Therefore,
the purpose of this chapter is to discuss each program variable and provide
recommendations based on current resistance training literature. In addi-
tion, the importance of training variation, termed 

 

periodization

 

, is discussed
in relation to manipulating the variables for long-term improvements in
physical conditioning.

 

1.2 Basic Principles of Resistance Training

 

Resistance training is a general term that encompasses several modalities of
exercise. For example, any type of activity performed against an external
resistance (i.e., plyometrics, environmental factors, sport-specific devices,
manual labor, certain sporting events) may increase muscular strength,
power, local muscular endurance, and/or hypertrophy. Of these different
modalities, weight training (i.e., barbells, dumbbells, weight machines) is
most effective for increasing muscle size and strength because it provides
great variability as to the movements performed and is easily quantifiable
such that progression is easily monitored and prescribed. Thus, the remain-
der of this chapter focuses upon weight training.
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Perhaps the most important concept in weight training is “program
design.” Program design encompasses the systematic manipulation of train-
ing variables in order to maximize the benefits associated with weight train-
ing. The first step in program design is to determine training goals via a
needs analysis. A needs analysis consists of answering questions based on
what is expected from weight training. It also ensures that the program is
individualized. For example, some common questions are:

• Are there health or injury concerns that might limit the exercises
performed or the load lifted?

• To which type of equipment does one have access?
• What is the training frequency and are there any time constraints

that may affect workout duration?
• What muscle groups need to be trained?
• What are the targeted energy systems (i.e., aerobic or anaerobic)?
• What type of muscle actions are needed?
• If training for a sport or activity, what are the most common sites

of injury?
• What are the goals of this training program? Is it to increase muscle

size, strength, power, speed, endurance, balance, coordination,
and/or flexibility? Is it to reduce percent body fat, or to improve
normal physiological function (i.e., lower blood pressure,
strengthen connective tissue, reduce stress), or is it a combination
of these factors?

Once the weight training program has been properly designed and initi-
ated, progression becomes the primary consideration. Thus, further modifi-
cations of the program are needed in order to introduce different stimuli to
the body, forcing it to adapt. Perhaps the three most important concepts in
weight training are: progressive overload, specificity, and variation.

 

1.2.1 Progressive Overload

 

Progressive overload is a general term that refers to the gradual increase of
the stress placed on the body during training. A Greek strongman, Milos of
Crotona, has been credited with the first use of progressive resistance exer-
cise. It is reported that Milos carried a young calf across his shoulders every
day until the beast was fully grown. Eventually he carried a 4-year-old heifer
the length of the stadium at Olympia, a distance of almost 200 meters. In real-
ity, the human body has no need to develop large and strong muscles unless
it is forced to do so. Thus, increasing the demands placed on the body is par-
amount for progression. There are several ways in which overload can be
increased during a weight training program. For example, for strength,
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hypertrophy, endurance, and power improvements: (1) load may be
increased; (2) repetitions may be added to the current workload; (3) repeti-
tion speed may be altered according to goals such as increased speed with
current workload for power improvements; (4) rest periods may be short-
ened for hypertrophy and/or endurance improvements; and (5) volume may
be increased within reasonable limits. Special care must be taken when vol-
ume is increased. It has been recommended that volume be increased only in
small increments of 2.5 to 5% to avoid overtraining.

 

1

 

 In addition, several
advanced techniques such as heavy negatives (eccentric work) or partial rep-
etitions have been used as supplemental methods to help provide workout
variations and overload the musculoskeletal system.

 

1,2

 

1.2.2 Specificity

 

Specificity is the paramount principle when designing resistance training
programs. All training adaptations are specific to the stimulus applied. For
example, the physiological adaptations to training are specific to the (1) mus-
cle actions involved; (2) speed of movement; (3) range of motion; (4) muscle
groups trained; (5) energy systems involved; and (6) intensity and volume of
training.

 

1,3

 

 Although there are some carryovers of training effects, the most
effective weight training programs are those designed to target specific train-
ing goals.

 

1.2.3 Variation

 

Variation in training, called periodization, is a very important concept for
weight training. In particular, “periodization” becomes increasingly impor-
tant over long-term training periods when continual progression is the ulti-
mate goal. Variation implies that alterations in one or more of the acute
program variables such as volume or intensity are systematically included in
the design of the weight training program. Planned rest and recovery from
training is also a vital factor. Periodization was developed among the former
Eastern European weightlifters and field athletes as a means of varying train-
ing to optimize both performance and recovery.

 

3

 

 The former Eastern Euro-
pean coaches and sport scientists carefully observed the training patterns of
their successful athletes, who typically trained with higher volume initially
and gradually decreased volume with increases in intensity as the competi-
tion season approached. These observations formed the basis of the classic
model of periodized training for athletes. However, training variation is not
limited to athletes or advanced training in general. These applications have
currently been extended beyond that of the athlete population and now form
the basis of training among individuals with diverse training needs. In addi-
tion to sport-specific training of athletes,

 

4–6

 

 periodized training has been
shown to be effective for recreational

 

7–9

 

 and rehabilitation

 

10

 

 training goals.
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The underlying concept of periodization is Selye’s general adaptation
syndrome (Figure 1.1). Selye’s theory proposes that the body adapts via
three phases when confronted with stress: (1) shock, (2) adaptation, and
(3) staleness. 

 

Shock

 

 represents the response to the initial training stimulus in
which soreness and performance decrements are produced. Performance
then increases during the second stage, 

 

adaptation

 

, in which the body adapts
to the training stimulus. Once the body has adapted, no further adaptations
will take place unless the stimulus is altered. This produces the third stage,

 

staleness

 

, in which a training plateau is encountered. This model demon-
strates the importance of periodization because training plateaus are inevita-
ble, and those who experience the greatest benefits in resistance training are
those who are able to either limit or train through plateaus.

Weight training programs can be varied in an infinite number of ways.
However, one specific model of periodization has been the focus of several
investigations (Table 1.1). This system has been called the “classical model of
periodization.” In 1981 in the United States, Stone, O’Bryant, and
Garhammer

 

9

 

 developed a hypothetical model for strength and power sports
based on the model used by Eastern European weightlifters. This model

 

FIGURE 1.1

 

Selye’s General Adaptation Syndrome Model is a theoretical model. Alarm or shock is the
first stage in the introduction of a resistance training program. The next phase is the adap-
tation phase, in which the body adapts to the stress. Then a training plateau can occur,
which represents a subsequent need for program modification. This could be the highest
peak for that period of time unless an active rest period is utilized that results in a reduction
in performance. Then, if a new program is started, a new adaptation phase results, and at
some point peaking occurs in relationship to the individual’s genetic upper limits. Over-
training can result if no active rest is allowed or if the training program is not varied.
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divided a macrocycle (whole year of training) training phase into five meso-
cycles: hypertrophy, strength, power, peak, and active rest. The hypertrophy
phase is characterized by high-volume, low-to-moderate intensity training
with the goals of increasing muscle mass and improving tolerance to training
during subsequent mesocycles. The major goals of the strength and power
phases are to bring about gradual increases in strength and power. Each phase
entails an increase in intensity and a subsequent decrease in volume. The
peaking phase entails maximizing strength and/or power for a competition.
This peaking phase, or tapering, has been shown to be effective for perfor-
mance enhancement.

 

11

 

 The further reduction in volume helps compensate for
the high intensity. The active rest phase consists of low-intensity activity and
is intended to allow recovery from previous high-intensity training. It has
been suggested

 

1

 

 that this phase may be the most important for reducing the
risk of overtraining. In addition, recent evidence has suggested that if you can
go through these cycles three or four times in a given year (macrocycle), the
benefits are even greater. This further supports the concept that variation in
training is a vital component of optimization of the adaptational response.

 

12

 

Another popular model of periodization is a nonlinear (undulating) model.
It is called nonlinear because of the dramatic change in the loads used. For
example, an individual may train using 8 to 10 repetition-maximum (RM)
loads on Monday, 3 to 5 RM loads on Wednesday, and 12 to 15 RM loads on
Friday for 12 weeks followed by a period of active rest; the cycle is repeated.
This model of periodization has been shown to be as effective as the classical
model

 

13

 

 over short-term training periods. In addition, one can have a power
day (e.g., 30% of 1 RM) and the variation of the training intensities and vol-
umes progresses on a weekly or biweekly basis, depending upon the number
of distinct training zones. An active rest is usually taken every 12 weeks
before another building phase is undertaken.

 

12

 

A number of studies have investigated periodized weight training in both
untrained men and women (Table 1.2). All of these studies have reported sig-
nificant strength improvements during periodized training. In addition, peri-
odized training has shown greater improvements than low-volume, single-
set training.

 

14–17

 

 Several of the cited studies directly compared periodized to
nonperiodized training. The duration of training was relatively short for the
majority of these studies (6 to 15 weeks), whereas one study

 

17

 

 was 6 months
in duration. Stone et al.

 

9

 

 and O’Bryant et al.

 

18

 

 reported that periodized training

 

TABLE 1.1

 

Classic Model of Periodization

 

Hypertrophy  Strength  Power  Peaking
Active
Rest

 

Sets 3–5 3–5 3–5 1–3 Light
Reps 8–20 2–6 2–3 1–3 Activity
Intensity Low High High Very high
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was superior to nonperiodized training, while Herrick and Stone,

 

19

 

 McGee
et al.,

 

15

 

 and Baker et al.

 

13

 

 did not report much difference between the two
modes of training. It does appear that similar improvements may be obtained
during short-term training periods. However, variation becomes increas-
ingly important over long-term training periods. Marx et al.

 

17

 

 studied single-
set vs. periodized multiple-set training in previously untrained women dur-
ing 6 months of training. They reported similar improvements in strength for
both types of training during the first 3 months. However, only the peri-
odized multiple-set group continued to improve during the last 3 months.
Therefore, previously untrained individuals may respond favorably to both
periodized and nonperiodized training, but alterations in program design
are warranted in order to obtain further improvements in muscular fitness.

A number of studies have examined periodized training in resistance-
trained individuals. Kraemer

 

5

 

 reported periodized multiple-set training
superior to nonperiodized single-set training in college football players.
Kramer et al.

 

20

 

 reported superior strength increases with periodized training
compared to single-set training but did not report much difference between
periodized and nonperiodized multiple-set training over 14 weeks. Baker
et al.

 

13

 

 reported similar strength improvements between classic and nonlin-
ear periodization, both of which were only slightly better than nonperi-
odized training over 12 weeks. Schiotz et al.

 

21

 

 reported greater increases in
the bench press during periodized training but not the squat following 10
weeks of training. Studies in advanced or elite weight lifters during long-
term training periods have shown periodized training to be superior.

 

22–24

 

Thus, similar improvements in strength may be obtained with either peri-
odized or nonperiodized resistance training in trained individuals during
short-term periods of 12 to 14 weeks. However, training over long periods
requires program variation.

 

1.3 Acute Program Variables

 

The basis of weight training program design is an optimal prescription of the
acute training variables. In doing so, the most effective programs are those
that are designed specifically for individual training goals. Common goals
associated with weight training are increased muscular strength, power,
endurance, speed, coordination and balance, hypertrophy, and reduced per-
cent body fat.

 

1

 

 Several studies have reported the efficacy of weight training
for improving these health and performance parameters. In addition, a posi-
tive carryover effect to motor performance, exercise performance, and nor-
mal activities of daily life has been observed which has direct impact on
improving athletic performance and the quality of life in general. Thus, max-
imizing the benefits of weight training is best accomplished by manipulating
the variables in a systematic manner in relationship to the training goals.
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TABLE 1.2  

 

Comparisons of Different Studies in the Literature Using Periodization (UT = untrained, TR = trained, M = men, F = women)

 

Reference Gen. Exp. Program Exercises Freq. Duration Strength Increase

 

Dolezal & Potteiger

 

8

 

 M UT 3 

 

×

 

 4–15RM - periodized 13 ex. TB 3

 

×

 

/week 10 weeks BP = 24%; SQ = 23%
Herrick & Stone

 

19

 

 F UT a) 3 

 

×

 

 6RM
b) 3 

 

×

 

 10–2RM - periodized
6 ex. TB 2

 

×

 

/week 15 weeks BP: a = 25.2%; b = 32%
SQ: a = 46.3%; b = 53.5%

O’Bryant et al.

 

18

 

 M UT a) 3–5 x 10–2RM - periodized
b) 3 

 

×

 

 6RM
8 ex. TB 3

 

×

 

/week 11 weeks SQ: a = 39.2%; b = 29.4%

Stone et al.

 

9

 

 M UT a) classic periodization
b) 3 

 

×

 

 6RM 
6 ex. TB 3

 

×

 

/week 6 weeks SQ: a = 31kg; b = 23kg

Kraemer

 

5

 

 M T a) 1 

 

×

 

 8–10RM 
b) 2–5 

 

×

 

 10–1RM - periodized 
8 ex. TB 3

 

×

 

/week 14 weeks BP: a = 3.4%; b = 11.2%

Kraemer

 

5

 

 M T a) 1 

 

×

 

 8–12RM
b) 2–4 

 

×

 

 15–3M - periodized
20 ex. TB 3–4

 

×

 

/week 24 weeks LP: a = 6.1%; b = 20.3%

J. B. Kramer et al.

 

20

 

 M RT a) 1 

 

×

 

 8–12RM; 
b) 3 

 

×

 

 10RM 
c) 1–3 

 

×

 

 10–2RM - periodized

7 ex. TB 3

 

×

 

/week 14 weeks SQ: a = 12%; b = 25.6%; 
c = 22%

Marx et al.

 

17

 

 F UT a) 1 

 

×

 

 8–12RM
b) 3 

 

×

 

 15–3RM - periodized 
10 ex. TB 3–4

 

×

 

/week 6 months BP: a = 13.6%; b = 45.5%
LP: a = 11.6%; b = 32.6%

McGee et al.

 

15

 

 M UT a) 1 

 

×

 

 8–12RM; 
b) 3 x 10RM 
c) 3 

 

×

 

 10–3RM - periodized

7 ex. TB 3

 

×

 

/week 7 weeks SQ: a = 6%; b = 10.4%; c = 8.1%
SQ reps: a = 46%; b = 74%; 
c = 71%

Sanborn et al.

 

16

 

 F UT a) 1 

 

×

 

 8–12RM 
b) 3 

 

×

 

 10–2RM - periodized
8 ex. TB 3

 

×

 

/week 8 weeks Avg. 1RM: a = 24.2%; b = 
34.7%

Stowers et al.

 

14

 

 M UT a) 1 

 

×

 

 10–12RM; 
b) 3 

 

×

 

 10–12RM 
c) 5–7 

 

×

 

 3–10RM - periodized

7 ex. TB 3

 

×

 

/week 7 weeks BP: a = 7.8%; b = 9.5%; c = 8.4%
SQ: a = 14.7%; b = 21%; c = 
27.6%

Baker et al.

 

13

 

 M MT a) 3–5 

 

×

 

 6–8RM; 
b) 3–5 

 

×

 

 3–10 (classic)
c) 3–5  ×

 

 3–10 nonlinear 
periodization

8 ex. TB 3

 

×

 

/week 12 weeks SQ: a = 26.1%; b = 27.7%; 
c = 28.4%

BP: a = 12.5%; b = 11.6%; 
c = 16.4%
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Bell et al.

 

144 

 

MF MT 3–6 

 

×

 

 2–10(65–85% 1RM) - 
periodized 

7 ex. TB 3

 

×

 

/week 16 weeks LP: M = 34.9%; F = 80.5%
BP: M = 26.6%; F = 29%

Häkkinen et al.
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 M EWL Periodized volume/intensity OL, SQ, Str 5

 

×

 

/week 1 year Isom KE = 3.5%; S = 1.2%; CJ 
= 1.7%

Häkkinen et al.

 

97

 

 M EWL Periodized volume/intensity OL, SQ, Str 5

 

×

 

/week 1 year Isom = 3.5%; S = 1.5%; CJ = 
2.0%

Häkkinen et al.

 

24

 

 M EWL Periodized volume/intensity OL, SQ, Str 5

 

×

 

/week 2 years Isom = 4.9%; WL total = 2.6%
Schiotz et al.

 

21

 

 M T a) 3–4 

 

×

 

 6–15RM - constant 
b) 3–5 

 

×

 

 10–1RM - periodized
9 ex. TB 4

 

×

 

/week 10 weeks BP: a = 5.0%; b = 8.3%
SQ: a = 11.2%; b = 9.7%

Willoughby
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 M ADV a) 5 

 

×

 

 10RM; 
b) 5 

 

×

 

 6–8RM
c) classic periodization

BP, SQ 3

 

×

 

/week 16 weeks S:BW ratio: 
BP: a = 0.07; b = 0.08; c = 0.22
SQ:  = 0.15; b = 0.25; c = 0.43

 

KEY (in alphabetical order):
1. ADV = Advanced Lifters 8. OL = Olympic Lifts
2. BP = Bench Press 9. RT = Recreationally Trained
3. CJ = Clean and Jerk 10. S = Snatch
4. EWL = Elite Weight Lifters 11. S:BW = Strength to Body Weight Ratio
5. Isom = Isometric 12. SQ = Squat
6. LP = Leg Press 13. STR = Structural Lifts
7. MT = Moderately Trained 14. TB = Total Body

15. WL = Weightlifting Total

 

TABLE 1.2  (CONTINUED)

 

Comparisons of Different Studies in the Literature Using Periodization (UT = untrained, TR = trained, M = men, F = women)

 

Reference Gen. Exp. Program Exercises Freq. Duration Strength Increase
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The acute program variables associated with weight training are muscle
action, load, volume, frequency, muscle grouping, exercise selection and
order, rest periods, and repetition speed. The alteration of one or several of
these variables will change the training stimulus and will force the body to
adapt accordingly.

 

1.3.1 Muscle Action

 

Concentric, eccentric, and isometric muscle actions influence the adaptations
to weight training. Generally, most weight training programs consist pre-
dominantly of dynamic muscle actions (i.e., a concentric and eccentric com-
ponent to each repetition). However, isometric exercise has been shown to
increase muscular strength

 

25

 

 and, in addition, has been a popular testing
modality for strength gains associated with weight training.

 

3,26

 

 In general,
greater force is produced during eccentric actions.

 

27 

 

They are more efficient
neurologically,

 

27,28

 

 less metabolically demanding,

 

29,30

 

 most conducive to
hypertrophy,31 and most conducive to delayed-onset muscle soreness32 com-
pared to concentric actions. In addition, increasing dynamic strength is most
effective when eccentric actions are included.33,34 Thus, the inclusion of both
concentric and eccentric actions in weight training is important for increasing
dynamic muscular strength, increasing muscle size, and reducing the effects
of detraining.33,34

Isometric exercise drew the attention of the American public in the early
1950s based on the research conducted by Hettinger and Muller.35 They sug-
gested that strength gains of 5% per week were attainable by one daily
6-second isometric contraction at 67% of maximal voluntary contraction
(MVC). Although subsequent studies have shown that isometric training
produces significant strength gains, albeit considerably less than that sug-
gested by Hettinger and Muller, it is an often overlooked form of training and
is far less common than traditional dynamic resistance exercise. In addition,
isometric training may be performed relatively cost-free because any immov-
able object (i.e., wall, heavy-loaded barbell,) or partner-resisted movement
can be used as the resistance.

Studies have shown that isometric training increases muscular strength
most specifically at the joint angles trained, a concept known as angular spec-
ificity.25,36 In addition, some studies have shown that strength increases
transfer to nontrained angles by approximately ± 30° of the trained angle,25

with the greatest magnitude of carryover taking place at joint angles corre-
sponding to greater muscle lengths.36 Factors such as the intensity,37 number
of contractions,1 duration,26,38 frequency,38,39 volume,1 and rest periods38

affect the magnitude of strength improvement. It has been generally recom-
mended that maximal or near-maximal contractions be performed for at
least 3 to 5 seconds in duration, using at least 15 to 20 contractions daily at
multiple joint angles.1 In addition, the performance of isometrics with free
weights, functional isometric training, has been shown to be effective for
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increasing muscular strength40 and appears effective for enhancing dynamic
1 RM strength, especially if the contractions are performed at the sticking
region of an exercise.

1.3.2 Load

Load represents the amount of weight lifted per repetition or set and is highly
dependent upon other variables such as exercise order, volume, frequency,
muscle action, repetition speed, and rest period length. Generally, loads cor-
responding to 90% of one-repetition maximum (1 RM) or greater are consid-
ered heavy, 70 to 90% of 1 RM are considered moderate, and below 70% are
considered light. Altering the training load can significantly affect the acute
metabolic,22,41–43 hormonal,44–46 neural,47–50 and cardiovascular51,52 responses
to training.

Training status is an important determinant of load prescription. Loads of
at least 45 to 50% of 1 RM are needed to increase dynamic muscular strength
in previously untrained individuals.53 This initial phase of lifting is character-
ized by improved motor learning and coordination.54 Thus, heavy loads are
not required to increase strength at this level of training. However, greater
loading is needed as one progresses to the novice, moderate, and advanced
levels of training. Häkkinen et al.48 reported that loads greater than 80% of
1 RM were needed to produce further neural adaptations during resistance
exercise in advanced lifters. Neural adaptations are crucial to resistance train-
ing because they precede hypertrophy during intense training periods. For
example, Ploutz55 showed that less motor units are recruited for a given
workload following resistance training when hypertrophy occurs. With
enlarged muscle fibers, fewer motor units are needed to lift a specific load
during weight training as greater force production accommodates an
increase in muscle cross-sectional area (CSA).56 In order to continually recruit
these higher-threshold motor units, progressively heavier loads are needed.
Maximizing strength and hypertrophy may only be accomplished when the
maximal number of motor units are recruited. Thus, heavy loading in more
experienced lifters is needed to recruit the high-threshold motor units that
are not typically involved in light-to-moderate lifting.

There exists an inverse relationship between the amount of weight lifted
and the number of repetitions performed. Several studies have indicated that
training with loads corresponding to 1 to 6 RM were most conducive to
increasing maximal dynamic strength.57–59 This loading range appears to
maximally recruit muscle fibers and is most specific to increasing dynamic
1 RM strength.48 Although significant strength increases have been reported
using loads corresponding to 8 to 12 RM,5,60–62 this load range appears most
effective for increasing muscular hypertrophy,63 particularly when one-
minute rest periods are used.44,64 The magnitude of hypertrophy associated
with both loading ranges is unclear. Considering that both stimulate muscle
growth, it may be that the volume associated with 8 to 12 repetitions has a
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greater overall effect on protein synthesis.65 Lighter loads, 12 to 15 RM and
lighter, have only had small effects on maximal strength in previously
untrained individuals,66 but have been shown to be very effective for increas-
ing local muscular endurance.67 Although training with high loads and low
repetitions, 1 to 6 RM, is most specific for increasing maximal strength, it
appears that optimal strength training requires the systematic use of various
loading strategies.12 Therefore, periodized training in which great load vari-
ation is included appears most effective for long-term improvements in mus-
cular fitness.

Training to increase muscular power requires two general loading strate-
gies because both force and time components are relevant to maximizing
power. First, moderate-to-heavy loads are required to recruit the high-thresh-
old fast-twitch motor units needed for strength increases. However, as
depicted by the force–velocity curve, with greater loading comes a decrease
in lifting velocity such that performing heavy resistance training only, 1 to 6
repetitions with greater than 85% of 1 RM, would increase force production,
but this does not maximize power due to the time component of a slow lifting
velocity. Thus, the second strategy is to incorporate light-to-moderate loads
performed at explosive lifting velocity. Wilson et al.68 reported that 30% of 1
RM was the optimal loading that produced the greatest power output during
ballistic resistance training. With ballistic resistance exercise, the load is max-
imally accelerated either by jumping, such as jump squats, or by releasing the
weight using specialized equipment. During nonballistic traditional weight
training exercises performed at an explosive velocity, a study has shown that
40 to 60% of 1 RM may be most beneficial.69 Therefore, training for maximal
power requires various loading strategies performed at high velocity.

1.3.3 Volume

The volume of weight training is an important concept for progression. Train-
ing volume is a summation of the total number of repetitions performed dur-
ing a workout session. It is dependent upon several variables including the
loads used, the number of exercises selected, frequency, and muscle actions
used. There is an inverse relationship between training volume and intensity
as it pertains to performance increase while reducing the risk of overtraining.
In general, high-volume (i.e., moderate-to-heavy load, 8 to 12 repetitions per
exercise or greater, moderate-to-high number of sets) programs are most con-
ducive to increasing lean body mass and local muscular endurance,67,70

whereas low-volume (i.e., high load, low repetitions, moderate-to-high num-
ber of sets) programs involve high-intensity contractions synonymous with
strength and power training.48 Thus, the volume of resistance exercise has
been shown to affect neural,23,71 hypertrophic,72,73 metabolic,22,41 and
hormonal44,45,74,75 responses and adaptations to weight training.

Altering training volume can be accomplished by changing the number of
exercises performed per session, changing the number of repetitions per-
formed per set, or changing the number of sets per exercise. Total volume per
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workout session has received attention in the literature. Studies using 2,76,77

3,20,62,78,79 4 to 5,33,34,79–82 and 6 or more83,84 sets per exercise have all produced
significant increases in muscular strength in both trained and untrained indi-
viduals. In direct comparison, studies have reported similar strength
increases between 2 and 3 sets,85 and 2 and 4 sets,86 whereas 3 sets have been
reported superior.57 Thus, little or no differences have been reported between
variation in set number within multiple-set weight training programs. It
appears that other variables such as intensity, the number of exercises per-
formed, rest periods, frequency, and training goals are important for deter-
mining the number of sets per workout and/or per exercise.

Another aspect of training volume that has received considerable attention
is the comparison of single- and multiple-set weight training programs. It is
important to note that not all exercises have to be performed for the same
number of sets in a workout. Variation in set number may depend upon the
exercise selected. However, for the majority of the referenced studies, one set
per exercise performed for 8 to 12 RM at a slow velocity has been compared
to both periodized and nonperiodized multiple-set programs. In untrained
subjects, several studies have reported similar strength increases between
single- and multiple-set programs,87–92 whereas several studies reported mul-
tiple-set programs superior.14,16,57,85,93 In resistance-trained subjects, multiple-
set programs have been superior for strength,5,15,20,94 power,4,94 hypertrophy,5
and high-intensity endurance5,15 enhancement. To date, no study has shown
single-set training superior to multiple-set training in either trained or
untrained individuals. It appears that both programs are effective for increas-
ing strength in untrained subjects during short-term training periods such as
6 to 12 weeks. However, long-term studies support the contention that a
higher volume of training is needed for further improvement. Recently, Marx
et al.17 had previously untrained women train for 6 months using either low-
volume, single-set training or periodized, multiple-set training. Both training
groups significantly increased muscular strength during the first 3 months.
However, only the periodized multiple-set group showed continued
improvement over the 6-month period. Thus, the need for variation is critical
for continued improvement. The key factor may be the use of “periodization”
of training volume rather than number of sets, which represents only one fac-
tor in a volume and intensity periodization model.

Considering the number of variables involved in resistance training, com-
paring single- and multiple-set protocols may be an oversimplification. For
example, several of the aforementioned studies compared programs of dif-
ferent set number regardless of differences in intensity, exercise selection, and
repetition speed. In addition, the use of untrained subjects during short-term
training periods has also raised criticism,94 because untrained subjects have
been reported to respond favorably to most programs.6,95 Part of this has
evolved because of the popularity of a specific single-set program96 in which
researchers desired to compare this regimen to other protocols. Based upon
the available data, it appears that previously untrained individuals may not
be sensitive to training volume during the initial 6 to 12 weeks of training.
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However, it also appears that greater volume is needed beyond this point in
training to produce optimal improvements. In advanced lifters, further
increases in volume may be counter-productive, but it appears that the cor-
rect manipulation of both volume and intensity produces optimal perfor-
mance gains and avoids overtraining.24,97

1.3.4 Exercise Selection

The exercises chosen during weight training are very important as they relate
to the adaptations desired and the need to be selected for specific training
goals. It is generally recommended that exercises be chosen that stress all
major muscle groups in order to maintain muscular balance. There are two
basic types of exercises: single-joint and multiple-joint exercises. Single-joint
exercises target one general muscle group or joint action. Multiple-joint exer-
cises target more than one muscle group or involve multiple joint actions and
interactions. There are two types of multiple-joint exercises: basic strength
and Olympic lifts. Basic strength exercises involve mostly 2 to 3 joints; exam-
ples are the squat, bench press, and lat pulldown. The Olympic lifts are total
body lifts that involve most major muscle groups; examples are the clean and
jerk, snatch, and their variations.

There has been little research concerning the efficacy of performing differ-
ent exercises on various assessments. Both single-98–100 and multiple-joint
exercises5,9,23,24 have been effective for increasing muscular strength and
hypertrophy of the targeted muscle groups. Exercises stressing multiple or
large muscle groups have shown the greatest acute metabolic responses.101–103

For example, exercises such as the squat, leg press, leg extension, and bent-
over row have been shown to produce greater oxygen consumption than
exercises such as the behind-the-neck press, bench press, and arm curl.102,103

In addition, these exercises have shown greater acute hormonal response104–107

and require greater recovery between training sessions.108 Deadlifts,106 squat
jumps,107 and Olympic lifts105 have produced greater acute growth hormone
(GH) and testosterone responses compared to exercises such as the bench
press and seated press. Thus, the amount and size of the muscle mass used is
important during the acute response.

It has been generally recommended that both single- and multiple-joint
exercises be included in a training program. Multiple-joint exercises have
generally been regarded as most effective for the increase of overall muscular
strength and hypertrophy in trained individuals because they allow a great
amount of weight to be lifted.95 Furthermore, they allow enhanced intermus-
cular communication and coordination of force, producing elements vital to
human performance. A recent study by Chilibeck et al.109 has shown that in
previously untrained women, multiple-joint exercises require a longer initial
neural adaptation phase compared to single-joint exercises due to the com-
plexity of movement and joint actions involved. Thus, single-joint exercises
are accompanied by a short neural phase and result in an earlier onset of
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hypertrophy in untrained individuals.109 In addition, performing multiple-
joint exercises may have greater impact on multiple-joint activities involved
in daily living or in athletics.1 Thus, multiple-joint exercises are important for
strength, power, and hypertrophy training. Single-joint exercises are effective
for increasing strength and hypertrophy and are commonly used in a variety
of programs. Training goals may dictate what and how many exercises to
include. In addition, the use of barbells, dumbbells, or machines, or altering
grip/foot width, hand position, body position, or contraction pattern, such as
unilateral, bilateral, or alternate, are also used to vary exercises during peri-
odized resistance training.

1.3.5 Exercise Order

The sequence of exercises that are performed during a training session signif-
icantly affects performance and subsequent adaptation. Sequencing of exer-
cises is based on training goals and is highly dependent on energy
metabolism and fatigue. For strength training it is recommended that basic
strength exercises such as the squat and bench press be performed initially
during the workout. Training for enhanced speed and power entails perfor-
mance of total-body explosive lifts such as the power clean and power snatch
initially during the workout. Bodybuilding, or training for hypertrophy,
entails performance of many exercises under various conditions where train-
ing through fatigue is paramount. Improper sequencing of exercises can com-
promise the lifter’s ability to perform the desired number of repetitions with
the desired load. Therefore, exercise order needs to correspond with specific
training goals. A few general methods for sequencing exercises for both mul-
tiple or single muscle group training sessions have been suggested. Although
there are some exceptions to these general guidelines, training goals such as
increased strength, size, and power may be optimized when:

• Large muscle mass exercises are performed before smaller muscle
mass exercises

• Agonist/antagonist exercises, those which train opposing muscle
groups, are rotated for total-body sessions

• Upper and lower body exercises are rotated for total-body sessions
• Multi-joint exercises are performed before single-joint exercises
• Weak-point exercises are performed before strong exercises
• Total-body exercises such as Olympic lifts are performed before

basic strength and single joint exercises
• When using split routines, training specific muscle groups, high-

intensity exercises are performed before lower-intensity exercises

Research has shown that changing order significantly affects exercise per-
formance. Sforzo and Touey110 investigated the squat and bench press using
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different orders. Session 1 began with multi-joint exercises and ended with
single-joint exercises (squat, leg extension, leg curl, bench press, shoulder
press, and triceps pushdown). Session 2 was the reverse (leg curl, leg exten-
sion, squat, triceps pushdown, shoulder press, and bench press). Each exer-
cise was performed for 4 sets of 8 RM with 2 minutes rest between sets and
3 minutes rest between exercises. Overall, there was a 75% decline in bench
press performance and a 22% decline in squat performance when the reverse
order was used. The results of this study demonstrated that either fewer rep-
etitions with a specific workload are performed or significantly less weight is
used when these exercises are performed in a fatigued state. Considering the
importance of these exercises for increased size and strength, it is recom-
mended that these exercises be performed early in the workout when fatigue
is minimal.

1.3.6 Rest Periods

The amount of rest taken between sets, exercises, and/or repetitions signif-
icantly affects performance and subsequent adaptation.111,112 Rest period
length depends on training intensity, goals, fitness level, and targeted energy
system utilization. In addition, other factors such as changing weights or
exercises and equipment availability contribute to the length of the rest
period. For example, strength/power training stresses the ATP–PC system
predominately, while hypertrophy/strength (8 to 12 RM) affects mostly
ATP–PC and glycolytic pathways with minor aerobic contributions (@ 20%).
Endurance training (high repetition, short rest periods) increases the contri-
bution of energy liberation from aerobic sources. In addition, an active rest
period has been shown to improve performance of subsequent sets of the
bench press.113

Research studies comparing weight training performance with various
rest periods are few. The length of the rest period significantly increases the
metabolic,114,115 hormonal,44,64 and cardiovascular52 responses to an acute
bout of resistance exercise, as well as performance of subsequent sets.5 Lar-
son and Potteiger116 reported no significant difference in performance
among 3 different rest period lengths (heart rate recovery method, 3 min-
utes, or 1:3 work/relief ratio) during 4 sets of squats at 85% of 10 RM.
Kraemer5 reported differences in performance with 3- vs. 1-minute rest peri-
ods. All lifters were able to perform 10 repetitions with 10 RM loads for 3 sets
with 3-minute rest periods for the leg press and bench press. However, when
rest periods were reduced to 1 minute, 10, 8, and 7 repetitions were per-
formed, respectively.

When training for absolute strength or power, rest periods of at least 3 to 5
minutes are recommended. Robinson et al.117 reported a 7% increase in squat
performance after 5 weeks of training when 3-minute rest periods were used
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compared to only a 2% increase when 30-second rest periods were used. Pin-
civero et al.118 reported significantly greater strength gains (5 to 8%) when
160-second rest intervals were used compared to 40 second. Strength and
power performance is highly dependent on anaerobic energy metabolism,
primarily the phosphagens. Studies show that the majority of phosphagen
repletion occurs within 3 minutes.119,120 In addition, sufficient removal of lac-
tate and subsequent buffering of H+ may require at least 4 minutes.117 There-
fore, performance of maximal lifts requires maximal energy substrate
availability prior to the set with minimal or no fatigue.

Stressing the glycolytic and ATP–PC energy systems may enhance training
for hypertrophy, thus less rest between sets appears to be effective. Rest peri-
ods of 1 to 2 minutes for basic strength exercises are commonly used. Consid-
ering that heavy resistance exercise has been effective for increasing
hypertrophy,48 maximal hypertrophy may be attained through the combina-
tion of strength and hypertrophy training. Thus, periodization of volume and
intensity may be most beneficial.

Training for muscular endurance implies the individual: (1) performs sev-
eral repetitions (or long-duration sets), (2) trains to and beyond the point of
fatigue, and (3) minimizes recovery between sets (i.e., training in a semi-
fatigued state). Therefore, high repetitions and shorter rest periods (30 to
90 seconds or less) for endurance training appear to be most effective.66

The amount of rest taken between repetitions has only been partially
investigated. Rooney et al.121 had subjects train using 6 to 10 consecutive
high-intensity repetitions or 6 to 10 repetitions separated by 30-second rest
periods and reported significantly greater strength improvement with con-
secutive repetitions (56%) than with extended rest between repetitions
(41%). These findings demonstrate that fatigue may contribute to the
strength training stimulus.

1.3.7 Frequency

The number of training sessions performed during a specific period (i.e.,
1 week) may affect subsequent training adaptations. Frequency also includes
the number of times certain exercises or muscle groups are trained per week.
It depends on several factors such as volume and intensity, exercise selection,
level of conditioning and/or training status, recovery ability, nutrition, and
goals. Training with heavy loads increases the recuperation time needed
prior to subsequent sessions, especially for multi-joint exercises involving
similar muscle groups.108 The use of extremely heavy loads, especially when
heavy eccentric training is performed, may require 72 hours of recovery,
whereas large and moderate loads may require less recovery time (48 and
24 hours, respectively).65 In addition, reduced frequency is adequate during
maintenance training. Training 1 to 2 days per week is adequate for mass,
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power, and strength retention.108 However, this appears effective for short-
term training, mostly because in long-term maintenance training, reduced
frequency and volume may lead to detraining.

Numerous resistance training studies have used frequencies of 2 to 3 alter-
nating days per week in untrained subjects.33,34,70,122 This has been shown to
be a very effective initial frequency.78 Graves et al.123 reported 3 days/week
superior to 2 days/week during the initial 10 weeks of training. These work-
outs typically stress the total body. In addition, two studies have shown
higher frequencies as superior. Hunter124 reported 4 days superior to 3 for
increasing bench press strength and endurance. Gilliam125 reported 3 to
5 days superior to 1 to 2 days of training per week for improving 1 RM bench
press, with 5 RM producing the greatest increase. The progression from
beginning to novice status does not necessitate a change in frequency, but
may be more dependent upon alterations in other acute variables such as
exercise selection, volume, and intensity. However, it is common to see nov-
ice lifters train 3 to 4 days/week. Increasing training frequency allows for
greater specialization such as greater exercise selection per muscle group
and/or volume in accordance with more specific goals. Thus, an
upper/lower body split or muscle group split routine is common.1 Similar
improvements in performance have been observed between upper/lower
workouts and total-body workouts.126 In addition, it is recommended that
similar muscle groups or selected exercises not be performed on consecutive
days to allow adequate recovery and to minimize the risk of overtraining.

Frequency for advanced or elite athletes may vary considerably, depend-
ing on intensity, volume, and goals. One study demonstrated that football
players who trained 4 to 5 days/week achieved better results than those who
self-selected frequencies of 3 and 6 days/week.127 Weightlifters and body
builders typically use high-frequency training, at least 4 to 6 sessions per
week. Double-split routines, or two training sessions per day, are
common65,128 during preparatory training phases, which may result in 8 to 12
training sessions per week. Frequencies as high as 18 sessions per week have
been reported in Bulgarian weight lifters.65 The rationale for this high-fre-
quency training is that frequent short sessions followed by periods of recov-
ery, supplementation, and food intake allow for high-intensity training via
maximal energy utilization and reduced fatigue during exercise perfor-
mance.1,108 Häkkinen and Kallinen129 reported greater increases in muscle
CSA and strength when training volume was divided into 2 sessions per day
as opposed to 1 in female athletes. In addition, exercises such as total-body
lifts performed by Olympic lifters require technique mastery which may
increase total training volume and frequency. Elite power lifters typically
train with frequencies of 4 to 6 sessions per week.1 It should be noted that
training at these high frequencies would result in overtraining in most indi-
viduals. However, the superior conditioning of these athletes combined with
other factors, which may possibly include anabolic drug use, enables the
successful use of high-frequency programs.
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1.3.8 Repetition Speed

The contraction velocity used to perform dynamic muscle actions affects the
adaptations to resistance training. Repetition speed depends on training
loads, fatigue, and goals. In addition, repetition speed has been shown to sig-
nificantly affect neural,28,50 hypertrophic,83,122 and metabolic102 adaptations to
weight training.

Force production and contraction velocity directly interact during exercise
performance. Generally, force production is greatest at slower velocities and
lowest during high-velocity isokinetic movements.1 This relationship is
graphically represented as a force–velocity curve. The implications for the
force–velocity curve demonstrate that training at a slow-to-moderate veloc-
ity is effective for increasing strength, and training with high velocity is effec-
tive for power/speed enhancement. This is generally the case for isokinetic
exercise. However, dynamic resistance exercise poses a different type of stim-
ulus, as speed is not controlled, in which attempting to control movement
velocity limits force production and strength development.130,131

Generally, moderate-to-rapid velocities are most effective for enhanced
muscular performance (number of repetitions performed, work and power
output, volume), whereas slow velocity is effective for increasing local mus-
cular endurance and isometric strength for a specific number of repetitions.
LaChance and Hortobagyi132 reported significantly greater average power,
work, and total number of repetitions performed using a self-selected, rapid
velocity compared to 2:2, or 2:4 (2-second positive, 4-second negative)
cadence. Thus, improving set performance, the number of repetitions, or load
may be best accomplished with use of moderate-to-fast velocities.

Studies that have used isokinetic resistance exercise have shown strength
increases specific to the training velocity with some spillover above (as great
as 210°/second) and below (as great as 180°/second) the training velocity,
mostly at moderate and fast velocities but not at very slow velocities (i.e.,
30°/second).1 Several researchers have trained subjects at 30°/second,25

36°/second,133 60°/second,122,134 100°/second,135 108°/second,133 120°/sec-
ond,83,136 179°/second,134 240°/second,137 300°/second122,134 and reported sig-
nificant increases in muscular strength. However, it appears that training at
moderate velocity (180 to 240°/second) produced the greatest strength
increases across all testing velocities.134 Therefore, isokinetic training is most
beneficial when training velocity is goal specific. Otherwise, training at fast,
moderate, and slow velocities may produce the greatest strength increases
across all testing velocities.1

During conventional weight training, free weights and machines, both fast
and moderate contraction velocities can increase local muscular endurance
depending on the number of repetitions performed and rest between sets.
However, slow-velocity training, 3:3 ratio and slower, places continual ten-
sion on the muscles for an extended period of time with less generated
momentum, thus making it most conducive to increasing local muscular
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endurance. However, significant reductions in RM loads are observed with
slow contraction velocities. Keogh et al.130 reported that concentric force pro-
duction was significantly lower for slow velocity (5:5 ratio) lifting compared
to traditional (moderate) velocity (771 vs. 1167 N) with a corresponding
lower IEMG observed for the slow velocity. These data indicate that motor
unit recruitment may be limited when attempting to slow contraction veloc-
ity. In addition, the lighter loads required for very slow velocities of training
may not provide an optimal stimulus for strength enhancement. Thus, slow
training velocities during dynamic resistance exercise may not maximize
increases in muscular strength.

Moderate velocities, the velocities most typically used during resistance
training, are effective for increasing muscular strength at all velocities,1

whereas training with fast velocities appears most effective for enhancing
muscular power and speed.138 However, for hypertrophy training it appears
that fast velocities are not as effective for inducing muscle growth compared
to slow or moderate velocities.50 In addition, high-velocity training imposes
less metabolic demand in exercises such as the leg extension, squat, row, and
curl compared to slow and moderate velocities.102

One limitation to performing high-velocity repetitions with free weights is
the deceleration phase. The deceleration phase is that point near the end of
the concentric phase in which bar velocity decreases prior to completion of
the repetition. The length of this phase depends upon the load used and the
average velocity. For example, the load may be decelerated for approxi-
mately 24% of the concentric phase, which may increase to 52% or greater
when lighter loads are used.139 Thus, power increases may be most specific
only to the initial segment of the ROM as power/speed development
throughout the full ROM is limited because the load cannot be maximally
accelerated throughout and safely released.140 A new piece of equipment, the
Plyometric Power System, has been developed which allows the lifter to safely
release the weight using a computerized braking mechanism, thus allowing
maximal power output without deceleration.141 This piece of equipment is
beneficial for both upper and lower body ballistic training.

Another popular technique used for both strength and power training is
compensatory acceleration.140,142 Compensatory acceleration requires the lifter
to accelerate the load maximally throughout the ROM, regardless of momen-
tum, during the concentric action, thus striving to increase bar velocity to
maximal levels. A major advantage is that this technique can be used with
heavy loads such that there are small deceleration phases and is quite effec-
tive, especially for multi-joint exercises.81 Hunter and Culpepper143 and
Jones et al.131 reported significant strength and power increases throughout
the ROM when compensatory acceleration was used, with the increases
greater than that observed for traditional slow-to-moderate velocity concen-
tric actions.131
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1.4 Summary

Success in weight training depends on the proper manipulation of the acute
program variables in accordance with specific training needs and goals. Fac-
tors such as the exercises selected and their order, muscle actions involved,
intensity, volume, movement velocity, rest periods, and training frequency
are all important for program design and affect the body’s physiological
adaptations to weight training. Perhaps the three most important concepts
for long-term progression during weight training are specificity, progressive
overload, and variation. The gradual increase in program intensity is neces-
sary to elicit further positive adaptations. In addition, the systematic varia-
tion of the training stimulus (periodization) is mandatory for long-term
improvements in muscular fitness. In addition to the design of weight train-
ing programs, which include optimal periods of rest and recovery, proper
nutritional intake is of equal importance for optimal athletic performance.
This information is provided in the remaining chapters of this book.
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Nutrition and the Strength Athlete

 

2.1 Introduction

 

Strength training is no longer limited to only bodybuilders and power lifters.
Athletes participating in almost every sport incorporate resistance training
into their overall training program. Expectations from a resistance training
program differ somewhat from athlete to athlete; however, increased muscu-
lar strength and power and lean body mass are general goals of most pro-
grams. The structural and metabolic demands of resistance training are
intense, and continued gains depend heavily on recovery from successive
workouts. Adequate nutrition is essential for optimal recovery between
workouts and maximal adaptations to a training program. There are many
factors that contribute to individual nutrient requirements, such as genetics,
training goals, phase of training, and training status. However, data from the
scientific literature can be extremely useful in planning a general diet that can
serve as a template for strength athletes.

In a discussion of nutrition for strength athletes, it is important to first iden-
tify mechanisms by which diet can enhance performance of individual resis-
tance exercise workouts. This will help to clarify exactly what we are trying
to influence with nutrition and will also help to evaluate the efficacy of a par-
ticular dietary strategy. Diet can influence the storage, mobilization, and uti-
lization of nutrients. For example, a high-carbohydrate diet increases storage
of glycogen and increases the oxidation of carbohydrate over fat. Second,
dietary intake can influence important recovery processes that are required
to maximize physiological adaptations over a training cycle. For example,
adequate protein is required to meet the demands of increased protein syn-
thesis. Third, dietary intake can influence the concentrations of hormones,
which in turn regulate nearly every physiological process in the body. Ana-
bolic hormones like testosterone, growth hormone, insulin, and insulin-like
growth factor I are extremely important in mediating many of the positive
adaptations to resistance training such as muscle growth. Hormones also
influence the relative proportion of carbohydrate and fat utilization at rest
and during exercise.

Central to understanding how nutrition can influence performance is a
basic understanding of energy metabolism and the metabolic demands of
resistance training. An overview of protein, carbohydrate, and fat will fol-
low, emphasizing the classification and sources of each macronutrient.
Research on protein requirements for strength athletes and carbohydrate
supplementation before, during, and after resistance exercise will be pre-
sented. The role of fat in the diet and other nutritional concerns for strength
athletes will be discussed.
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2.2 Metabolic Demands of Resistance Training

 

In general, resistance exercise requires high contraction frequency and high
power or force outputs of specific muscles such that fatigue (a decline in
force/power output or inability to complete a repetition) occurs rapidly.
High-intensity exercise of this nature cannot be performed continuously for
extended periods due to selective muscle fiber type depletion of energy sub-
strates (phosphocreatine and glycogen) and/or accumulation of metabolic
products (lactate, H

 

+

 

, ammonia). However, a large number of repetitions can
be accomplished when performed intermittently. Typically, multiple repeti-
tions are performed continuously, which constitutes a single set. The rest
period between sets can vary and influences metabolic and hormonal
responses. Multiple sets are usually performed for different exercises target-
ing various muscle groups. The metabolic demands of resistance exercise will
vary to some degree depending on the configuration of these acute program
variables but are much different compared to prolonged continuous endur-
ance exercise.

The final energy currency in the body is ATP, and high-intensity exercise,
especially resistance exercise, requires high rates of ATP turnover. Since stor-
age of ATP is minimal, metabolic pathways exist that rapidly generate the
required ATP necessary to perform resistance exercise. Immediate generation
of ATP occurs anaerobically (without oxygen) via the high-energy phosphate
compound phosphocreatine, which is rapidly dephosphorylated to reform
ATP at the onset of high-intensity exercise. Glycolysis, the breakdown of glu-
cose into pyruvate, is also simultaneously activated at the onset of exercise
and contributes to the formation of ATP anaerobically. Glucose is derived
from the breakdown of glycogen which occurs at the onset of intense exer-
cise. After only approximately 10 to 15 seconds phosphocreatine stores are
depleted and glycolysis becomes the primary energy system to generate ATP.
During high-intensity exercise, or high repetition sets of resistance exercise
with short rest periods, lactate accumulation and the rising H

 

+

 

 concentration
ultimately lead to fatigue. If exercise continues at a low intensity, ATP resyn-
thesis occurs primarily at the expense of oxidation of carbohydrates (plasma
glucose or muscle glycogen) and fats (intramuscular triglycerides or plasma
fatty acids). During rest or periods of low-intensity activity, such as recovery
periods between sets of resistance exercises, phosphocreatine is resynthe-
sized, and lactate is cleared from the muscle so that subsequent sets can be
performed at maximal intensity.

Compared to endurance exercise there are relatively few studies examining
energy metabolism during resistance exercise. One of the few studies
designed to examine muscle metabolism during resistance exercise was per-
formed in a group of bodybuilders who completed a very intense workout



 

34

 

Nutrition and the Strength Athlete

 

consisting of 5 sets each of front and back squats, leg press, and knee exten-
sions.

 

1

 

 Muscle biopsies were obtained prior to and about 30 seconds after the
workout session in order to measure energy substrates. There was a small
decline in muscle ATP concentrations and an almost 50% depletion in phos-
phocreatine. The resynthesis of phosphocreatine during recovery is an oxy-
gen-dependent process with a half-life of approximately 30 seconds.

 

2

 

 Thus,
depletion of phosphocreatine was probably greater considering the fact that
the biopsy in this study was obtained 30 seconds after the exercise workout.
It can be concluded that phosphagen metabolism is very important for resis-
tance exercise, which probably explains why creatine supplementation is
beneficial for resistance exercise.

 

3

 

 In these same subjects, muscle glycogen
was depleted by about one third.

 

4

 

 Surprising was the nearly one third reduc-
tion in muscle triglyceride stores observed in these athletes. It is generally
thought that lipids contribute little to ATP production during exercise inten-
sities greater than 70 to 80% of VO

 

2

 

max. These data challenge that notion and
suggest that triglycerides are an important energy source during resistance
exercise. In fact, triglyceride utilization played a more important role than
glycogen breakdown in some subjects. Interestingly, the depletion of muscle
triglycerides was related to the resting pre-exercise muscle triglyceride con-
centration. Those subjects with higher pre-exercise triglycerides demon-
strated the greatest depletion in triglyceride stores. Thus, if muscle
triglycerides are available, they will probably be used for energy and may
spare muscle glycogen. This is the only study that has measured muscle trig-
lycerides in response to resistance exercise.

Other studies have examined glycogen depletion and resynthesis in
response to resistance exercise. Robergs et al.

 

5

 

 studied glycogen depletion
patterns in response to a low- and high-intensity knee extension protocol per-
formed at 30% and 70% of one-repetition maximum. Repetitions were
adjusted so that an equal amount of work was performed during both knee
extension protocols. Glycogen depletion was about 30% and was similar for
both exercise intensities. Glycogen resynthesis slowly increased toward rest-
ing values over 2 hours post-exercise. Other studies have demonstrated a
similar depletion in muscle glycogen of about 30% in response to resistance
exercise.

 

6,7

 

An overview of energy metabolism during a bout of resistance exercise is
shown in Figure 2.1. The few studies examining muscle metabolism during
resistance exercise indicate a large reliance on phosphocreatine in addition
to muscle glycogen and triglyceride stores. The relative contribution from
these sources may depend on availability, especially in the case of triglycer-
ide stores. Thus, from a nutritional standpoint it would be advantageous to
optimize the use of phosphocreatine (creatine supplementation) because
this is the most powerful energy system in terms of ATP provision. Since
glycogen and perhaps even triglycerides contribute significantly to the pro-
vision of energy during resistance exercise, replenishing these energy stores
should be an important component of an overall dietary strategy for
strength athletes.
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2.3 Protein

 

Dietary protein contains 4 kcal per gram energy and has functions related to
structural (collagen of bone and skin), regulatory (peptide hormones), con-
tractile (actin and myosin filaments), transport (hemoglobin), catalytic (enzy-
matic), and energetic (gluconeogenic) roles. Proteins and their component
parts, amino acids, are essential dietary nutrients to sustain life and serve as
the building blocks for synthesis of proteins into skeletal muscle. While our
bodies have the capacity to synthesize certain amino acids (nonessential or
dispensable amino acids), others must be obtained from the diet and are
called essential or indispensable amino acids (Table 2.1). Under certain phys-
iological and pathological conditions, synthesis of nonessential amino acids
may be insufficient and may become conditionally essential. All amino acids
are important, not just the essential amino acids. For protein synthesis to take

 

FIGURE 2.1 

 

Skeletal muscle energy substrates utilized to synthesize ATP during resistance exercise.
Phosphocreatine is an immediate energy buffer that supplies ATP anaerobically via the
creatine kinase reaction. Breakdown of muscle glycogen into glucose is further metabolized
in anaerobic glycolysis into lactate, with concomitant production of ATP. There is some
indication that triglycerides might be an important energy source for ATP during resistance
exercise. Triglycerides must first be hydrolyzed into fatty acids that must enter the mito-
chondria to be further metabolized aerobically via 

 

β

 

-oxidation, the Kreb’s cycle, and the
electron transport chain.
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place, all amino acids must be available and present. Individual requirements
for amino acids have not been determined. Rather, dietary recommendations
are for protein, which contains amino acids. Rich sources of protein include
meat (beef, chicken, turkey, fish), dairy (eggs, milk, cheese), and nuts/seeds.

 

2.3.1 Types of Protein

 

Not all protein foods are of equal nutritional value. Depending on the pres-
ence and ratio of amino acids in a particular protein food, it may be classified
as high-quality, intermediate-quality, or low-quality. High-quality or com-
plete proteins contain all the essential amino acids; intermediate-quality pro-
teins are lacking in one of the essential amino acids; and low-quality proteins
are lacking in more than one essential amino acid (Table 2.2). Adequate essen-
tial amino acid intake can be achieved by complementing lower-quality pro-
tein sources that lack different essential amino acids.

 

TABLE 2.1 

 

Classification of Amino Acids

 

Nutritionally
Essential

Conditionally 
Essential

Nutritionally 
Nonessential

 

Isoleucine Arginine Aspartic acid
Leucine Cysteine Asparagine
Lysine Glutamine Glutamic acid
Methionine Glycine Alanine
Phenylalanine Histidine Serine
Threonine Proline
Tryptophan Taurine
Valine Tyrosine

 

TABLE 2.2

 

Quality of Different Protein Sources

 

High-Quality Milk
Eggs Animal Sources
Meat (beef, chicken, fish)

Intermediate-Quality Nuts/seeds
Rice
Soy
Potatoes
Oats Plant Sources

Low-Quality Peas
Cornmeal
White flour
Gelatin

}

}
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2.3.2 Protein Requirements for Strength Athletes

 

In order to promote increases in muscle size (hypertrophy) and increases in
strength it is an absolute requirement that athletes be in a positive nitrogen
status. Nitrogen status is determined by measuring dietary nitrogen intake
(protein is 16% nitrogen) and subtracting nitrogen loss (urine, sweat, feces).
A question debated for over 100 years is whether large quantities of dietary
protein are necessary to optimize protein synthesis and enhance muscular
hypertrophy and strength. The current recommended daily allowance (RDA)
for protein is 0.8 grams per kilogram body weight. The RDA for protein was
derived from both short- and long-term nitrogen balance studies from sub-
jects whose lifestyles were essentially sedentary.

Resistance training is a powerful stimulus to increase the rate of amino acid
incorporation into muscle proteins.

 

8

 

 In recent years, evidence has accumu-
lated indicating that protein in excess of the current RDA is necessary to
maintain nitrogen balance and optimize muscle development. Based on
nitrogen balance and metabolic tracer studies examining the optimal protein
requirement for strength and power athletes, protein intake should be about
1.7 to 1.8 g/kg/day.

 

9

 

 Consuming protein at levels >2 g/kg/day will cause an
increase in amino acid oxidation without increasing whole-body protein syn-
thesis.

 

10

 

 Other dietary factors may also affect protein requirements. Total
energy intake as well as the composition of the diet can alter protein metab-
olism. If insufficient calories are consumed, protein intakes that would nor-
mally promote a positive nitrogen balance can induce a negative nitrogen
status.

 

11

 

 Further, if dietary carbohydrates are reduced, glycogen stores may
become depleted more quickly and enhance the utilization of protein as a fuel
source.

 

12

 

 Thus, under conditions of inadequate energy consumption and/or
low carbohydrate intake protein requirements may be further increased. The
negative health concerns associated with increasing protein intake to these
levels are unsubstantiated. Protein intakes up to 2 g/kg/day can be easily
and safely consumed in a typical Western diet.

The source and quality of protein may also impact adaptations to resistance
training. Consuming higher-quality protein, meat in particular, may aug-
ment gains in strength and increases in lean body mass and muscle fiber
hypertrophy compared to a vegetarian diet lacking meat.

 

13

 

 A possible expla-
nation for the greater adaptations observed with consumption of meat is
higher testosterone concentrations. Testosterone is a steroid hormone
secreted from the Leydig cells of the testes that has both anabolic and anticat-
abolic effects upon muscle tissue. A vegetarian or meatless diet results in
lower circulating concentrations of testosterone compared to a mixed West-
ern or a high-meat diet.

 

14–17

 

 Raben et al.

 

18

 

 reported a significant decrease in
resting testosterone concentrations and an attenuation in the exercise-
induced increase in testosterone in male endurance athletes who switched
from a meat-rich diet to a lacto-ovo vegetarian diet. The diets contained equal
percentages of calories derived from protein, carbohydrate, and fat, but the
source of protein in the vegetarian diet was derived mainly from vegetable
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sources (83%), whereas the mixed diet contained significantly less vegetable
protein (35%). The exact mechanism linking nutrition to testosterone is
unknown, but it appears that including red meat in the diet is beneficial in
terms of promoting an anabolic environment in the body.

 

2.3.3 Practical Guidelines

 

Based on several studies evaluating protein requirements for strength ath-
letes, there is general agreement that the RDA is not adequate. An intake
ranging from 1.5 to 2.0 g/kg/day should maintain a positive nitrogen bal-
ance in strength athletes. This is equivalent to 112 to 150 grams of protein for
a 75-kg (165 lbs) athlete or about 450 to 600 kcal of protein per day. These lev-
els can be easily achieved by consuming a wide variety of protein sources
from lean meats (beef, chicken, fish), eggs, cheese, cottage cheese, yogurt,
milk, and nuts and seeds.

 

2.4 Carbohydrate

 

Dietary carbohydrates contain 4 kcal per gram energy and function primarily
as an energy substrate. Rich sources of carbohydrates include breads, pastas,
rice, beans, cereals, fruits and fruit juices, and vegetables.

 

2.4.1 Types of Carbohydrate

 

Structurally, carbohydrates can be classified as monosaccharides (one sugar),
disaccharides (two sugars), or polysaccharides (many sugars). The primary
dietary monosaccharides, disaccharides, and polysaccharides are shown in
Table 2.3. Monosaccharides and disaccharides are collectively referred to as
“simple” carbohydrates, and polysaccharides as “complex” carbohydrates.
This classification system is based on chemical structure and does not reflect
any physiological or metabolic effect of the carbohydrate. A more useful clas-
sification system based on a metabolic outcome is the glycemic index (GI).

 

2.4.2 Glycemic Index (GI)

 

The GI provides a method to classify foods based on their acute glycemic
impact.

 

19

 

 The GI of a food is based on a standard food (usually glucose or
white bread), which is given an arbitrary value of 100. The GI of a food is cal-
culated by integrating the 2-hour glycemic-response curve after ingestion of
the test food containing 50 g of available carbohydrate. Foods that are
digested quickly and appear in the bloodstream rapidly have a high GI, and
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foods that are more resistant to digestion and appear in the bloodstream at a
slower rate have a low GI. Foods with a high GI cause blood sugar and insu-
lin concentrations to rise faster than low GI foods. There is no obvious corre-
lation between the prevalent chemical classification system of simple or
complex carbohydrates and the GI of a food. For example, complex carbohy-
drates such as white bread and potatoes have a high GI, whereas the simple
carbohydrate fructose has a low GI. The main determinant of the GI and the
metabolic effect of a food is the rate at which it is digested.

 

20

 

 Factors that influ-
ence the digestion of foods and thus the GI include type of sugar (fructose is
lower than sucrose or glucose), nature of the starch (amylose is lower than
amylopectin), fiber content, portion size, degree of processing, protein and
fat in the food, and food preparation method. Table 2.4 lists several foods and
their corresponding GI.

 

2.4.3 Carbohydrates Before and During Resistance Exercise

 

Nearly all of the literature pertaining to consumption of foods and fluids
prior to and during exercise has been based on the performance of endur-
ance athletes. Carbohydrate consumed prior to and/or during endurance
exercise can provide an energy source late in exercise when glycogen con-
centrations in muscle and liver have become depleted, and subsequently
delay fatigue and enhance performance.

 

22

 

 As reviewed above, resistance
exercise depletes muscle glycogen, especially in Type II or fast-twitch muscle
fibers. Thus, carbohydrates may enhance resistance training workouts if gly-
cogen depletion limits performance. Specific Type II muscle fiber glycogen
depletion may limit performance if a high volume of work is performed or
if multiple workouts are performed in a single day. At least one recent study

 

TABLE 2.3

 

Structural Classification of Carbohydrates

 

Monosaccharides “Simple Carbohydrates”

 

Glucose
Fructose
Galactose

 

Disaccharides “Simple Carbohydrates”

 

Sucrose (glucose + fructose)
Lactose (glucose + galactose)
Maltose (glucose + glucose)

 

Polysaccharides “Complex Carbohydrates”

 

Starch
Cellulose
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reported a beneficial effect of carbohydrate supplementation on resistance
exercise performance.

 

23

 

Haff et al.

 

23

 

 examined the effects of carbohydrate supplementation or pla-
cebo on the ability to perform multiple sets of squat exercise during a second
training session of a single day. A glycogen-depleting resistance exercise ses-
sion (15 sets of various squat exercises) was performed in the morning, and
then 4 hours later subjects were required to squat to exhaustion. The squat
protocol consisted of sets of 10 repetitions at 55% of one-repetition maxi-
mum with 3 minutes recovery between sets. The carbohydrate supplement
was a 20% maltodextrin and dextrose solution, which yielded 0.3 grams per
kilogram body weight. The supplement was provided before the morning

 

TABLE 2.4 

 

Glycemic Index (GI) of Various Foods

 

Bakery Products Fruits Dairy Foods

 

Angel food cake 95 Apple 52
Sponge cake 66 Apple juice 58 Ice cream 87
Croissant 96 Banana 76 Ice cream (low-fat) 71
Doughnut (cake type) 108 Cherries 32 Milk (whole) 39
Muffin (bran) 85 Fruit cocktail 79 Milk (skim) 46
Waffles 109 Grapefruit 36 Yogurt 20

Grapefruit juice 69

 

Breads

 

Grapes 62

 

Snack Foods

 

Orange 62
Bagel 103 Orange juice 74 Oatmeal cookies 79
Hamburger bun 87 Pear 47 Vanilla wafers 110
Kaiser rolls 104 Pineapple 94 Rice cakes 117
Wheat bread 99 Plum 34 Jelly beans 114

Raisins 91 Chocolate 70

 

Cereals

 

Watermelon 103 Popcorn 79
Corn chips 105

All-Bran 60

 

Legumes

 

Potato chips 77
Cheerios 106 Peanuts 21
Corn flakes 119 Baked beans 69
Oat bran 78 Chickpeas 47

 

Sugars

 

Puffed wheat 105 Kidney beans 42
Rice Krispies 117 Lentils 41 Honey 104
Shredded wheat 99 Lima beans 46 Fructose 32

Pinto beans 55 Glucose 138

 

Cereal Grains/Pasta

 

Split peas 45 Sucrose 92
Lactose 65

Barley 36

 

Vegetables

 

Maltose 150
White rice 81
Brown rice 79 Carrots 101

 

Soups

 

Instant rice 128 Potato (baked) 121
Rye 48 Sweet potato 77 Lentil 63
Wheat 59 Peas 68 Split pea 86
Linguine 65 Corn 78 Tomato 54
Spaghetti 59

 

GI values from Foster-Powell and Miller.
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workout, throughout the 4-hour recovery period, and during the squat-to-
exhaustion test. Compared to placebo, carbohydrate supplementation sig-
nificantly improved the number of sets (18.7 vs. 11.3), number of repetitions
(199 vs. 131), and duration (78 vs. 46 min). The results indicate that carbohy-
drate supplementation may be beneficial for athletes who perform more
than one training session per day.

The value of carbohydrate supplementation for single resistance training
sessions is questionable. If resistance training proceeds beyond approxi-
mately 1 hour, glycogen depletion may limit performance, and therefore car-
bohydrate supplementation would be hypothesized to improve muscular
strength and muscular endurance. Although no data exist, carbohydrate sup-
plementation before and during exercise may enhance glycogen resynthesis
during the recovery period between multiple sets of resistance exercise.

 

2.4.4 Carbohydrates After Resistance Exercise

 

In the scientific literature, ingestion of carbohydrates immediately after
resistance exercise has been evaluated based on two outcomes. First, carbo-
hydrates consumed after a workout can enhance the rate of glycogen resyn-
thesis, which may be important for athletes performing 2 training sessions
per day or 1 long session. Second, carbohydrate supplementation after a bout
of resistance exercise has been shown to alter exercise-induced hormonal
responses, which may positively impact recovery by influencing glycogen
resynthesis and protein metabolism.

 

2.4.4.1 Glycogen Resynthesis

 

Dietary factors may influence muscle glycogen resynthesis by increasing the
supply of substrate to muscle, thereby enhancing uptake, and by affecting
hormones such as insulin, which may activate important steps involved in
glycogen resynthesis (glycogen synthase). One dietary strategy to increase
glycogen resynthesis is to simply increase carbohydrate intake during recov-
ery. Only a few studies have examined the influence of carbohydrates pro-
vided after a bout of resistance exercise.

Using a leg extension protocol, Pascoe et al.

 

7

 

 examined the influence of
post-resistance exercise carbohydrate supplementation on muscle glycogen
resynthesis. Subjects in this study received either a carbohydrate solution (1.5
g/kg body weight) or water immediately and 1 hour post-exercise. Muscle
biopsies were obtained at 0, 2, and 6 hours after exercise to measure muscle
glycogen. Muscle glycogen was depleted by about 30% immediately after
exercise during both conditions. The rate of glycogen resynthesis was signif-
icantly greater during the initial 2 hours of recovery with carbohydrate inges-
tion. After 6 hours, glycogen was restored to 91% of pre-exercise with
carbohydrate and 75% of pre-exercise with water.
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Roy and Tarnopolosky

 

6

 

 examined the influence of a carbohydrate or a
mixed drink containing carbohydrate, protein, and fat on muscle glycogen
resynthesis after resistance exercise. In all trials there was a similar degree of
glycogen depletion of about 30%. The rate of glycogen resynthesis was sig-
nificantly greater for carbohydrate and mixed trials compared to placebo.
However, there was no difference between drinks. Thus, protein and fat do
not interfere with glycogen resynthesis and may help in other processes such
as supplying needed amino acids for incorporation into muscle proteins or
enhancing the hormonal environment. These studies examined muscle gly-
cogen resynthesis in response to carbohydrate supplementation provided
during the immediate post-exercise period. An important question is how
much carbohydrate is needed during the entire period between successive
bouts of resistance exercise on different days.

Although theirs was not a resistance exercise study, MacDougall et al.

 

24

 

 had
subjects perform high-intensity exhaustive cycle ergometry to deplete glyco-
gen levels and then had them consume either a mixed diet (3100 kcals) or a
mixed diet plus an additional 2500 kcal of carbohydrate during the 24-hour
period following exercise. Muscle glycogen was depleted to 28% of pre-exer-
cise values immediately after exercise, which was similar to other resistance
exercise studies; depleted levels returned to resting levels after 24 hours of
recovery. There was no difference in glycogen resynthesis rate between
dietary conditions, indicating that consumption of higher than normal
amounts of carbohydrate cannot accelerate the rate of glycogen resynthesis.

The data presented support a role for carbohydrate supplementation
immediately post-exercise if rapid resynthesis of glycogen is desired, such as
when multiple training sessions or competitions are performed in the same
day. Combining protein and fat with the carbohydrate after exercise will
probably not hinder

 

25

 

 and may even enhance

 

26

 

 glycogen resynthesis because
of the greater rise in insulin associated with ingestion of protein–carbohy-
drate mixtures compared to carbohydrate alone.

 

2.4.4.2 Hormonal Responses

 

The endocrine system plays an important regulatory role in many important
physiological processes related to energy metabolism and recovery from exer-
cise. An acute bout of resistance exercise results in increased concentrations of
growth hormone, testosterone, epinephrine, and cortisol immediately post-
exercise.

 

27

 

 Certain aspects of the resistance exercise bout will influence the
magnitude of these hormonal responses, such as muscle mass involved, rest
periods between sets, and number of repetitions.

 

28

 

 Nutrition, in particular
post-exercise meals, can alter hormonal responses to exercise.

 

29,30

 

Our laboratory recently examined the influence of a liquid carbohy-
drate–protein supplement on the acute hormonal responses to heavy
resistance exercise workouts performed on 3 consecutive days.

 

29

 

 Nine
healthy resistance-trained men consumed either a high-calorie liquid
protein–carbohydrate supplement consisting of 33% protein (predigested
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casein and albumin) and 67% carbohydrate (glucose polymers, glucose,
crystalline fructose, and xylitol) or placebo for 1 week in a double-blind, bal-
anced, crossover design separated by a 7-day washout period. On the last
3 days of each treatment, subjects performed resistance exercise workouts
having consumed the supplement 2 hours before and immediately after the
workout. Blood samples were obtained at rest, and at 0, 15, 30, 45, and 60
minutes post-exercise. On exercise days, subjects drank 1/2 serving 2 hours
prior to their workout and 1/2 serving after the immediate post-exercise
blood draw. The remaining two servings were consumed later in the
evening. Each full serving of the supplement provided 7.9 kcal·kg

 

–1

 

·day

 

–1

 

,
1.3 g carbohydrate·kg

 

–1

 

·day

 

–1

 

, and 0.7 g protein·kg

 

–1

 

·day

 

–1

 

 (between 525 and
825 kcal per serving). The lactate response declined over the 3 days and was
significantly lower during supplementation on Days 2 and 3. The growth
hormone response to exercise on Day 1 during supplementation was signif-
icantly greater than placebo. There were no differences in the cortisol
response to exercise between treatments. Glucose was elevated above rest
by 30 minutes post-exercise during supplementation and remained stable
during placebo. Insulin declined slightly below resting immediately post-
exercise and increased >500% above pre-exercise by 45 minutes post-exer-
cise during supplementation, whereas insulin was unchanged during pla-
cebo. Insulin-like growth factor-I (IGF-I) did not increase with exercise but
was significantly higher during supplementation on Days 2 and 3. These
data indicate that protein–carbohydrate supplementation before and after
training can alter the metabolic and hormonal responses to consecutive
days of heavy resistance exercise training.

Two other studies have examined the effects of ingesting a dietary supple-
ment comprised of protein and carbohydrate on the hormonal responses to
resistance exercise. Chandler et al.

 

30

 

 showed that insulin and growth hor-
mone concentrations during recovery from a high-intensity resistance train-
ing session were higher and testosterone lower when subjects consumed a
protein–carbohydrate supplement immediately and 2 hours following the
workout. Fahey et al.

 

31

 

 showed that insulin concentrations were higher at the
end of exercise when subjects consumed a protein–carbohydrate supplement
30 minutes prior to and intermittently during a 2-hour weight training ses-
sion. These studies indicate that carbohydrate and protein consumed prior
to, during, and after resistance exercise alter the typical hormonal responses.

 

2.4.5 Practical Guidelines

 

Pre-exercise carbohydrate may be beneficial if multiple training sessions are
performed in a single day or if one long, intense workout (at least greater
than 1 hour) is performed. Pre-exercise carbohydrate will probably not
enhance strength performance in shorter workouts because glycogen deple-
tion is probably not a limiting factor in performance. The immediate post-
exercise meal should be consumed as soon as possible following the activity,
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preferably within 1 hour after exercise, to take advantage of the increased
rate of glycogen resynthesis and possibly to augment anabolic hormone con-
centrations. Although the effects of different post-exercise GI carbohydrates
have not been investigated after resistance exercise, based on data from
endurance exercise it may be beneficial to consume a high-GI carbohydrate
after exercise because glycogen resynthesis is faster compared to consump-
tion of a low-GI food.

 

32

 

 A quality source of protein should also be consumed
with the immediate post-exercise meal to ensure all amino acids are available
to meet the increased demands of protein synthesis following a bout of resis-
tance exercise.

 

8

 

 The rest of the meals consumed until the pre-event meal the
following day should be comprised of low-to-moderate GI foods, which will
keep blood glucose and insulin concentrations more stable without compro-
mising glycogen resynthesis. Over 24 hours the diet should provide approx-
imately 6 to 8 g carbohydrate per kilogram body weight or about 450 to 600 g
(1800 to 2400 kcal) per day for a 75-kg athlete. The majority of carbohydrates
consumed throughout the day should have a low-to-moderate-GI, thereby
preventing surges in blood glucose and insulin. This will enhance energy lev-
els, decrease hunger, promote oxidation of lipid over carbohydrate, and min-
imize the potential to store excess calories as triglycerides in adipose tissue.
A wide variety of unprocessed foods including whole grains, legumes, fruits,
and vegetables should be chosen.

 

2.5 Fat

 

Dietary fatty acids contain hydrocarbon chains ranging in length from 4 to
20 carbons. Three fatty acids are esterfied with a single glycerol molecule to
form triglyceride, the storage form of fat in the body. Compared to carbohy-
drates, fats are an efficient storage form of energy in the body because they
are stored anhydrous (without water) and they contain 9 kcal per gram, over
twice the energy per gram as carbohydrate or protein. Based on the degree of
saturation, fatty acids may be classified as saturated (no double bonds), poly-
unsaturated (more than one double bond), and monounsaturated (one dou-
ble bond). There are two dietary essential polyunsaturated fatty acids,

 

α

 

-linoleic and 

 

γ

 

-linolenic acids.

 

2.5.1 Types of Fat

 

Saturated fatty acids (SFA) obtained in the diet contain different lengths of
hydrocarbon chains; the most common SFA are between 12 and 18 carbons in
length. There are no double bonds between the carbons in SFA. The fats asso-
ciated with animal products (beef, chicken, dairy products) are predomi-
nately saturated. Additionally, SFA are usually solid at room temperature.
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Unlike SFA, polyunsaturated fatty acids (PUFA) contain two or more dou-
ble bonds in their hydrocarbon chain. Depending on where the double bonds
are located, PUFA may be classified as either n-3 or n-6 series. For example,
an n-6 PUFA has the first double bond beginning at the 6th carbon, and an n-
3 PUFA has the first double bond beginning at the 3rd carbon. The most com-
mon dietary PUFA from the n-6 series is linoleic acid (18:2n-6), and it is also
one of the dietary essential fatty acids. Fish oils (or marine oils), which have
received considerable attention in the literature recently due to their potent
triglyceride-lowering effects,

 

33

 

 are an example of an n-3 PUFA. Generally,
PUFA are the predominant fat in foods derived from plants including most
oils, nuts, and seeds. They are usually liquid at room temperature.

Monounsaturated fatty acids (MUFA) contain a single double bond in their
hydrocarbon chain; the most common dietary MUFA is oleic acid (18:1n-9).
Similar to PUFA, MUFA are usually found in plant-derived foods and are
particularly high in olive and canola oils and macadamia nuts.

Trans fatty acids are a type of unsaturated fat that occurs in relatively small
amounts in natural foods. However, during the processing of unsaturated
oils and other fats such as margarine, the configuration of the double bonds
can be switched from the more common 

 

cis

 

 to the 

 

trans

 

 isomer. This occurs
during the hydrogenation process to make butter and margarine more solid.
Trans fatty acids not only increase LDL cholesterol, but they also decrease
HDL cholesterol;

 

34

 

 hence, they increase the risk for cardiovascular disease.
Cholesterol is a waxy substance that occurs naturally in all parts of our

bodies and is manufactured internally; thus, it is not an essential dietary
nutrient. Cholesterol is a type of lipid that has a chemical structure similar to
many steroids; in fact cholesterol is the precursor to many hormones such as
estrogen, progesterone, testosterone, and cortisol. Dietary cholesterol is only
present in foods of animal origin such as meats and dairy products, not plant
oils. Cholesterol is also involved in producing bile acids, which help in the
digestion of dietary fat. In general, our bodies produce cholesterol based on
body requirements and the mechanism is under negative feedback control. If
dietary intake is low, cholesterol biosynthesis is increased. When dietary cho-
lesterol intake is high, cholesterol biosynthesis is down-regulated.

 

2.5.2 Role of Fat for Strength Athletes

 

Compared to carbohydrate and protein, there is less information about the
role of fat in the diet of athletes. Fat in an athlete's diet is important for sev-
eral reasons and should not be avoided. Dietary lipids may be hypothesized
to be very important in terms of promoting lipid oxidation and thereby con-
serving glucose for other tissues,

 

35

 

 replenishing muscle triglyceride stores
after high-intensity exercise,

 

36

 

 enhancing immune function,

 

37

 

 and improv-
ing the hormonal environment for optimal recovery.

 

18,38

 

 A low-fat, high-car-
bohydrate diet promotes oxidation of carbohydrate over fat, which may be
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a metabolic disadvantage for weight control, cardiovascular health, and
exercise performance.

Dietary nutrients, in particular fat, have been shown to affect testosterone.
Individuals consuming a diet containing about 20% fat compared to a diet
containing 40% fat have significantly lower concentrations of testoster-
one.

 

14–17

 

 The specific type or quality of macronutrient may also impact test-
osterone, independent of a change in diet composition. Volek et al.

 

38

 

 reported
significant positive correlations between dietary fat, specifically saturated
and monounsaturated fatty acids, and resting testosterone concentrations in
a group of young resistance-trained men. The potential reduction in test-
osterone on a low-fat diet may have a negative impact on physiological adap-
tations, especially if the decline in testosterone was substantial.

Compared to muscle glycogen, there is very limited data available on the
importance of intramuscular triglycerides for resistance exercise and the rate
and regulation of resynthesis after strength exercises. One study did show
significant depletion of muscle triglycerides in response to a bout of resis-
tance exercise, especially in athletes with high triglyceride stores before the
workout.

 

4

 

 The enzyme lipoprotein lipase (LPL) has an important role in
replenishment of muscle triglycerides.

 

39

 

 Localization of LPL on the luminal
surface of endothelial cells of capillaries allows the enzyme to hydrolyze
plasma triglycerides in very-low-density lipoproteins (VLDLs) and chylomi-
crons and thus provide fatty acids for oxidation or incorporation into triglyc-
erides within skeletal muscle. Exercise training

 

40

 

 and a high-fat diet

 

41,42

 

increase, whereas a high-carbohydrate diet41 decreases, LPL activity. Upreg-
ulation of LPL activity may be responsible for the lower plasma triglycerides
in athletes43 and persons on a higher-fat diet.44 Kiens et al.42 demonstrated
that switching from a dietary fat intake of 43% to 54% of energy for 4 weeks
was associated with an 80% increase in muscle LPL activity and a 57%
increase in resting muscle triglyceride stores.

Only one study has examined the effects of diet on intramuscular triglycer-
ide resynthesis after exercise and involved endurance activity. Consumption
of a low-carbohydrate, high-fat (68% of energy) diet for 24 hours following a
120-minute cycling bout significantly increased muscle triglyceride stores
above pre-exercise levels and to a greater extent than an isocaloric high-car-
bohydrate, low-fat (5% of energy) diet.36 The significant increase in intramus-
cular triglycerides after 24 hours of a high-fat diet was probably mediated via
stimulation of LPL activity induced by exercise and the high-fat nature of the
diet. The need to provide dietary fat after exercise and the impact on perfor-
mance is unknown.

2.5.3 Practical Guidelines

In addition to effects on performance and body composition, recommenda-
tions for dietary fat should also consider the potential impact on blood lipid
profiles and therefore cardiovascular disease risk. A diet that emphasizes
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PUFA and MUFA, especially fish oil, has definite advantages over a diet rich
in SFA in terms of cardiovascular disease. When either PUFA or MUFA are
substituted for carbohydrate in the diet, there are improvements in total cho-
lesterol, LDL cholesterol, HDL cholesterol, and triglycerides.45,46 These
“healthy” fats should account for the majority of fat in an athlete’s diet. The
optimal amount of fat in the diet is controversial, and research in this area for
strength athletes is not available. If fat is derived from unsaturated sources,
extremely high intakes do not result in adverse blood lipid responses; in fact
triglycerides are actually improved.44 An intake of between 30 and 40% of
total energy intake is probably a good place to start if the majority of these
calories are from unsaturated sources, especially if weight gain is a goal of the
resistance training program. Rich sources of PUFA are most vegetable oils,
nuts and seeds, peanut butter, and fatty fish. Rich sources of MUFA are
canola oil, olive oil, olives, macadamia nuts, and avocados.

2.6 Other Nutritional Concerns

2.6.1 Weight Gain/Weight Loss

If weight maintenance is desired, total energy intake should match energy
expenditure. A stable body weight is strong evidence that adequate energy is
being consumed. In order to increase lean body mass, energy intake must be
greater than energy input. A moderate increase in caloric or energy intake
(300 to 500 kcal/day), primarily from protein and unsaturated fat, while
simultaneously decreasing aerobic training volume is recommended. If
weight loss is a goal, caloric intake should be decreased by approximately 300
to 500 kcal/day. Protein intake may need to be increased in order to maintain
a positive nitrogen balance. High glycemic index carbohydrates should be
minimized to help keep insulin low and fatty acid mobilization and oxida-
tion elevated. Resistance training workouts should be performed in addition
to moderate amounts of aerobic exercise to enhance energy expenditure.
Small frequent meals are recommended over large infrequent meals. More
frequent meals allow for more complete absorption and fewer episodes of
hypoglycemia in susceptible persons.

2.6.2 Dietary Supplements

Although nutrition is the cornerstone of a strength athlete’s training pro-
gram, dietary supplements may be useful as well. Once an athlete has
obtained a sound nutritional program, there may be some advantage to using
a daily multivitamin/mineral supplying levels at the RDA. Since strength
training relies heavily on phosphocreatine as an energy source, creatine
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supplementation may provide a way to enhance the intensity of individual
workouts3,47,48 and the adaptations to a resistance training program.49 Creat-
ine supplementation is discussed in detail in Chapter 8.

2.7 Summary

For the athlete engaged in daily strenuous intermittent exercise sessions,
optimal nutrition is an extremely important component of the training pro-
gram. The optimal diet for an athlete involved in resistance exercise should
contain adequate carbohydrate, protein, and fat to meet the energy and tissue
remodeling needs imposed by the training. Incorporating creatine supple-
mentation into the athlete's nutritional plan may also enhance the quality of
training sessions and improve exercise performance. Consuming a diet with
adequate protein, carbohydrate, and fat and incorporating the GI into the
daily eating plan allows the athlete to take advantage of the physiological
and hormonal responses elicited by ingestion of dietary nutrients. Protein
requirements are the least controversial and should supply between 1.5 and
2.0 grams per kilogram body weight per day. For athletes training multiple
times per day, there may be a relatively greater need for carbohydrate to
replace glycogen. Incorporation of these nutritional strategies will strengthen
the foundation on which athletes build their entire training paradigm. Exper-
imentation is the only way to find the ideal ratio of macronutrients for each
person. There is always an adaptation period that occurs with any dietary
change. Thus, allow enough time to accurately assess the efficacy of a change
in diet, preferably at least 2 to 3 weeks.
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3.1 Introduction

 

In order to support ongoing bodily processes, such as active transport mech-
anisms, endocrine secretions, anabolism, and circulation, the human body
requires a continuous supply of potential energy. The latter, obtained from
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the foods we consume, is ultimately converted into a usable energy form
(ATP) as a result of the process known as bioenergetics. Once ATP is synthe-
sized, this high-energy phosphate can provide usable chemical energy for
mechanical work or other noncontractile functions. Because ATP is an inter-
mediate in a cell’s energy exchange process, this phosphagen can be thought
of as a molecule for capturing and transferring G (free energy).

The uninterrupted need for ATP regeneration is pronounced whenever the
body’s physiology deviates from homeostasis, as during physical exercise.
Thus, whenever humans sustain a run, swim, or engage in a resistive-type
workout, the phosphorylation of adenosine diphosphate, ADP, must be pos-
itively modulated in order to meet the heightened contractile demands of the
exercising muscles. The resulting increase in energy exchange within the
working muscle fiber cells depletes the body’s potential energy stores, as
exercise mechanical work is only possible through the conversion of stored
chemical potential energy into the former. Consequently, those who engage
in regular physical exercise must make sure to balance their energy output
with adequate dietary energy input in order to carry out normal tissue
growth, repair, and maintenance.

Energy intake by an athletically inclined population is required not only for
replenishing purposes but also to support any required (anabolic) processes
conducive to exercise adaptations. For example, people undergoing endur-
ance-type training will convert food into energy to be used for replication of
mitochondrial protein, myoglobin, and capillary beds, as well as replete
catabolized protein when amino acids are required as an auxiliary fuel
source. Those dedicated to resistive-type training will need replication of
myofibrillar protein in order to support the anabolic stimulus known to
accompany chronic resistive exercise.

The purpose of this chapter is to discuss the energy demands of those who
rely primarily on resistive training as the conditioning modality to enhance
athletic performance. Examples of such individuals include track and field
throwers, Olympic weightlifters, bodybuilders, and powerlifters. Focus will
be placed on the energy-yielding nutrients (carbohydrates, proteins, and
fats), and consideration will be given to nutrient demands based on: (a) reli-
ance during training or participation, and (b) nutrient requirements for
adaptations.

 

3.2 Metabolic Profile of a Resistive Training Bout

 

In order to appreciate the nature of the nutrient blend during physical exer-
cise, the metabolic profile of the specific exercise must be identified. For
example, during submaximal (steady-state) exercise (running, cycling at 40%
VO

 

2

 

max), ATP regeneration can be adequately achieved by oxidation of fat
and carbohydrate stores.

 

1

 

 However, when this exercise is performed at high
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intensity (non-steady state), the relatively slow activation and rate of energy
delivery through oxidative phosphorylation cannot fully meet the energy
requirements of muscle actions.

 

1

 

 Given these circumstances, anaerobic
energy delivery becomes the fundamental mechanism to support ongoing
muscle actions. Although the above statements have been classically used to
address the metabolic characteristics of rhythmic, uninterrupted exercise,
during a typical resistive training session, reliance on the latter is also appli-
cable. That is, weight training is an activity in which the ATP/CP system
(alactic anaerobic) as well as glycolysis (lactic anaerobic) are likely to support
the required ATP resynthesis—the reason being that they have faster rates of
caloric yield (kcal·min

 

–1

 

) when compared to those of the oxidative pathways.
For instance, according to Brooks et al.,

 

2

 

 the maximal 

 

power

 

 (kcal·min

 

–1

 

) for
the immediate energy sources (ATP and CP) is 

 

≈

 

 36, whereas the nonoxida-
tive (anaerobic glycolysis) value is 16. For the oxidative energy source (sub-
strate = glycogen) the rate is 10.

 

2

 

 The difference observed within the
anaerobic systems in terms of rate of ATP resynthesis suggests that the rapid
utilization of CP may buffer the momentary lag in energy provision from gly-
colysis.

 

1

 

 This point exemplifies the critical importance of CP at the onset of,
for example, a set of supine bench presses. Without substantial hydrolysis of
CP at this time, the probability for force output to be quickly impaired is very
likely. Nevertheless, the expeditious rates of ATP synthesis provided by the
anaerobic energy systems are probably required when resistive training is
done for athletic conditioning purposes. During conditioning, performers
must produce very high muscular forces in a ballistic fashion during work-
outs that may exceed 60 minutes. In order for these voluntary efforts to be
carried out, the myosin cross-bridges require a continuous and fast exposure
to ATP, which can only be brought about by a fast-yielding pathway with
ample substrate to operate.

 

3.2.1 Reliance on Carbohydrates

 

Although depleted high-energy phosphates (ATP, CP) may be replenished
between sets of weight training exercises, during high-intensity lifting,
anaerobic glycolysis may eventually become the primary means of regener-
ating ATP. During structured, serious training, continuous recruitment of
muscle may prevent the full repletion of the limited ATP and CP stores, thus

 

forcing

 

 reliance on the anaerobic degradation of carbohydrates. Therefore, as
the exercise bout duration increases, the contribution of glycolysis to ATP
regeneration rises, as CP regeneration remains incomplete. This observation
is supported by a large body of evidence suggesting that muscle glycogen
rather than phosphocreatine or stored ATP is the predominant fuel for high-
intensity exercise of short duration

 

3–5

 

 including resistance training.

 

6

 

 A sus-
tained reliance on glycolysis will have implications (to be discussed later)
regarding the importance of adequate glycogen intake and stores for success-
ful performance during training.
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3.2.2 Reliance on Fats

 

While the energy density of simple fats (triglycerides) is higher than that of
carbohydrates (9 kcal·g

 

–1

 

 for palmitic acid vs. 4 kcal·g

 

–1

 

 for glucose), fats are
used to a lesser extent as fuel during resistive training.

 

7

 

 A fundamental rea-
son to explain this observation is that the individual fatty acid (FA) constitu-
ents can only be degraded through mitochondrial respiration. Since resistive
exercise has traditionally been labeled as 

 

anaerobic

 

 in nature, the use of FAs as
a significant substrate is arguable. Also, while FAs provide more ATP per
molecule than glucose (129 from palmitate vs. 38 from glucose), in order to
produce the equivalent amount of ATP, the complete oxidation of FAs
requires more oxygen (and thus, more time) than the oxidation of carbohy-
drates. For example, to completely degrade one molecule of 6-C glucose
through oxidative phosphorylation only 6 molecules of oxygen must be
expended; for 16-C palmitic acid, 23 molecules of oxygen are consumed.
Given that fats can only be metabolized aerobically, and that during their oxi-
dation a lower extent of ATP is produced per unit of time, it may be con-
cluded that significant reliance on FAs as a substrate during mostly
anaerobic, fast ATP-demanding tasks is unlikely and perhaps, illogical.

Consider also the various steps that must be taken in order to oxidize lipids
during exercise. For the sake of simplicity, use of extramuscular triglycerides
will be considered. First, peripheral lipolysis must be stimulated in order to
promote the breakdown of stored triglycerides and the subsequent mobiliza-
tion into circulation of the released FAs. Once in the bloodstream, FAs must
be carried to the target tissue, exercising skeletal muscle, and then transported
across the capillary–muscle interface. Within the sarcoplasm, FAs must be
activated and translocated across the mitochondrial membrane. Inside the
organelle, the pathways of 

 

β

 

-oxidation and the TCA cycle will completely oxi-
dize the substrate, and the resulting reduction of electron carriers (FADH

 

2

 

,
NADH) will promote ATP synthesis via oxidative phosphorylation.

The first stage in this process, the mobilization of lipids, plays a key role in
the subsequent regulation of FA utilization.

 

7

 

 During an intense weightlifting
session, the resulting increase in blood lactate concentration, and accompany-
ing hydrogen ion accumulation, is likely to inhibit lipolysis and promote the
esterification of FAs to triglycerides.

 

8

 

 This will certainly compromise the sup-
ply of FAs to blood and the muscle cells and their contribution as a fuel during
this kind of exercise. Second, lipolysis within peripheral triglyceride stores
(adipocytes) is a process that requires upregulation of the enzyme HSL (hor-
mone sensitive lipase). This enzymatic modulation occurs through the cyclic
AMP second messenger mechanism, activated by blood epinephrine, or by
norepinephrine released by local sympathetic nerve endings. Due to the non-
continuous nature of resistive training, peripheral, and perhaps intramuscu-
lar, lipolysis may be insufficiently upregulated to result in enhanced blood FA
supply. Since the flux of FAs from blood into muscle depends on the blood FA
concentration, their extent of mitochondrial oxidation may also be affected in
response to limited blood, and eventually, intramuscular accumulation.
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3.2.3 Reliance on Proteins

 

Although the main function of dietary protein is its contribution of amino
acids to various anabolic processes, protein is also catabolized for energy.

 

9

 

 In
well-nourished individuals at rest, protein metabolism contributes between
2 and 5% of the body’s total energy requirement. During exercise, much of
the information regarding protein metabolism has been derived from nitro-
gen balance

 

10–12

 

 and urinary excretion measurements.

 

13–16

 

 These methods,
however, do not provide information about the effects of exercise upon the
rates and regulation of amino acid oxidation/protein synthesis during and
after exercise.

 

17

 

 In order to address this concern, stable isotope (primarily,
L-[1-

 

13

 

C]) traced studies performed on experimental animals and, more
recently in humans, demonstrate that the oxidation of particular amino acids,
including essential amino acids such as leucine, is increased in proportion to
the increase in VO

 

2

 

 during prolonged submaximal exercise.

 

18

 

 However, the
contribution of amino acids in supplying fuel to any appreciable extent is rel-
atively small (approximately 5 to 15% during aerobic activity)

 

18,19

 

 as long as
the dietary energy supply is adequate.

 

20

 

The quantitative importance of protein metabolism during resistive exer-
cises has only recently been investigated. Tarnopolsky et al.

 

17

 

 utilized contin-
uous L-[1-

 

13

 

C] leucine infusion during a typical 60-minute resistive training
session that consisted of 9 exercises: 3 sets of 10 repetitions of each exercise at
70% of one repetition maximum (1 RM). The authors observed no change in
whole-body leucine oxidation during the exercise or for 2 hours of recovery.
As suggested by Lemon,

 

21

 

 these results are likely due to the fact that strength
exercise is so intense that a major portion of the necessary energy must be
derived via anaerobic metabolism rather than via oxidative pathways.
Although studies replicating these findings are needed, these data support
the conclusion of Astrand and Rodahl

 

20

 

 that, at least with strength/power
exercise, protein/amino acids contribute very little to exercise fuel.

 

22

 

3.3 The Role of Carbohydrates for Resistive-Type Athletes

 

Although a decrease in blood glucose is not normally associated with a resis-
tance training session,

 

23–25

 

 a significant decrease in muscle glycogen has been
reported after resistance exercise

 

24,26–28 

 

and other forms of high-intensity
intermittent exercise.

 

4,5,29

 

 For example, MacDougall

 

24

 

 et al. have reported a
25% reduction in muscle glycogen after 3 sets of biceps curls to failure, while
Tesch et al.,

 

26

 

 found a 26% reduction in glycogen stores of the vastus lateralis
after a multiple-bout resistance exercise session. In a follow-up investigation,
Tesch et al.,

 

27

 

 showed glycogen decrements in the same muscle of up to 40%
over 3 exercise bouts performed at 30, 45, and 60% 1 RM, respectively (5 sets
of 10 knee extensions). These results are supported by the earlier work of
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Robergs et al.,

 

28

 

 who demonstrated that 6 sets of leg extensions performed at
70 and 35% of 1 RM decreases muscle glycogen by 39 and 38%, respectively.
Clearly, these investigations demonstrate that muscle glycogen is an impor-
tant fuel source during weight training activities.

 

30

 

 If muscle glycogen levels
become limiting, the potential ergogenic effect of a high-carbohydrate train-
ing diet may only be derived from an increase in the storage of muscle
glycogen prior to the start of the next training bout. With a bigger fuel
compartment, the performer may be able to withstand longer, more intense
sessions, and thus, achieve a better training effect. This may be the reason
why it is common practice for athletes involved in resistive-training pro-
grams to ingest carbohydrate beverages with the intent of enhancing their
performance.

 

31

 

3.3.1 Carbohydrate Supplementation and Exercise Performance

 

Although the importance of muscle glycogen as an energy source during
endurance exercise is well documented,

 

32–36

 

 published research on the effect of
carbohydrate ingestion on the performance of resistance-training exercise is
very limited. One of the first studies addressing this question was done by
Lambert et al.

 

31

 

 In their investigation male subjects were fed either a placebo
or a 10% glucose polymer beverage (1 g·kg

 

–1

 

) immediately before and also
between the 5th, 10th, and 15th sets of a weight training session. The subjects
performed repeated sets of 10 repetitions with 3 minutes of recovery separat-
ing the sets. Subjects tended to do more total repetitions (149 vs. 129, P = .056)
and more total sets (17.1 vs. 14.4, P = .067) when they consumed the carbohy-
drate beverage than when they drank the placebo. Their results suggested that
glucose polymer ingestion tends to increase performance during multiple-
bout (approximately 15 sets) resistance exercise.

A study by Haff et al.

 

30

 

 had subjects participate in a double-blind protocol
in which a carbohydrate supplement (0.3 g·kg

 

–1

 

) or placebo (P) was ingested
during a morning session, a 4-hour recovery period, and an afternoon session
with sets of squats performed to exhaustion. Performance measured in num-
ber of sets, repetitions, and duration was statistically different between the
carbohydrate and the P group. The authors concluded that carbohydrate
supplementation enhances the performance of multiple sets to exhaustion
during the second workout of a given day.

Recent research by Conley

 

37

 

 as cited by Haff et al.

 

30

 

 has indicated that car-
bohydrate supplementation before and during weight training does not sig-
nificantly improve performance when executing sets of squats to failure.
Conley

 

37

 

 suggested that the shorter duration of his workout (35 minutes) may
have accounted for the lack of performance increase from carbohydrate
ingestion since glycolysis may become a limiting factor when the substrate is
lacking. Apparently, under the current experimental conditions, 35 minutes
was not enough time to induce significant depletion of on-site glycogen
stores. In the investigations where carbohydrate feeding seemed to have
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played a role in performance,

 

30,31

 

 workout durations were 77 and 56 minutes,
respectively.

 

3.3.2 Carbohydrate Restriction and Exercise Performance

 

As opposed to supplementation, Leveritt and Abernethy

 

38

 

 investigated the
effect of a carbohydrate restriction program (CRP) on squat (3 sets at 80%
1 RM until failure) and isokinetic knee extensions (5 sets of 5 repetitions) per-
formance. The CRP consisted of 60 minutes of cycling at 75% peak cycling
VO

 

2

 

 (PVO

 

2

 

) followed by four 1-minute bouts at 100% PVO

 

2

 

, followed by
2 days of reduced carbohydrate intake (1.2 ± 0.5 g·kg

 

–1

 

·d

 

–1

 

). Subjects per-
formed the exercises under no experimental intervention and after the 2-day
CRP. Squat repetitions were significantly reduced after the CRP; however,
isokinetic torque measures were not significantly different from the control
measurements at any of the five contractile speeds tested (1.05, 2.09, 3.14,
4.19, and 5.24 rads·s

 

–1

 

). The authors explained such results based on the inten-
sity and duration associated with each exercise modality. In contrast to the
relatively short duration of the isokinetic exercise (periods of 3 to 15 seconds),
the squat exercise involved 3 bouts of near maximal muscular contraction
lasting approximately 30 seconds each. The capacity of anaerobic pathways
to support ATP regeneration during maximal exercise implies that glycogen
metabolism would be much greater during the longer-lasting squat exercise.
The authors concluded that the CRP may have compromised squat perfor-
mance due to lack of substrate available for anaerobic glycolysis.

 

38

 

It should be noted that the mechanism underlying the resulting shift in per-
formance (or lack of

 

37

 

) in response to carbohydrate supplementation

 

30,31

 

and/or restriction

 

38 

 

is not clear because intramuscular glycogen was not mea-
sured in these investigations. Thus, whether muscle function paralleled
changes in muscle carbohydrate storage cannot be answered by the reviewed
literature. Also, protocol differences and methods employed have combined
to make estimations of 

 

potential

 

 glycogen depletion difficult when attempting
to compare these studies

 

30,31,37,38 

 

among themselves, or with those just docu-
menting depletion in response to exercise.

 

24,26–28

 

 Moreover, none of the above
supplementation studies have assessed lifting performance during a 

 

real-life

 

,
complete weight training session. Appreciation of the significant differences
in training volume (sets 

 

×

 

 reps), intensity (% RM), rest intervals, etc.,
employed by the athletes this chapter deals with, raises the question of a
carry-over effect of present results to the weight room.

Additional research investigating the effect of carbohydrate restriction on
strength performance is equivocal and may be because this effect is depen-
dent on the type of strength tests used.

 

38

 

 For example, an investigation by
Grisdale et al.

 

39

 

 had subjects perform a one-leg ergometry exercise to
deplete muscle glycogen stores in that leg. Even though a high-carbohy-
drate diet replaced muscle glycogen within 24 hours, the ability of the pre-
viously depleted leg to sustain repeated 25-second intervals of isometric
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concentrations at 50% maximal effort (90-second rest intervals) remained
impaired relative to the leg that was not glycogen depleted. Thus, results
showed that the residual adverse effect of prior exercise on performance of
high-intensity efforts 24 hours later was not caused by inadequate glycogen
availability during the second exercise task. While the previous authors
tested isometrically, a study by Symons and Jacobs

 

40

 

 showed that neither
electrically evoked muscle force production nor maximal isokinetic strength
and endurance was marred by several days of a low-carbohydrate diet
(meals contained 8 to18% carbohydrate), when muscle glycogen was
reduced by 36%. Until more consistent experimental designs are developed
and tried, the association between carbohydrate restriction and resistive
performance will remain elusive.

 

3.3.3 Carbohydrate Requirements of Resistive-Trained Populations

 

There is sufficient evidence to show that carbohydrate consumption immedi-
ately before and during endurance exercise can prolong exercise duration

 

41–43

 

and increase work output

 

44–46 

 

for a given duration. Although the previous
review addressed carbohydrate supplementation (or restriction) during
resistive activity, the fact remains that for this kind of exercise, the ergogenic
efficacy of pre-exercise muscle glycogen stores and carbohydrate consump-
tion is less clear.

 

47

 

 In addition to a lack of investigations, protocol differences
and methods employed make interpretation of the various results difficult.
However, as mentioned above, there is ample evidence pointing to the fact
that skeletal muscle glycogen loss is evoked by resistive exercise

 

24,26–28 

 

imply-
ing that carbohydrate availability may become a limiting factor during such
exercise. Like endurance athletes, those relying on resistance exercise to
improve performance may experience significant glycogen loss in the weight
room. The questions now become: (a) how much is needed for day-to-day
replenishment of muscle glycogen, and (b) what is the best way to achieve
this goal?

 

3.3.4 Optimizing Glycogen Recovery After Exercise

 

Given the importance of muscle glycogen in prolonged endurance perfor-
mance,

 

48

 

 several reviews have addressed the optimal dietary regimen for
replenishment following exhaustive exercise.

 

49–51

 

 This information has led
to methods of achieving glycogen 

 

supercompensation

 

52

 

 in order to achieve an
ergogenic effect from glycogen storage overload. These regimens have
proven effective in increasing glycogen stores to high values consistent
with good endurance exercise performance.

 

48,52

 

 For the strength-trained
athlete, however, the concern is how to replenish muscle glycogen follow-
ing intense weight lifting in order to have ample substrate for upcoming
training sessions.
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After exercise that is of sufficient intensity and duration to deplete the mus-
cle glycogen stores, the activity of glycogen synthase is increased.

 

53

 

 This
enzyme is rate-limiting in the glycogenesis pathway and its activity is upreg-
ulated when muscle glycogen levels are low.

 

47

 

 Given this association, a low
post-exercise glycogen concentration can catalyze the rapid restoration of
glycogen only if adequate substrate is available. This availability is possible
only if glucose transport across the plasma membrane is facilitated. It hap-
pens that following a bout of heavy exercise, the membrane’s permeability
for glucose is increased due to the insulin-like effects of muscle contraction.
Recognition that contractions induce GLUT-4 translocation through a sepa-
rate, insulin-independent mechanism,

 

54

 

 together with the activation of glyco-
gen synthase, allows for an initial rapid, insulin-independent resynthesis of
muscle glycogen following exercise. The increased permeability for glucose
induced by a contraction-signaling pathway reverses rapidly in the absence
of insulin.

 

53

 

 This is compensated by a marked increase in the muscle’s sensi-
tivity to insulin, which remains elevated for a long time, perhaps until glyco-
gen supercompensation has occurred.

 

55,56

 

Regardless of the increase in glycogen synthase activity, the muscle cell’s
permeability to glucose, and the muscle’s sensitivity to insulin, full repletion
of glycogen following a bout of intense exercise is not possible in the absence
of carbohydrate feeding after exercise. The latter probably stimulates glyco-
genesis by increasing plasma insulin and glucose concentrations. Unless suf-
ficient carbohydrate is ingested, a day-to-day glycogen depletion–repletion
balance may not be obtained between resistive training bouts, nor will efforts
to supercompensate stores

 

53 

 

be successful.
The time period between cessation of a training bout and the consumption

of a carbohydrate supplement will significantly influence the rate of muscle
glycogen resynthesis.

 

57

 

 A carbohydrate supplement in excess of 1 g·kg

 

–1

 

 body
weight needs to be taken immediately after exercise and should be repeated
every 2 hours for 6 hours.

 

48,58

 

 When supplements are administered in this
fashion, a high rate of resynthesis (5 to 6 

 

µ

 

mol·g

 

–1

 

 wet weight·h

 

–1

 

)

 

57–59

 

 is main-
tained for approximately 2 hours before decline begins as the blood glucose
and insulin levels do the same.

 

57

 

 Nevertheless, this protocol seems to maxi-
mize glycogen rate of storage for up to 6 hours after exercise.

Increasing the amount of carbohydrate consumption above 1.0 to 1.5 g·kg

 

–1

 

body weight appears to provide no additional benefit, and may have the
adverse effect of causing nausea and diarrhea.

 

53

 

 Also, glucose or its polymers
are more advantageous than those composed primarily of fructose. However,
endurance athletes should also ingest some fructose because it may be better
than glucose for replenishing liver glycogen.

 

60,61

 

 As reviewed by Coyle and
Coggan,

 

62

 

 numerous studies have reported that consumption of liquid or
solid carbohydrates 

 

during

 

 exercise can improve endurance performance.
When compared to carbohydrate consumed for glycogen replenishing pur-
poses immediately 

 

after

 

 exercise, similar results have been obtained. None-
theless, liquid supplements are recommended because they are easier to
digest and less filling, and provide a source of fluid for rehydration.

 

53
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Finally, athletes should realize that if they are achieving the dietary goal of
58% of calories from carbohydrates they might already be consuming what is
needed to replace muscle glycogen on a day-to-day basis. For example, if an
athlete requires 4000 kcal per day for caloric balance (energy intake) and 58%
is derived from carbohydrates, then 2320 kcal (0.58 × 4000), or 580 grams of
carbohydrate, will be consumed. This quantity is consistent with what is
needed to restore muscle glycogen to normal levels 24 hours after strenuous
exercise (500 to 700 grams).60,61,63

3.4 The Role of Protein for Resistive-Type Athletes

Increased physical training appears to increase the protein needs of partici-
pants regardless of the nature of the exercise (resistive vs. endurance) when
this need is contrasted with that of sedentary counterparts.64 Previous
investigations65,66 have suggested that in order to maintain nitrogen balance,
highly trained endurance athletes should exceed the current protein RDA of
0.8 gm/kg BW per day. If endurance athletes require more dietary pro-
tein/amino acids, the most probable causes for the increased need would be
to cover the loss of amino acids oxidized during exercise22 and to provide
additional raw materials to replace any exercise-induced muscle damage,
especially when the exercise has a large eccentric component.67 For the
strength/power athlete, the most probable cause for the increased need
would be to provide supplemental raw materials to enhance muscle protein
synthesis.22 While protein breakdown generally increases only modestly with
exercise, muscle protein synthesis rises markedly following both endurance
and resistive-type exercise.9 Thus, increasing the availability of amino acids
from increased dietary protein could promote an accelerated rate of muscle
protein synthesis if this practice is done in combination with chronic resistive
exercise. In essence, a bigger amino acid supply may support the anabolic
stimulus known to accompany chronic resistive exercise. Although probably
not as important, protein supplementation may also cover the increased
amino acid loss as a consequence of amino acid oxidation during exercise.22

3.4.1 Protein Supplementation and Exercise Performance

For many years athletes have taken amino acid supplements in an attempt to
increase muscle mass, strength, and ultimately performance. These supple-
ments have been highly touted as safe and effective alternatives to anabolic
steroids for building muscle mass.68 Given the tremendous pressure to excel
in competition, numerous studies have evaluated the specific benefits of pro-
tein and/or amino acid supplementation on strength, body composition, and
also on measures of human growth hormone (GH) activity.64 Recent claims
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suggest that amino acid supplements, particularly arginine, stimulate the
release of GH. Once released, this hormone can induce a number of effects on
the body including growth of tissues and organs through enhanced protein
synthesis.68 Thus, the stimulation of GH by arginine may have an anabolic
effect on muscular development. However, results of published studies have
failed to establish a definite conclusion regarding the effects of this hormone
because control of all the variables known to affect blood levels of GH is
extremely difficult. For example, release of GH from the anterior pituitary
occurs in a pulsatile nature which varies greatly throughout a 24-hour period
due to the influence of various provocative stimuli. The latter include factors
such as diet composition, body fatness, age, and exercise.64 Not to be over-
looked is the potential change in the hormone’s response to exercise as the
participant adapts to it.69 Finally, while intravenous infusion of arginine has
been demonstrated to induce secretion of GH,70,71 oral administration may
not sufficiently elevate plasma arginine levels to facilitate this response.68

Given the array and complexity of issues related to evaluating the effects of
GH, it is understandable that the results reported in the literature to date pro-
vide no consistent information.64

3.4.1.1 Amino Acid Supplementation and Muscle Function

Walber-Rankin et al.72 found no evidence of arginine supplementation
(0.1 g·kg–1·body weight–1 administered twice daily) affecting the amount of
lean or fat tissue lost during a hypocaloric diet combined with a weightlifting
program. The authors saw no effect of supplement consumption on blood
arginine or GH whether the subjects were in energy balance or energy deficit.
Additionally, results of this investigation showed that neither body composi-
tion nor muscle function (tests of isokinetic peak torque) were altered by the
amino acid supplement. Contrary to the above investigation, Elam et al.73

reported significant improvement in total strength performance and lean
body mass in a group of men taking an arginine/ornithine supplement (2 g
each ornithine and arginine daily) compared to those taking a placebo after 5
weeks of strength training. However, these results are difficult to interpret
since no baseline measurements (body composition, strength parameters)
were made and nonexercised control groups were not used. Thus the
strength changes due to the resistive-training program with supplement or
placebo cannot be determined or compared.72 Gater et al.68 reported signifi-
cant improvements in 1 RM measurements (bench press, squat, deadlift) over
a 10-week period of resistive training. Nonetheless, no significant effects
were noted for arginine/lysine supplementation (132 mg·kg–1). Results by
Hawkins et al.74 did not support any value of oral arginine supplementation
(1.0 g arginine·kg–1·day–1) in a group of 13 experienced male weight lifters.
Subjects were divided into experimental and placebo groups during a 10-day
low-calorie diet period. Following such period, postassessment of muscle
function (isokinetic peak torque and endurance) revealed no effect for the
type of supplement.
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3.4.1.2 Amino Acid Supplementation and Growth Hormone Levels

Since a primary objective of amino acid supplementation is to induce the
release of GH, and hopefully to promote anabolism of myofibrillar protein
content of skeletal muscle, a number of studies have examined the effect of
oral amino acid supplements on GH release. For example, an investigation by
Fry et al.75 examined the effect of high-volume Olympic weightlifting
and amino acid supplementation on GH levels. The subjects in question were
28 elite junior weightlifters participating in a national training camp. The
supplementation doses were as follows: 2.4 g amino acids prior to daily
meals (3 doses per day) and 2.1 g of branched-chain amino acids along with
L-glutamine and L-carnitine prior to each workout. Statistical analyses did
not reveal a significant change on resting or post-exercise GH levels. The
study presented above by Gater et al.68 also failed to show GH release in
response to arginine supplementation. Apparently, the supplementation
dose (132 mg/kg BW) used in that study was insufficient to stimulate GH
release as indicated by unchanging levels of its messenger, insulin-like
growth factor-1 (IGF-1).68 Data from Lambert et al.76 and Fogelholm et al.77

also showed failure of commercial amino acid supplements on GH blood
concentration in male bodybuilders and weightlifters, respectively. As stated
above, it seems that rigorous control of the variables known to affect GH lev-
els makes it very difficult to design studies aimed to assess the biological
effects of this hormone on muscle mass and, more important, the perfor-
mance of resistive-trained athletes. The problem is exacerbated when such
factors as diet, type of training, or % fat are combined within an experimental
design or differ in combination and/or manipulation among experiments.
For example, Isidori et al.78 found that an orally administered supplement of
arginine with lysine (1.2 mg each) significantly increased GH levels. How-
ever, when each amino acid was administered by itself, GH levels did not
show an increase. These results suggest that the effects of amino acids on GH
release may not be due to specific amino acids but to specific combinations.64

3.4.2 Protein Requirements of Resistive-Trained Populations

The very high protein intakes and the prevalence of amino acid supplemen-
tation common to strength athletes79–81 indicates that athletes readily accept
the link between muscular development and increased dietary protein22

without scientific verification. Although there are some recent scientific data
consistent with this idea, the issue of exercise effect on protein need is
extremely complex, but there continues to be no consensus among sport
nutritionists.21 Lemon attributes the existing controversy, in part to the limi-
tations of the measurement techniques used (complete or partial nitrogen
balance and radio/stable isotopic metabolic tracers) and the established tra-
dition that exercise has minimal effects on protein metabolism.22 Butterfield82

has also criticized many nitrogen balance studies of athletes because
researchers failed to provide adequate energy intake, calories,82 or they did
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not allow for an adequate period of adjustment to the diet and training
regimen.64

Regardless of confounding arguments, several investigations attest to the
fact that the current protein RDA (0.8 g·kg–1·day–1) is inadequate for persons
participating in intense resistive exercise. For example, Tarnopolsky et al.11

estimated that in order for strength athletes to achieve nitrogen balance, the
protein intake should be 1.4 g·kg–1·day–1 compared to 0.89 g·kg–1·day–1 for
sedentary controls. The authors estimated that protein intake for persons
engaged in resistive training should be 1.76 g·kg–1·day–1, which is more than
twice the RDA for men.64 This RDA is higher than the 1.2 g·kg–1·day–1 previ-
ously reported by the same group.65 Subsequently, whole-body protein syn-
thesis was elevated when athletes participating in a resistive-training
program increased their protein intake from 0.86 to 1.4 g·kg–1·day–1. This
increment in protein synthesis was not associated with an increase in amino
acid oxidation. Further increases in protein intake to 2.4 g·kg–1·day–1

resulted in no additional increments in whole-body protein synthesis but
induced an increase in amino acid oxidation, indicating a protein overload
at such value. Amino acid oxidation also increased in sedentary controls
who had protein intakes of 1.4 and 2.4 g·kg–1·day–1. This suggests that at a
protein intake of 1.4 g·kg–1·day–1, the amino acids consumed in excess of
needs were removed from the body via oxidation in the sedentary subjects
but were used to support an enhanced protein synthesis rate in the strength
group.21 With time, the latter should lead to increases in muscle mass, and
potentially strength, if there is simultaneous inclusion of an adequate resis-
tive training stimulus.

Walberg et al.12 provided two groups of bodybuilders with different pro-
tein intakes (0.8 vs. 1.6 g·kg–1·day–1) and hypoenergy diets (18 kcal/kg) for a
7-day period. Throughout this period the diet higher in protein was consis-
tently associated with a positive nitrogen balance, whereas the lower intake
produced values that were generally negative.

Similar to Walberg et al.,12 Lemon et al.10 compared protein intakes of 2.62
vs. 0.99 g·kg–1·day–1 in novice bodybuilders during the first month of train-
ing. Based on nitrogen balance data and linear regression methodology, these
investigators concluded that the protein requirement was 1.5 g·kg–1·day–1 and
the recommended allowance (requirement + 2 SD) should be 1.7 g·kg–1·day–1.
This last value is consistent with that obtained by Tarnopolsky et al.11

(1.76 g·kg–1·day–1) for strength athletes.
Fern et al.83 compared protein intakes in bodybuilders assigned to either

3.3 vs. 1.3 g·kg–1·day–1. Results showed significantly greater gains in body
mass over 4 weeks of training at the higher protein intake. Metabolic tracer
data indicated that protein synthesis increased with training regardless of
diet; however, with the higher protein intake the increase in synthesis was
fivefold greater. This observation is of considerable importance because it
appears to be the first documentation that a protein intake of approximately
four times the RDA, in combination with strength training, can promote
greater muscle size gains than the same training with a diet containing
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adequate protein.22 Unfortunately, amino acid oxidation also increased 150%
on the higher intake, which suggested that the optimum protein intake was
also exceeded.21

3.5 Recommendations

The fact that glycogen seems to be an important fuel source during weight
training exercises,24,26–28 may explain why it is common practice for athletes
involved in resistive-training programs to ingest carbohydrate beverages
with the intent of enhancing their performance.31 However, support for the
use of carbohydrate supplements for the latter purpose remains elusive, as
the ergogenic efficacy of enhanced pre-exercise muscle glycogen stores and
carbohydrate consumption is less clear.47 Nevertheless, the trend of the cur-
rent literature points to a carbohydrate intake above that of a normal diet for
athletes involved in high-volume, high-intensity lifting. This recommenda-
tion may benefit athletes currently engaged in this type of training routine, as
these variables (volume and intensity) are primary determinants of carbohy-
drate use during exercise.84 For athletes who perform prolonged and intense
resistance exercise, carbohydrate feeding may prevent acute glycogen loss,
allowing them to maintain a given exercise intensity for a longer period of
time.31 This is likely to promote a better training stimulus along with
increased performance. Those involved in rigorous training should consume
sufficient carbohydrate to limit overtraining decrements due to chronic gly-
cogen depletion.27

If resistive athletes decide to adopt a carbohydrate supplementation regi-
men, attention should be paid to the time period between cessation of a train-
ing bout and the consumption of the supplement. In order to stimulate a high
rate of glycogen resynthesis, a carbohydrate supplement (liquid or solid) in
excess of 1 g·kg–1 body weight (not to exceed 1.5 g·kg–1 body weight) needs to
be taken immediately after exercise57 and should be repeated every 2 hours
for 6 hours.48,58 Finally, resistance-trained athletes should realize that if they
are achieving the dietary goal of 58% of calories from carbohydrates they
might already be consuming what is needed to replace muscle glycogen on a
day-to-day basis.

There is evidence to support that athletes engaged in resistance training
appear to benefit from increased protein intakes over the RDA during peri-
ods of resistive training. The increases in lean body mass as well as its main-
tenance may be achieved with regular training provided that the dietary
intakes of protein and energy are adequate to meet protein requirements.64

However, of critical importance is the observation from tracer studies11,83 that
the efficacy of dietary protein appears to plateau somewhere between 1.4 and
2.4 g·kg–1day–1.22 This is consistent with the recent nitrogen balance data10–12

which suggests that the protein intake of strength/power athletes should be
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about 1.7 to 1.8 g·kg–1·day–1 (225% of the current RDA). However, the issue of
exercise effect on protein need is extremely complex, and there is still no
absolute consensus.21 Additionally, investigations supporting extremely high
protein diets83 customarily consumed by strength/power athletes are very
limited. Thus, at this time there is no good evidence that such high protein
intakes (>2 g kg–1·day–1) are either necessary or beneficial.

It appears that the increased protein needs can be met via appropriate food
selection without consuming expensive protein supplements.21 Results of
previous investigations have failed to establish a definite conclusion regard-
ing the use of oral protein/amino acid supplements by individuals involved
in resistive training72 because these products do not seem to have an effect on
blood arginine,72 GH,68,72,75–77 or muscular performance.68,72,74 The variability
in GH responsiveness may be explained by the difficulty in controlling the
known stimuli (diet composition, body fatness, age, and exercise) affecting
the release of this hormone. This presents a challenge in designing studies
attempting to clarify the interrelationships among those influencing vari-
ables and muscular performance.
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4.1 Energy Metabolism

 

In order to understand how best to meet dietary needs for vitamins and min-
erals in any type of activity, it is first important to determine whether the
activity is primarily nonaerobic, anaerobic, aerobic, or combinations thereof.
Many misconceptions about nutrition and exercise can be traced directly
back to a poor understanding of energy metabolism. Not all dietary practices
are appropriately used for all types of activities. It is now clear that the con-
cept of specificity of nutritional practice, as has been recognized for some
time in types of exercise, needs to be applied to nutrition as well.

 

1 

 

It is further
acknowledged that differences in dietary needs exist between women and
men and that dietary practices should be specifically recommended to take
this into account.

 

2

 

In general, short-term and highly intense activities are nonaerobic and do
not depend greatly on anything other than stores of ATP immediately avail-
able in the exercising muscle.

 

3

 

 Dietary regimens adopted by the exerciser
would therefore have little effect on energy availability. When exercise con-
tinues for 1 to 3 minutes, always considering that intensity will change time
frames, an activity stresses the lactic acid system with a high reliance on car-
bohydrate stores for energy production. Should activity progress further to
at least 5 minutes, the activity is characterized as aerobic metabolism and,
while carbohydrate stores are necessary for the process to continue, the mus-
cle can now use fat and protein for energy production. While the contribu-
tions of fat and carbohydrate are somewhat understood, the amount of
energy delivery from protein is still not clear. It is thought that a person who
exercises aerobically uses protein during exercise to a greater degree than one
who exercises anaerobically. Strength training can generally be classified in
the anaerobic spectrum of energy delivery. A thorough explanation of resis-
tance training is found in Chapter 1.
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4.2 Introduction to Vitamins and Minerals

 

4.2.1 General

 

The discovery of vitamins early in the 20th century marked the beginning of
one of the most dynamic eras in the study of nutrition. However, it was soon
apparent that controversies, which have continued to the present, had just
begun. The first two vitamins were known to be “vital amines.” It was then
found that not all of these “vital” substances were amines, and it was also
noted that there were different chemical structures within the general cate-
gory of a particular “vitamin.” This was only the beginning.

Vitamins are organic compounds which are classified as micronutrients
because they are needed in very small amounts in comparison to the macro-
nutrients carbohydrate, protein, fat, and water. They are essential to the diet
and act, for the most part, as regulators of many different metabolic pro-
cesses.

 

4 

 

Vitamins are generally unrelated chemically and have widely vary-
ing physiological effects. Since most of the processes regulated by vitamins
are found in energy delivery, it is easy to understand how the use of supple-
ments can be thought to enhance athletic performance. However, describing
a role of vitamins in metabolic processes is quite different from attributing
ergogenic, or performance enhancing, effects to their use.

Minerals can be classified as macrominerals and microminerals.

 

5,6

 

 While
the definition of terms is sometimes problematic, the importance of minerals
for normal metabolism and nutrition is significant. They interact to maintain
body fluid electrolyte balance, maintain flow properties of body fluids, main-
tain integrity of teeth and bones, maintain normal cell activity, and they act
as cofactors. Their uses are integral to normal physiologic functioning of the
body, but the amounts needed are very small.

 

4.2.2 Vitamin and Mineral Supplement Industry

 

Currently in the United States, vitamins and minerals are certainly some of
the most used and abused supplements, not only by athletes, but also by the
general population. Among athletes, these supplements are particularly mar-
keted to those who engage in weightlifting, bodybuilding, and any other
sport or activity that can be characterized as resistance training. The individ-
uals who weight train and bodybuild have been particularly targeted by the
multibillion dollar supplement industry.

 

7

 

 Great effort, along with a consider-
able amount of money, is spent on marketing and advertising vitamin and
mineral supplements which promise shortcuts to good diet and hard work.
It should be noted at this point that vitamins and minerals do not provide
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“energy” as it is measured in the scientific sense. However, the majority of
marketing claims for benefits of supplements use the term.

There is no question that vitamin and mineral deficiencies will negatively
affect performance and the activities of daily living. However, there is no evi-
dence to suggest that athletes who consume adequate calories from a nutri-
tionally balanced diet have deficiencies.

 

8 

 

Studies have repeatedly shown that
vitamin and mineral supplementation over long periods of time has no effect
on any test of physical performance.

 

9,10

 

Although rare, deficiencies may exist. The most common mineral defi-
ciency in athletes is iron. Athletes who participate in resistance training
where reductions in body weight are rapid and who place themselves on low
energy or calorie intake diets may consider a modest level of vitamin/min-
eral supplement.

 

11

 

 However, megadoses of vitamins and minerals along with
the ingestion of other substances whose effects on the human body are
unknown is unwarranted.

With little regulation from the federal government, as supplements are
classified as “foods,” thus circumventing the requirement of scientific proof
of effects, manufacturers are free to claim almost anything they wish. The
vast majority of performance claims are anecdotal with little or no scientific
evidence to support effects or actual need for supplementation in healthy
individuals. Additionally, although the individuals who strength train
spend billions of dollars on supplements, the effects of these products in this
particular population of athletes have rarely been studied. Far more infor-
mation is available for those who participate regularly in endurance or aer-
obic activities.

Grunewald et al.

 

12

 

 conducted a survey of 624 supplements targeted for
bodybuilding athletes. Over 800 separate claims were made to suggest
enhancement of athletic performance. Additional claims suggested improve-
ment in mental function, sexual vigor, reduction of cancer risk, cholesterol
levels, blood pressure control, and antioxidant effects. The majority of all
claims were not supported by peer-reviewed research. The vitamin and min-
eral supplements were most commonly (57%) sold as “packs” for “multiple
needs” of the athletes. The fact that none of the “needs” has been established
scientifically was overlooked. Although the published literature generally
does not support performance-enhancing, or ergogenic, effects of vitamin and
mineral supplements, the claims continue to be made. The individuals pur-
chasing the supplements are buying a dream more than a reality. The result is
that strength-trained athletes have allowed themselves to be used as human
guinea pigs in a monumental experiment, and they have personally paid bil-
lions of dollars for the privilege. A human subjects committee at any research
institution in this country would never approve this type of experiment.

Another survey conducted by Philen et al.

 

13

 

 focused on a much more seri-
ous problem than questionable performance claims. In advertisements in 12
magazines, 89 companies were identified that produced 311 products. Only
78% of the products listed ingredients. However, many of the ingredients that
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were listed have shown no effects in humans whatsoever, and these included
such items as plant and insect steroids, substances known to induce cyanide
poisoning, and hormones whose origins were unknown. Vitamin doses were
frequently not given; in some instances they were many multiples of the
RDA, to suggest that these were pharmacological or drug-like doses. Toxico-
logical information could not be found for 139 ingredients. Many of the prod-
ucts contained unusual and unidentifiable ingredients; no one has any idea
what effect these have on human metabolism. Considering the fact that indi-
viduals who strength train and bodybuild go to such great effort to improve
the appearance of their bodies, it is unclear why they would consume huge
quantities of substances whose internal effects on human physiology have
not been identified. Again, the experiment is of enormous proportions, and
the assumption of risk by athletes who allow themselves to be used as
research subjects is clear. The advertising claims certainly support the goals
and aspirations of the individuals who consume the supplements; however,
the science does not.

 

4.2.3 Weight Gain and Weight Loss Practices

 

The most common strategy used to enhance weight gain and muscle growth
by individuals who strength train, weightlift, and bodybuild is overfeeding.

 

14

 

Ironically, only 30 to 40% of this weight gain is typically fat-free mass, as most
of the “bulk” gained is fat.

 

14

 

 The energy intake of these individuals who try
to “bulk up” tends to be high, between 4000 and 6000 kilocalories per day.

 

15,16

 

Therefore, it would be expected that nutrient intake would not be a problem.
However, this is not the case. Overnutrition is frequently followed by severe
dieting practices, particularly in the sport of competitive bodybuilding.

 

17

 

These dietary practices are followed by both males and females and span
wide age ranges. Although the scientific literature is clear in showing that
severe caloric restriction results in loss of lean body mass and muscle tissue,
a commodity that bodybuilders spend a considerable amount of time
enhancing, the facts have little effect on individual athlete’s choices.

Energy or caloric intake needs to be adequate to meet not only the require-
ments for basal metabolism, which is the greatest need for calories and thus
energy intake in the body, but activity must also be covered. While it is not
known what the long-term effects are of severe weight loss for short periods
of time over a lifespan, there are recommendations for safe weight loss regi-
mens which should be followed (Appendix E). However, safe programs are
seldom considered by resistance-trained athletes because such programs
tend to be too slow; the athletes in these types of activities want the weight
loss to be very rapid. There is an additional concern that these weight loss
practices might impair normal growth in adolescents,

 

17,18

 

 a group which
increasingly participates in strength training and bodybuilding.
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4.2.4 Dieting Risks and Vitamin and Mineral Deficiencies in 
Strength-Trained Females

 

Female athletes who bodybuild or strength train and who follow severe diet-
ing practices aimed at weight loss are at particular risk. In general, the major-
ity of women 19 to 50 years old in the United States show that they consume
levels of iron, calcium, magnesium, zinc, vitamin B6, vitamin A, and folacin
below the Recommended Dietary Allowance (RDA) even though 6 out of 10
women take supplements in addition to their normal diet.

 

19

 

 Thus, it is clear
that proper information about nutrition is needed more than the consump-
tion of dietary supplements. It is recognized that intakes below the RDA do
not necessarily indicate deficiency states. The RDAs are allowance levels for
large population groups and are intentionally set slightly higher than known
amounts to cover the needs of almost everyone within a specific category.

 

20

 

With respect to strength-trained athletes, vitamin and mineral supplements
are very commonly used, but deficiencies can coexist with restricted food
intake

 

21

 

 and with inadequate knowledge about sound dietary practices. The
reports of deficiencies appear to be specific to the groups investigated, but it
is usually recognized that, as seen in the general population, female athletes
of all types usually have low intakes of calcium, iron, and zinc.

Vitamin and mineral supplements are more commonly used by females
who bodybuild and weight train than by men who participate in the same
activities.

 

22

 

 However, when nationally ranked elite bodybuilders had their
nutritional status evaluated, even though all females supplemented their
diets, they still failed to consume adequate amounts of vitamin D, calcium,
zinc, copper, and chromium.

 

23

 

 Their diets tended to be repetitive and monot-
onous. It is clear that even with the use of vitamin and mineral supplements,
adequate amounts of key nutrients may not be consumed and knowledge
about proper nutrition is lacking.

 

4.2.5 Supplement Use

 

Of all of the practices followed by athletes who resistance train, the use of
vitamin and mineral supplements is most acute in this group. Various studies
have attempted to note the use of these substances; an extensive review by
Bazzarre

 

24 

 

has provided considerable insight. Anderson et al.

 

17

 

 noted in-sea-
son bodybuilder use of multivitamins (51%), vitamin C (46%), vitamin D
(32%), B-complex vitamins (28%), calcium (33%), and potassium (30%). Oth-
ers have noted vitamin and mineral supplement use in female competitive
bodybuilders (100%

 

25

 

), female bodybuilders (100%,

 

23

 

 50%

 

26

 

), male body-
builders (90%,

 

23

 

 63%,

 

27

 

 20%

 

26

 

) and male Olympic weightlifters (100%

 

28

 

).
Weighted mean supplement consumption in decreasing level of prevalence
was thus 100% for weightlifters and 69% for bodybuilders, the highest levels
found in a 15-sport review.

 

29

 

 Weightlifters state that food intake is not as
important as the use of supplements.

 

28
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4.2.6 Information Sources for Strength-Trained Athletes

 

Resistance-trained athletes tend to get their information from friends, former
competitors, health club staff members, magazines, books,

 

17,28

 

 coaches,

 

30

 

trainers,

 

31

 

 parents, and physicians.

 

32

 

 Notably absent from all self-reported
influences concerning vitamin and mineral supplementation are sport nutri-
tionists, the only professional group with the appropriate knowledge and
training to make recommendations, and exercise physiologists, the only pro-
fessional group specializing in the study of human performance. Credible
sources of information abound in the sport nutrition and exercise physiology
literature. The reader is directed to several selected texts

 

33–38

 

 and web sites
(Appendix F).

 

4.2.7 Reasons for Supplement Use

 

Vitamin and mineral supplements are most often used as ergogenic aids, sub-
stances which are thought to enhance performance.

 

29

 

 The scientific evidence
thus far has overwhelmingly disputed this fact. It has been stated over and
over again that there are no ergogenic effects of vitamin and mineral supple-
mentation.

 

39–43

 

 However, this repeated pronouncement has been virtually
ignored by the individuals who strength train. Another reason resistance-
trained athletes use vitamins and minerals is that they believe these sub-
stances supply energy

 

44

 

 and build muscle. While vitamins are involved in
energy metabolism, they do not supply energy, nor do they supply the mate-
rials that will build tissue. The use of vitamin and mineral supplementation
by athletes to enhance performance, supply energy, and build muscle can be
characterized as a modern-day myth of astronomical proportions.

 

4.3 Vitamins

 

4.3.1 Introduction

 

It has previously been stated that vitamins and minerals, in general, do not
enhance performance. However, this has not stopped strength-trained ath-
letes from being major consumers of these products. Herewith follows a list-
ing of the vitamins and minerals thought to be involved in resistance-exercise
performance. While the needs of those who exercise in an endurance mode
have been studied, there is a general lack of information related to those who
resistance train. It is certain that a chapter such as this will not dissuade ath-
letes from supplementing with vitamins and minerals; however, the informa-
tion is presented so the athlete may understand where pharmacological or
drug dosages may exist and at what level toxicity may be anticipated
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(Table 4.1). Very few recommendations have been made for resistance-
trained athletes; included in Table 4.1 are recommendations for competitive
strength-trained athletes from a single source.

 

45

 

Many sources have clearly stated that healthy individuals should obtain
their nutrient intakes from dietary sources and not from supplements.

 

46,47

 

 It
has also been stated that vitamin and mineral supplements do not enhance
performance in individuals with adequate dietary intakes (Appendix F).
Extensive literature reviews refute ergogenic claims while pointing to flawed
research study design.

 

48,49 

 

The potential exists that positive effects have been
reported in humans who had deficiency states before the study.

 

48,49

 

 However,
many athletes, both recreational and competitive, still believe that perfor-
mance is enhanced with supplements, and they continue to believe that it is
imperative to consume them in large quantities. Therefore, information will
be presented here on vitamins and minerals that are frequently included in
supplements and which might be deficient in the diets of resistance-trained
athletes. The information presented on individual vitamins and minerals has
been adapted from numerous sources.

 

4,7,8,11,21,33–38,41,42

 

 However, the reader is
directed specifically to Reference 37, a sport nutrition source highly regarded
for its in-depth information.

 

4.3.2 Fat-Soluble Vitamins

 

Fat-soluble vitamins are so named because their absorption and transport is
associated with lipids. These vitamins are also stored in lipids within the
body. The four currently recognized are vitamins A, D, E, and K.

 

4

 

4.3.2.1 Vitamin A

 

Vitamin A is also known as retinol, an alcohol, and retinal, an aldehyde; the
vitamin may be formed in the body by its precursor carotene (a carotenoid).
There are numerous forms, which are chemically related. Functions within
the body include maintaining proper vision, immune function, nervous func-
tion, bone integrity, growth, and skin integrity. Deficiency states in the United
States are rare. Some signs and symptoms of inadequate stores include anor-
exia, immune deficiencies, growth difficulties, and night blindness. Toxic
side effects of megadoses have been noted as hypervitaminosis A. The symp-
toms may include anorexia, skin conditions, hair loss, dizziness, muscle and
bone pain, eye infections, headache, and damage to internal organs.

Since it is known that this vitamin may be used in synthesis of muscle
proteins

 

50

 

 and glycogen, it is speculated that aerobic exercise and muscle
mass increase may be affected by supplementation. It has not, however, been
shown that deficiency or enhanced intake affect endurance performance.

 

51

 

There is no evidence that supplementation has any beneficial effect on per-
formance. It has been shown that bodybuilders may take 60,000 IU in the
weeks just prior to competition,

 

52

 

 although 50,000 IU has been listed as the
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TABLE 4.1  

 

Vitamins and Exercise

 

Vitamin DRIs
Minimum 
Toxic Dose Toxic Side Effects Exercise Function Marketing Claims

Competition 
Recommendations

 

45

 

A F–800 mg RE-RDA
M–1000 mg RE-RDA

10 

 

× 

 

the RDA Bone and muscle pain, 
anorexia, organ 
damage, hair loss

Maintain vision, resist 
infection

Improve vision, 
improve immunity

2.8–3.8 mg

D Adults–200 IU-AI
51-70y–400 IU-AI
>70-600 IU-AI

Unclear-2000 IU/day if 
prolonged

Calcification of soft 
tissue, hypertension, 
anorexia, weakness, 
death

Bone growth and 
development

Build stronger bones None

E F–8 mg and M–10 mg

 

α

 

-tocopherol equiv. 
RDA

800 mg-3.2 g Muscle weakness, 
fatigue, GI distress, 
double vision

Cell integrity, muscle 
metabolism

Increased endurance, 
improved 
performance

20-30 mg

K F–60-65 mcg-RDA
M–70-80 mcg-RDA

Natural Forms–no 
toxicity

Synthetics–membrane 
destruction

Oxidation of 
membrane 
phospholipids; 
infants–anemia, 
jaundice

Normal blood clotting Aids injury recovery None

B

 

I

 

Thiamin
F–1.1 mg-RDA
M–1.2 mg-RDA

Oral intake<500 mg 
no toxicity

Headache, weakness, 
interferes with other B 
absorption

Carbohydrate 
metabolism, nervous 
system function

Increased energy, 
endurance, 
performance; 
decreased fatigue

2.5–4.0 mg

B

 

2

 

Riboflavin
F–1.1 mg-RDA
M–1.3 mg-RDA

None reported None reported Respiration and energy 
release

Increased energy, 
endurance, 
performance; 
decreased fatigue

4.0–5.5 mg

B

 

3

 

Niacin
F–14 mg-RDA
M–16 mg-RDA

1g/day may produce 
side effects

Flushing @ 10 mg; liver 
injury, skin and GI 
problems

Respiration and energy 
release carbohydrate 
and fat metabolism

 Increased energy, 
endurance, 
performance; 
decreased fatigue

20 mg



 

82

 

N
utrition and the Strength A

thlete

 

B

 

6

 

Pyridoxine
1.3 mg DRI-RDA
F>50y-1.5 mg
M>50y-1.7 mg

Not clear; 500 mg/d 
associated with 
neurotoxicity

Degeneration in spinal 
cord, peripheral 
nerves; myelin loss

Protein and amino acid 
metabolism; RBC 
formation

Increased energy, 
endurance, 
performance; 
decreased fatigue

7–10 mg

B

 

12

 

Cobalamins
2.4 mcg-RDA
>50y-increase

No clear toxicity Allergy; liver damage RBC development, 
maintains nervous 
tissue

Increased energy, 
endurance, 
performance; 
decreased fatigue

4–9 mcg

Biotin 30 mcg-AI None reported None reported Amino acid metabolism, 
glycogen synthesis

Increased energy, 
endurance, 
performance; 
decreased fatigue

None

Folic Acid 400 mcg DFE >0.4 mg = 
pharmacological dose, 
5000 mcg masks B

 

12

 

 
deficiency

Insomnia, malaise, 
irritability, GI distress, 
zinc deficiency

Cell regulation, RBC 
formation

Increased energy, 
endurance, 
performance; 
decreased fatigue

None

Pantothenic 
Acid

5 mg-AI None reported; 100 mg 
increases niacin 
excretion

GI distress and 
diarrhea

Energy metabolism Increased energy, 
endurance, 
performance; 
decreased fatigue

None

C
Ascorbic Acid

60 mg Not clear; 2 g/d 
associated with 
diarrhea

May exacerbate 
existing conditions

Tissue repair, resistance 
to infection

Infection and illness 
protection, rapid 
injury recovery

175–200 mg

 

Legend: AI — Adequate Intakes

 

4

 

, Competitor — Recommendations made by Rogozkin

 

45

 

, DFE — Dietary Folate Equivalents, DRIs — 1997-1998 Dietary Reference
Intakes

 

4

 

, Exercise Function and Marketing Claims — Adapted from Aronson

 

62

 

, F — Female, g — gram, IU — International Units, M — Male, mcg — microgram,
mg — milligram, Minimum Toxic Dose — Adapted from Groff and Gropper

 

4

 

, RE — Retinol Equivalents

 

4

 

, RDA — Recommended Dietary Allowances

 

20

 

, Toxic Side
Effects — Adapted from Aronson

 

62

 

 and Groff and Gropper

 

4

 

, y — years

 

TABLE 4.1  (CONTINUED)

 

Vitamins and Exercise

 

Vitamin DRIs
Minimum 
Toxic Dose Toxic Side Effects Exercise Function Marketing Claims

Competition 
Recommendations
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range for a minimum toxic dose (Table 4.1). Megadoses may produce toxic
and undesirable effects.

 

36

 

 Vitamin A intake is usually adequate in developed
countries and frequently exceeds RDAs in athletes. It is suggested that no
supplements of preformed vitamin A should be used to avoid toxicity. How-
ever, although no improvement in performance has been noted by supple-
mentation, an intake of 1000 RE from animal food sources or fortified food
products should “probably” be recommended to all strenuously exercising
athletes.

 

53

 

4.3.2.2 Vitamin D

 

Vitamin D represents a class of compounds, stored in body fat, which were
shown to cure rickets. Functions within the body include interactions with a
wide variety of cells and actions similar to hormones, but the most common
association is with bone development, growth, and mineralization. Deficien-
cies include the development of rickets in children, bone abnormalities due
to impaired calcium absorption in adults, muscle weakness, and muscle
spasms. Exposure to natural sunlight prevents deficiencies for most individ-
uals. The level of vitamin D intake associated with safety still remains
unclear, while it is known that this vitamin interacts with calcium, phospho-
rus, vitamin K, and iron. Toxicity is noted with the development of kidney
stones and calcification in soft tissue, hypertension, anorexia, nausea, renal
failure, damage to the heart and lungs, damage to joints, and death.

Vitamin D helps maintain bone strength and mineralization through regu-
lation of calcium and phosphate metabolism. It has been noted that female
bodybuilders might completely exclude vitamin D from their diets due to
their complete elimination of dairy products.

 

22

 

 However, exposure to sun-
light may ameliorate some effects of decreased intake. No improvement in
performance has been noted by supplementation.

 

54

 

4.3.2.3 Vitamin E

 

Vitamin E represents eight compounds, vitamers, whose richest sources are
in plants. The most widely identified function of this vitamin is as an antiox-
idant which helps stabilize cell membranes. Deficiency states in humans are
rare. Toxicity does not seem to be a problem unless there is a defect in the abil-
ity of the blood to coagulate. Large doses have occasionally been reported to
cause fatigue, weakness, gastrointestinal upset, nausea, diarrhea, flatulence,
and vision problems.

There is considerable interest in muscle damage associated with high levels
of exercise, and it is attractive to speculate that antioxidants such as vitamin
E will have cellular effects. It has been shown that vitamin E supplementation
may affect the rate of repair of skeletal muscle damage in older subjects who
train eccentrically.

 

55

 

 Since toxicity is rare and vitamin E also has protective
effects for the cardiovascular system, use is not precluded as a prophylactic
measure. However, there are no known effects on the improvement of
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muscular strength, muscular endurance, or power. Nor has it been shown
that supplementation of vitamin E will enhance performance or hasten exer-
cise recovery.

 

56

 

4.3.2.4 Vitamin K

 

Vitamin K is a coenzyme and represents several compounds found primarily
in plants and synthesized in the human gut by bacteria. The most widely rec-
ognized function of this vitamin is as an aid to the normal clotting of blood.
Deficiencies in normal adults are unlikely. When deficiencies do occur, they
are often associated with antibiotic use. It is noted, however, that while defi-
ciency may be rare, less than optimal intake in older adults may exacerbate
atherosclerosis and osteoporosis. Toxicity is only noted in infants.

Recovery from injury would be supported by adequate amounts of vitamin
K in the diet. However, there is no clear association between vitamin K and
exercise; as a result there has been no research. Supplementation is com-
pletely unwarranted.

 

57

 

4.3.2.5 General Statements about Fat-Soluble Vitamins

 

Vitamin and mineral supplements are generally safe unless large doses are
consumed, and caution should be used in self-administered megadose ther-
apy where the supplement achieves pharmacological status. Since vitamin
and mineral supplements are more commonly used by females, some atten-
tion needs to be given to safety of their use. Fat-soluble vitamins are generally
more toxic than water-soluble vitamins, and recent information indicates
several concerns.

 

58–61 

 

Two fat-soluble vitamins are associated with high dos-
age problems. Vitamin A intoxication has commonly been reported at levels
of approximately 25,000 IU·d

 

–1

 

. Some of the symptoms of toxicity include
abdominal pain, anorexia, blurred vision, headache, drowsiness, muscle
weakness, nausea, and vomiting. Vitamin E seems to have no side effects
unless 300 IU·d

 

–1

 

 is exceeded. Symptoms of toxicity include nausea, fatigue,
headache, elevation of serum lipids, and double vision; high intakes also
interfere with vitamin K activity.

 

59

 

4.3.3 Water-Soluble Vitamins

 

With the exception of vitamin C, water-soluble vitamins are members of the
B complex. Their general functions fall into two broad categories: those that
affect energy metabolism and those that affect the formation and function of
blood. The vitamins categorized as energy related are thiamin (B

 

1

 

), riboflavin
(B

 

2

 

), niacin (B

 

3

 

), pantothenic acid, biotin, and vitamin B

 

6

 

. The vitamins asso-
ciated with blood and its function are folic acid, vitamin B

 

12

 

, vitamin B

 

6

 

, and
pantothenic acid. Other functions of the aforementioned vitamins which are
important for health are synthesis of sugars and electron transport sub-
stances (B

 

1

 

), nerve and membrane conduction (B

 

1

 

), synthesis of fatty
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acids (B

 

3), steroid hormone and cholesterol synthesis (B3), synthesis of DNA
precursors (B3), oxidation of glutamate (B3), synthesis of numerous com-
pounds related to amino acid metabolism (B6), metabolism of carbohydrate
and fat (B12), and DNA synthesis (folic acid).4

There have been no studies to date to support the notion that increased or
megadoses of vitamins and minerals will have ergogenic or performance-
enhancing effects on individuals with adequate vitamin and mineral intake.
These recommendations have been published for quite some time.62 There-
fore, a detailed discussion of all of the water-soluble vitamins is not war-
ranted. However, it has been noted through research that the dietary
practices of some resistance-trained athletes may produce marginal defi-
ciency states. Only those water-soluble vitamins will be considered here.

Bodybuilders frequently follow dietary regimens, usually associated with
competition, which may lead to restriction in energy intake, and thus low lev-
els of certain nutrients have been reported due to the quest for a very low fat
diet. Repetitive diets with limited food choices characterize many precompe-
tition diets.26,63 Concomitantly, micronutrient intake may become inadequate.
Low intakes were found for vitamins A,23,64 D,25,64 E,25,64 C,23,65 B1,

64,65 B6,
23 B12,

25

and folate,23,25 generally in women. Generally speaking, male competitors in
the same types of events have adequate energy intake, thus they tend to con-
sume adequate amounts of micronutrients. It is known in other areas that
females in general consume too little B6.19 The fact remains, however, that
nutrient status is difficult to assess.66 Since the fat-soluble vitamins have
already been reviewed, the reader is directed to the previous section for this
information.

4.3.3.1 Vitamin C

Vitamin C, ascorbic acid, is a strong chemical reducing agent that stimulates
a number of enzymatic reactions involved in biosynthesis. It is known as a
strong antioxidant against free radical compounds. Vitamin C also aids in
non-heme iron absorption.67

Additional functions within the body include synthesis of collagen connec-
tive tissue, neurotransmitters, serotonin, carnitine, catecholamines, steroid
hormones, conversion of cholesterol to bile acids, and others. Links have
been established in the prevention of cardiovascular diseases, cancers, and
cataracts. Reportedly there are exercise effects which include immune func-
tion stimulation,68 fatigue and soreness reduction, and free radical damage
protection.69 The effects of exercise on the reduction of the vitamin C pool in
the body is unknown.70

Deficiency states are characterized by abnormal bleeding of gums, capillar-
ies, and joints, along with poor healing of wounds, fatigue, and abnormal
psychological states. In the extreme, scurvy develops. Increased intake is fre-
quently recommended for strenuous exercise. Megadoses of 1000 to 2000 mg
can cause nausea, abdominal cramps, diarrhea, and other adverse symptoms.



86 Nutrition and the Strength Athlete

Large doses are also linked with iron loading, decrease in B12 availability, and
formation of urinary stones.

Effects of vitamin C would be more pronounced in endurance activities;
however, reports of improvement of physical performance have been equiv-
ocal. They have ranged from improved performance to no effect at all. When
methodological problems related to the studies are eliminated, it appears that
vitamin C supplements have no effect on strength.65,66 However, improved
performance is to be expected in vitamin C-deficient individuals. It is known
that some resistance-trained athletes, particularly bodybuilders,23 may not
have adequate intake, so their health would be improved by dietary changes
or modest supplementation.

4.3.3.2 Vitamin B1—Thiamin

Thiamin functions as a coenzyme crucial in carbohydrate metabolism.4 Defi-
ciency could impair aerobic metabolism at the cellular level along with the
impairment of hemoglobin formation. Little research has been done with
respect to thiamin effects on exercise. Although it has been recommended
that there is a need for increased B1 in those who exercise, the level recom-
mended is low enough to be met by increased food intake.

Deficiency states produce muscle weakness, fast heart rates, anorexia,
enlargement of the heart, and swelling of tissues. The most widely known
syndrome associated with deficiency is beriberi. A particular form of defi-
ciency is associated with excessive intake of alcohol. There seems to be little
danger of toxicity associated with oral intakes of 500 mg/day. No studies link
enhanced physical performance with elevated levels of thiamin intake.

4.3.3.3 Vitamin B6

Vitamin B6 is a series of compounds found primarily in muscle and inte-
grated into the release of glucose from glycogen.4 As a cofactor, it participates
in numerous cellular reactions related to energy metabolism Theoretically,
severe deficiency would impair energy release in the body along with hemo-
globin synthesis.67 Intake may stimulate growth hormone production.
Results of performance enhancement with elevated intake are equivocal.

Deficiencies are rare but marginal deficiencies could exist in women and the
elderly. Toxicity, although a limited problem, is characterized by neurological
disorders and can be found at intakes exceeding 200 mg/day–1. No evidence
exists that elevated intake will improve resistance performance.70 However,
any deficiency in the B complex vitamins will impair performance.73

4.3.3.4 Vitamin B12

Vitamin B12, cobalamin, is involved with the formation and function of red
blood cells.4 Thus, all demands of oxidative metabolism are related to ade-
quate B12 status. Much mythology, therefore, has surrounded B12 intake.
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Aerobic capacity is only enhanced when frank deficiencies, as found in cer-
tain anemias, exist.70 The widespread consumption of supplements and use
of injections is completely unwarranted in most cases.

Since B12 is only found in animal products, vegetarians are constantly tar-
gets as possibly being at risk of low intake. However, most vegetarians are
intelligent enough to know that sources exist in eggs, fermented cheeses, dry
milk, milk, and milk products. Although toxic effects are not of great concern,
no reports of enhanced performance in resistance-trained athletes who ele-
vate their intakes have been reported.73

4.3.3.5 Folic Acid (Folate)

Folic acid, folate, is a coenzyme important in energy metabolism and in red
blood cell formation.4 While some have suggested that current recommenda-
tions have been seriously underestimated74 and that all adults should con-
sume supplements, the needs and potential deficiencies of athletes are
unknown. It is known that overconsumption may mask pernicious anemia.
There are no known studies assessing folic acid supplements on performance
of any type.70 Therefore, recommendations cannot be made.

4.3.3.6 Antioxidants

A current topic of interest to those who exercise is the effect of antioxidant
vitamins on cellular repair and recovery.75–78 While antioxidants are of pri-
mary concern to those who exercise aerobically and thus turn over high
amounts of oxygen at the cellular level, contractions used in resistance train-
ing are also known to provoke muscle-damaging chemical reactions.75 The
antioxidants most commonly considered are vitamins C and E and beta car-
otene. However, many other nutrients, such as bioflavinoids, copper, cys-
teine, glutathione, lycopene, manganese, phytochemicals, selenium, and
zinc, have antioxidant properties.

To date, the scientific studies have produced conflicting results and a lack
of consensus among those who make recommendations for sport and exer-
cise nutrition.79 Antioxidants are not viewed as ergogenic aids but as supple-
ments that may help ameliorate the negative effects of training and
overtraining. Indiscriminate use is generally not justified, but a supplement
whose constituents did not exceed 100% of the RDA for any particular nutri-
ent would be acceptable to many sport nutritionists. An extensive review is
available in Reference 80.

4.3.3.7 General Statements about Water-Soluble Vitamins

Water-soluble vitamins were thought to be very safe, but this has proved
untrue in some cases. Pyridoxine (vitamin B6) is neuroactive and produces
symptoms of sensory neuropathy. The level shown to produce symptoms has
consistently been reported lower and lower in the literature and the toxicity
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threshold for some individuals might be as low as 300 to 500 mg/day–1. The
controversy over vitamin C continues, but several of the widely reported
effects have proved unfounded. Conditioned scurvy has not been substanti-
ated; oxalate kidney stones have not been seen; and vitamin B12 destruction
was probably an artifact of the test used to measure vitamin C. Effects that
have been substantiated include gastrointestinal distress (nausea, abdominal
pain, diarrhea) with doses as low as 1000 mg, probably due to the acidity, not
the vitamin itself; oxygen demand of tissue is increased, and problems may
ensue if one ascends altitude; dental enamel may be eroded if chewable tab-
lets are used daily; copper intake may be decreased; and, rarely, some indi-
viduals develop a rash showing delayed hypersensitivity allergy.81

4.4 Minerals

Mineral deficiencies and marginal intakes are more common than vitamin
deficiencies.63 In females and in males who live long enough, calcium is of
perpetual concern. It is also known that females, in general, do not consume
enough magnesium. Other minerals of concern, zinc and iron, are considered
in Chapter 5 of this book. Therefore, only calcium and magnesium will be
reviewed here.

4.4.1 Calcium

The most common mineral in the human body is calcium. An inevitable con-
sequence of aging is loss of bone, with the end result being osteoporosis, a dis-
order of epidemic proportions in the United States costing at least $14 billion
in health-care costs annually. Partly to blame may be the current trend of
Americans who attempt to reduce caloric and cholesterol consumption by
lowering their intake of dairy products, which contain the calcium that bones
need. Women who bodybuild follow the at-risk dietary behaviors. The loss of
calcium from the skeleton predisposes bone to fractures and compressions of
the spine, leading to deformity. It is possible that the concern for reducing risk
factors for cardiovascular disease may be increasing the risk for osteoporosis.
We are just beginning to understand that the integrity of bone requires a com-
plex integration of the hormones estrogen and testosterone, diet, and exercise
and that focusing on one parameter at a time is too simplistic.

Bone mineral describes bone mass and is measured by the amount of cal-
cium phosphate crystal present in bone.82 Bone mineral density describes the
amount of bone mineral found in a specific measured bone area.82 A dynamic
tissue, bone constantly adapts to the stresses placed on or removed from the
skeleton, but the process is long and slow.
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The highest bone density values are found in male weightlifters, thus sug-
gesting that there is also an interaction of muscle mass which places stress on
bone and forces it to adapt.83 It was thought for some time that “weight bear-
ing” exercise would be the best type of stimulus in the female to protect bone
integrity, which is compromised by age, immobility, corticosteroid use, and
premenopausal loss of the ability to produce estrogen. Heinrich and co-
workers84 found that weight training or resistance training may provide a
good stimulus for increasing bone mineral content due to increased muscle
weight. However, in general, the greatest bone densities are found in those
who resistance train.

The interactions of exercise, hormones, diet, and bone density are complex.
While it is not certain when the greatest bone mass is achieved, it is known
that bone is gained during adolescence, plateaus perhaps in the third decade
where it is somewhat stable (although decline has been observed) until
approximately age 50, after which there is a gradual and progressive loss.82 In
females, this coincides with menopause, and the loss of bone density within
the first 5 years after this event is dramatic.85 Thus, if a line were drawn
throughout a lifetime it would show progressive decline after the third
decade, with the angle of decline modified by diet, exercise, and hormone bal-
ance. While much attention has been placed recently on understanding how
to slow this loss, the fact remains that 75% of the variance may be hereditary
and only 20% may be modifiable by activity or strength interventions.82

It has been shown that diet has a strong effect on bone status since stress
fractures are more common in dancers with restrictive diets than in those
whose diets are more liberal.86 Exercise and load on the bone have a strong
association, and Dalsky has written a thorough review.87 The two factors may
compete in resistance-trained athletes. It is known that excess calcium can
create mineral imbalances. Zinc imbalance is an example.

In summary, it is known that bone density in males who resistance train is
high. Bone status in females is probably most affected by female estrogen
status. Diet and exercise are important. Therefore estrogen status should be
maintained in females as long as possible; calcium intake should be high
throughout their lifetimes; and females should adopt lifestyles that include
exercise—the exact type, frequency, intensity, and duration of which is yet
to be determined. Adults should consume between 1000–1500 mg cal-
cium/day–1 and 400–600 IU/day–1 vitamin D.88 The RDA is probably still too
low in recommending 800 mg/day–1 for women 25 to 50; the RDA for 19- to
24-year-old women is 1200 mg/day–1.20 If hormone replacement therapy can-
not or will not be considered, there are promising results from cyclic etidr-
onate, alendronate, risedronate, estrogen receptor modulators, Tamoxifen,
and salmon calcitonin.88

If both iron and calcium supplementation are chosen then it is important to
coordinate their consumption. Calcium carbonate should be used, and both
minerals should be consumed between meals. Calcium tends to inhibit non-
heme iron absorption when both are consumed in the same meal, but the
degree is unpredictable.89 Attention should be paid to the use of alkaline-pro-
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ducing foods to ameliorate the effects of bone loss and help maintain bone
mineral density.90 If weight loss is also desired, as happens in bodybuilding,
the athlete should follow the recommendations of the American College of
Sports Medicine (Appendix F), which suggests that caloric deficit be matched
equally with dietary caloric restriction and that weight loss be gradual.

4.4.2 Magnesium

Magnesium supplementation has been promoted as enhancing protein syn-
thesis, growth, muscle contractility, and strength.79 Research has been equiv-
ocal and has generally not supported these claims. Deficiency states will lead
to impaired performance,91 and it is known that Americans in general do not
consume adequate amounts. Some studies have reported enhanced strength
performance in untrained individuals with supplementation,92 while results
in other studies have been equivocal.79,93,94 While there is no great concern
about toxic effects, recommendations cannot be made until research is more
conclusive.

4.5 Dietary Supplement Definition and Concerns

The difficulty in making appropriate choices for the nutritional support of
exercise has been exacerbated by congressional legislation. In 1994 the
Dietary Supplement Health and Education Act was passed by the U.S. Con-
gress. Dietary supplements were defined as any product that contains a vita-
min, mineral, amino acid, herb, or other botanical; or a concentrate,
metabolite, constituent, extract, or combination of any of these ingredients. In
real terms this means that herbs and plants that contain pharmaceutical
agents or known drugs can be claimed by the manufacturer to be dietary sup-
plements. Only federally recognized “dangerous” drugs are excluded. Thus,
manufacturers have more freedom than ever to tout the efficacy of supple-
ments to improve performance, the safety and purity of their product, and
the “hint” of disease treatment without federal regulation, testing, or
approval.95 When people contact the Food and Drug Administration for help
in assessing the manufacturer’s claims, they are referred to the manufacturer
for information. The manufacturers do not have to provide scientific evi-
dence of their claims if they sell “dietary supplements.”

It is certain that the deregulation of this industry will lead to and has
already had disastrous consequences for the American public. The incidence
of gastrointestinal and pulmonary cancers is associated with chromium use.
Delayed development of cancer of the esophagus, a rare form of cancer
whose incidence is rising, coincides in time with the popularity of herbals
and megadose vitamins and minerals.96 The more than 60 reported deaths
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linked to the use of the “natural” amphetamine, ephedra, attest to the fact
that the concerns of sport nutritionists and exercise physiologists profes-
sional community are real. Since resistance-trained individuals are particular
targets of “hyped” and “glitzy” campaigns, it is imperative to proceed with
caution before they allow their bodies to become unregulated and unap-
proved experiments.

4.6 Summary and Recommendations

Many researchers in the field of sport and exercise nutrition suggest that ath-
letes who strength train do not need to rely on vitamin and mineral supple-
ments if they eat a good, well-balanced diet.95,97–99 There is no research to
support the concept that vitamin and mineral supplements help increase
muscle mass.99 Although it is unusual for athletes to have chronic vitamin
and mineral deficiencies,97 a deficiency should be properly diagnosed before
supplements are self-prescribed. If it is known, by appropriate evaluation,
that a diet is not well-balanced, a supplement that does not exceed 150% of
any particular RDA is acceptable.100 Therefore, the only support recom-
mended for resistance-trained athletes is weight gainers, meal replacement
products, and an occasional multivitamin/mineral supplement.95,101

The gain in muscle mass and muscle strength, so desired by those who
resistance train, appears to depend on a well-nourished individual who par-
ticipates in a well-designed program.98 While good program design may be
achievable with the contribution of Chapter 1 of this book, it is clear that
those who resistance train need much more education in proper nutritional
practices. When individuals consume too few calories and make poor food
choices, all the hard work in a well-designed program may be lost.63,102,103

Since the cost of supplements can exceed $400 a month,79 it is important to
know about efficacy of use. Care must also be taken to know the signs and
symptoms of toxicity.103 The information is out there; one who resistance
trains needs to seek it and incorporate it into daily living.
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5.1 Introduction

 

Trace minerals are those minerals stored in the human body in quantities of
5 grams or less. Thirteen trace minerals are considered essential for body
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functions. However, the role of only a few of these in resistance exercises has
been examined. This review will examine the role of four trace minerals: iron,
zinc, copper, and chromium, in resistance training as well as show the evi-
dence of nutritional and biochemical deficiencies among athletes who engage
in resistance training as a part of their conditioning programs. Limited data
for two other minerals, boron and vanadium, also will be discussed.

 

5.2 Iron

 

Of the essential trace minerals, iron has received the most attention by far
within the athlete population. Among the various roles of iron within the
body is its critical function in aerobic energy metabolism. Iron is a component
of hemoglobin (Hb), myoglobin, and serves as a factor for numerous
enzymes. Total body iron in healthy adults is normally in the range of 3 to
5 grams.

 

1

 

 Iron in the body that is not performing a functional role, approxi-
mately 30 to 40% of total body iron, is incorporated into the protein ferritin
for storage.

 

2

 

 Ferritin is located primarily within tissues of the liver, bone mar-
row, and spleen. A small amount of ferritin can be measured in the serum and
is an indicator of total body iron stores; 1 

 

µ

 

g/L indicates approximately 8 to
10 mg of storage iron.

 

3,4

 

 Mean serum ferritin concentration in men is roughly
three times higher than that of menstruating women due to much larger iron
stores in men.

 

3

 

5.2.1 Nutritional Iron Status

 

Current recommendations for iron intake by the Food and Nutrition Board
were published in 1989.

 

5

 

 The RDAs for adolescent and adult males are 12 and
10 mg Fe/d, respectively. Adolescent and nonpregnant adult females are rec-
ommended to consume 15 mg Fe/d, with the recommendation decreasing to
10 mg Fe/d in the 51+ age category. The extent of absorption of iron depends
upon current iron status and composition of the diet.

 

6

 

 An inverse relationship
exists between the iron status of the individual and the amount of iron that is
absorbed.

 

4

 

 Absorption of iron increases as body stores become depleted. Iron
in the diet can be in one of two forms, heme and non-heme iron. Food sources
of heme and non-heme iron consist primarily of animal and plant products,
respectively. Heme iron is a more absorbable form of iron than non-heme
iron. Also, unlike non-heme iron, the absorption of heme iron is not affected
by composition of the diet.

 

4

 

 The typical North American and European diet
contains approximately 6 mg of iron per 1000 calories and provides approxi-
mately 10 to 15% absorption of dietary iron.

 

7

 

Studies that have examined iron consumption of male strength and power
athletes have generally demonstrated adequate intakes. Table 5.1 lists average



 

Trace Minerals

 

99

iron intakes for male and female athletes participating in various sports. Male
track and field

 

8

 

 and throwing athletes

 

9

 

 have demonstrated adequate iron
intakes. A combined group of weightlifting, wrestling, and throwing athletes
have been shown to consume similar intakes.

 

10

 

Iron intake of male bodybuilders has been reported to be adequate, spanning
a wide range from 16 to 42 mg/d with

 

11,12

 

 and without

 

8,9,11–13,15–20

 

 nutritional

 

TABLE 5.1

 

Dietary Iron Intake from Food of Male and Female Athletes in Selected Sports

 

 

 

Iron Intake (mg/d)
Sport Age (yr) Males Females Reference

 

Bodybuilding* 31 20.0 19
Bodybuilding* 28 16.0 24.0 15
Bodybuilding* 29.5 24.0 16.5 20
Bodybuilding* 26.4 18.8 13.6 17
Bodybuilding* 18–30 12.8 27
Bodybuilding 15.0
Bodybuilding 24.6 22.0 14
Bodybuilding 26 36.5 13
Bodybuilding 27 25.0 9
Bodybuilding 29.0 8
Bodybuilding 20.7 11.3 18
Judo 14.6
Weightlifting 14.2
Gymnasts 10.7
Hockey 15.5 11.5
Soccer 14.0
Volleyball 12.3
Gymnasts 12.0 8
Track & Field 17.0
Wrestling 15.7
Football 29.3

Defensive backs 15.0
Soccer 15.0
Crew 24.5 15.0
Basketball 27.7 15.0
Swimming 15.0
Lacrosse 20.0 14.0
Volleyball 11.3
Throwing 22.2 22.0 13.3 9
Karate 19 12.7 28
Team handball 20 12.9
Basketball 20 15.8
Wrestling & judo 21.6 20.0 25
Weightlifting, wrestling, 
throwing

23.7 21.3 10

Soccer, hockey, basketball, 
swimming

21.8 22.3

Football 12–14 15.0 22
15–18 20.0

 

* = Precompetition



 

100

 

Nutrition and the Strength Athlete

 

supplementation. It should be noted that not all studies have indicated the
particular phase of training in which nutrient intake was assessed. In partic-
ular, competitive bodybuilders alter exercise and dietary practices depend-
ing on their phase of training.

 

11,21,22

 

 Although adequate, mean iron intakes of
bodybuilders from food sources during precompetition are slightly lower
compared to bodybuilders during the noncompetitive phase of training. In
one group of bodybuilders, mean iron intake from both food and nutritional
supplements did not change significantly from baseline in the 12 weeks prior
to competition (30.9 and 33.2 mg Fe/d, respectively) despite a significant
decrease in caloric consumption (2811 vs. 2041 kcal/d).

 

11

 

Nutritional analysis of various athletic teams was conducted for a 4-year
period at Syracuse University.

 

8

 

 Mean iron intake for football teams within the
study period ranged from 220 to 360% of the RDA, with a slightly lower
intake reported for defensive backs. There was no report of any player con-
suming less than the RDA for iron. A comparable intake was reported in a
team of Australian football players.

 

23

 

 Adolescent football players have also
been reported to have adequate iron intakes.

 

24

 

During a period of weight maintenance, iron intake of wrestlers and mar-
tial artists (judo) was approximately twice the RDA.

 

25

 

 During periods of
gradual and rapid weight loss, mean iron intake has been shown to decrease
to approximately 14 and 9 mg/d, respectively.

 

25

 

 In close agreement with
these findings, during five out of six seasons wrestlers at Syracuse University
had adequate iron intakes ranging from a mean of 11 to 21 mg/d.

 

8

 

 In only one
season was there an iron intake below the RDA. Van Erp-Baart and
colleagues

 

18

 

 reported mean iron intakes from two groups of martial artists to
be 16.1 and 13.1 mg/d.

Female strength and power athletes do not achieve adequate iron intakes
to the extent of their male counterparts. In general, iron consumption is close
to the RDAs, either slightly above or below the recommendations. Two stud-
ies reported an increased iron intake of 24 mg/d among bodybuilders during
precompetition,

 

12,15

 

 with one study including use of nutritional supplements
in the analysis.

 

12

 

 A lower intake of 15.4 mg/d, however, was reported in a
group of six female bodybuilders during precompetition, despite the report
of multivitamin or iron supplementation among three of the athletes.

 

26

 

Among the various athlete groups in Table 5.1, basketball players,

 

28

 

 swim-
mers, and crew 

 

8

 

 have been reported to achieve recommended iron intakes.

 

5.2.2 Responses to Exercise and Training

 

Several mechanisms by which resistance exercise may potentially influence
measures of iron status and metabolism have been proposed.

 

29,30

 

 Resistance
exercise could lead to the development of iron deficiency if rates of iron
absorption or iron loss are affected. A limited number of studies have inves-
tigated the effects of exercise on iron absorption, all of which have involved
endurance-trained athletes.

 

31–33

 

 Conflicting results have been reported, most
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likely due to differences in methodology and subject characteristics. The
effect of resistance exercise on iron absorption has not been investigated.

Urinary iron loss resulting from an 8-week resistance-training program has
been reported.

 

34

 

 Thirty-six males were randomly assigned to either chro-
mium (picolinate or chloride) supplement or placebo groups. Subjects who
consumed the placebo experienced the greatest urinary iron excretion, which
increased up to Week 5 (p < 0.05), followed by a decrease to baseline levels at
Week 8. Baseline urinary iron excretion was approximately 0.7 

 

µ

 

mol/d and
increased to approximately 1.1 

 

µ

 

mol/d at the end of Week 5, equivalent to
0.04 and 0.06 mg/d. Resistance training therefore was only responsible for an
increased urinary iron excretion of 0.02 mg Fe/d. This is a small amount of
iron in comparison to the approximate 1 mg total iron loss per day in males.

 

1

 

Increased iron loss through sweat

 

35,36

 

 and the gastrointestinal (GI) tract

 

37,38

 

has been investigated as a contributing factor in iron deficiency in athletes,
but has not been investigated in response to resistance training. Additional
proposed mechanisms in which resistance training may affect iron metabo-
lism include: mechanical trauma to red blood cells, increased red blood cell
osmotic fragility, and changes in renal pressure.

 

29,30

 

 Measures of red cell syn-
thesis and lysis during resistance training have been examined and are dis-
cussed in the next section.

 

5.2.3 Resistance Training Studies

 

Resistance training studies that have reported measures of iron status are
listed in Table 5.2. There is limited evidence to suggest that resistance training
has a negative impact on measures of iron status. One study involved 12
healthy non-strength-trained males and demonstrated impaired iron status
during a 12-week resistance-training program.

 

29

 

 Following 6 weeks of train-
ing, reductions in Hb, mean corpuscular hemoglobin (MCH), and mean cor-
puscular hemoglobin concentration (MCHC) were observed. Accompanying
this change was a significant decrease in haptoglobin (Hp) between Weeks 3
and 6, and an increase in reticulocyte count following 6 weeks of training.
Decreased Hp and increased reticulocyte count indicate an increased rate of
red cell hemolysis and new red cell synthesis, respectively. The training pro-
gram significantly reduced serum ferritin (sFerr) by 35% but had no effect on
measures of iron transport. Decreases in Hb and sFerr were not attributed to
hemodilution due to a significant increase in packed cell volume and red cell
counts.

 

29

 

 It was concluded that resistance training placed mechanical stress
on the red cells, leading to an increased lysis and erythropoiesis and resulting
in a decline in body iron stores.

 

29

 

 The impact of dietary iron intake on mea-
sures of iron status was not assessed.

Another study of young males also demonstrated a significant decrease in
sFerr following resistance training.

 

34

 

 This investigation was designed to
assess the effects of supplemental chromium on strength and body composi-
tion. Subjects were assigned to one of three groups: chromium picolinate,
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chromium chloride, or placebo supplementation. Following an intensive 8-
week program, all groups experienced a significant decline in sFerr and mea-
sures of iron transport. Serum iron (SI), however, only tended to decrease as
a result of training. While it appeared that measures of iron transport and
storage were adversely affected by resistance training, Hb and hematocrit
(Hct) were within the normal range and did not change during the 8-week

 

TABLE 5.2

 

Effect of Resistance Training on Indices of Iron Status in Males and Females

 

Reference (#)

 

39

 

40

 

29

 

34

 

30
M M F M M C S

 

Iron(

 

µ

 

mol/L)
pre 11.5 WNR WNR 17.3 22.8

— —
post 11.1 15.3 21.2

TIBC(

 

µ

 

mol/L)
pre 38.2* 38.5* 52.3 — 59.1*

— —
post 26.5 28.0 55.2 — 62.0

TS(%)
pre 30.6* 41.0* 21.0 35.6 39.0* ND
post 42.0 49.0 21.0 30.5 34.0

sFerr(

 

µ

 

g/L)
pre 134.5 133.0 123.0* 74.8* 70.0* ~110 ~80
post 112.9 125.0 97.0 49.3 54.0

Hb(g/dL)
pre 15.1 WNR WNR 15.8* WNR ND
post 14.9 15.2

Hct
pre 0.44 WNR WNR 0.479* WNR ND
post 0.44 0.493

MCV(fl)
pre 88.6

— — NC —
ND

post 88.0 ND
MCH(pg)

pre 30.3 — — 29.6* — ND
post 30.0 — — 27.7 —

MCHC(g/L)
pre 342.0 — — 329.2* — ND
post 341.0 — — 309.8 —

TfR(mg/L)
pre — 3.6* 5.3 — — — —
post — 4.9 5.3 — —

 

* = significant differences between pre and post measurements.

 

Key:

 

Capacity; TS = Transferrin Saturation; sFerr = Serum Ferritin; Hb = Hemoglobin Concentration;
Hct = Hematocrit; MCV = Mean

Corpuscular Volume; MCH = Mean Corpuscular Hemoglobin; MCHC = Mean Corpuscular
Hemoglobin Concentration; TfR = Transferrin Receptor

M = Male; F = Female; C = Control; S = Strength; WNR = Within Normal Range; ND = No
difference between Control and Strength; NC = No Change between pre and post
measurements.
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program. No measures of red cell hemolysis or erythropoiesis were obtained,
thus not allowing for the assessment of red cell lysis and synthesis.

In contrast to the above-mentioned studies, results from the following
investigations did not demonstrate adverse effects of resistance training on
iron status, but rather demonstrated an increase in iron transport following
training.

 

39,40

 

 Campbell et al.

 

39

 

 measured indices of iron status in stored blood
samples from moderately overweight, older men who had participated in a
13-week resistance training program. Samples had been obtained at baseline
and following 6 and 12 weeks of supplemental chromium picolinate or pla-
cebo. Following training there were no significant differences in red cell indi-
ces, including Hb and Hct, or indices of iron status between groups. In the
placebo group, a significant decrease in TIBC and increase in transferrin sat-
uration following training indicated an increase in iron transport, although
there was no change in the serum iron. In contrast to the findings of Schober-
sberger et al.,

 

29

 

 no differences in MCH or MCHC were detected. No measures
of hemolysis or erythropoiesis were obtained.

Preliminary findings of Murray et al.,

 

40

 

 also involving older men, reported
results similar to those of Campbell et al.

 

39

 

 Following a 12-week resistance
training program, the subjects demonstrated a significant increase in trans-
ferrin saturation and a decrease in TIBC. This has been the only investigation
to examine the effect of resistance-training on the transferrin receptor concen-
tration (TfR), an index of body iron stores. Despite an elevation in transferrin
saturation and adequate storage iron, a significant increase in TfR was
observed following the 12-week resistance-training program. An increase in
the TfR is an unexpected finding. The TfR normally increases during iron
deficiency as the erythroid mass, cells involved with red cell production,
attempts to increase iron uptake to support erythropoiesis.

 

41

 

 No effect was
observed in serum iron or red cell count values. Differences in subjects' ages
may be a factor explaining some of the observed differences in iron status in
the response to resistance training.

Compared to those for males, even fewer studies have examined the effects
of resistance exercise on indices of iron metabolism in women.

 

40,42

 

 Two pre-
liminary studies report conflicting results with respect to the influence of
resistance exercise on measures of iron transport and storage. A 12-week
resistance training program in older women reported a significant decrease
in sFerr with no significant changes in other iron-related parameters.

 

40

 

Assessments of red cell lysis, synthesis, or dietary iron intake may have pro-
vided insight into the mechanism behind the reduced sFerr; however, this
information was not reported.

In contrast to these findings, Matsuo et al.

 

42

 

 studied women who per-
formed aerobic resistance exercise every day for 12 weeks. The exercise pro-
gram utilized 2-lb dumbbells and incorporated 11 exercises (10 upper body)
for 15 minutes per day. The exercise protocol utilized resulted in little or no
weight gain due to muscle hypertrophy.

 

43

 

 Iron deficient subjects (sFerr
< 12 mg/L) demonstrated an increase in iron status at the end of the study
period, but hemoglobin, hematocrit (Hct), and red cell count remained
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unchanged. The non-iron-deficient control group demonstrated significant
improvement in all of the blood measures. It was concluded that young
women who incorporate 15 minutes of dumbbell exercise per day may actu-
ally prevent iron deficiency anemia.

 

42

 

5.2.4 Resistance Exercise and Iron Status

 

Evidence from a cross-sectional investigation did not demonstrate impaired
sFerr values or red cell indices among elite strength-trained male athletes
(wrestlers, judo) compared to a group of healthy controls.

 

30

 

 Hemoglobin con-
centration was in the normal range for both groups; however, sFerr was a
nonsignificant 11% lower in the strength-trained athletes. Measures of
hemolysis (Hp, plasma Hb) were not different between groups. A possibility
that a greater length of time elapsed between the last exercise session and
blood collection may explain the differences between this study

 

30

 

 and that of
Schobersberger et al.

 

29

 

 In contrast to the study by Schobersberger et al.

 

29

 

 but
in agreement with Campbell et al.,

 

39

 

 no differences in red cell indices were
observed due to strength training. However, a greater activity of erythrocyte
glutamo-oxacetate transaminase (GOT) was noted in the strength-trained
group compared to the controls, which indicated younger red cells in the
strength-trained group.

 

30

 

 Changes in GOT activity were not detected in the
investigation by Schobersberger et al.

 

29

 

Additional studies have assessed indices of iron status in strength-trained
athletes.

 

10,13,15,20,25,28,44

 

 Table 5.3 includes selected indices of iron status of males
and females within various sports. Serum ferritin values among male ath-
letes generally demonstrate adequate iron status. Mean sFerr of wrestling
(and judo) athletes was reported to be within the range of 36.4 and
67.6 

 

µ

 

g/L,

 

25

 

 slightly lower than the mean sFerr value reported for wrestlers
by Karamizrak and colleagues.

 

44

 

 Serum ferritin values of wrestlers were
shown to be unaffected by gradual or rapid weight loss.

 

10

 

Assessment of SI among a group of steroid-using bodybuilders indicated
that 79% of the athletes were reported to be within the normal range (mean
15.6 mmol/L), while the remaining 21% of the athletes (n = 3) fell below the
range.

 

13

 

 Hemoglobin and hematocrit of 11 male bodybuilders during pre-
competition were 21 g/dL and 50%, respectively.

 

15

 

 Fluid restriction during
the precompetition phase of training was believed to have been responsible
for the elevated values.

 

15

 

 Elevated values, however, were not observed in a
group of elite bodybuilders during precompetition in a subsequent study.

 

20

 

Serum ferritin values of strength-trained females are lower than values
reported for male athletes. A sFerr of 13.6 

 

µ

 

g/L denotes iron depletion in a
group of female handball players, although SI, Hb, Hct, and transferrin satu-
ration (28.9%) values were within the normal range.

 

28

 

 In this study, iron
intake for the athlete groups, with the exception of basketball players, was
below the RDA. The recommended heme iron intake of 1.5 mg Fe/d was not
achieved by the martial artists.
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Two female bodybuilders during precompetition showed elevated levels of
both Hb and Hct.

 

15

 

 Hemoglobin values of the women were 19 and 21 g/dL,
with Hct values of 43 and 48%, respectively. As was stated for the men, it was
believed that fluid restriction during the precompetition phase of training
was responsible for the elevated values.

 

15

 

 Elite female bodybuilders did not
demonstrate elevations in Hb during precompetition, but Hct was slightly
elevated (44%).

 

15

 

 The same group of athletes had a mean sFerr value of
65 mg/L.

 

5.3  Zinc

 

Zinc is the second most prevalent trace mineral found in the human body,
averaging approximately 2 grams in the adult. It plays an essential role in the
functioning of more than 200 enzymes. Included among the zinc-dependent
enzymes is lactate dehydrogenase (LDH), needed by skeletal muscles to con-
vert pyruvate to lactate and by several tissues (liver, cardiac muscle, Type I
muscle fibers) to convert lactate to pyruvate. Other enzymes that require zinc

 

TABLE 5.3

 

Indices of Iron Status in Strength Trained Athletes

 

Sport sFerr (m

 

g/L) SI (mmol/L) Hb (g/dL) Hct (%) Reference 

 

Males

 

Football 68.0 18.0 15.0 44.0 44
Wrestling 79.5 18.7 14.5 45.5
Bodybuilding 81.1 20.8 15.4 45.6
Swimming 58.4 18.0 15.5 46.3
Basketball 77.9 18.5 15.3 45.7
Bodybuilding 100.0

 

≤

 

≤

 

≤

 

20
Weightlifting, 
wrestling, 
throwing

77.0 21.3 15.1

 

≤

 

10

Soccer, hockey, 
swimming, 
basketball

75.0 22.3 15.0

 

≤

 

Wrestling, judo 36.4–67.6

 

≤

 

≤

 

≤

 

25

 

Females

 

Karate 26.7 11.6 12.9 39.9 28
Handball 26.7 15.6 13.2 39.9
Basketball 28.1 13.2 12.8 39.7
Handball 13.6 18.5 13.0 39.3 44
Swimming 35.7 14.3 13.0 41.0

 

Key:

 

 sFerr = Serum Ferritin; SI = Serum Iron; Hb = Hemoglobin; Hct = Hematocrit
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as part of their structure include carbonic anhydrase, superoxide dismutase,
and alkaline phosphatase.

 

5.3.1 Nutritional Zinc Status

 

The recommended dietary allowance (RDA) for zinc is 15 mg/day in adult
males and 12 mg/day in adult females.

 

5

 

 Several studies have reported
dietary zinc intakes of athletes participating in sports that rely on strength
and power (Table 5.4). Most of the male athletes participating in weight lift-
ing, wrestling, the throwing and sprinting events in track and field, and bas-
ketball consumed adequate dietary zinc; however, 4 to 15% of these athletes
consumed less than the RDA.

 

9,10

 

 Slightly lower zinc intakes have been
reported for male professional volleyball players,

 

45

 

 collegiate swimmers,

 

46

 

and youth ice hockey players.

 

47

 

 Male bodybuilders were reported to have ele-
vated zinc intakes in one study

 

13

 

 and marginal intakes in another study.20 Fig-
ure skaters were reported to have the lowest zinc intakes among male
athletes.48

Female athletes are reported to have dietary zinc intakes that fall well
below the RDA. Mean zinc intakes of female collegiate swimmers,46 basket-
ball players,49 and female bodybuilders20,26 are below 12 mg/d. Nuviala and
colleagues50 reported that more than 90% of female karate participants, 75%
of the team handball players, and more than half the basketball players did
not consume 12 mg of zinc per day. More than one third of the young female
gymnasts, skaters, and track and field athletes had inadequate zinc intakes,47

TABLE 5.4

Dietary Zinc Intake of Male and Female Athletes in Selected Sports

Zinc Intake (mg/d) Reference
Sport Age (yr) Males Females

Ice Hockey 12–13 15 ± 3 47
Gymnastics, figure 
skating, track and field

11–12 11 ± 3 47

Figure skating 16.5 11 ± 6 7 ± 5 48
Karate 9 ± 2.5 50
Team handball 10 ± 2.2 50
Basketball 11.9 ± 2.1 50
Basketball 18.9 17 ± 6 7.3 ± 3 49
Volleyball 25.9 14.4 ± 4 45
Swimming 19–22 15.6 ± 0.8 10.4 ± 0.8 46
Weightlifting, wrestling, 
sprinting, throwing

23 17.8 ± 0.7 10

Throwing 22.2 24.5 ± 10 13.1 ± 3.1 9
Bodybuilding 29.5 14.3 ± 5.4 9.1 ± 4.9 20
Bodybuilding 24.7 ± 13 13
Bodybuilding 27.3 8.1 ± 3.8 26
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and 75% of elite figure skaters consumed less than two thirds the RDA for
zinc.48 Although female throwers had a mean zinc intake greater than the
RDA, 40% of the throwers consumed less than the RDA.9

5.3.2 Responses to Exercise and Training

The normal range for plasma zinc is 11.5 to 18.5 µmol/L. Low plasma zinc
levels have been reported in some athletes.51,52 Most strength and power ath-
letes have plasma zinc concentrations that are within the normal range.10,20,47

However, plasma zinc may not be a particularly good indicator of body zinc
stores because it represents only 0.1% of the total body zinc.53 Most of the zinc
in the blood is found inside the cells, such as erythrocytes and leukocytes.

Immediately following high-intensity exercise (> 80% VO2 max) plasma
zinc levels are significantly increased.54–56 During the recovery period follow-
ing exercise, plasma zinc has been found to fall below pre-exercise levels.54–56

Increased plasma zinc during exercise is thought to be a result of zinc mobi-
lization as a part of the acute stress response. Part of the increase in plasma
zinc, however, may be due to the hemoconcentration that accompanies high-
intensity exercise bouts. The decline in plasma zinc following exercise may be
due to zinc uptake by the tissues, especially the liver.54 Excretion of zinc in the
urine is elevated during the 24 hours following high-intensity exercise54 and
resistance training.34 Increased excretion of zinc in the sweat has also been
observed during moderate-to-high intensity exercise bouts.57,58

Reductions in plasma zinc have been reported in athletes following high-
intensity exercise training.59 Decreased plasma zinc may be due to elevated
zinc loss in the sweat and urine during training.45 However, Lukaski and
colleagues34 observed no significant changes in the plasma zinc of males
undergoing 8 weeks of resistance training. Although urinary zinc did not
increase significantly during resistance training, there was a trend toward
higher zinc losses as training progressed.

5.3.3 Zinc Depletion and Supplementation

Van Loan and colleagues60 examined the effects of a very low zinc diet on
muscular strength and endurance. Eight males were placed on a diet contain-
ing ≤0.05 mg of zinc per day for 1 month, which resulted in a significant
decrease in plasma zinc to 24 µg/dl. No significant changes in peak isokinetic
force of the knee and shoulder flexors and extensors were observed following
depletion. On the other hand, isokinetic endurance of the shoulder flexors
and extensors and knee extensors was significantly reduced by zinc deple-
tion and was still significantly below baseline after 3 weeks of zinc repletion.
The authors suggested zinc depletion might inhibit LDH.60 A reduction in the
LDH isoform that converts lactate back to pyruvate could result in lactate
accumulation in muscle fibers.
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The effects of zinc supplementation on muscular strength and endurance
of women was studied using a double-blind crossover design.61 Subjects con-
sumed supplements containing 135 mg zinc/day or a placebo for 2 weeks
between the pretest and posttest followed by a 2-week washout period before
the crossover trial. Significant increases in isometric endurance and isokinetic
torque of the knee extensors at 180˚/second were found following zinc sup-
plementation. There were no significant changes in isometric strength, isok-
inetic torque of the knee extensors at slower velocities, or isokinetic
endurance with zinc supplementation.61

Athletes should use caution when consuming zinc supplements. Supple-
ments containing large amounts of zinc (160 mg) have been found to decrease
high-density lipoprotein (HDL) cholesterol62 and even reverse the positive
effects of exercise on HDL.63 Furthermore, supplements containing 50 mg
zinc/day have been observed to reduce superoxide formation by polymor-
phonuclear leukocytes (part of the respiratory burst) and depress T-lympho-
cyte activity following exercise.64 Because both responses are important in
fighting infections, supplements containing large amounts of zinc may sup-
press the immune response. It is recommended that athletes not consume
supplements containing more than 15 mg of zinc per day.

5.4 Copper

Another trace mineral that could affect exercise performance is copper. It is
an essential part of one of several metalloenzymes which include cytochrome
oxidase in the electron transport system, superoxide dismutase in the cyto-
plasm of cells, and lysyl oxidase needed in forming cross-links in collagen
fibers.65 Copper also plays an important role in the absorption and transport
of iron. Most of the copper in the plasma is bound to the protein ceruloplas-
min, which functions as a ferrioxidase that changes iron from its Fe (II) to
Fe (III) state, a necessary step for transferrin to transport iron in the plasma.

5.4.1 Nutritional Intake

Copper has no RDA; instead, an estimated safe and adequate daily dietary
intake has been established for copper between 1.5 and 3.0 mg/day.5 Several
studies of female athletes have reported mean copper intakes below
1.5 mg/day including bodybuilders,20 field athletes,9 swimmers,46 and team
handball players.50 Nuviala and colleagues50 found that 65% or more of the
participants in karate and team handball and more than 40% of the basketball
players consumed less than adequate amounts of dietary copper. More than
50% of the female athletes participating in gymnastics, figure skating, and
track and field also consumed less than 1.5 mg of copper/day.47
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Most male athletes consume diets containing more than an adequate
amount of copper. Male athletes in field events such as discus, hammer, jav-
elin, and shot, and bodybuilders have mean copper intakes of 2.7 mg/d9 and
2.1 mg/d,20 respectively. Adolescent ice hockey players47 and collegiate
swimmers46 have dietary copper intakes averaging 1.6 mg/d.

5.4.2 Biochemical Status and Exercise Responses

The normal range for serum copper is 11 to 22 µmol/L. Adolescent male ice
hockey players had mean serum copper levels of 19.6 µmol/L, while adoles-
cent female gymnasts, ice skaters, and track and field athletes had mean
serum copper levels of 20.3 µmol/L.47 Kleiner and colleagues20 found female
bodybuilders had somewhat higher serum copper levels (18.1 µmol/L) than
male bodybuilders (14.8 µmol/L). Similar results were reported by Lukaski
and colleagues46 for collegiate female and male swimmers.

Few studies have examined the effects of training on copper status.
Lukaski et al.46 found no significant changes in plasma copper and cerulo-
plasmin concentrations over a competitive swimming season. However, they
observed significant increases in erythrocyte superoxide dismutase activity
in both male and female swimmers over the 6-month season. Plasma copper
concentration decreased significantly during 8 weeks of resistance training.34

No significant changes in erythrocyte superoxide dismutase were found
during resistance training. Serum copper concentration has been found to
both increase54 and decrease55 following short, high-intensity exercise bouts.
More research is required to explain the disparate results during exercise and
training on serum copper levels.

5.5 Chromium

Chromium supplements have attracted much interest among weightlifters
over the past decade due to its purported enhancement of muscle mass.
Chromium is known to enhance glucose tolerance and appears to reduce the
amount of insulin needed for glucose uptake by the cells. Thus, chromium
supplements may be particularly beneficial in lowering blood glucose levels
in noninsulin-dependent diabetics.66

5.5.1 Chromium Intake

The estimated safe and adequate daily dietary intake of chromium is 50 to
200 µg/day.5 It has been suggested that the low average dietary chromium
intake (5 to 150 µg/day) in the U.S. population is due to the intake of highly



110 Nutrition and the Strength Athlete

processed foods. Meats, whole grains, nuts, and cheese are some of the best
food sources of chromium.

Very few studies have attempted to measure dietary chromium intake
among athletes. Kleiner and colleagues20 found elite female bodybuilders
consumed 21 ± 30 µg chromium/day, less than the ESADDI, while elite male
bodybuilders consumed 143 ± 194 µg/day. In a group of middle-aged men
who consumed the American Heart Association Phase I diet, which is high in
complex carbohydrates, mean chromium intake was 30 ± 4 µg/day.67 When
these men undertook a 16-week resistance-training program, urinary chro-
mium excretion was increased. The results suggest that absorption of dietary
chromium is enhanced by both acute and chronic resistance exercise.67

5.5.2 Chromium Supplementation and Resistance Training

Chromium picolinate supplements are one of the ergogenic products adver-
tised as beneficial for increasing muscle mass. Numerous studies have exam-
ined the effects of chromium picolinate on changes in body composition of
resistance-training athletes and nonathletes. Several studies conducted by
Gary Evans have reported beneficial effects of chromium picolinate supple-
ments on lean body mass.66,68 In one study, students enrolled in a weight
training class received either chromium picolinate (200 µg Cr) or a placebo
for 40 days. Significant increases in lean body mass were found in the stu-
dents who received the chromium supplement.66 Another study examined
the same supplement given to football players during a 6-week weight train-
ing program. Football players who received the chromium supplement had
greater increases in lean body mass than those who received the placebo.66 In
a third study, 6 males received 400 µg Cr and 6 females received 200 µg Cr as
chromium tripicolinate, while 6 males received 400 µg Cr and 6 females
received 200 µg Cr as chromium dinicotinate during a 12-week aerobics class.
Lean body mass was significantly increased in the males and females who
received chromium picolinate but not in the subjects who received chromium
nicotinate.68 Use of the skinfold technique to measure body fat in the first two
studies has been questioned by other investigators.69 Bioelectrical impedance
was used to measure lean body mass in the Evans and Pounchnik study.68

Hasten and colleagues70 attempted to replicate the aforementioned weight
training study. Male and female students enrolled in a 12-week weightlifting
class were given chromium picolinate (200 µg Cr) or a placebo. Significantly
greater increases in lean body mass were observed only in the females who
received the chromium supplement. However, no significant differences in
muscle strength increases were observed between the chromium supple-
mented and placebo groups.

Several recent studies have failed to replicate the results of the Evans
studies. Clancy and colleagues71 found no significant effects of 200 µg Cr in
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chromium picolinate supplements on lean body mass, body fat, or strength
of football players following 9 weeks of strength training compared to a pla-
cebo. Hallmark and colleagues72 also failed to find any significant effects of
chromium supplementation (200 µg Cr) on lean body mass, body fat, or
strength of males participating in weight training for 12 weeks. Both of these
studies used the hydrostatic weighing technique to measure changes in lean
body mass. Urinary chromium excretion was significantly greater in the sup-
plemented subjects in both studies.

Lukaski and colleagues34 used dual X-ray absorptiometry (DXA) to exam-
ine changes in body composition in male subjects who consumed chromium
(200 µg Cr) supplements during resistance training. There were no significant
differences in strength gain, fat-free mass, or body fat changes between
groups who consumed chromium picolinate, chromium chloride, or a pla-
cebo. Serum chromium and urinary chromium levels were elevated in the
chromium supplemented groups.

One possible explanation for the lack of significant differences between
chromium supplemented and placebo treatments is that 200 µg Cr may not
be the optimal amount needed to increase muscle mass. Campbell and
colleagues73 supplemented the diet of older men (ages 56 to 69) with 924 µg
Cr/day during a 12-week resistance-training program. Both hydrostatic
weighing and total body water (deuterium oxide) methods were used to
assess changes in body fat and fat-free mass. No significant differences were
found in strength gains or fat and fat-free mass changes between the chro-
mium picolinate and placebo groups. Interestingly, both groups significantly
increased fat-free mass calculated from hydrostatic weighing, but decreased
fat-free mass calculated from the total body water method following the
resistance-training program. The failure of more recent well-controlled stud-
ies to replicate the results of the early chromium supplement studies led
Anderson69 to conclude that the effects of chromium “will be small compared
with those of exercise and a well-balanced diet.”

5.6 Other Trace Minerals

Two other trace minerals have stimulated interest among strength training
athletes as potential ergogenic aids to increase muscle mass and muscular
strength. Boron supplements have been marketed as a potential substitute for
anabolic steroids because boron has been found to increase serum estrogen
and testosterone levels in postmenopausal females.74 Vanadium also has
been suggested to have anabolic effects because in large doses it has been
found to mimic the action of insulin in diabetes.75
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5.6.1 Boron

The effects of boron supplements during resistance training were examined
by Ferrando and Green.76 Ten male bodybuilders received a 2.5 mg boron
supplement per day and 9 received a placebo during the 7-week training pro-
gram. Plasma boron was increased in the supplemented group and decreased
in the placebo group following training. Total plasma testosterone increased
significantly in both groups during training, but no differences were found
between the boron supplement and placebo groups. Significant increases in
lean body mass determined by the hydrostatic weighing technique, and mus-
cular strength (1 RM) in the bench press and squat were found in both groups
following training, but the increases were not significantly different between
the two groups. The authors suggested that boron supplements are not effec-
tive in increasing strength and lean body mass in male bodybuilders.76

5.6.2 Vanadium

Vanadium is an ultratrace mineral that has received attention from athletes
as being a potential ergogenic aid. Evidence demonstrating the ability of
pharmacological doses of vanadium to mimic the action of insulin in
diabetes75 has fostered beliefs among athletes that supplementation of vana-
dium may induce anabolic effects. Vanadium intake from the diet is within
the range of 5 to 20 mg/d, with shellfish, mushrooms, parsley, dill seed, and
black pepper as good sources.77

To examine claims that vanadyl sulfate supplementation exerts anabolic
effects in athletes, Fawcett et al.78 utilized dual energy X-ray absorptiometry
(DEXA) along with 1 and 10 repetition maximum testing to evaluate body
composition and strength performance in resistance-trained athletes. Sub-
jects who consumed 0.5 mg/kg/d of vanadyl sulfate did not demonstrate
improvements in body composition or strength compared to a placebo group
over a 12-week period. However, slight differences in anthropometric mea-
sures and strength were noted between groups at Week 4, which suggested
an initial but modest treatment effect.78 Body weight and skinfold thickness
measures increased in the vanadyl sulfate group, with no differences
observed in those consuming a placebo. The authors suggest that vanadyl
sulfate supplementation may have enhanced short-term fat deposition.78 A
treatment by time interaction for the leg extension 1-repetition maximum
showed an improvement in the vanadyl sulfate group compared to the pla-
cebo, which suggested a short-term ergogenic effect.78 Additional effects of
vanadyl supplementation included elevated fasting glucose and insulin lev-
els, and reports of tiredness. Further studies are clearly needed to shed light
on the potential short-term (1-month) effects of vanadyl sulfate on body com-
position and strength performance.
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5.7 Summary

Iron intakes of male strength-trained athletes are above the RDA of 10 mg/d
and appear to maintain adequate iron status among these athletes. Female
strength-trained athletes, on the other hand, do not appear to achieve recom-
mended iron intakes and need to be aware of the adverse implications of iron
deficiency anemia on performance. The impact of resistance training on iron
status is far from clear, due to the general lack of research on the topic. The
potential for long-term resistance training to adversely affect red cell indices
and iron transport deserves further study.

Most male athletes appear to consume adequate zinc in their diets, how-
ever, many female athletes consume less zinc than the RDA of 12 mg/d. The
only study that has examined the effects of resistance training on plasma
zinc found no changes over an 8-week period. Consumption of a diet con-
taining less than 0.05 mg Zn/d for 1 month had no effect on muscular
strength, but significantly reduced isokinetic endurance of the knee and
shoulder extensors.

Some female athletes have copper intakes below the recommended range
of 1.5 to 3.0 mg/d, while most male athletes have intakes within the recom-
mended range. The effects of resistance training on copper status have been
examined in only one study. Although plasma copper decreased, erythrocyte
superoxide dismutase did not change after 8 weeks of training.

Numerous studies have examined the effects of chromium supplementa-
tion during resistance training. Three studies reported significantly greater
increases in lean body mass following 12 weeks of chromium picolinate sup-
plements, while four studies reported no significant differences between
chromium supplemented and placebo groups. Furthermore, no significant
difference in strength gains between chromium supplemented and placebo
groups following resistance training were found in five studies.
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Nutrition and the Strength Athlete

 

6.1 Introduction

 

Resistance training is a component of conditioning and training for almost
any sport. It is critical for athletes participating in sports that require increased
lean body mass (LBM). Increased LBM is important for enhancing strength
and power production, improving stability, and enhancing aesthetic appear-
ance through muscle hypertrophy. In the past and continuing to the present,
substances such as human growth hormone (hGH) and anabolic/androgenic
steroids were used in the hope of circumventing genetic limitations in hor-
monal status and in the ability to build muscle. These substances have been
associated with a number of health risks and are banned by most athletic gov-
erning agencies.

 

1

 

 As a result, many competitive and recreational athletes have
turned to dietary supplements marketed to enhance strength training and
performance. For example, Brill and Keane documented supplement use pat-
terns in 309 male and female bodybuilders.

 

2

 

 Protein powders and amino acids
were utilized when building bulk was desired, while fat-burners were utilized
during the “cutting” phase prior to competition. Over half of the subjects
spent $25 to 100 per month on supplements, while 4.9% reported spending
over $150 per month. Supplement use can be very costly for athletes.

A 1992 survey of nutritional supplements in health and bodybuilding mag-
azines reported that there were 89 separate brands, 311 products, and 235
unique ingredients, most of which were promoted as aids to muscle growth.

 

3

 

Over the years the number of products, as well as the number of ingredients,
has increased, creating a multibillion dollar supplement industry. Because
these products are classified as dietary supplements and therefore are consid-
ered foods, not drugs, regulation is limited. Some of these products contain
potentially harmful drugs or substances that may contribute to positive drug
tests in competitive athletes.

 

4

 

 The purpose of this chapter is to provide cur-
rent research information on several supplements commonly used by
strength-trained athletes. These products can be divided into three major cat-
egories: anabolic agents (supplements marketed to increase anabolic hor-
mone levels or decrease catabolic processes so that there is an increase in
muscle mass and bulk), energy delivery enhancers (agents which allow more
work to be accomplished), and thermogenic agents (supplements marketed
to decrease body fat).

 

6.2 Anabolic Agents

 

6.2.1 Amino Acid Supplements

 

The majority of products targeted for strength-trained athletes contain amino
acids, the building blocks of protein, and claim to promote weight gain
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and/or muscular growth.

 

5 

 

Studies have been conducted on amino acids such
as arginine, citrulline, histidine, leucine, lysine, methionine, ornithine, phe-
nylalanine, and valine. These amino acids are involved in numerous meta-
bolic processes of interest to strength-trained athletes. It has been shown that
these particular amino acids are involved in protein synthesis, release of
human growth hormone (hGH) or somatotropin, creatine synthesis, removal
of ammonia, and the release of insulin.

 

4

 

 It is the effect on the release of hGH
which is of primary concern. The majority of studies, however, have used
infusions of amino acids and have not used oral supplementation, the
method strength-trained athletes choose. It is known that amino acids are
destroyed in stomach acids, thereby making questionable their availability
for protein synthesis and muscle growth.

 

6.2.1.1 Arginine

 

Oral dosages at 5 to 250 g/kg body weight of arginine, arginine aspartate, or
arginine glutamate have been shown to elicit the following metabolic
responses in humans: increased somatotropin and insulin release or
response, increased creatine stores, and decreased exercise-induced blood-
ammonia.

 

4,6–9

 

 Of the studies noted, it is important to point out that only
Fluckey et al. included resistance training for the subjects.

 

7 

 

Hawkins et al.
reported no benefit of oral arginine supplementation on measures of muscle
function or body composition.

 

10

 

 Arginine use has not been shown to enhance
muscle development.

 

6.2.1.2 Glutamine

 

Much of the research on glutamine has focused on the relationship between
glutamine and stress hormones related to catabolism. The catabolic states
studied included burns, trauma, surgery, or infections. Under stress the
increase in glucocorticoid synthesis activates muscle catabolism and intracel-
lular amino acid oxidation.

 

11,12

 

 Physiological stress is marked by declines in
protein synthesis and increases in glutamine efflux from skeletal muscle
related to muscle atrophy. Glutamine supplementation has been utilized suc-
cessfully to counteract the cortisol-induced muscle atrophy. Intense exercise
can elicit a glucocorticoid stress response similar to physiological stress. As a
result, researchers have investigated glutamine use in overtraining and exer-
cise recovery related to glycogen repletion. Oral glutamine supplementation
of 2g increased somatotropin release and increased muscle glycogen replen-
ishment.

 

13

 

 An infusion of glutamine increased glycogen replenishment after
intense exercise.

 

14

 

 It is important to note that many of the studies reporting
positive benefits of glutamine supplements utilized parenteral or enteral
feeding methods.

 

15,16

 

 To date, little research has been conducted on oral inges-
tion of glutamine, which would be the most likely method used by strength-
trained athletes.



 

122

 

Nutrition and the Strength Athlete

 

6.2.1.3 Ornithine

 

Ingestion of 170mg/kg body weight of ornithine increased somatotropin
release in male bodybuilders. However, the high dosage of ornithine caused
osmotic diarrhea in the subjects. No effects on somatotropin levels were noted
at the lower doses of 70mg/kg or 100mg/kg.

 

17 

 

It is not clear that the increased
growth hormone secretion had any muscle mass potentiating effect.

 

6.2.1.4 Ornithine Alpha Ketoglutarate

 

Ornithine alpha ketoglutarate (OKG) is composed of two ornithine molecules
bound to one 

 

α−

 

ketoglutarate molecule. Oral doses of 10 to 20g/day has
aided the treatment of burns, sepsis, postsurgical healing, malnutrition, liver
disease, renal disease, and immunosuppression.

 

18,19

 

 In addition, oral doses of
OKG have been associated with increased protein synthesis, glutamine pro-
duction, and insulin levels.

 

18,19

 

 The metabolic pathways associated with
observed increases are unclear. A number of metabolic responses affected by
OKG use are desired outcomes for strength training. Unfortunately, there is no
published research that reports positive responses in strength-trained athletes.

 

6.2.2 Combinations of Amino Acids — Evaluation of Synergistic Effects

 

Researchers have attempted to evaluate whether or not there would be syn-
ergistic effects of amino acid combinations. Fogelholm et al. noted no signif-
icant increases in human growth hormone (hGH) or insulin secretion
following supplementation with a combination of arginine and lysine in
competitive weightlifters.

 

20

 

 In another study by Lambert et al., serum growth
hormone concentrations in male bodybuilders were not increased by supple-
mentation of 2.5g of an arginine/lysine mix or 1.85g of an ornithine/tyrosine
mix as compared to a placebo.

 

21

 

 Suminski et al. reported that supplementa-
tion with 1500 mg arginine and 1500 mg lysine immediately before resistance
exercise did not alter exercise-induced changes in hGH levels in male weight-
lifters. However, under basal conditions ingestion of the same amino acid
mixture increased the acute secretion of hGH.

 

22 

 

Whether or not acute secre-
tion of hGH has any physiological effect on potentiation of muscle mass
remains to be seen. It has been shown that mixtures of amino acids do not
enhance the development of muscle mass.

 

6.2.3 Gamma Hydroxybutyric Acid (GHB)

 

As of February 2000, GHB was classified as a federally controlled, Schedule
1 substance. The U.S. Drug Enforcement Administration officially cites more
than 45 deaths and 5500 emergency room visits associated with GHB. Per-
sons who possess, manufacture, or distribute GHB could face prison terms of
up to 20 years.

 

23

 

 GHB is most commonly used as a party drug. However,
strength-trained athletes have used GHB for its purported ability to raise
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growth hormone levels as reported in a 1977 study by Takahara et al.

 

24

 

 It is
important to note that no research regarding anabolic effects of GHB in
strength-trained athletes has been published.

Although GHB is illegal, some states allow the sale of products containing
gamma butyrolactone (GBL) or 1,4-butanediol (BD). Both of these substances
are converted by the body to GHB, producing the same potential for harm.
GBL is a chemical intermediate used as a solvent and is part of the manufac-
ture process for pesticides and herbicides.

 

25 

 

Unfortunately, GBH, GBL, and
BD are available for purchase over the internet, and some web sites provide
instructions for home preparation.

 

26 

 

There is no known performance-
enhancing use for these substances.

 

6.3 Anabolic Agents — Herbs and Plant-Based Substances

 

6.3.1 Gamma Oryzanol

 

Gamma oryzanol, a plant sterol, has been marketed to strength-trained ath-
letes as an alternative to anabolic steroids. Fry et al.

 

27

 

 reported no changes in
strength or hormone levels (testosterone, cortisol, estradiol, growth hor-
mone, insulin) in resistance-trained athletes supplemented with 500 mg/day
gamma oryzanol as compared to a placebo group. A review of gamma oryz-
anol and metabolism by Wheeler and Garleb reported that such plant sterols
are poorly absorbed. This review also suggested that gamma oryzanol may
increase catabolic or muscle breakdown activity.

 

28 

 

There is no research to sup-
port anabolic effects in humans.

 

6.3.2

 

Tribulus terrestris

 

Tribulus terrestris

 

 is an herb which has been utilized in herbal medicine as a
remedy for impotence and for increasing libido. The supplement is marketed
as an anabolic agent that will increase testosterone levels and promote pro-
tein synthesis. Bucci reported that the only study showing increased test-
osterone levels was conducted on rams.

 

4

 

 No published studies have
investigated the effects of 

 

Tribulus terrestris

 

 on testosterone levels in humans.

 

6.3.3 Yohimbine

 

Yohimbine, a substance extracted from the bark of the yohimbe tree,
increases sympathetic nerve activity in humans and animals.

 

29,30

 

 This sub-
stance has been used to treat obesity and impotence.

 

31

 

 It has been marketed
to strength-trained athletes as a means of increasing testosterone levels. To
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date, no published research has reported a link between yohimbine and
increased testosterone levels or increased muscle mass in humans.

 

6.3.4 Beta-Hydroxy-Beta-Methylbutyrate (HMB)

 

Beta-hydroxy-beta-methylbutyrate (HMB) is a metabolite of leucine catabo-
lism. It is utilized and produced by body tissues. Because it is found in food
products such as catfish and in some citrus fruits, it meets the criteria of a
dietary or food supplement. Research has not shown that HMB is a necessary
nutrient for humans. Studies indicate that HMB may counteract the effects of
stress and increase the growth of animals.

 

32–35

 

HMB is of interest to strength-trained athletes because there is evidence
that it affects protein synthesis and lean body mass.

 

36

 

 For example, Nissen et
al.

 

37

 

 studied the effects of dietary supplementation of HMB on strength-
trained athletes. One group of 41 untrained subjects who had not partici-
pated in resistance training for at least 3 months was randomly separated
into three groups receiving different levels of HMB supplementation (0 g,
1.5 g, or 3 g) and two levels of protein supplementation (117g/day or
175g/day). Each of the three groups weightlifted for 1.5 hours, 3 days per
week for 3 weeks. The groups receiving HMB showed significant decreases
in the expected exercise-induced rise in muscle proteolysis as measured by
3-methylhistidine during the first 2 weeks of exercise. The amount of weight
lifted by subjects receiving HMB supplementation increased during each
week of the study as compared to the unsupplemented subjects. In addition,
plasma creatine phosphokinase was decreased with HMB supplementation.
The second part of the Nissen et al. study examined the effects of HMB sup-
plementation on untrained subjects participating in high-volume resistance
training. The 28 subjects who were fed 0 or 3g of HMB weightlifted 2 to
3 hours, 6 days/week, for 7 weeks. Fat-free mass was significantly increased
in the subjects receiving 3g of HMB as compared to the unsupplemented sub-
jects. The authors concluded that supplementation with 1.5 g to 3.0 g of HMB
could prevent exercise-induced proteolysis and result in larger gains in mus-
cle function in weight-trained subjects.

 

37

 

Kreider et al.

 

38

 

 investigated the effects of HMB on experienced resistance-
trained subjects. This study examined the effects of HMB supplementation
during weight training which averaged 6.9 hours/week for 28 days on mark-
ers of protein catabolism, body composition, and strength. The 40 subjects
were matched and randomly assigned to one of three groups. These groups
supplemented their diets, while weight training, with a carbohydrate/pro-
tein powder containing 0, 3, or 6 g of HMB for 28 days. Fasting venous blood
and urine, dual energy X-ray absorptiometer-determined body composition,
isotonic bench press and leg press (one repetition maximum) were measured
before and after the 28-day supplementation period. The results showed that
serum and urinary HMB concentrations were raised by supplementation.
However, no statistically significant differences were observed in the markers
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of whole-body anabolic/catabolic status, muscle and liver enzyme efflux,
percentage body fat, or 1 RM strength. Thus it was concluded that 28 days of
HMB supplementation did not reduce catabolism or affect training-induced
changes in body composition and strength in experienced resistance-trained
males.

 

38

 

HMB has also been marketed to strength-trained athletes for its ability to
increase the oxidation of fatty acids during exercise. The data for these claims
are based on 

 

in vitro

 

 studies of muscle cell preparations such as one published
by Cheng et al.

 

39

 

 The study extrapolated the results found in cells to the
whole body and suggested that HMB may provide an oxidative advantage
during exercise that could account for some of the decrease in muscle fat
observed with HMB intake in humans. To date, no studies have been done in
intact humans to validate this claim.

Other researchers have investigated possible synergistic effects of the com-
bined intake of creatine monohydrate and HMB. Almada et al.

 

40

 

 investigated
the effects of HMB supplementation with or without creatine on strength and
sprint capacity in college football players. The results indicated a positive
change in strength and/or aerobic capacity.

 

6.4 Anabolic Agents — Minerals

 

6.4.1 Vanadium

 

Vanadium salts have been successfully used to induce insulin-mimetic met-
abolic changes in animal models and diabetic humans.

 

41,42

 

 It is marketed to
strength-trained athletes for potential insulin-like anabolic effects. However,
Fawcett et al.

 

43

 

 reported no changes in body composition or performance in
weight-trained athletes supplemented with .05 mg/kg/day of oral vanadyl
sulfate for 12 weeks. In addition, Tsiani et al.

 

44

 

 reported that although vana-
date supplementation produced positive changes in glucose metabolism, it
inhibited amino acid uptake. The possibility of toxicity from vanadium sup-
plementation is unknown.

 

44

 

6.4.2 Boron

 

Nielson et al.

 

45

 

 published a study on the effects of dietary boron on mineral,
estrogen, and testosterone levels in postmenopausal women. After the
women were fed a diet deficient in boron, their hormone levels declined.
They were then supplemented with 3 mg/day sodium borate. The investiga-
tors reported that testosterone levels increased after supplementation. It is
important to note that the testosterone along with estrogen returned to
pre-diet levels.

 

45

 

 Supplement companies have marketed boron based on an
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inaccurate interpretation of these results suggesting that boron supplementa-
tion could raise serum testosterone levels. Supplementing bodybuilders with
2.5 mg/day of boron produced no changes in serum testosterone, lean body
mass, or strength as compared to a placebo group.

 

46

 

6.5 Energy Delivery Enhancers — Inosine

 

Inosine is a nucleotide involved in the formation of purines such as adenine.
Adenine can play a role in replenishing or preventing the decline of ATP lev-
els during intense exercise, or improving oxygen utilization in erythro-
cytes.

 

47,48

 

 As a result of these findings, supplement companies have marketed
inosine as a method of increasing ATP formation in muscle, which could ben-
efit strength-trained athletes by permitting more rapid energy delivery. Mac-
Naughton et al.

 

49

 

 found no increase in anaerobic or aerobic performance in
cyclists supplemented with inosine.

 

 

 

No peer-reviewed studies have reported
any ergogenic benefits of inosine supplementation in humans.

 

47

 

6.6 Thermogenic Agents

 

6.6.1 Ephedrine

 

Ephedrine is a potent sympathomimetic agent that simulates epinephrine
effects. It is sold in the herbal form as Ma Huang, Chinese Ephedra, or other
ephedra species that contain a mixture of closely related alkaloids such as
ephedrine, pseudoephedrine, norephedrine, or pseudonorephedrine.

 

50

 

Ephedrine alkaloids have been associated with increased mental function
rather than enhancement in performance or physiological parameters affect-
ing exercise.

 

51

 

 Studies investigating ephedrine combined with caffeine, with
or without aspirin, have reported increased weight loss in subjects.

 

52

 

 Users
theorize that such cocktails promote lipolysis while decreasing muscle break-
down. The limited research on the subject has not produced conclusive evi-
dence that the theory is correct.

Consuming high doses (>25 mg/day) of ephedrine alkaloids has been
linked to a number of adverse side effects including nervousness, light-head-
edness, heart palpitations, tachycardia, increased blood pressure, interfer-
ence with MAO inhibitor drugs, hyperthermia, and death.

 

50

 

 A number of
these adverse affects can be produced by combining ephedrine alkaloids
with other stimulants. Many sports-governing bodies ban the use of sub-
stances in this family of drugs.

 

4 

 

Athletes should be aware that consuming
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legal herbal supplements or over-the-counter medicines that contain ephe-
drine alkaloids can result in positive drug tests.

 

52 

 

The number of deaths
attributed to ephedrine consumption has reached alarming proportions and
points to the fact that the risks do not outweigh the perceived benefits of the
consumption of this substance for the enhancement of performance. There is
a current move in the U.S. to have ephedrine products available only by pre-
scription as they are in other countries.

 

6.6.2 Caffeine

 

Researchers have published numerous studies related to the ergogenic effects
of caffeine. Some studies have concluded that caffeine can benefit weight loss,
endurance performance, strength, sprints, repetitive anaerobic work, reaction
time, and perception of fatigue. Bucci’s summary of 10 review articles on caf-
feine and exercise performance found 39 studies that show ergogenic effects
of caffeine and 35 studies finding no ergogenic effects.

 

4

 

 Caffeine is primarily
used by strength-trained athletes as a thermogenic agent in conjunction with
ephedrine and/or aspirin rather than for its other potential ergogenic effects.
Very little research exists examining caffeine use in strength-trained athletes,
making effective dose guidelines difficult to provide.

Sports-governing bodies allow caffeine levels of up to 15 mcg/ml urine.
Such levels can be obtained using doses of 9 to 10 mg/kg. An athlete must
take care not to exceed this dose prior to competition because disqualification
may occur. Large doses of caffeine (>10 mg/kg) can produce adverse side
effects such as gastric upset, anxiety, insomnia, and increased heart rate and
blood pressure.

 

53,54

 

6.7 Summary

 

Many of the positive metabolic responses to amino acids were observed in
nontrained subjects. When studied in the targeted population, strength-
trained athletes, arginine has failed to produce conclusive anabolic benefits.
The dosage of ornithine needed to produce increases in somatotropin levels
caused osmotic diarrhea, thus making it an impractical ergogenic aid. Prelim-
inary research suggests that glutamine supplementation may increase soma-
totropin levels, aid glycogen repletion, and decrease protein catabolism.
More research on strength-trained athletes utilizing oral supplements is
needed to produce conclusive results and dosing schedules. Arginine and
lysine together produce increases in hGH at rest but not with resistance train-
ing. There are no published studies indicating anabolic properties of gamma
oryzanol, tribulus, and yohimbine.
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Some HMB studies in strength-trained athletes have produced positive
results, while others have produced no change. More research is needed to
provide conclusive results. Purported anabolic effects of GHB have not been
substantiated by published research. Classification as a Schedule 1 con-
trolled substance indicates the danger of this substance. The mineral supple-
ments vanadium and boron fail to provide anabolic affects in strength-
trained subjects.

Thermogenic combinations of ephedrine, caffeine, and/or aspirin pro-
duced weight loss in obese subjects. These results have not been duplicated
in trained subjects. This combination is impractical to most athletes because
it contains an NCAA- and IOC-banned substance, ephedrine, and caffeine,
which is banned in high concentrations. 
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7.1 Anabolic/Androgenic Hormones and Strength

 

7.1.1 Introduction

 

The pursuit to be bigger, stronger, more powerful seems intrinsic to the male
mentality and is indelibly woven into the fabric of modern sport. Since the
introduction in the early 1950s of anabolic–androgenic steroids (AAS), the
use of anabolic hormones and other ergogenic aids has become increasingly
popular among athletes as a means of increasing strength, improving body
composition, and enhancing performance. Today, their use by athletes has
reached almost epidemic proportions. A recent exposé regarding
government-directed systematic AAS abuse chronicled three decades of
secret hormonal doping of East German athletes.

 

1

 

 The report provided con-
siderable detail regarding drug dosages, side effects, performance enhance-
ment, and the extent of abuse, and left little doubt of both their efficacy and
use by both male and female athletes in virtually all sports. Further, the
advent of “nutritional supplements,” such as the prohormones, dehydroepi-
androsterone (DHEA), and androstenedione, and of recombinant DNA tech-
nology is increasing the availability of additional hormones to either replace
AAS or supplement their use, including growth hormone (GH) and insulin-
like growth factor-1 (IGF-1). 

There has also been increasing interest in the use of these anabolic interven-
tions to promote increased muscle mass and strength in aging men and
women. Aging is associated with numerous physiological and metabolic
changes that include a progressive decrease in strength, skeletal muscle mass,
and bone mineral density.

 

2

 

 Age-associated sarcopenia, an involuntary loss of
skeletal muscle mass and strength, typically begins by the third decade of life
in both men and women, progressing slowly at first and then more rapidly
after the ages of 41 and 60.

 

2,3

 

 Sarcopenia is associated with changes in several
trophic factors which include a parallel decrease in male sex hormones
(andropause) and decreased function of the somatotrophic axis (somato-
pause). In fact, many of the catabolic sequelae seen in normal aging have been
attributed to a decrease in these hormone levels.
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 Testosterone, GH, IGF-1,
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androstenedione, and DHEA are among the super hormone candidates or
supplements eagerly being pursued as means to prevent or reverse aging-
related loss of strength and lean body mass. Maintaining and promoting
strength in athletes as well as in the aging population are topics of major
interest to science, the public, and the media. In this chapter, the use of these
anabolic interventions for maintaining and promoting strength in athletes,
healthy adults, and hormone-deficient individuals will be presented and
examined.

 

7.2 Testosterone — The Principal Androgen

 

7.2.1 General Concepts

 

Testosterone is the principal biologically active androgen circulating in the
blood of both men and women, although women produce only about one
twentieth of the amount produced by men. Anabolic–androgenic steroids
(AAS) are synthetic analogues of testosterone and were developed in an
attempt to dissociate the androgenic, masculinizing, from the anabolic,
growth-promoting, effects. As yet it has been impossible to completely disso-
ciate the two major actions into pure compounds which are either solely ana-
bolic or androgenic. In the early 1950s, scientists found that by slightly
changing the steroidal configuration of testosterone by the addition of a
methyl group on the 17th carbon, they were able to produce a compound with
a tremendously increased half-life that enhanced the anabolic effect of syn-
thetic testosterone.

 

5

 

 Testosterone is not only the parent molecule of AAS, it is
also becoming increasingly popular as a hormone replacement strategy itself.
A basic knowledge of testosterone biochemistry is critical to understanding
the many ramifications AAS and hormone replacement strategies possess.

 

7.2.2 Synthesis and Regulation

 

All androgens are steroid compounds, and all steroids are related to a char-
acteristic molecular structure composed of 17 carbon atoms, arranged in four
rings (A–D). The steroid nucleus, cyclopentanoperhydrophenanthrene, is a
basic four-ring carbon skeleton which may be modified in practically an
unlimited number of ways by removal, replacement, or addition of a few
atoms at a time (Figure 7.1).

Naturally occurring steroids differ in the number of carbon atoms attached
to the number-17 carbon atom in the skeleton, and in the way in which hydro-
gen, oxygen, and hydroxyl groups attach to the carbon atoms. Both in the
male testes and in adrenal glands, the immediate precursor of steroid synthe-
sis is cholesterol, and the rate-limiting step is cholesterol side-chain cleavage.
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Cholesterol is converted to pregnenolone in the gonads and in the adrenal
gland. Pregnenolone, in turn, can be converted to testosterone via two path-
ways: the progesterone pathway, which is the preferred direction, or via the
DHEA pathway (Figure 7.2). About 95% of plasma testosterone in men is pro-
duced by the Leydig cells of the testes and released into the circulation in a
pulsatile manner. The remainder of plasma testosterone comes from conver-
sion of adrenal androgens, largely androstenedione and DHEA. In addition to
testosterone, the testes also secrete several androgens including dihydrotest-
osterone (DHT) and androstenedione.

 

6,7

 

Testosterone synthesis and release is controlled by the hypothalamic–pitu-
itary–gonadal axis (HPG). This process begins in the hypothalamus which,
when stimulated by low testosterone levels, synthesizes and releases in a
pulse-like fashion, gonadotropin-releasing hormone (GnRH). GnRH acts
directly on the anterior pituitary to synthesize and secrete the gonadotropins,
follicle-stimulating hormone (FSH), and luteinizing hormone (LH), the pri-
mary hormonal mediators of testicular function. LH stimulates the Leydig
cells in the testes to synthesize testosterone, while FSH acts on the Sertoli cells
to stimulate spermatogenesis.

 

6–8

 

7.2.3 Metabolism and Transport

 

Under control of LH, testosterone is secreted at the rate of ~4 to 9 mg/day
(13.9 to 31.2 nmol/day) in normal adult men. The testosterone produced by
the testes and the adrenal cortex act to control blood concentrations (free plus
bound: male ~525 ng/ml [~20 nmol/L], female ~30 ng/ml: [~1.0 nmol/L])
by feedback inhibition of both LH and GnRH. After secretion by the testes, 97
to 99% of testosterone circulates in blood bound to two proteins, sex hor-
mone-binding globulin (SHBG), for which it has a high affinity, and albumin,
for which it has a weaker affinity. Only a small fraction (1 to 2%) is in the free
or biologically active form. The testosterone/SHBG ratio is often used as an
index of bioavailable testosterone.

 

6,7

 

FIGURE 7.1 

 

Structural features of steroid molecules. (From Murray, R. et al.,

 

 Harper’s Review of Biochem-
istry

 

, 25th ed., McGraw-Hill, New York, 2000. With permission.)
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Once secreted into the circulation, testosterone exerts a negative feedback
on the hypothalamus and anterior pituitary suppressing GnRH and LH
release, thereby controlling the production of testosterone. This explains why
the exogenous administration of AAS can cause testicular atrophy. Exoge-
nous AAS elevates plasma steroid levels, which inhibits the hypotha-
lamic–pituitary–testicular axis and, as a consequence, the endogenous
synthesis of testosterone is suppressed, leaving the testes somewhat dor-
mant. Depending on tissue needs and enzyme activity, circulating testos-
terone can be converted to estradiol via aromatization, largely in adipose
tissue and the brain, converted to DHT in androgen-dependent tissues such
as prostate, seminal vesicles, and external genitalia or converted to andros-
tanediol, another potent androgen.

 

5–7

 

7.2.4 Mechanism of Androgen Action

 

At the target cells (e.g., muscle, bone, kidney, and brain), free testosterone
(androgens) enters the cells through the plasma membrane within a few

 

FIGURE 7.2 

 

Pathways of testosterone biosynthesis. The pathway on the left side of the figure is called
the 

 

∆

 

5

 

 or dehydroeplandrosterone pathway; the pathway on the right side is called the 

 

∆

 

4

 

or progesterone pathway. (From Murray, R. et al.,

 

 Harper’s Review of Biochemistry

 

, 25th ed.,
McGraw-Hill, New York, 2000. With permission.)
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minutes after secretion and binds with a cytoplasmic steroid receptor protein.
The biologic functions of androgens are mediated through this androgen
receptor (AR) protein at the cell (Figure 7.3). This protein can bind both tes-
tosterone (androgens) and DHT, although it has a much higher affinity for the
latter in those cells with the highest 5 

 

α

 

-reductase activity such as prostate,
seminal vesicles, and external genitalia. Once the steroid enters the cell and
binds to the AR there is a conformational change exposing the DNA binding
domain on the AR that can then interact with specific sequences of DNA
which are termed androgen-responsive elements (AREs). Binding of the
AREs regulates transcription of mRNA inducing the DNA–RNA transcrip-
tion process and protein synthesis.

 

9

 

Of particular importance in adaptations to strength training, the protein
synthesis just described mediates many of the functions of testosterone, both
androgenic or masculinizing and anabolic or growth promoting. The andro-
genic functions promote such male secondary sex characteristics as the stim-
ulation of the growth of facial and body hair, the enhancement of male sexual
behavior and aggressiveness, and the maintenance of spermatogenesis and
tissues of the reproductive tract. The anabolic functions are associated with
tissue growth including skeletal muscle and, thus, influence the expression
and development of strength.

 

5–7

 

7.2.5 Testosterone Replacement Therapy (TRT)

 

There is an age-associated decrease in serum total and free testosterone levels
in healthy men. At the onset of puberty, testosterone production increases

 

FIGURE 7.3 

 

Mechanism of androgen action. Testosterone (T) enters the cell and is converted by
5

 

α

 

-reductase to 5

 

α

 

-dihydrotestosterone (DHT). DHT binds to the androgen receptor (AR)
leading to a conformational change in the protein and the dissociation of several accessory
proteins, including heatshock proteins (HSP). Binding of the AR to the androgen response
element (ARE), along with other transcription factors (TF), regulates the transcription of
mRNAs. (From Lindzey, J, Kumar, M. V., Grossmann, M., Young, C., Tindall, D.J., Molecular
mechanisms of androgen action, in Litwack, G. (Ed.), 

 

Vitamins and Hormones

 

, Academic
Press, Orlando, FL, 1995, 49:383-432. With permission.)

de novo
AR

synthesis
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rapidly under the stimulus of anterior pituitary gonadotropic hormones,
peaks in the second decade, and ultimately decreases beyond the age of 40 to
50 to become 20 to 50% of the peak value by the age of 80.

 

2–4

 

 This decline is a
result of changes at multiple levels of the hypothalamic–pituitary–testicular
axis in that the testicular response to gonadotropins is diminished, the pitu-
itary gonadotrope responsiveness to androgen suppression is attenuated, and
the pulsatility of the hypothalamic GnRH pulse generation is altered.

 

2,4

 

 Dis-
ease, malnutrition, and medications can also affect serum testosterone levels.
Although there is no consensus on the serum testosterone levels that can be
used to define androgen deficiency, in aging males, total testosterone levels
below 200 ng/dl or bioavailable testosterone levels below 60 ng/dl warrant
replacement, especially if associated with symptoms suggestive of androgen
deficiency.

 

2

 

 If classified based on bioavailable testosterone, it is believed the
prevalence of deficiency would be as high as 50% in aging males.

 

2

 

TRT has been shown to increase fat-free mass (FFM), bone density, and max-
imal voluntary strength in young, androgen-deficient men as well as aging
males with low testosterone. A composite of currently published trials sug-
gests that male TRT may have a significant benefit in terms of improved bone
mineral density, increased muscle mass and strength, and in some, improved
libido and mood.

 

2,4

 

 However, scientific information regarding hormone
replacement therapy in the aging population is only in its nascent stages.
Whether physiological testosterone replacement can induce clinically mean-
ingful changes in muscle function or strength, reduce falls and fractures, or
improve quality of life in the aging population remains to be determined.

In the short term, considered up to 3 years, the adverse effects of TRT seem
predictable and manageable; but,

 

 

 

the long-term safety, particularly with
respect to the risk of cardiovascular disease and prostate cancer, remains to
be established. Thus, the risk/benefit ratio for TRT remains equivocal.
Research regarding the dose–response relationship between serum testoster-
one levels and muscle strength is needed to optimize the clinical efficacy and
safety of testosterone regimens for use in aging males. Ultimately, the effect
of TRT will depend on individual genetics, training (type, intensity, fre-
quency, duration, and volume), nutrition quantity and composition, plus
starting hormone levels. The potential benefits and risks of testosterone ther-
apy in aging men are listed in Table 7.1.

 

7.3 Anabolic–Androgenic Steroids

 

7.3.1 General Concepts

 

Anabolic–androgenic steroids (AAS) are synthetic analogues of testosterone
which were developed in an attempt to minimize the androgenic effects
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while maintaining the anabolic effects of the drugs. The extent to which the
androgenic–anabolic ratio may be altered has been referred to as the thera-
peutic or anabolic index (TI). In the past, androgens have been referred to as
having a high anabolic index if they produce less of an effect on reproductive
tissues (seminal vesicles) than on the levator ani muscle of the rat; these
observations are compared with the relative effects of various testosterone
compounds.

 

10

 

 The anabolic effect is associated with the extent to which a par-
ticular steroid compound causes nitrogen retention, known to be a reason-
ably good index of the protein metabolism capacity of the steroid. The term
anabolic steroid, in fact, originated to describe the nitrogen-retaining action
of AAS as a marker of the muscle- or protein-building effect. The SPAI
(Steroid–Protein Activity Index) has been used to describe the effect of a ste-
roid on nitrogen retention and therefore protein synthesis. However, there is
little information comparing the variable anabolic vs. androgenic effects of
different AAS in humans.

 

7.3.2 Types of Anabolic–Androgenic Steroids

 

AAS can be categorized into those that are administered parentally by injec-
tion and those taken orally. Most of the orally active steroids are produced by
adding an alkyl group at C-17 of the D-ring in the basic testosterone nucleus.
Alkylation at the C17 position reduces hepatic metabolism and enhances the
longevity of the steroid.

 

5,10,11

 

 The injectable preparations are suspended in an
oil base and are given in prolonged release forms, called “depot” injections,
which are administered intramuscularly typically by deep gluteal injections.
They have become popular because they are administered less frequently
than the oral preparations and are associated with less toxicity to liver func-
tion inasmuch as they are not typically alkylated at the C17 position. As a
rule, they are also believed to be more potent than oral steroids because of
their route of delivery. Parenterally active anabolic steroids include testoster-
one esters and two esters of 19-nortestosterone–nandrolone decanoate (deca-
durabolin) and nandrolone phenpropionate (durabolin). Esters of testoster-
one attached to the 17 carbon are long-acting preparations and include test-

 

TABLE 7.1 

 

Potential Benefits and Risks of Testosterone Therapy in 

 

Aging Men

 

Benefits Risks

 

↑ 

 

Bone mineral density Fluid retention

 

↑ 

 

Lean body mass Induce sleep apnea

 

↑ 

 

Strength and stamina Develop gynecomastia

 

↑ 

 

Physical function Produce polycythemia
Improve well-being

 

↑ 

 

Risk of prostate problems

 

↓ 

 

Cardiovascular risk

 

↑ 

 

Cardiovascular risk
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osterone propionate, testosterone enanthate, and testosterone cypionate.

 

5,10,11

 

Principle oral and injectable AAS are listed in Table 7.2 with both trade and
generic names.

 

7.3.3 Effects of Anabolic–Androgenic Steroids on Strength and
Muscle Mass

 

Despite their reputation, AAS have had some important clinical applications.
For example, they have been used in treatment of osteoporosis, recovery
from illness or injury, treatment of muscular dystrophy, balance therapy for
hypogonadal individuals, treatment of chronic anemias, treatment of muscle
wasting-diseases such as AIDS and, more recently, as a male contracep-
tive.

 

4,5,11

 

 Ironically, it was their potential use as a male contraceptive which led
to their initial synthesis as drugs; we have come full circle and are exploring
again the reasons they were researched in the first place. Although they have
been in use for over five decades, there is considerable confusion regarding
the efficacy of their use as ergogenic aids. This is largely a result of critical
weaknesses in the research designs used to study their effects including: a
lack of proper controls and study design; the use of variable types of drugs,
dosage, method of administration, and treatment duration; lack of nutri-
tional control for such items as additional supplements consumed, calorie or
energy intake, and protein intake; variable training experience of the sub-
jects; different training intensity/volume used; measurement techniques
such as nonspecific strength testing; genetic variability of receptors, hor-
mones, and enzymes; and the inability to have research projects approved by
human subjects committees who focus on the risks of steroid use. This

 

TABLE 7.2 

 

Trade and Generic Names for Commonly Used 

 

Anabolic–Androgenic Steroids (AAS)*

 

Oral AAS

 

Anadrol (Oxymetholone)
Anavar (Oxandrolone)
Dianabol (Methandrostenolone)
Metandren (methyltestosterone)
Primobolin (Methenolone)
Winstrol (Stanozolol)

 

Injectable AAS

 

Deca-durabolin (Nandrolone decanoate)
Delatestryl (Testosterone enanathate)
Depo-testosterone (Testosterone cypionate)
Parabolan (Trenbolone acetate)

 

* Trade names are listed first with generic names in parentheses.
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makes it virtually impossible to precisely quantify the effects of AAS on body
composition and strength.

Despite these problems, there is little doubt among strength-training ath-
letes that AAS can have a dramatic impact on body composition and strength
levels. These effects have been most recently confirmed by a study that con-
trolled not only dietary factors but also the type of exercise and the weight-
lifting experience of the subjects.

 

12

 

 Male subjects were randomly assigned to
one of four groups: (1) placebo with no strength training, (2) testosterone
ester with no strength training, (3) placebo with strength training, and
(4) testosterone ester with strength training. The two testosterone groups
received a supraphysiological dose (600 mg) every week for 10 weeks. The
men who received testosterone but did no strength training gained signif-
icantly more muscle size and strength than the placebo group who did no
strength training. The subjects receiving both testosterone and strength
training experienced increased muscle size and strength that was far greater
than effects in the other three groups. AAS seem to have their greatest effect
in athletes who participate in a strength-training program and who continue
this training during the steroid treatment. This suggests that anabolic ste-
roids will consistently result in significant strength increases if they are given
to athletes intensively trained in weightlifting immediately before the start
of the steroid regimen and who continue this intensive weight training dur-
ing the steroid regimen.

 

5

 

Three primary mechanisms have been proposed to explain the ability of
AAS to effect changes in muscle mass and strength. Coupled with their ana-
bolic effects, AAS have both anticatabolic and psychological effects. The ana-
bolic effects of AAS are mediated via enhanced protein synthesis in target
tissues such as skeletal muscle if protein intake is adequate. The anticatabolic
effects, which may be the most important, are mediated in two ways: reversal
of the catabolic effects of glucocorticosteroids that are released during peri-
ods of stress, and conversion of a negative nitrogen balance by improved use
of ingested protein, thereby increasing nitrogen retention. Intense weightlift-
ing can force an athlete into a catabolic state, first by stressing the body caus-
ing the release of glucocorticosteroids, and second by substantially
increasing nitrogen utilization. As a result intensively trained athletes are
often in a chronic catabolic state. AAS, given to athletes in a negative nitrogen
balance, would enhance the use of the ingested protein and result in a posi-
tive nitrogen balance, if there is adequate protein intake. Conversely, an ath-
lete not intensively trained in weightlifting prior to anabolic steroid
treatment would not be expected to be in a catabolic state or in a negative
nitrogen balance and the net effect would be diminished.

The psychological effects of AAS have been well documented and may be
manifest through increased motivation, reduced fatigue, increased aggres-
siveness, and/or the placebo effect. Athletes who use AAS often experience
a state of euphoria and reduced fatigue which enhances motivation, self
confidence, and amount of training. There are numerous anecdotal and
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case reports regarding the effects of AAS on increased aggressiveness.

 

13

 

Appropriately channeled increased aggression is a part of most sports and
therefore would improve performance. High levels of aggression and the
hormone release associated with this type of response may also increase the
capacity to tolerate the pain and discomfort associated with training. Stud-
ies which have demonstrated that AAS can affect both the central nervous
system and neuromuscular junction suggest there could be a biochemical
foundation for aggressive behavior. Finally, the placebo effect cannot be
eliminated. Simply taking something an athlete thinks will help often pro-
vides the psychological motivation for the athlete to show increased
strength beyond what would have been expected in the absence of an AAS.
It seems likely that the effects are, at least in part, mediated through each of
the aforementioned mechanisms.

 

5,11,13,14

 

7.3.4 Adverse Effects and Risks of Anabolic–Androgenic Steroids

 

Are the potential gains worth the possible risks associated with the use of
AAS? These drugs are illegal, and athletes risk being banned from their
sports if they use them. More important are the medical risks associated with
steroid use, especially with the excessive doses often used by athletes. AAS
use has been associated with a considerable number of adverse side effects.
Of major concern are the effects on the liver, cardiovascular system, repro-
ductive system, and psychological status.

 

7.3.4.1 Reproductive System Effects

 

Although AAS can dramatically improve sexual function and reproductive
capability in hypogonadal individuals, these drugs can elicit the opposite
reactions in normal healthy males. In healthy young men, prolonged high
dosages, which are often 10 to 200 times therapeutic recommendations, can
lead to long-term impairment of the hypothalamic–pituitary–testicular axis,
testosterone endocrine function leading to testicular atrophy, decrease in
spermatogenesis, reduced testosterone levels, and possibly gynecomastia

 

5,11,13,14

 

(Appendices I and J). Though many steroid users report increased libido ini-
tially, a diminished sex drive is associated with prolonged use. Most men
who self-administer high doses of steroids become infertile during the period
of use and for some time afterwards, perhaps 6 months or more. There is a
risk of sterility with prolonged use at high dosage levels, but no case has ever
been reliably documented.

 

7.3.4.2 Cardiovascular System Risk

 

The steroid-induced effects on the cardiovascular system may prove to be the
most profound. AAS have a dramatic effect on risk factors associated with the
development of cardiovascular disease (CVD) including: hyperinsulinemia,
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altered glucose tolerance, elevated blood pressure, decreased HDL, and ele-
vated LDL. Changes in serum lipid profiles of users indicate that steroids
may be some of the most potent atherogenic drugs known. Coupled with
other reported adverse effects that include fluid retention, blood platelet
aggregation (clotting abnormalities), and functional alterations in myocar-
dial cell cultures, the potential for devastating effects on the cardiovascular
system is clear

 

3,5,11,13,14

 

 (Appendix J).

 

7.3.4.3 Human Liver Risk

 

AAS use of specifically the 17

 

α

 

-alkylated oral steroids has been associated
with blockage of bile flow causing jaundice and an increased risk of liver
tumors. Prolonged use could lead to cell death and cirrhosis, which will
impair normal liver function. The most serious liver complications associated
with AAS use are peliosis hepatitis, blood filled cysts in the liver, and liver
tumors. Peliosis hepatitis is a potentially life-threatening condition in which
blood-filled cysts develop in the liver and has been reported in individuals
treated with AAS for various medical conditions. Before the development of
steroids, this condition was seen almost exclusively in patients with pulmo-
nary tuberculosis. These cysts may rupture and cause painful abdominal
bleeding and possible death. However, despite these risks and the wide-
spread abuse of AAS, the critical side effects on the liver have been primarily
documented only in those patients who have been previously ill and have
received 17-

 

α

 

-alkylated steroids over prolonged periods.

 

14

 

 Notably, one
bodybuilder died of liver cancer after having abused a variety of AAS for at
least 4 years

 

3,5,11,13,14

 

 (Appendix J).

 

7.3.4.4 Psychological Status Effects

 

In both sexes, psychological effects of AAS include increases or decreases in
libido, mood swings, and aggressive behavior, sometimes uncontrollable
called “roid rage,” which is related to high testosterone levels. AAS may
cause an indirect increase in neurotransmitters in the central nervous sys-
tem thus producing stimulation effects which in turn could possibly cause
changed sex drive and increased excitability, irritability, and insomnia.

 

3,5,11

 

In some people the psychological changes can emerge as reckless behavior
and loss of judgment. Psychosis may occur in some susceptible individuals
possibly at doses that also activate corticosteroid-specific responses, since
corticosteroid use has been known to produce psychosis. Ultimately the
effects of AAS will be determined by individual genetics, previous and cur-
rent training programs, nutrition, age, sex, and type, dose, and duration of
steroid use. The reader is referred to the American College of Sports Medi-
cine position statement on the use and abuse of anabolic–androgenic ste-
roids (Appendix I), which the author of this chapter and professionals in the
field endorse.
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7.4 Growth Hormone

 

7.4.1 General Concepts

 

Growth hormone (GH) currently competes with anabolic–androgenic ste-
roids as the next “magic pill” in performance-enhancing drugs for athletes
and anti-aging strategies for aging baby-boomers. Discovery of recombinant
human growth hormone (rhGH) in the possession of Chinese swimmers
heading for the 1998 World Swimming Championships and similar discover-
ies at the Tour de France cycling event in 1998 and the 1996 Olympic Summer
Games in Atlanta, which are sometimes referred to as the “growth hormone
games,” strongly suggest the abuse of rhGH at the elite level.

 

13,15

 

 This prob-
lem extends into the broader community and includes high school students
and aging adults who continue to search for the next “fountain of youth.”

GH, also known as somatotropin, is a polypeptide hormone secreted from
the anterior pituitary under a complex regulatory mechanism involving
stimulation by hypothalamic growth hormone releasing hormone (GHRH)
and inhibition by hypothalamic somatostatin. The intermittent, pulse-like
secretion of GH is intricately regulated by neural, metabolic, and hormonal
feedback mechanisms.

 

16

 

 Major stimuli leading to GH release include sleep,
fasting, stress, exercise, hypoglycemia, and certain amino acids. It may be
inhibited by hyperglycemia, circulating IGF-1, obesity, and body fat distribu-
tion.

 

17

 

 Abdominal obesity and increased visceral fat have been associated
with hyperinsulinemia, lower serum IGF-1 concentrations, and decreased
spontaneous 24-hr GH release.

 

18

 

Once in the circulation, GH exerts many of its anabolic effects by stimulat-
ing the liver to produce and release small polypeptides called insulin-like
growth factors, IGF-1 and IGF-2. A small amount of IGF-1 circulates freely,
but most (~99%) circulates bound to a series of binding proteins, IGFBP 1-6.
The regulation of the biological effects of GH and IGF-1 by binding proteins
is currently an area of intensive investigation which may help explain the
variable metabolic effects reported during GH administration.

 

19,20

 

GH is fundamentally involved in the growth process of skeletal muscle and
many other tissues as it promotes cell division and cellular proliferation
throughout the body. It is implicated as affecting somatic growth during
childhood and is also known to have widespread physiologic activity in
adults, such as the maintenance of muscle mass and strength, body composi-
tion, and energy metabolism.

 

19

 

 On the surface, GH appeals to the strength
athlete because at physiologic levels it stimulates amino acid uptake and pro-
tein synthesis by muscle while it enhances fatty acid oxidation, thus conserv-
ing glycogen stores,

 

21

 

 and it also enhances bone and cartilage growth.

 

19

 

 Not
only is GH important for normal development, but it also appears to play a
vital role in adaptation to the stress of strength training and may improve
recovery following musculoskeletal injuries.

 

11,19
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7.4.2 Exercise and GH

 

Acute exercise is generally associated with an increase of both GH pulse fre-
quency and amplitude. Exercise stimulates the production of endogenous
opiates which facilitate GH release by an inhibition of liver production of
somatostatin, a hormone that blunts the release of GH.

 

19

 

 When the GH
response to exercise is evaluated, attention must be given to program design
variables. It appears that GH is differentially sensitive to variable strength-
training protocols. With increasing exercise intensity there is a dramatic rise
in GH production and total secretion, theoretically optimizing the anabolic
environment, which would include increased protein synthesis leading to
subsequent muscle hypertrophy, skeletal growth, and cell proliferation. It is
thought that the stimulus for increased GH release is elevated hydrogen ion
levels.

 

22

 

 The most dramatic, acute, increases in GH have been observed in
high-volume, short-rest programs (10 repetitions 

 

×

 

 3 sets 

 

×

 

 1-minute rest peri-
ods) as opposed to low-volume, longer-rest programs typically used by
Olympic and power lifters.

 

11

 

 Therefore, differential GH responses will occur
depending on load, rest periods, and volume of exercise which, in turn, may
impact anabolic responses. The long-term chronic adaptations of serum GH
to strength training have not been extensively studied, but reports of normal
resting GH concentrations in elite lifters suggest there is little change with
training.

 

23

 

 Strength training, however, may increase the sensitivity to stimuli,
such as the amino acid arginine, which promotes the release of GH.

 

7.4.3 GH Use

 

The recent availability of recombinant human GH (rhGH) has provided
investigators the opportunity to examine the prospect that GH treatment
might enhance lean body mass (LBM) or muscle protein accretion during
anabolic conditions such as growth and exercise or suppress protein wasting
associated with catabolic conditions such as age-related sarcopenia. In
young, hypopituitary adults, GH replacement therapy improves muscle vol-
ume, isometric strength, and exercise capacity.

 

24

 

 Athletes use GH to increase
muscle mass, train harder, longer, and more frequently, and to recover faster
after training.

 

15

 

 Anecdotal reports suggest that strength athletes and body-
builders self-administer large doses of rhGH despite strict security and dis-
tribution regulations and experience dramatic increments in muscle mass
and strength. However, attributing these effects specifically to rhGH would
be virtually impossible because these athletes typically administer a number
of “anabolic” agents simultaneously in a somewhat indiscriminate manner.
It has been estimated that athletes who self-administer rhGH undertake three
6- to 8-week cycles of rhGH treatment each year and use 1 to 2 IU or more
every other day during a particular cycle. The cost per year on the black mar-
ket is about $3000.

 

15
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7.4.4 GH Effects in Normal, Healthy Adults

 

Few studies have actually examined whether rhGH administration enhances
the anabolic effects of strength training by stimulation of further muscle
hypertrophy and/or strength in physically active individuals with normal
GH secretory function. Several studies have reported similar increases in
muscle protein synthesis, muscle cross-sectional area, and muscle strength in
placebo and rhGH-treated exercising young adults alike, which suggests it is
unlikely that the nitrogen retention associated with daily rhGH treatment
results in an increase in contractile protein, improved muscle function,
strength, and athletic performance.

 

19

 

 GH recipients who participated in a
12 week resistance-training program demonstrated a greater increase in fat-
free mass (FFM), total body water, and whole-body protein synthesis than a
placebo group. However, there were no significant differences between
groups in fractional rate of protein synthesis in skeletal muscle, torso, or limb
circumference, or strength measures.

 

25

 

 The greater increase in whole-body
protein synthesis in the rhGH group was attributed to a possible increase in
nitrogen retention in lean tissue (e.g., connective tissue, fluid, and noncon-
tractile protein) other than skeletal muscle. An extensive review concluded
that daily rhGH treatment modestly increases nitrogen retention in most nor-
mal adults, probably by permissive mechanisms, but only for a short period
of time (~1 month). During prolonged rhGH administration, resistance to the
anabolic actions of GH seems to occur.

 

19

 

The observed lack of a greater anabolic effect of prolonged GH treatment
combined with strength training is in agreement with earlier animal
studies

 

19

 

 as is the observation that the initial nitrogen-sparing effect of GH
dissipates with prolonged treatment. This in part may be related to the fact
that GH works best synergistically with other hormones. Thus, rhGH is con-
siderably more effective when combined with hormones needed to maxi-
mize the anabolic effect, such as insulin and thyroid hormone,

 

14

 

 both of
which usually decrease when rhGH is taken. Only under these circum-
stances can the liver produce and release an optimal amount of insulin-like
growth factors. For example, too little insulin, such as occurs during dieting,
may reduce the anabolic effects of rhGH, whereas frequent feedings during
the day would create an anabolic environment for potentiating the effect of
GH. Anecdotal evidence from athletes who have used rhGH concur that its
effects on promoting muscle growth and strength are disappointing. How-
ever, when rhGH and AAS are administered together, there appears to be a
synergistic effect in increased anabolism and strength. Combining low doses
of AAS with rhGH is more effective than either substance alone.

 

15

 

 The effect
of excess GH on body composition and strength may best be exemplified in
untreated acromegaly where body weight, FFM, and extracellular water
content are increased while fat mass is reduced. Interestingly, although
acromegalics have larger than normal muscles, they do not have stronger
than normal muscles.
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7.4.5 GH Replacement Therapy: Aging and 
Growth Hormone Deficiency (GHD)

The activity of the GH/IGF-1 axis declines significantly with advancing age;
both GH secretion and serum IGF-1 decrease, which is termed the somato-
pause. Many of the catabolic sequelae seen in normal aging, which include
reduced LBM and strength, decreased protein synthesis, increased adiposity,
and decreased bone mass, have been attributed to decreased function of the
GH/IGF-1 axis.2 In order to provide hormone replacement therapy for the
somatopause, aging subjects and patients have been treated with rhGH,
IGF-1, or both hormones together. Whereas numerous beneficial effects on
body composition, strength, and quality of life have been reported in some
studies, other studies have reported only marginal functional improvement.19

GH administration, with dosage based on IGF-1 levels, to healthy older
men (61 to 81 years) increased LBM (+8.8%), decreased body fat (–14.4%), and
increased bone density in the lumbar spine (+1.6%), but improvements in
muscle mass and strength were not assessed.26 Growth hormone deficiency
(GHD) in adults and somatopause often share many of the same characteris-
tics, such as increased fat mass, reduced lean mass, osteopenia, impaired
fibrinolysis, altered cardiac structure and function, unfavorable glucose and
lipid metabolism, reduced exercise capacity, and reduced quality of life.2,19

Since the introduction of rhGH, several clinical trials have examined the char-
acteristics of GHD. Adults with GHD appear to have muscle weakness
caused by decreased muscle mass that can be improved with rhGH therapy.27

Several observations suggest that rhGH administration may have an impor-
tant role in body composition and bone density in aging adults and GHD
patients. Using physiologic doses adjusted according to IGF-1 levels in
patients with GHD, long-term GH therapy improved body composition
(increased LBM and decreased fat mass), bone mineral density, psychological
well-being, and increased (or reduced the age-related decline of) muscle
strength.27–29 Specific guidelines regarding the use of serum IGF-1 to individ-
ualize GH replacement therapy have not been established.

7.4.6 Adverse Effects and Risks of GH Use

As with steroids, there are potential medical risks associated with the use of
GH. The extent of any side effect would be directly related to the amount of
rhGH used and the starting GH levels of the individual. For example, low
doses administered to individuals over the age of 60 with low starting levels
do not appear to cause any side effects,28 while high doses administered to
athletes may cause more dramatic side effects.14 Acromegaly can result from
taking GH after bones have fused, which results in bone thickening that
causes broadening of the hands, feet, and face; in skin thickening and soft tis-
sue growth; and in enlarged internal organs. Cardiomyopathy, glucose intol-
erance, diabetes, hypertension, and an increased incidence of additional side
effects such as arthralgias, myalgias, edema, and carpal tunnel syndrome can
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also result from GH use in already mature adults.14,19,20 Some athletes report
headaches, nausea, vomiting, and visual disturbances during the first weeks
of administration, which disappear in most cases with continued use. It
remains to be seen whether rhGH use impairs the ability of the body to pro-
duce GH naturally.

7.4.7 Conclusions Regarding GH Use

Despite the availability of rhGH and subsequent research, no unifying thesis
regarding the effects of GH treatment on muscle mass and strength has
evolved. In general, the anabolic or anticatabolic effects of GH treatment
observed to date have been inconsistent, which is related to the variable
doses, regimens, populations, and conditions under which it has been
administered. Further, understanding of the interactions among all the com-
ponents of the somatotropic axis is incomplete. Optimizing the anabolic
effects of rhGH treatment will require a better understanding of the interac-
tions among GH, IGF-1 production, IGFBP, the dose regimen, and other hor-
mones and regulatory factors.

7.5 The Insulin-Like Growth Factor System

7.5.1 General Concepts

There has been a growing interest in the insulin-like growth factor system
(IGF) as a result of its numerous known functions and widespread distribu-
tion throughout the body. Of interest to strength training, the primary indi-
rect or IGF-1 mediated action of GH on body protein metabolism is believed
to be the stimulation of protein synthesis that results in skeletal and somatic
growth. This effect is mediated by both circulating and locally produced IGF-
1.20,30 In addition to GH, insulin levels and nutritional status, such as acute
changes in nitrogen balance and protein intake, influence IGF transport, pro-
duction, and regulatory control. Circulating IGF-1, in turn, exerts an inhibi-
tory feedback on GH synthesis and release.

The IGF system consists of IGF-1 and 2, multiple binding proteins (1 to 6),
and three well-described receptor systems.20,31 It has been traditionally recog-
nized that IGF-1 (somatomedin C) is a component of the GH control axis with
much of the research emphasis placed on its insulin-like anabolic and meta-
bolic effects. IGFs are secreted by the liver following GH stimulated synthesis.
In the circulation, they attach to binding proteins (IGFBPs), which regulate
their action and bioavailability. Release from the binding protein is signaled
by the availability of the receptor site on the cell. Circulating levels of IGF-1
are thought to reflect GH-mediated production by the liver. However, it also
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appears that IGF-1 may be released from nonhepatic tissue independent of
GH. Cells, including muscle and fat cells, may produce and keep IGFs with-
out their being released into the circulation. IGF-1 expression in skeletal mus-
cle increases during hypertrophy in response to increased loading without
concomitant increased plasma IGF-1 levels.11,20,31

7.5.2 Anabolic Effects of IGF-1

It is generally agreed that IGF-1 exerts an anabolic action similar to that pro-
duced by insulin17–19 as it stimulates protein synthesis, suppresses protein
degradation and increases amino acid uptake. The well-established ability of
IGF-1 to mediate anabolism represents one attribute of this growth factor that
could clearly contribute to the hypertrophy process in skeletal muscle. A
number of studies demonstrate that GH treatment results in significant
increased circulating IGF-1, resulting in increased LBM without improve-
ment in muscle-related measures such as strength and muscle mass.19 Even
when GH doubled IGF-1 concentration, the measured strength gains elicited
by the resistance-training program in young and older subjects were not
increased. The majority of human and animal studies suggest that circulating
IGF-1 levels are of minimal importance in the adaptation of specific muscles
to changes in loading.19 On the other hand, there is evidence pointing to a
cause and effect relationship between hypertrophy and increased GH inde-
pendent IGF-1 expression in skeletal muscle — contributing to the hypertro-
phy process via the mobilization of satellite cells during remodeling20. The
exact relationship between tissue specific IGF-1 expression and circulating
IGF-1 remains to be elucidated.

7.5.3 Recombinant Human IGF-1 Replacement Therapy

IGF-1 has just recently become available in sufficient amounts for systemic
supplementation. Clinically, recombinant human IGF-1 (rhIGF-1) has consid-
erable promise for the management of many different conditions including
diabetes, wound healing, osteoporosis, and amyotrophic lateral sclerosis. In
contrast to GH treatment, IGF-1 decreases plasma glucose in normal and in
diabetic patients.33 When both GH and IGF-1 were used simultaneously, a
marked enhancement of anabolism was demonstrated as well as a dramatic
decrease in fat mass, suggesting the potential for combination therapy.34

However, the incidence of side effects was also greater with combined ther-
apy. Clearly, strength athletes considering combination administration must
be aware of these increased risks. Clinical use is in doubt since trials have
been suspended due to concerns regarding side effects. Though the safety of
repeated injections of rhIGF-1 has been demonstrated in both young and eld-
erly, there may be a connection between circulating IGF-1 levels and cancer.
This has stimulated interest in the role of the IGF-1 system in tumorigenesis
and the possibility of manipulating this system for therapeutic reasons.19,20,33
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The regulation of the biological effects of GH and IGF-1 by binding proteins
is currently an area of intensive investigation which may eventually help
explain the variable metabolic effects reported during GH administration.35

7.6 Prohormones: DHEA and Androstenedione

Considerable media attention has been given to the prohormones dehydroe-
piandrosterone (DHEA) and androstenedione. Both are steroid hormones
produced primarily by the adrenal glands and gonads of both sexes. The hor-
mones act as intermediates in the endogenous production of both testoster-
one and estrogens.36 In the adrenal cortex, DHEA is converted to
androstenedione, which in turn can either be dehyrogenated in the liver to
testosterone or aromatized to estrone.37 It is, in fact, the prohormone role in
testosterone synthesis which has stimulated much of the recent interest in
their potential as anabolic or ergogenic aids. Like testosterone, the produc-
tion of these hormones peaks in the mid-20s and then declines steadily with
age after the third decade of life.38 It has been speculated, therefore, that sup-
plementation with these “precursor” hormones may help keep androstenedi-
one and/or testosterone levels elevated, thereby optimizing the anabolic
state. Ironically, DHEA and androstenedione are currently available without
a prescription as “dietary supplements” (Dietary Supplement Health and
Education Act, 1994) and are marketed primarily to athletes and bodybuild-
ers as an alternative to AAS use. Despite the legal availability of these sub-
stances, the International Olympic Committee, National Collegiate Athletic
Association, and the National Football League have banned their use.

Supplementation with androgenic hormones may pose a potential risk for
promoting the growth of hormone-sensitive tumors, most notably prostatic
hypertrophy, as well as promoting hepatotoxicity and increasing the risk of
cardiovascular disease.4,39,40 Recently, we compared the effects of short-term
(12-weeks) DHEA vs. androstenedione supplementation on body composi-
tion, strength levels, and hormonal profiles in middle-aged males experienced
in weight training.41 The results demonstrated that supplementation with
100mg/day for 3 months did not significantly increase lean body mass or
strength levels, relative to changes observed in the placebo group. These
results are consistent with a recent study finding no differences in strength
and LBM gains (androstenedione vs. placebo) and with previous studies
which reported no increase in LBM or decrease in percent fat.42 However, the
aforementioned results contradict others which reported an increase in both
LBM and strength with DHEA supplementation.43,44 These discrepancies may
be related to a number of factors that include the basal physiologic milieu such
as the initial hormonal and metabolic profile; body composition, which con-
siders lean body mass vs. fat mass; nutritional status and factors of quantity,
composition, and timing; training index of frequency × intensity × volume;
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dosing criteria of timing, quantity, and route of administration; and age. Low
levels may be critical to inducing a statistically significant response with
replacement dose supplementation.

Though there is evidence that androstenedione can raise serum testoster-
one into normal range from low basal levels,37,45 short- and long-term supple-
mentation with androstenedione did not increase testosterone levels on a
day-to-day basis in more recent studies. However, both testosterone and
estrogen levels have recently been shown to increase on a short-term basis
(< 8hrs) when androstenedione was administered in larger doses
(300 mg/day); testosterone and estrogen levels returned to normal values by
the next day.46 This may be related to the short half-life of testosterone in the
circulation, known to be 60 to 80 minutes, as well as the short half-life of
androstenedione and its rapid conversion in peripheral tissues. Muscle,
along with adipose tissue, is a major source of serum estrogens derived from
androstenedione.47 In fact, serum estradiol levels actually increased, and
serum estrone levels were reportedly higher in subjects who received andros-
tenedione.48 Therefore, increasing androstenedione levels with high doses in
men may not provide the anabolic environment desired. Overproduction of
androstenedione may cause feminizing effects such as gynecomastia.

In contrast to high-dose administration, supplemental androstenedione in
low doses does not exhibit excess elevation of estrogen levels,37 particularly
in hypogonadism. It also appears that a small additional amount of estrogen
produced by supplemental androstenedione may trigger formation of more
androgen receptors where they are wanted most — skeletal muscles.49 It is
likely that the body rapidly adapts to excess androstenedione and may
downregulate its endogenous production and subsequent conversion to tes-
tosterone or estrogens as needed. Finally, because androstenedione and
DHEA have been shown to decrease with long-term strength training,45 sup-
plementation may have been “sacrificed” to maintain testosterone levels and
prevent overtraining. Replacement therapy may help reduce overtraining
syndrome and prevent a deficiency induced by intense training and the
delayed strength plateaus normally observed.

Ultimately, the potential benefit of supplementation with prohormones
may only be manifest in specific population subsets such as those character-
ized by low basal hormone levels and/or high-intensity training who use
much longer supplementation periods and larger doses. Researchers have, in
fact, recently demonstrated the ability of DHEA used as a supplement to
undergo biotransformation into potent androgens and estrogens in subjects
with panhypopituitarism, a syndrome characterized by the absence of adre-
nal and gonadal steroid secretion.50

Although the precise functions of DHEA, thus the implications of an ele-
vated DHEA level with supplementation, remain unclear,39 it has been pos-
tulated that it may play a role as a discriminator of life expectancy and
aging.50 It has also been reported that DHEA-S level is independently and
inversely predictive of death from any cause and from cardiovascular dis-
ease.51,52 Thus, it is tempting to speculate that supplementation with DHEA
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may help confer some protection against chronic disease and/or premature
death. The potential benefits and risks of DHEA and/or androstenedione
supplementation may be manifest only with long-term supplementation,
higher dosage, and/or in special subset populations with very low initial
basal levels or those individuals involved in high-intensity training. Future
studies should further delineate the population and dosing criteria.

7.7 Summary

The quest to be bigger and stronger likely goes back to the beginning of man-
kind. The advent of pharmacologic and dietary anabolic agents used as ergo-
genic aids have both facilitated and complicated this issue. While there may
be a legitimate use for many of these anabolic agents in hormone-deficient
and aging individuals, the use and abuse by young, healthy athletes is clearly
contraindicated. It is clear that the anabolic ramifications, especially with
respect to muscle hypertrophy and strength, in athletes as well as normal and
aging adults, requires further study. The interpretation of available research
is confounded by the complex interactions among exercise, nutrition, and
genetics. Research in the future will need to control for each separate factor
to further delineate the specific role of anabolic interventions used for
enhancing strength. Evidence to support the use of anabolic hormones and
their precursors as supplemental strategies in age-related sarcopenia, and
their long-term safety is still in its infancy. Scientific knowledge is far behind
public and media interest in this issue. We expect this will be an exciting and
intensive area of investigation in the future.
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8.1 Introduction

 

Many athletes have experimented with nutritional supplements in an effort
to gain an edge on their competition. Scientists have not kept pace with the
increasing number of nutritional supplements used by and marketed to ath-
letes. While the effects of many dietary supplements remain uninvestigated,
there continues to be widespread interest in creatine research. This chapter
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will explore the relatively significant body of literature on creatine supple-
mentation accumulated over the last 7 years. Creatine metabolism and func-
tion will be overviewed prior to a discussion of the pertinent literature
describing the effects of creatine supplementation on body composition,
muscular strength, and physiological mechanisms. Emphasis will be placed
on short-term creatine supplementation studies examining resistance-
exercise performance and long-term weight-training studies examining body
composition and muscular strength. The reader is referred to several other
review papers on the effects of creatine supplementation on other types of
high-intensity performance.

 

1–3

 

 A brief discussion of possible side effects will
conclude the chapter.

 

8.2. Creatine Background

 

8.2.1 Sources

 

Creatine is a natural component of the diet found primarily in animal prod-
ucts. Meat contains approximately 2 to 5 grams of creatine per kilogram.
Average intake in omnivores is about 1 gram creatine per day. Creatine sup-
plements are also manufactured in the laboratory, the most common form
being creatine monohydrate. Creatine monohydrate is a tasteless and odor-
less white powder that is moderately soluble in water.

Although creatine can be obtained in the diet from meat products and sup-
plements, our bodies also synthesize creatine. Creatine biosynthesis occurs
primarily in the liver, pancreas, and kidney,

 

4

 

 although nearly all the creatine
is stored in skeletal muscle. Creatine biosynthesis is adequate to maintain
normal muscle creatine levels without consumption of dietary sources. Thus,
creatine is not considered a dietary essential nutrient. In the first step of the
biosynthesis of creatine, a guanidino group from arginine is transferred to
glycine forming guanidinoacetate. This first step is catalyzed by the enzyme
transamidinase. A methyl group (CH

 

3

 

) is then added to guanidinoacetate by
the primary methyl-donor in the body, S-adenosylmethione, to form creatine.
This second step is catalyzed by the enzyme methyltransferase.

 

8.2.2 Metabolism

 

Creatine from the diet is absorbed unchanged from the intestinal lumen
directly into the bloodstream. Creatine synthesized in the liver is also
released into the blood circulation. Creatine is transported in the blood to its
primary storage site, skeletal muscle, where about 95% of the total creatine in
the body is located. A specific sodium-dependent creatine transporter pro-
tein on the sarcolemma concentrates creatine in skeletal muscle,

 

5,6

 

 thereby
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keeping blood creatine concentrations relatively low (<100 

 

µ

 

mol/L). Once
inside the sarcoplasm, the majority of creatine is phosphorylated to phospho-
creatine, which requires hydrolysis of one molecule of ATP. The reaction is
catalyzed by creatine kinase. Phosphocreatine accounts for about two thirds
and free creatine one third of the total creatine concentration in resting skel-
etal muscle. The normal concentration of total creatine in skeletal muscle is
120 mmol/kg dry mass but ranges from about 100 to 140 mmol/kg depend-
ing on meat intake, muscle fiber type, training, age, and other unknown fac-
tors. Loss of muscle creatine occurs via an irreversible nonenzymatic
conversion into creatinine at a relatively constant rate and amounts to about
2 grams per day in a 70-kg person. Thus, muscle creatine concentrations
remain relatively stable and are not significantly influenced by intense exer-
cise or other stressors. Creatinine is filtered in the kidney by simple diffusion,
but not reabsorbed, and is eventually excreted in the urine.

 

8.2.3 Function

 

The final fuel for all muscular work is adenosine triphosphate (ATP), which
is hydrolyzed during intense exercise resulting in ADP, inorganic phosphate,
and energy for muscle contraction (Rx #1). The primary function of phospho-
creatine is as a temporal energy buffer during periods of rapid ATP turnover,
such as occurs during resistance exercise. Phosphocreatine participates in the
reversible creatine kinase reaction that acts to replenish ATP during intense
exercise and in the resynthesis of phosphocreatine during recovery (Rx #2).

Thus, the concentration of phosphocreatine decreases and free creatine
increases with resistance exercise, but there is no change in total creatine. The
creatine kinase reaction ensures a rapid method of replenishing ATP during
intense exercise; however, phosphocreatine stores are relatively small and
become depleted quickly during intense exercise (between 10 and 20 sec-
onds). The advantage of using phosphocreatine as an energy source is that it
is a very high-power energy system because it produces a large amount of
ATP per unit time. Depletion of phosphocreatine coincides with a reduction
in force/power output.

 

7

 

 During recovery from intense exercise or sets of resis-
tance exercise, phosphocreatine resynthesis is rapid, with a half-life of about
30 seconds; about 95% of phosphocreatine is resynthesized after only 3 to
4 minutes.

 

8

 

 Although the storage capacity of creatine and phosphocreatine in
skeletal muscle is small, recent evidence has clearly demonstrated that it can
be increased through oral ingestion of the supplement creatine monohydrate.

(ATPase)
Rx #1: ATP ADP + P

 

i

 

 + Energy for muscle contraction

(creatine kinase)
Rx #2: PCr + ADP + H

 

+

 

 Cr + ATP
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8.3 Short-Term (<One Week) Supplementation

 

An important question to be answered regarding creatine supplementation
was whether muscle total creatine concentrations could be increased. After
evidence was obtained that muscle creatine stores could be increased rapidly,
several studies then examined the potential for increased muscle creatine to
augment different exercise protocols. These initial studies provide evidence
that short-term (less than 1 week) creatine supplementation can help some
types of high-intensity, short-duration activities.

 

8.3.1 Muscle Creatine

 

Almost a decade ago, a study was published documenting an effective strat-
egy for increasing muscle creatine stores by ingesting large amounts of creat-
ine monohydrate.

 

9

 

 These researchers reasoned that if blood levels of creatine
could be elevated above a certain threshold then perhaps a portion of the cre-
atine might “spill over” into muscle. A 5-gram dose of creatine was deter-
mined to significantly elevate blood creatine concentrations peaking about
1 hour after ingestion and returning to baseline levels after 2 to 3 hours. In
order to keep creatine elevated throughout the day, a 5-gram dosing regimen
every 2 hours for 8 hours was adopted. This creatine dosing protocol, which
was maintained for at least 2 days, resulted in significant increases in the total
creatine content of the quadriceps femoris muscle. Subsequent studies have
confirmed that this creatine dosing strategy is effective in increasing muscle
creatine stores.

 

10–15

 

 Increases in muscle total creatine range from 10 to 37%.
The majority of creatine uptake occurs within the first 2 days, and muscle
becomes saturated with creatine in less than 7 days at 20 to 25 g/day. The
maximal amount of creatine appears to reside near 155 to 160 mmol/L dry
muscle, which is attained within 5 to 6 days using this loading regimen.

Not all individuals respond to creatine supplementation by increasing mus-
cle creatine stores, especially individuals with high initial levels.

 

9,13

 

 Ingestion
of a large amount of glucose with creatine during a 5-day loading regimen has
been shown to reduce the variability in uptake between individuals and
enhance intramuscular creatine accumulation.

 

12

 

 The enhancement of muscle
creatine accumulation in muscle when combined with the simple carbohy-
drate glucose is thought to be a result of carbohydrate-mediated insulin
release. Insulin has been shown to stimulate sodium-dependent muscle creat-
ine transport. Importantly, the amount of glucose consumed in this study was
370 g (almost 1500 kcal) for a daily 20-gram dose of creatine, which might not
be advisable for athletes or palatable for some individuals. Subsequent
research in humans using the euglycemic clamp technique, a technique that
keeps glucose concentrations stable while different amounts of insulin are
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infused, has indeed shown that insulin can enhance creatine accumulation in
muscle but only if insulin levels are present at extremely high or supraphysi-
ological concentrations.

 

16

 

In the initial study demonstrating that creatine supplementation was effec-
tive at increasing muscle creatine stores, the impact of exercise on muscle cre-
atine accumulation was also addressed. Creatine supplementation combined
with 1 hour of one-legged cycling resulted in a 25% increase in total muscle
creatine in the nonexercised leg and a 37% increase in the exercised leg.

 

9

 

 The
authors concluded that regular intense exercise in conjunction with creatine
supplementation augments creatine accumulation in the exercised muscles.
A single bout of exercise was recently shown to augment subsequent creatine
accumulation in the exercised muscle.

 

17

 

 In this study, carbohydrate ingestion
with the creatine also augmented glycogen concentrations in the exercised
muscle, indicating a synergistic effect of creatine and carbohydrate on glyco-
gen synthesis.

Since the majority of creatine in the human body is stored within skeletal
muscle, arguments have been made that creatine should be consumed rela-
tive to body weight or lean body mass (LBM). A common recommendation
is 0.3 grams creatine per kilogram body weight.

 

14

 

 This dose was derived
from studies that measured muscle creatine stores in subjects weighing
approximately 80 kg and supplemented with a dose of 20 grams per day
(20 g creatine/day divided by 80 kg = 0.3 g creatine/kg). While valid in the-
ory, studies have not been performed to confirm whether 0.3 g creatine/kg
is effective in individuals with a body weight significantly less than or
greater than 80 kg.

 

8.3.2 Body Composition

 

The vast majority of short-term creatine loading studies show a significant
increase or a small nonsignificant increase in body weight up to about 1.5
to 2.0 kg. This is most likely due to increased retention of body water. Since
creatine accumulates in muscle, the opinion of most researchers is that
water is accumulating inside the cell, and there is some evidence to support
this contention.

 

18,19

 

A recent study reported that creatine supplementation (20 g/day for
5 days) significantly increased body weight (1.6 kg) and LBM (1.4 kg) using
dual-energy X-ray absorptiometry (DEXA) in men.

 

20

 

 Our laboratory recently
reported that creatine supplementation (25 g/day for 7 days) significantly
increased body weight (1.7 kg) and LBM (1.5 kg) as measured by hydrostatic
weighing in men.

 

15

 

 Thus, at least some of the increase in body weight with
acute supplementation could be LBM in addition to water. Because there are
limitations in the methods available to detect small changes in LBM and
water compartments, any conclusions must be viewed with caution.
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8.3.3 Strength Performance

 

A large number of studies have examined the effects of creatine supplementa-
tion on different types of exercise including cycling, running, sprinting, jump-
ing, swimming, and rowing protocols. This section will focus only on studies
that examined the acute effects of creatine on muscular strength during resis-
tance exercise protocols. The vast majority of research to date has utilized
young men as subjects. However, a sufficient number of projects have utilized
women as subjects and indicate that women can also benefit from creatine sup-
plementation. Strength is obviously important to performance of many sports
and daily life activities. Increased maximal strength is the reason many indi-
viduals use creatine. The effect of typical creatine loading regimens has been
examined using isometric,

 

21–23

 

 isokinetic,

 

22,24–27

 

 and isotonic

 

15,28

 

 muscle actions.
Greenhaff et al.

 

26

 

 had subjects perform an isokinetic protocol consisting of
5 sets of 30 unilateral knee extensions at a constant angular velocity of
180

 

°

 

/second with 1 minute of recovery between each bout. Creatine-
supplemented subjects were able to significantly reduce the decline in muscle
peak torque production during bouts 2, 3, and 4. Using a similar isokinetic
protocol of 5 sets and 30 repetitions, Gilliam et al.

 

24

 

 reported no beneficial
effect of creatine supplementation. Work from our laboratory indicates that
muscular performance is enhanced during high-intensity resistance exer-
cise.

 

28

 

 The testing protocol consisted of 5 sets of bench press using a 10-repe-
tition maximum load and 5 sets of 10 repetitions of squat jumps using 30% of
the 1-repetition maximum with 2 minutes recovery between all sets.
Creatine-supplemented subjects performed significantly more repetitions
during all 5 sets of bench press (Figure 8.1) and achieved significantly higher
peak power outputs during all 5 sets of squat jumps (Figure 8.2) after one
week of supplementation. 

 

FIGURE 8.1

 

Total number of bench press repetitions performed during 5 sets using a 10 repetition
maximum load before (Pre) and after (Post) 7 days of creatine (25 g/day) or placebo sup-
plementation. (Data from Volek, J. S., Kraemer, W. J., Bush, J. A., Boetes, M., Incledon, T.,
Clark, K. I., and Lynch, J. M., Creatine supplementation enhances muscular performance
during high intensity resistance exercise, 

 

J. Am. Diet. Assoc.,

 

 97, 765, 1997.)
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There are limited data on the effect of short-term creatine supplementation
on 1-repetition maximum strength. We recently reported that 1 week of cre-
atine supplementation slightly increased maximal squat (4.1%) and maximal
bench press (5.4%) strength in moderately trained men.

 

15

 

8.3.4 Mechanisms

 

The ability of creatine supplementation to enhance short-term maximal exer-
cise is hypothesized to be due to an increased availability of muscle creatine
that can buffer the rapid accumulation of ADP resulting from ATP hydroly-
sis, especially in fast type II muscle fibers.

 

11

 

 The increased availability of mus-
cle creatine allows higher force/power outputs because of a better match
between ATP supply and ATP demand as indicated by reduced adenine
nucleotide degradation following brief maximal exercise.

 

29–31

 

 An increase in
the rate of phosphocreatine resynthesis during recovery may also benefit
high-intensity intermittent exercise protocols by allowing higher phospho-
creatine levels at the onset of exercise.

 

13

 

 However, a recent study provided
evidence that phosphocreatine resynthesis was not enhanced after creatine
supplementation.

 

32

 

 Another theory to explain improved performance after
creatine supplementation is a decrease in relaxation time, the time needed for
a muscle to relax after a contraction.

 

23

 

 The small increases in 1 RM strength
are difficult to explain after short-term creatine supplementation but may be
due to functional or biomechanical advantages associated with increased
body weight or LBM.

 

FIGURE 8.2

 

Peak power output during 5 sets of squat jumps using 30% of the 1 repetition maximum
before (Pre) and after (Post) 7 days of creatine (25 g/day) or placebo supplementation. (Data
from Volek, J. S., Kraemer, W. J., Bush, J. A., Boetes, M., Incledon, T., Clark, K. I., and Lynch,
J. M., Creatine supplementation enhances muscular performance during high intensity
resistance exercise, 

 

J. Am. Diet. Assoc.,

 

 97, 765, 1997.)



 

164

 

Nutrition and the Strength Athlete

 

8.4 Long-term (>One Week) Supplementation

 

8.4.1 Muscle Creatine

 

Numerous studies indicate that acute creatine loading elevates muscle creat-
ine concentrations. However there is less data on appropriate doses of creat-
ine to maintain elevated creatine stores. While the majority of studies have
utilized a “loading” dose of 20 grams creatine per day for 5 to 7 days to rap-
idly increase muscle creatine stores, consuming lower doses for a longer
period of time may also be effective. Ingestion of 3 grams creatine per day for
28 days resulted in a similar increase in muscle creatine concentrations
(approximately 20%) compared to a group of subjects supplemented with
20 grams per day for 7 days.

 

14

 

 Thus, muscle creatine stores can be increased
rapidly by consuming 20 grams per day for 6 days or slowly by consuming
3 grams per day for 4 weeks. Consuming less than 3 grams per day may not
result in increased muscle creatine uptake. Ingestion of 2 grams of creatine
per day for 6 weeks failed to alter muscle phosphocreatine concentrations at
rest, during exercise, and recovery from exercise in athletic women.

 

33

 

The majority of studies that have measured muscle creatine stores in
response to creatine supplementation have been short-term (less than
1 week) so there is some uncertainty as to the appropriate creatine dose nec-
essary to retain elevated muscle creatine stores after a loading phase. In an
average healthy person, approximately 2 grams of creatine are broken down
and excreted in the urine per day. In one of the first studies to address main-
tenance doses, the effects of replacing the normal breakdown of creatine
(2 grams) were examined. After a 6-day creatine loading regimen of 20 grams
per day, a group of sedentary subjects maintained elevated creatine stores for
1 month while consuming only 2 grams per day.

 

14

 

 A similar group, who
stopped consuming creatine after the loading protocol, slowly reached mus-
cle creatine levels that were not significantly different from baseline values in
4 weeks.

 

14

 

 This study demonstrates that elevated muscle creatine stores
decline at a relatively slow rate after discontinuing creatine supplementation
and can be offset by consuming just 2 grams per day. In another study, a daily
5-gram creatine dose following an initial loading dose was sufficient to main-
tain elevated muscle phosphocreatine stores in untrained women who par-
ticipated in a 10-week resistance-training program.

 

34

 

 A 5-gram maintenance
dose following an initial loading dose resulted in a small decline in muscle
creatine in moderately trained men during 12 weeks of intense resistance
training.

 

15

 

 No studies have been performed to corroborate this finding in ath-
letes training intensely.

As was the case for loading doses of creatine, a maintenance dose has also
been recommended relative to body weight. Since 2 grams per day were ade-
quate to maintain elevated muscle creatine stores in individuals weighing
approximately 80 kg, a maintenance dose of 0.03 g creatine per kg body
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weight might be appropriate (2 g creatine/day divided by 80 kg = 0.03 g cre-
atine/kg/day). Once again, this maintenance dose has not been validated in
athletes of different body sizes performing different training programs. An
ideal maintenance dose may prove elusive based on individual differences in
diet composition and meat intake, muscle fiber type distribution, gender, age,
and initial total muscle creatine concentrations. Furthermore, creatine
requirements may be altered depending on the specific training regimen,
exercise configurations, and training adaptation of interest, such as increased
muscular strength, speed, or lean body mass. At present however, a mainte-
nance dose of 2 to 5 grams per day seems appropriate.

 

8.4.2 Body Composition and Strength Performance

 

Increased lean body mass (LBM) and muscular strength are primary goals of
many individuals using creatine and performing weight training. More
recently, several studies have examined the effect of creatine supplementation
on changes in body composition and muscular strength in response to differ-
ent weight-training programs. Since the majority of these studies determined
body composition and muscular strength, both these responses will be dis-
cussed together. Table 8.1 summarizes the effects of long-term creatine sup-
plementation and resistance-training studies on LBM and muscular strength.

The majority of creatine supplementation and training studies have used
recreational weight-trained men between 18 and 30 years, although one
study reported positive effects on LBM and muscular strength in untrained
women.

 

34

 

 Long-term studies involved resistance training only or resistance
training in combination with sprint/agility workouts for 14 to 84 days. Sup-
plementation generally consisted of a loading dose of creatine (15 to
25 g/days) for 5 to 7 days followed by a maintenance dose (2 to 10 g/day) or
the same loading dose for the remainder of the training. One study examined
creatine with other supplements

 

35

 

 and is not included. Body composition has
been assessed using skin folds, hydrostatic weighing, and dual-energy X-ray
absorptiometry (DEXA). Strength testing has typically used 1 RM testing of
large muscle group (bench press and squat) and smaller muscle group
(preacher curl and leg extensions) exercises. In addition, isokinetic testing
and number of repetitions performed using a standard weight (e.g., 70% or
85% of 1 RM) have been evaluated.

In terms of body composition, several studies have shown increases in
LBM up to 5.3 kg. Creatine supplementation resulted in larger numerical
increases in LBM compared to placebo in every study, with the exception of
a study in elderly men and women 67 to 80 years.

 

36

 

 Our laboratory recently
reported that creatine supplementation during 12 weeks of periodized heavy
resistance training resulted in significantly greater increases in LBM, which
corresponded with significantly greater muscle fiber hypertrophy compared
to placebo.

 

15

 

 None of the long-term creatine supplementation studies have
reported any significant effect of creatine on fat mass.
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TABLE 8.1  Effects of Long-Term Creatine Supplementation and Resistance Training on Lean Body Mass (LBM) and Strength

 

LBM Change

 

Change (%)
Reference Days Loading Maintenance Method Cr Pl Strength Testing Cr Pl

 

Becque et al. (54) 42 5 d @ 20 g/d 37 d @ 2 g/d HW 1.6 –0.1 1 RM preacher curl 30 17
Berman et al. (36) 52 5 d @ 20 g/d 47 d @ 3 g/d  SF 0.0 0.4 1 RM chest press 17 12

12 RM chest press 19 12
1 RM leg press 17 10
12 RM leg press 16 20
1 RM leg extension 19 17
12 RM leg extension 16 18

Earnest et al. (55) 28 20 g/d 20 g/d HW 1.6 –0.5 1 RM bench press 6 –2
Reps @ 70% 1 RM 35 0

Francaux & 
Poortmans (18)

42 5 d @ 21 g/d 37 d @ 3 g/d N/A N/A N/A 1 RM isokinetic squat 7 6

Kelly et al. (56) 25 5 d @ 20 g/d 20 d @ 5 g/d SF 2.5 ?NS 3 RM bench press 8 2
Reps @ 85% 1 RM 40 7

Kirksey et al. (57) 42 0.3 g/kg BM/d 0.3 g/kg BM/d HW 2.6 1.0 Vertical jump 7 2
Kreider et al. (48) 28 15.75 g/d 15.75 g/d DEXA 2.4 1.3 Bench press volume @ 

4-8 RM
Sig NS

Squat volume @ 4-8 RM NS NS
Power clean volume @ 
4-8 RM

NS NS

Total volume Sig NS
Noonan et al. (58) 56 5 d @ 20 g/d 51 d @ 0.1 g/kg LBM HW 3.2 1.5 1 RM bench press 6 1
Noonan et al. (58) 56 5 d @ 20 g/d 51 d @ 0.3 g/kg LBM HW 2.2 1.5 1 RM bench press 6 1
Pearson et al. (59) 70 5 g/d 5 g/d SF 0.3 –1.3 1 RM bench press 3 –1

1 RM squat 11 5
1 RM power clean 6 –2

Peeters et al. (46) 42 3 d @ 20 g/d 38 d @ 10 g/d SF 2.7 0.2 1 RM bench press 10 1
1 RM leg press 12 9
Curl reps @ 8–10 RM 106 97

Peeters et al. (46) 42 3 d @ 20 g/d  38 d @ 10 g/d SF 2.2 0.2 1 RM bench press 8 1
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1RM leg press 11 9
Curl reps @ 8–10 RM 120 97

Rawson et al. (39) 30 10 d @ 20 g/d 20 d @ 10 g/d HW  0.6 0.1 1 RM isometric preacher 
curl

32 2

Stone et al. (60) 35 0.22 g/kg BM/d 0.22 g/kg BM/d HW 5.3 2.0 1 RM bench press
1 RM squat

Stone et al. (60) 35 0.09 g/kg BM/d 0.09 g/kg BM/d HW 2.9 1 RM bench press
1 RM squat

Vandenberghe et al. (34) 74 4 d @ 20 g/d 70 d @ 5 g/d HW 2.6 1.6 1 RM bench press 45 38
1 RM squat 46 25
1 RM leg press 43 25
1 RM leg curl 63 39
1 RM leg extension 85 57
1 RM shoulder press 31 24

Volek et al. (15) 84 7 d @ 25 g/d 77 d@ 5 g/d HW 4.3 2.1 1 RM bench press 24 16
1 RM squat 32 24

 

# Creatine phosphate
LBM = lean body mass
HW = hydrostatic weighting
SF = skin folds
DEXA = dual-energy X-ray absorptiometry

 

TABLE 8.1  (continued) Effects of Long-Term Creatine Supplementation and Resistance Training on Lean Body Mass (LBM) and Strength

 

LBM Change

 

Change (%)
Reference Days Loading Maintenance Method Cr Pl Strength Testing Cr Pl
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A few long-term creatine studies have used swim training instead of
weight training.

 

33,37,38

 

 These studies indicate no significant increase in LBM.
Thus, weight training should be an integral part of the training program dur-
ing long-term supplementation if gains in LBM are desired. The majority of
evidence does indicate weight training in conjunction with long-term creat-
ine supplementation results in greater gains in LBM. Although increases in
LBM are greater with supplementation, the differences are often not exces-
sively larger than gains in the placebo group.

Eight studies have examined the effects of creatine supplementation on
1 RM bench press strength and indicate significant increases ranging from 3
to 45%. Eight studies assessed 1 RM squat or leg press strength and indicate
significant increases ranging from 7 to 46%. Preacher curl and leg exten-
sion/leg curl 1 RM strength has also been shown to improve with creatine
supplementation (30 to 85%). Larger increases have been reported after cre-
atine supplementation in total repetitions performed using a standard
weight and range from 16 to 120%. In all studies, the increases in strength
were numerically greater in creatine compared to placebo subjects with the
exception of a study in elderly men and women 67 to 80 years.

 

36

 

 Creatine sup-
plementation failed to enhance performance and body composition in eld-
erly men 60 to 82 years

 

39

 

 and elderly men and women 67 to 80 years

 

36

 

 during
resistance training for 30 and 52 days, respectively, indicating supplementa-
tion may be ineffective in elderly subjects.

 

8.4.3 Mechanisms

 

The mechanisms linking long-term creatine supplementation to improve-
ments in body composition and strength are more diverse. One theory is that
creatine supplementation enhances the intensity of individual resistance
exercise workouts,

 

28

 

 which over time augments muscle strength and body
composition responses to resistance training.

 

15

 

 There is some indication cre-
atine is involved in protein metabolism in differentiating skeletal muscle
cells;

 

40

 

 however, no studies have measured protein synthesis or degradation
after creatine supplementation in humans. It has also been suggested that
muscle creatine accumulation causes water to move into cells in order to
maintain a constant osmolality between the intracellular and extracellular
fluid compartments. This accumulation of water in cells or “cellular swell-
ing” is believed to be an anabolic stimulus and promote protein synthesis
and a positive nitrogen balance.

 

41

 

 Once again, no studies have determined if
an increase in intracellular water due to creatine supplementation has an
influence on skeletal muscle protein synthesis. Hormonal mechanisms are
also not a likely mechanism by which creatine enhances performance or mus-
cle mass.

 

42

 

 Total testosterone, free testosterone, cortisol, sex hormone binding
globulin, growth hormone, and insulin-like growth factor-I concentrations
were not altered after 12 weeks of creatine supplementation and resistance
training (unpublished observations). The exact mechanism(s) responsible for
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the greater increases in muscular strength and LBM in subjects supplement-
ing with creatine and performing resistance exercise is unclear and requires
further research.

 

8.5 Side Effects

 

The widespread use of creatine by athletes has led to concerns about poten-
tial side effects. Despite a large number of creatine supplementation studies,
there is no evidence that supplementation has any serious adverse health
effects.

Short-term creatine supplementation has no effect on heart rate at rest or
during exercise,

 

43,44

 

 even when performed in a high heat/humidity environ-
ment.

 

45

 

 There does not appear to be any effect of long-term creatine supple-
mentation on either diastolic or systolic blood pressure.

 

20,46

 

 Ejection fraction
assessed via echocardiography was not affected after creatine supplementa-
tion in patients suffering from chronic heart failure.

 

25

 

 Plasma volume changes
during exercise in the heat are not altered with creatine supplementation.

 

45

 

Thus, creatine supplementation does not appear to affect the cardiovascular
system.

There is some indication creatine supplementation may improve blood lip-
ids. One study demonstrated that creatine supplementation had a positive
effect on the blood lipid profiles of physically active middle-aged subjects
with total cholesterol concentrations exceeding 200 mg/dL.

 

47

 

 This study
showed that 8 weeks of creatine supplementation reduced plasma total cho-
lesterol (–5%), VLDL-cholesterol (–22%), and triglycerides (–22%). Another
study demonstrated that 4 weeks of creatine supplementation in conjunction
with an exercise program consisting of resistance exercises and agility/sprint
conditioning increased HDL-cholesterol (13%) and reduced VLDL-
cholesterol (–13%) in collegiate football players.

 

48

 

 These findings are in con-
trast to work in our laboratory where we have not observed any impact of
creatine loading (1 week) or long-term supplementation during 12 weeks of
heavy resistance training on blood lipids and lipoproteins in healthy moder-
ately trained men.

 

49

 

Short-term oral creatine supplementation (20 g/day for 5 days) does not
adversely affect several measures of renal function including glomerular fil-
tration rate and protein and albumin excretion rates in healthy men.

 

50

 

 Serum
and urinary creatine are increased when large amounts of creatine are
ingested,

 

34,50,51

 

 but creatinine is only slightly elevated, within normal ranges,
with ingestion of 20 grams per day

 

20,50,51

 

 or when a 5-gram maintenance dose
is consumed for 10 to 12 weeks.

 

15,34

 

 There is little reason to believe creatine
supplementation in healthy adults over a long period of time poses any
threat to normal kidney function. In fact, a recent report indicated that com-
pared to controls, athletes consuming creatine (2 to 30 g per day) for
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10 months to 5 years demonstrated no differences in plasma concentrations
or urine excretion rates for creatinine, urea, and albumin.

 

52

 

 Further, glomeru-
lar filtration rates, tubular reabsorption, and glomerular permeability were
normal, indicating no adverse affects of long-term creatine use on renal func-
tion.

 

52

 

 Thus, there is little evidence supplementation will result in renal prob-
lems in healthy individuals.

When large doses of creatine are consumed in the diet, synthesis in the
body is reduced

 

4

 

 but returns to normal when creatine is removed from the
diet.

 

14,53

 

 Chronic use of creatine may also result in downregulation of the
expression of creatine transporter isoforms in skeletal muscle.

 

5

 

 This also
appears to be reversible when creatine supplementation is discontinued.
Thus, there is little evidence indicating that discontinuing creatine will nega-
tively affect the normal production of creatine in the body.

In summary, acute creatine supplementation has been shown to be medi-
cally safe in healthy persons. There is insufficient data concerning the poten-
tial effects of creatine supplementation over long periods of time to conclude
supplementation will have negative health effects. More research is needed
in both animal and human studies to thoroughly evaluate any potential del-
eterious side effects. At this point in time, however, there is no reason to
believe creatine supplementation in healthy adults poses any threat to nor-
mal physiological functioning.

 

8.6 Summary

 

Resistance training is a fundamental component of training programs for a
variety of athletes. Much of the research examining creatine supplementation
has focused on acute and chronic resistance exercise performance and body
composition responses. Muscle creatine concentrations can be increased rap-
idly in the majority of individuals, and this usually enhances the ability to
perform multiple repetitions at a given weight or prevent the normal decline
in power; there is less of a benefit on maximal strength. Long-term creatine
supplementation and resistance-training studies indicate greater increases in
LBM, maximal strength of large and small muscle groups, and fatigue resis-
tance during multiple repetition tests with a standard weight. Creatine sup-
plementation appears to be a safe and legal method to augment muscle mass
and muscle strength adaptations to weight training.
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9.1 Introduction

 

The human body is a complex interaction of multiple systems, all working
together to maintain homeostasis. It is impossible to discuss a single organ or
organ system without considering its impact on other physiological systems.
This is especially true for the effects of nutrition and strength training. Much
of the impact of strength training is mediated through the endocrine and ner-
vous systems, which are intricately linked with the immune system. It has
been suggested that a single term, neuroendocrineimmunology, be used to
show the essential integration of the three disciplines.

 

1

 

 The immune cells are
affected by many hormones, such as cortisol and epinephrine, and produce
their own class of hormones, the cytokines. Some hormones, including those
that have an immunological impact, also serve as neurotransmitters (i.e.,
norepinephrine). The immune system also plays a critical role in the adaptive
response to strength training, specifically in the healing and recovery process
after strenuous exercise.

The immune system is also quite responsive to nutrition, as all organ sys-
tems are. Strength training can be a stressful activity and perhaps dietary
intervention can reduce the impact of this stress on the body’s defense mech-
anisms. Thus, a discussion of the nutritional considerations for strength
training is incomplete if the immune system is not mentioned.

 

9.2 Immune Response to Resistance Conditioning

 

9.2.1 Role of the Immune System

 

The immune system plays a significant role in the adaptation to exercise.
Exercise-induced muscle damage must be repaired, and it is the immune cells
(leukocytes) that handle this detail. Neutrophils arrive at the injured tissue
first and clean up the damaged area by phagocytosing cellular debris and
releasing cytokines and free radicals.

 

2–4

 

 Macrophages are slower to arrive and
assist in the clean-up process and attract and stimulate, by releasing chemo-
tactants and growth factors, muscle precursor cells to initiate reconstruc-
tion.

 

2,4–6

 

 Without macrophage infiltration, healing and reversal of the
degenerative process do not occur.

 

2

 

 Lymphocytes will eventually migrate to
the damaged area and provide additional free radicals, cytokines, and
growth factors.

 

5

 

Unfortunately, the leukocytes can be overzealous and break down neigh-
boring healthy tissue and create local inflammation.

 

2,4,5

 

 It has been hypothe-
sized that overuse injuries, such as those seen in repeated bouts of strength
training, may be a result of insufficient healing time, leading to chronic
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inflammation and tissue degradation.

 

5

 

 The healing process can require
several days,

 

7

 

 and participation in intense activities too soon after initial
damage can delay recovery and adaptation. Regular exercise participation
reduces the severity of exercise-induced muscle damage and the subsequent
need for immune intervention for repair.

 

2,8

 

 Thus, the immune system is
responsible for many exercise-induced adaptations. A reduction in immune
function from using nonsteroidal antiinflammatories or excessive antioxi-
dants may not be desired when trying to heal from and adapt to resistance
exercise.

 

9.2.2 Studies Linking Immune Function and Physical Activity

 

The number of studies of the relationship between physical activity and
immune function has quadrupled in the last 10 years.

 

9

 

 Aerobic exercise and
aerobic conditioning have been the focus of most of these and have allowed
the modeling of the effect of aerobic conditioning as a J-curve. Moderate lev-
els of chronic aerobic activity provide increased resistance to infectious epi-
sodes, while severe levels of chronic aerobic conditioning increase the
incidence of infection beyond that of nonactive individuals.

 

9,10

 

The immune response to resistance exercise and conditioning is not as clear
as that to aerobic exercise and conditioning. Fewer than a dozen studies have
been published in this area.

 

11–14

 

 The immune response to these different types
of exercise may be dissimilar because of their different physiological
demands. Resistance conditioning does not have a significant impact on
hemodynamic and cardiorespiratory variables,

 

15–17

 

 and these variables do not
typically reach the same levels during resistance and aerobic activities.

 

15,16,18,19

 

Additionally, the energy systems and muscle fibers recruited are
dissimilar

 

18,20,21

 

 as are the secretion rates and actions of hormones released
during each activity.

 

22,23

 

 Therefore, a review of resistance exercise and condi-
tioning studies is warranted.

 

9.2.3 Studies of the Immune Response to Resistance Exercise

 

The acute immune cell response to resistance exercise is a generalized leuko-
cytosis, with the lymphocytes and neutrophils increasing the most, and does
not appear to differ based on training level.

 

24-26

 

 All major cell subpopulations,
except the basophils, participate in this leukocytosis.

 

25,26

 

 The cell numbers
begin to decline within the first 15 minutes after cessation of exercise, with
the lymphocytes recovering more quickly than the phages.

 

26

 

 The phages
probably recover more slowly because they are moving into the exercised
muscles to initiate and maintain the repair process.

 

6

 

Humoral immunosurveillance appears to be unaltered, as there was no
exercise-induced change in salivary IgA.

 

27

 

 Cellular immunosurveillance
results are mixed in resistance-trained individuals. Lymphocyte proliferation
was unaffected by resistance exercise, but total NK cell activity is reduced
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even when increases in NK cell number are considered.

 

25

 

 Thus, an acute bout
of strength training causes a similar generalized leukocytosis and functional
alteration as a bout of high-intensity endurance or aerobic exercise.

 

25,26

 

Resting total leukocyte and immune cell subpopulation numbers do not
change with resistance conditioning.

 

24,26-31

 

 Chronic strength training over a
period of years does not alter resting immune parameters.

 

32,33

 

 The CD4+/CD8+
ratio, an indicator of immunosurveillance,

 

34

 

 is unchanged.

 

26,28,30,31

 

 Humoral
and cellular immune cell function (immunoglobulin and cytokine produc-
tion, proliferative responses, and delayed type hypersensitivity, [DTH])
remains constant as well.

 

22,27,29,30,32,33

 

 Unlike long-term aerobic training, there
do not appear to be any long-term alterations in immune cell numbers or func-
tion as a result of strength training by young or old persons.

 

24,26-33,35

 

Steroid use during bodybuilding, however, does impact immunosurveil-
lance. Immunoglobulin production was decreased even though B cell prolif-
eration was unaltered.

 

32

 

 The response to a 

 

Staphylococcus aureus 

 

challenge
was greater than the control’s as was natural killer cell activity, but whether
this is advantageous or injurious is unclear.

 

32

 

 Increased immunosurveillance
may result in improved resistance to infection or in a level of surveillance that
can lead to autoimmune disorders.

 

32

 

With these studies in mind, it is still difficult to make global statements
concerning the immune response to resistance exercise. Individual variabil-
ity, nutritional status, stress level, seasonal variation, and level of current
immunochallenge will have a more significant impact than the resistance
exercise.

 

26,27,30,36

 

Surveys of the peripheral immune system are valuable and instructive, but
the real question is, does physical activity improve the participant’s resis-
tance to infectious episodes? This is a difficult response to assess. For exam-
ple, while resistance to upper respiratory tract infections appears to be
improved in moderately aerobically conditioned individuals, the mecha-
nisms for this have not been identified.

 

10

 

 Additional work is still needed in
this area.

 

9.3 Nutrition for the Immune System

 

9.3.1 General Considerations

 

The human immune system is highly responsive to dietary manipulation;
simple caloric restriction to micronutrient supplementation can have pro-
found effects. It is just this responsiveness that makes studying this relation-
ship so challenging because it is difficult to determine 

 

in vitro

 

 or 

 

in vivo

 

 if it
is the presence or absence of a particular nutrient, some other nutrient not
currently being considered, or some combination of various macro and
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micronutrients which causes alterations. What follows is a review of perti-
nent nutrients, limited for the most part to human 

 

in vivo

 

 studies.

 

9.3.2 Macronutrients

 

9.3.2.1 Carbohydrate

 

Carbohydrates are essential as an energy source, especially for nervous tissue.
It is the brain’s need for glucose that drives much of our behavior and homeo-
static mechanisms. Carbohydrate, or portions of the sugar molecule, is used
in virtually all of the structures and functions of the human organism, such as
enzymes, structural components, and hormones. Although carbohydrate is
the most difficult macronutrient to supply in the diet, carbohydrate intake, as
a significant portion of dietary intake, is not typically a problem; most athletes
understand that without carbohydrate, there is no athletic performance.

 

9.3.2.2 Lipids

 

Lipids, or fats, are essential as components of cell membranes, neuron insu-
lation, hormones (testosterone, for example), storage sites, and as energy
sources. The American public typically consumes too much fat. Excess
dietary fat is associated with increased cell membrane cholesterol content,
which results in a reduced fluidity of the membrane and ease of transmem-
brane transport.

 

37

 

 This may be the cause of the observed reduction of phago-
cytosis and inflammatory reactions, which in turn result in an increased
incidence of infection.

 

37

 

Decreasing fat intake from 40% of total calories to 25% enhances lympho-
cyte proliferation and NK cell activity, but does not impact the DTH reac-
tion.

 

38-40

 

 A further reduction below 25%, characterized as a fat deficiency,
decreases the immunoglobulin response to a challenge such as DTH or vac-
cination.

 

37,41

 

 This is a concern for athletes because they may have a tendency
to consume too little fat.

Fatty acid supplementation has also grown in popularity. Fish oils are often
used as a polyunsaturated fatty acid supplement for the protective effect they
may provide for some aspects of cardiovascular disease. What is the impact
of polyunsaturated fatty acid intake on immune function? Unfortunately, it
appears that what is beneficial to the heart may be detrimental to immunity.
Individuals consuming a normal or low-fat diet who supplement with poly-
unsaturated fatty acids experience a wide distribution of immunosuppres-
sion. Lymphocyte cytokine production and proliferation are reduced

 

41,42

 

 as is
the DTH response.

 

37

 

 Additionally, there is an increased percentage of T

 

suppressor

 

cells, the downregulating cells of the immune system.

 

41

 

 The phages are also
compromised as monocyte/macrophage eicosanoid (inflammatory agents)
and cytokine production are reduced, as is neutrophil phagocytosis.

 

37,41-43

 

 The
macrophage interaction with specific immunity is also inhibited as their anti-
gen-presenting capability declines.

 

44

 

 This all adds up to a reduced defense
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against invading pathogens. However, there is an up side to this downregu-
lation of the immune system with polyunsaturated fatty acid supplementa-
tion; it lessens the severity of autoimmune diseases, inflammation, and
transplant rejection while improving transplant function.

 

41,45

 

9.3.2.3 Protein

 

Protein (amino acids) is essential as a building block of cell membranes,
enzymes, and hormones, and as a potential energy source. Some have even
suggested that the immune cells prefer the amino acid glutamine to carbohy-
drate as a fuel source. Protein deficiency is not a typical problem for strength
athletes, but is a concern for those consuming a vegetarian diet. Protein defi-
ciencies result in lymphoid tissue atrophy.

 

46

 

 There is a reduction in the num-
ber of circulating lymphocytes, and these exhibit inhibited proliferation and
DNA synthesis.

 

46

 

 Humoral immunity is impaired via a reduction in cell num-
bers and immunoglobulin secretion that leads to a lower DTH response.

 

37,46

 

This altered immunoglobulin response to a viral or DTH challenge does yield
mixed results as it is complicated by other deficiencies.

 

46

 

 T cell function and
numbers are also influenced as the number of mature T cells declines.

 

46

 

 The
CD4+ cells fall markedly while CD8+ are only mildly reduced. This results in
a greatly reduced CD4+/CD8+ ratio (indicative of immunosuppression).

 

46

 

 T
cells also exhibit a reduced responsiveness to cytokines and production of IL-
1, IL-2, and IFN-

 

γ

 

.

 

46

 

 The phagocytes are also negatively impacted as general
phagocytosis declines. Complement levels are reduced, as is bactericidal
activity.

 

46

 

Vegetarian diets, when care is taken to ensure adequate intake of all macro
and micronutrients, do not impact immune function.

 

47,48

 

Glutamine

 

 supplementation has been suggested as a method to augment
potentially diminished immune function. It is a nonessential amino acid
manufactured by the body and is the most abundant in muscle and plasma,
allowing it to serve as an amino acid reserve.

 

40

 

 Immune cells use glutamine
as an energy source and for carbon and nitrogen precursors for RNA, DNA,
and protein synthesis.

 

40,49

 

 Optimum plasma levels improve macrophage
phagocytosis and IL-1 production.

 

50

 

 Plasma glutamine and muscle synthesis
fall after exhaustive exercise, and it has been suggested that this may explain
the observed exercise-induced immunosuppression.

 

51

 

 However, little exper-
imental data exist to confirm this theory, and what is available suggests that
there is no, or very little, effect of glutamine supplementation on immune
function.

 

40,52

 

 The supplementation of branched chain amino acids (BCAA)
leads to increases of some amino acids in plasma, but there is no effect on
T-cell proliferation or production of IL-1 and IL-6.

 

53

 

9.3.2.4 Energy Intake Restriction of Macronutrients

 

Severe caloric restriction, however, can cause problems. Insufficient
caloric intake results in increased incidence of infection. This may be due
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to inadequate energy for metabolism and/or to insufficient micronutrients
for the support of normal immune function.

Moderate caloric restriction (1250 Kcal/d intake) without exercise, which
results in weight loss, a lower body mass index, and a reduction in body fat,
does not affect the majority of immune parameters.

 

54

 

 However, a larger
caloric deficit (950 Kcal/d intake) decreases many of the immune variables,
although they may remain within clinically normal levels.

 

55

 

 Moderate caloric
restriction appears to reduce only the lymphocyte responses to mitogens,
while more severe reductions decrease the total leukocyte count, circulating
neutrophil numbers, and NK cell activity (by 50%).

 

54,55

 

 Nieman et al.

 

54

 

 also
found no alteration in the incidence of upper respiratory tract infections dur-
ing 12 weeks of a 12,500 Kcal/d diet. Thus it appears that moderate caloric
restriction does not overtly impact the immune response but that the immune
system is more severely affected with greater dietary insufficiencies.

 

9.3.3 Micronutrients

 

9.3.3.1 Coenzyme Q

 

10

 

Coenzyme Q

 

10

 

 is involved in energy production and as an antioxidant. Sup-
plementation of Coenzyme Q

 

10

 

 has been suggested and may lead to immu-
noenhancement as the concentration of IgG increases in the blood. The CD4+
count also increases, while the CD8+ count is unaffected, resulting in an
increased CD4+/CD8+ ratio (immunoenhancement).

 

56

 

 The addition of vita-
min B

 

6

 

 to the supplement does not alter this effect.

 

9.3.3.2 Minerals

 

9.3.3.2.1 Iron

 

Iron is essential for oxygen transport, some enzymatic processes, and is used
by lymphocytes during proliferation and by macrophages and NK cells for
cytotoxicity.

 

46,57

 

 Iron levels are of particular concern for female athletes, not
necessarily because of athletic participation (low iron levels are not more
prevalent in athletes than in the general population), but because iron defi-
ciency is rather high in the general female population.

 

57,58

 

 Of additional con-
cern is that immune cells will respond to an iron deficiency that is too small
to be manifested as anemia.

 

37

 

 An actual iron-deficiency anemia results in an
increased incidence of infection and tumor growth via lymphoid atrophy and
reduced phagocytic activity, lymphocyte proliferation, immunoglobulin pro-
duction, and NK cell activity.

 

37,46,59,60

 

 The up side to low iron levels is that they
also reduce microorganism growth rate, but not enough to warrant the other
detrimental effects and not enough to reduce the rate of infection.

 

46,57

 

As with the majority of other nutrients, if a deficiency is bad, then an excess
is not necessarily good. High dietary levels of iron do not reduce macrophage
fungicidal effectiveness,

 

61

 

 but do reduce neutrophil phagocytosis and the
CD4+/CD8+ ratio.

 

57,62

 

 They also affect other systems as the uptake of other
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trace elements falls and organ damage and coronary artery disease increase.

 

57

 

Excess iron also increases microorganism growth.

 

37

 

9.3.3.2.2 Magnesium

 

Magnesium affects the mitochondria, enzymes, membrane receptors, and
protein, lipid, and carbohydrate synthesis.

 

57

 

 Serum levels of magnesium are
elevated during high-intensity anaerobic exercise such as that found in
strength training. Loss occurs via sweat and urine.

 

57

 

 Low levels result in mus-
cle weakness, fasciculation (spasm of motor nerves leading to muscle spasm),
cramps, myoclonus (muscle spasm), and muscle sarcoplasmic reticulum and
mitochondrial damage.

 

57

 

 The immunologic effects of low levels are increases
in circulating cytokine and histamine levels (inflammation) and a decline in
the immunoglobulin response to a challenge.

 

37,57

 

 There is little evidence doc-
umenting low magnesium levels as problematic in athletes.

 

57

 

9.3.3.2.3 Selenium

 

Selenium modulates the synthesis of prostaglandins

 

63

 

 and is integral to the
synthesis of glutathione peroxidase (an antioxidant), which helps protect
phages from autodigesting themselves.

 

64

 

 Supplementation does not impact
plasma levels of vitamin E,

 

65

 

 but does enhance the immunoglobulin response
to a viral or DTH challenge and T cell responsiveness to IL-2.

 

37,64

 

9.3.3.2.4 Zinc

 

Zinc regulates several enzymatic reactions in energy release, enhances activ-
ity of hormones such as growth hormone, and regulates antioxidant
defense.

 

57

 

 A zinc deficiency is of concern because approximately 30% of
Americans are zinc deficient, especially those with caloric or energy intake
restriction and those who participate in regular intense exercise.

 

57

 

 This can
result in lymphoid atrophy, reduced lymphocyte function (DTH and prolif-
erative responses and cytotoxic activity), and decreased phagocytosis.

 

37,46

 

Supplementation will restore impaired immune function and lower free rad-
ical damage to membrane-bound lipids and proteins,

 

37, 57

 

 but the mechanisms
for this are not clear because there is no impact on resting neutrophil reactive
oxygen species release or T-cell proliferation.66 As with other nutrients, excess
zinc can suppress immune function.37,57

9.3.3.3 Vitamins

9.3.3.3.1 B Group Vitamins

9.3.3.3.1.1 Folate

Folate is essential to cellular metabolism as a component of the energy transfer
process during construction of cellular components. Folate deficiencies mani-
fest themselves much as other micronutrient deficiencies do with lymphoid
atrophy, a reduced total leukocyte count, and a hampered immunoglobulin
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response to a DTH or viral challenge.37 Low folate levels result in increased
opportunities for cell mutation in many cell types, especially the lympho-
cytes and erythrocytes, as the ability to repair DNA damage in impaired and
lymphocyte growth slows.67 Females appear to be more responsive to low
folate levels than males.47 Supplementation has no impact on normal leuko-
cyte counts.68

9.3.3.3.1.2 Vitamin B6 (pyridoxine)

Vitamin B6 is essential for carbohydrate, fat, hemoglobin, and protein synthe-
sis. Deficiencies are rare but manifest as impaired DNA and protein synthe-
sis, which results in lymphoid atrophy, reduced lymphocyte proliferation,
immunoglobulin production and response to a challenge, and T cell cytotox-
icity.37,46 Supplementation decreased protein degradation, increased protein
synthesis in neutrophils,69 increased peripheral CD4+ count, and had no
effect on CD8+, which resulted in an increased CD4+/CD8+ ratio.56

9.3.3.3.1.3 Vitamin B12 (cobalamin)

Vitamin B12 is important for the nervous system and is essential for carbohy-
drate, fat, hemoglobin, and protein metabolism. A vitamin B12 deficiency
leads to increased DNA damage in lymphocytes and reduces phage bacteri-
cidal and phagocytic abilities.37,47,70

9.3.3.3.2 Vitamin D

Vitamin D, produced when the body is exposed to ultraviolet light, plays a
role in calcium and phosphorus metabolism. Low levels decrease IL-2.71

9.3.3.3.3 Antioxidants

Antioxidants such as vitamins A, C, and E have received much attention
because they play key roles in the body’s defenses. Antioxidants scavenge or
neutralize free radicals, which are reactive oxygen or nitrogen species pro-
duced during cellular metabolism. Immune cells also generate oxygen free
radicals in doing their job to attack bacteria, viruses, and damaged and
infected cells. Excess free radicals affect membrane integrity (lipids), enzymes
(proteins), DNA (nucleic acids) and this increases susceptibility to and/or
progression of diseases such as cancer, inflammatory responses, arteriosclero-
sis, and neurological impairments. Exercise augments the generation of free
radicals via the activities of the mitochondria, vascular endothelium, neutro-
phils, monocytes/macrophages, and eosinophils.8,72 This process undergoes a
conditioning effect just as much of the rest of the organism does as exercise
training reduces exercise-induced oxidative stress.8

The antioxidant status is the balance between antioxidants and oxidants
and is a determinant of immune cell function or how well membrane lipids,
cellular proteins, and nucleic acids will be maintained and control signal
transduction and gene expression.73 In general, antioxidant supplementation
retards the aging process and reduces the incidence of cancer.64,74 However,
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supplementation, as a means of reducing exercise-induced oxidative stress is
not necessary because regular training reduces free radical generation and
enhances antioxidant mechanisms.8

9.3.3.3.3.1 Fat-Soluble Antioxidant Vitamins

9.3.3.3.3.1.1 Vitamin A (retinol, retinoic acid, beta-carotene).  Vitamin A main-
tains cell membranes and is integral to night vision.37 It is fat-soluble and
must be consumed with dietary fat for absorption to occur.75 A deficiency of
vitamin A leads to an increased incidence of infection because of reduced
immunosurveillance, because T cell numbers are lower as is their mitogen
proliferative response and the production of immunoglobulins by B cells.37,46

Supplementation increases resistance to infection and inhibits cancer
growth.37,76,77 This is due to increases in immunoglobulin synthesis, IL-6 pro-
duction (although there is some disagreement concerning this concept), IL-1β
production, NK cell activity, T cell proliferation, and membrane-bound acti-
vation markers.76,78-81 The CD4+/CD8+ ratio also increases as CD4+ numbers
go up and CD8+ decline.82 TNF-α cytolytic activity drops,83 while IL-2, IL-4,
and IL-10 are unchanged.76 IFN-γ production modulation is unclear as a
decrease or no impact has been noted.76,78 Again, excessive doses are not
appropriate because high intakes of vitamin A inhibit DNA synthesis.80

9.3.3.3.3.1.2 Vitamin E (α-tocopherol). Vitamin E is the most abundant and
most effective lipophilic antioxidant.84 A vitamin E deficiency negatively
impacts the lymphocytes by reducing the proliferation and DTH responses
and immunoglobulin synthesis when faced with a viral challenge and the
basophils by decreasing histamine release.37,46,77 Supplementation up to a
normal intake will increase resistance to infection and increase the DTH
response.37 Additional supplementation, up to 100 mg/day has no effect on
DTH or on IL-2, IL-4, and IFN-γ production.85 Increasing the dose to
300 mg/day still does not affect DTH, but will decrease IL-2, IL-4, IL-6, and
IFN-γ release.63,71,86 Four hundred mg/day will initially increase IL-1β and
TNF-α, but these return to baseline with continued supplementation.87 Fur-
ther increasing vitamin E augmentation to 1 g/day temporarily decreases
lipid peroxidation and PGE2 production, but both return to normal levels
with long-term high intake levels.87 Continued megadoses reduce monocyte
adhesion, which in turn reduces their ability to leave vascular space to per-
form immunosurveillance within the extravascular spaces88 and inhibits
immunity and increases incidence of infection.37

9.3.3.3.3.2 Water-Soluble Antioxidant Vitamins

9.3.3.3.3.2.1 Vitamin C (ascorbic acid). Vitamin C is the major water-soluble
antioxidant and is part of the first line of defense against free radicals in
whole blood and plasma.84,89 Deficiencies reduce DTH and phage bactericidal
activity.37,46 Supplementation reverses this and improves phagocytosis and
cell migration.37 Two hundred mg/day supplementation increases total
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leukocyte, neutrophil, and lymphocyte counts, while decreasing monocyte
and eosinophil numbers.90 Increasing supplemental vitamin C intake to 1
g/day temporarily decreases lipid peroxidation and increases IL-1β and
TNF-α, but these return to baseline with long-term augmentation.87 Natural
killer cell activity will increase 8 to 24 hours post ingestion and can be main-
tained with continued administration.91 Like other nutrients however, if a lit-
tle is good then more is better does not hold true because excess vitamin C
can increase cellular oxidative damage.92

Combining vitamins C and E does have a greater effect than either alone, but
the combination is not synergistic because the effect is less than the sum of
both would be, and it appears to be short-term just as it is with either alone.87

A general multivitamin can reverse age-associated increases in DTH.93

9.3.3.4 Summary of the Micronutrient Effects on Immunity

Chandra46 made five observations concerning the micronutrients and immu-
nity: (1) the immune system responds quickly to changes in micronutrient
balance, (2) immune impairment depends on micronutrient levels, the inter-
action with other nutrients, and the health and age of the individual, (3)
micronutrient abnormalities predict the end result such as the type of infec-
tion, (4) excessive micronutrient intake results in immune impairment, and
(5) individual testing is beneficial if a deficiency is suspected. Thus a healthy
diet that ensures adequate micronutrient intake is recommended. The sup-
plementation of the micronutrients beyond normal dietary requirements
does not enhance, and may even impair, immune function.

9.4 Immune Response to Common Nutritional 
Ergogenic Aids

Very little research has been done on the immune response to the ergogenic
aids commonly used in strength training. In fact, the research into many of
the nutritional ergogenic aids frequently used to enhance strength and mus-
cle mass is insufficient in general. Inferences about the immune response
must be made from the supplement's impact on other systems, such as
known endocrine responses. The role of β-endorphin is not clear, but it does
not appear to play a major role in modulating immune function.94 The cate-
cholamines tend to increase peripheral leukocyte numbers (with the excep-
tion of the neutrophils) and NK cell activity.94 Growth hormone has the
opposite effect and increases circulating neutrophil numbers but does not
affect the other leukocytes.94 Cortisol and the other corticosteroids are
immunosuppressive and may be responsible for resequestration of the leu-
kocytes and the decreased peripheral numbers associated with exercise
recovery.94 Prolactin generally enhances immunosurveillance.95 Testosterone
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at physiologic levels enhances immune function,96 but suppresses it at supra-
physiologic levels.32

What inferences can be drawn from the effects of various ergogenic aids on
the endocrine response to resistance exercise? Ergogenic aids that affect
β-endorphin probably do not significantly impact immune function. Those
that reduce the catecholamine response will probably reduce exercise-
induced leukocytosis and attenuate NK cell activity, such as increased carbo-
hydrate consumption before, during, and after exercise.97 Modulators of
growth hormone may then impact the exercise-induced increase in circulat-
ing neutrophils, but not the majority of the leukocytes. Thus carbohydrate,
ginseng, and carbohydrate with ginseng probably do not impact the neutro-
phils via growth hormone as there is no impact on growth hormone, while
carbohydrate with protein may increase the peripheral neutrophil count as
it increased the growth hormone response to resistance exercise.98,99 Those
supplements that reduce the cortisol response to exercise may also reduce
post-exercise immunosuppression. Carbohydrate and carbohydrate with
protein may attenuate this immunosuppression by decreasing cortisol
release,97,99 while ginseng will not affect cortisol levels.100 The prolactin pic-
ture is not as clear because carbohydrate with protein may reduce its respon-
siveness and perhaps reduce immunoenhancement.99 Ergogenic aids that
typically decrease testosterone, carbohydrate and protein may reduce
immunosurveillance.98–100 However, it has been suggested that testosterone
production does not decrease, rather uptake is increased, as the luteinizing
hormone levels do not change.98 Supplementing androstenedione, boron, fat,
and ginseng do not impact testosterone levels.100-103 It has been suggested
that β-hydroxy β-methylbutyrate (HMB) augmentation may increase lym-
phocyte proliferation and macrophage numbers, but that high doses will
reduce proliferation and total peripheral leukocytes.104 Thus the effect of
ergogenic aids on the immune response is difficult to predict and more stud-
ies need to be completed in this area.

9.5 Immune Response to Conditioning with Dietary 
Intervention

The majority of studies that have measured the immune response to exercise
and dietary intervention involve aerobic rather than strength training. Gen-
eral trends from these studies indicate that caloric or energy restriction with
moderate aerobic training tends not to overtly impact immunosurveil-
lance.54,55 However, strenuous prolonged exercise and insufficient energy
intake (Army Ranger training) tend to be immunosuppressive.105–107 A gradi-
ent exists in that greater energy deficiencies result in greater immunosup-
pression.55,107 Varying the dietary fat levels of runners resulted in the same
general modulation of the immune response as altering dietary fat intake



Supporting the Immune System 187

without exercise. Reduced fat enhanced immune function up to a point and
then very low levels hindered it.108 Insufficient iron intake during basic train-
ing increased indicators of a generalized stress response but did not generally
affect immune cell numbers or function.109 Modifying the diet of aerobic exer-
cisers appears to have the same general affects as modifying the diet of non-
exercisers.

The beginning of a strength-training program is often the most stressful
stage, with the greatest amount of tissue damage and delayed onset muscle
soreness. It is at this time that carbohydrate and protein supplementation
may enhance the immune system’s ability to repair muscle damage.7

Increased carbohydrate intake will help offset the reduced glycogen synthe-
sis associated with eccentric exercise and increased protein intake may
enhance muscle mass gains, although it does not appear to affect strength.7
Adequate dietary intake and recovery time are especially important during
training program initiation.

The immunological impact of supplementing the diet with minerals is
poorly understood. Increasing iron levels in those who are deficient does
improve oxygen transport and availability but has no measurable impact on
those with normal iron levels.57 The temporary exercise-induced decline in
iron may actually prove to be beneficial to immunosurveillance because it
increases the activity of the macrophage-produced cytokines.57 Magnesium
levels decline when muscle damage is present, but no causative relationship
has been established.57 Strenuous exercise may impact magnesium levels and
play a role in the post-exercise increase in circulating cytokines.57 Selenium
augmentation enhances muscle glutathione peroxidase (antioxidant) activity
after acute exercise and may provide some protection against exercise-
induced oxidative damage.65 Zinc supplementation does not demonstrate an
ergogenic effect,57 but it does magnify the exercise-induced neutrophil
increase while minimizing the exercise-induced neutrophil oxidant release.66

No effect on exercise-induced suppressed T-cell proliferation or on cortisol
release has been measured with increased dietary zinc.66

Antioxidant supplementation after exercise has little impact on physical
performance; lactate production, creatine kinase release, and maximal
strength are not altered, but vitamin C may slow the onset of fatigue and
improve the initial recovery rate.110 Efflux of antioxidants into the plasma is
unaffected by post-exercise intake, thus the reduction of free radicals is unal-
tered.110 Additional vitamin C intake does reduce the incidence of upper res-
piratory tract infections in athletes, but the mechanism for this has not been
elucidated.111 Supplementation of vitamin E before, during, and after exercise
does not impact the exercise-induced creatine kinase release or the increase
in circulating neutrophils, but does decrease lipid peroxidation activity dur-
ing exercise.7,112 Older athletes can reverse the aging-associated decrements
in the exercise-induced creatine kinase release and the increase in circulating
neutrophils with additional vitamin E.7

A balanced (67% CHO, 29% fat, 14% PRO) ovo-lacto vegetarian diet does
not impact T cell, CD4+, CD8+, NK, or monocyte numbers, monocyte
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proliferation, or the NK cell activity of athletes and is acceptable from an
immunologic viewpoint.48

9.6 Summary and Conclusions

The old sage advice about the recommended diet where food, not supple-
ments, is the source of macro and micronutrients holds true for the immune
system. A moderate, well-rounded diet is best; deficiencies or excesses are
not suggested. No dietary intervention is required when a nutritionally and
calorically balanced diet is consumed. Excessive supplementation of immu-
nomodulating nutrients may be counterproductive, as an overabundance
can reduce the immune system’s performance. Additionally, high levels of
antioxidants may reduce immune function with free radical formation to
such a level as to be detrimental to the healing and adaptive processes.
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10.1 Introduction

 

Successful and safe strength training, irrespective of whether it is being done
competitively or exclusively for its health benefits, is dependent on a multi-
tude of factors. These include following a sound training program and being
well nourished. Both of these factors have received a great deal of attention
and are covered in detail elsewhere in this book. Hydration status is also an
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important factor to consider with regard to strength training and condition-
ing. While the relationship between hydration and successful endurance per-
formance has been well documented,

 

1–8

 

 much less has been written about
fluid balance and its potential influence on strength training and indices of
strength. The purpose of this chapter is to review what is known about the
influence of hydration on strength training and measures of muscular
strength. A discussion of the relationship between weightlifting and shifts in
body water, specifically plasma volume, will be presented. In addition, a brief
review concerning the relationship of hydration to protein supplementation,
amino-acid supplementation, and creatine monohydrate supplementation
will be provided. Last, recommendations for fluid replacement and monitor-
ing water balance will be reviewed.

 

10.2 Water

 

It has been estimated that over 70% of the Earth's surface is made up of water.
In addition to other countless global functions, water supports aquatic life
forms, regulates environmental climates, and even generates hydroelectric
power. This unique molecule, composed of two hydrogen atoms and one
oxygen atom, is also the most abundant inorganic substance in the human
body. It is a vital nutrient to life even though it has no caloric value. Individ-
uals can survive and function near normal for extended periods of time with-
out food, but without water physiological function becomes compromised
almost immediately and death is certain within days. Simply stated, life, as it
is known, could not exist without water.

The average human has approximately 40 L of total body water. This con-
stitutes about 60 to 65% of total body mass. Total body water can be theoreti-
cally divided into two major compartments. There is water that is found in
membrane-bound cells, known as intracellular volume, and there is water
found outside the cell, known as extracellular volume. The extracellular vol-
ume can be further subdivided into water that is found outside the cells but
within the confines of the vascular system, termed plasma volume, and that
which is found outside of both the membrane bound cells and the vascular
system, termed interstitial volume. Of compartments identified, the intracel-
lular volume is the largest. It contains approximately 24 of the 40 L, or 60%, of
total body water. The extracellular volume contains about 16 L of water, or
40%, of which approximately 10 L (25%), resides within the interstitial space
and 3 L (7.5%) are found in the plasma. The remaining 3 liters are considered
to be transcellular water and are found in places such as the gastrointestinal
and urinary tracts. Under homeostatic conditions these volumes of water are
maintained within a narrow range, but the water itself is not stagnant. It is in
a constant state of dynamic flux between compartments, and it plays a major
role in many physiological functions.
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The many roles of water in the body include its actions as a solvent, a sus-
pending medium to carry nutrients and waste products, a participant in both
catabolic and anabolic chemical reactions, and a lubricating agent, while it
also participates in the regulation and control of body heat via the evapora-
tive cooling of sweat.

 

9

 

 Because some individuals may lose as much as 1 to 2.5
L water in the form of sweat per hour during strenuous activity,

 

8

 

 the mainte-
nance of proper fluid balance by matching fluid losses with fluid intake
before, during, and after exercise is extremely important.

 

10.3 Body Hydration Terminology

 

The term hydration refers to the general state of body fluid balance. As shown
in Figure 10.1, the term euhydration refers to normal fluctuations in daily
hydration state. Euhydration variability due to temperature conditions is
approximately ±0.165L (±0.22% body weight). Euhydration variability, due to
heat and exercise is about ±0.382L (±0.48% body weight).

 

10

 

 Hyperhydration
and hypohydration are steady-state conditions associated with an overall
increase or reduction in body water content, respectively. The commonly used
term “dehydrate” refers to the process of losing water from either a hyperhy-
drated down to an euhydrated state or from a euhydrated state down to a
hypohydrated state. Likewise, the term rehydrate refers to the process of gain-
ing water from a hypohydrated state toward a euhydrated condition.

 

10

 

 Super-
hydrate refers to the process of increasing body water volume above euhy-
drated conditions without having been previously hypohydrated.

 

10.4 Water Balance

 

Water balance is achieved when water output is matched by water input.
Under normal conditions adults metabolize between 2.2 and 2.9 L of water
each day in an attempt to maintain this balance. Traditionally, there are

 

FIGURE 10.1 

 

Hydration terminology. (Adapted from Greenleaf, J. E., Problem: thirst, drinking behavior,
and involuntary dehydration. 

 

Med. Sci. Sports Exerc.

 

, 24(6), 645, 1992.)
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thought to be three sources of water input. First, water is provided in the
form of various drinks. This represents approximately 1200 to 1500 ml/day
or about 60% of total water input. Second, water is provided by the fluid con-
tained in foods consumed. Food ingestion can contribute approximately 750
to 1000 ml/day or approximately 30% of total water input. Finally, 250 to
350 ml/day, or 10% of total body water input, is provided via the metabolic
water produced from the oxidation of food (100 g of fat, carbohydrate, or pro-
tein is equivalent to the generation of approximately 107, 55, and 100 g of
metabolic water, respectively).

 

11

 

 It should be noted that for each gram of gly-
cogen that is metabolized as fuel an additional 2.7 grams of water become
available for use by the body.

 

11

 

Water output is primarily in the form of urinary excretion. This loss is
equivalent to approximately 1250 to 1500 ml/day, or 60% or total water out-
put. Other major sources of water output are in the form of insensible water
loss through the skin and lungs, that amounts to 700 ml/day, or 28% of total
water output, and sweat loss, which represents approximately 200 ml/day,
or 8% total water output under average environmental conditions. An addi-
tional 100 ml/day, or approximately 4%, of daily water loss is in the form of
fecal elimination. Balancing this appreciable volume of water turnover pre-
sents a considerable daily physiological challenge. The everyday challenge is
heightened during exercise due to the added demands of both thermoregu-
lation, representing the potential for an additional 4000 ml of sweat loss, and
the concomitant shifting of fluid within the body fluid compartments. Shift-
ing of fluids is due largely to changes in hydrostatic pressure within the vas-
cular system.

 

10.5 Plasma Volume Shifts

 

10.5.1 Plasma Volume Shifts and Endurance Exercise

 

Conditions associated with dehydration or hyperhydration can cause drastic
changes in plasma volume and subsequent plasma osmolality. If this is left
uncompensated, severe consequences such as coma and death could result.

 

12

 

Sawka and Greenleaf

 

13

 

 reported that plasma osmolality can increase from
about 283 to over 300 mOsm/kg when going from a euhydrated state to that
of hypohydration. Exercise has the potential to dramatically contribute to a
change in hydration state and plasma osmolality, especially when activity is
done in environmental extremes. Ironically, the ability to optimally perform
endurance exercise itself becomes challenged when a change in exercise-
induced hypertonic hypovolemia (increased plasma tonicity caused by a
reduced plasma volume) of the magnitude reported by Sawka and
Greenleaf

 

13

 

 develops. Nadel et al.

 

14

 

 reported that the probable reason that
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body water loss equivalent to 2% of pre-exercise body weight, leading to
hypovolemia, can cause endurance performance impairment is because of an
associated decreased cardiac output, increased heart rate, and increased core
body temperature. Therefore, maintaining optimal plasma volume is essen-
tial for optimizing endurance performance.

 

10.5.2 Plasma Volume Shifts, Hydrostatic Pressure, and Strength Training

 

Although Convertino and associates

 

15

 

 concluded and confirmed that there is
a compensatory expansion of blood volume following exercise training, the
maintenance of plasma volume during exercise is a relatively large challenge.
Keeping plasma volume maximal during exercise is a greater challenge than
maintaining normal volumes of water in the other compartments because it
is lost at a much greater rate than volumes from the other compartments.

 

16

 

The initial loss of plasma volume during the early stages of exercise, due
largely to increased intravascular hydrostatic pressure, can result in a sub-
stantial loss of plasma volume (5 to 10%) with little effect on total body water
loss.

 

16

 

 The loss seems to be largely dependent on exercise intensity (percent-
age of VO

 

2

 

max) and is in direct proportion to increased mean arterial pres-
sure.

 

17–19

 

 Most studies which have investigated the effects of weightlifting on
plasma volume shifts have reported results similar to low-resistance, short-
term, dynamic exercise such as arm and leg cycling. In a study designed to
specifically examine the relationship of plasma volume change and exercise
intensity, Collins et al.

 

20

 

 concluded that plasma volume decreased linearly in
relation to intensity as measured by a percentage of 1 repetition maximum of
weightlifting. These investigators reported that their findings were similar to
those reported in other weightlifting and low-resistance cycling or running
exercise studies.

 

10.6 Measures of Muscular Strength and Endurance

 

It is common for individuals who perform muscular work in hot environ-
ments to have a 2 to 8% reduction in body mass at the end of the activity.

 

21

 

This reduction is generally associated with dehydration. The dehydration
results primarily from situations in which fluid ingestion does not match
sweat rate. The inability to keep up with sweat loss often occurs despite the
availability of rehydrating fluids. In many instances dehydration is taken to
extremes by athletes who attempt to lose weight rapidly in order to qualify
for competition in lower weight classifications. For an excellent review
related to the topic of weight categories in weight-controlled sports, the
reader is referred to the work of Wilmore.

 

22
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Although the unfavorable effects of hypohydration on aerobic endurance
performance are well documented (Sawka et al.

 

23

 

), studies that have assessed
the effects of hypohydration on muscular strength and endurance have pro-
duced inconsistent and confounding results. Furthermore, most measures of
muscular performance have had either isometric muscular strength and/or
endurance as dependent variables, which leaves the impact of hydration sta-
tus on dynamic strength (maximal expression of torque throughout a range
of motion), a more functional measure of muscular performance, unmea-
sured and unresolved.

Current research regarding the effects of hydration status, specifically
hypohydration, on maximal strength has been inconsistent. Ahlman and
Karvonen

 

24

 

 reported no change in back leg lift strength in wrestlers dehy-
drated 2 kg of body weight by means of a sauna combined with exercise reg-
imen. These results are consistent with those Saltin,

 

7

 

 in whose study reported
no change in elbow flexion and knee extension strength in men dehydrated
3% of body weight. Likewise, Singer and Weiss

 

25

 

 showed no strength change
in wrestlers dehydrated 7% of body weight. Furthermore, Mnatzakian and
Vaccaro

 

26

 

 reported no change in isokinetic strength or endurance following
4% dehydration, and Serfass et al.

 

27

 

 showed that strength and endurance of
hand grip muscles of college wrestlers were not affected by a rapid dehydra-
tion equivalent to 5% of body weight. In a more recent study, Greiwe et al.

 

28

 

reported no effects of hypohydration on isometric strength (peak torque) and
endurance (the length of time before dropping below 50% of peak torque for
5 seconds) on seven healthy, unacclimated men. An experimental group
dehydrated 4% of body weight by sauna exposure were compared to con-
trols. The controls also experienced sauna exposure but were rehydrated
with fluid intake in a quantity equal to weight loss. The results indicated no
significant difference between the groups. In fact, although nonsignificant,
there was a trend for improved performance in the hypohydrated group.
Others have reported no change in isometric strength following varying
degrees of dehydration.

 

21,29–31

 

In contrast to the aforementioned studies, Bosco et al.

 

32

 

 suggested that
there is a general trend of decreased strength with increased dehydration.
They reported a significant decrease in elbow flexion of 10.7% when subjects
were hypohydrated 3.1% of body weight. Similar results were reported in a
subsequent study by Bosco et al.

 

33

 

 Likewise, Greenleaf et al.

 

34

 

 found that
maximal isometric strength in women was reduced to 19% following an
acute 3% hypohydration. More recently, Webster et al.

 

35

 

 reported a 7% reduc-
tion in shoulder and chest strength following a 5% exercise and sauna-
induced dehydration. Interestingly, the same researchers also reported no
change in leg strength in the same study of college wrestlers. Houston et al.

 

36

 

reported an 11% reduction in isokinetic strength following a fluid restricted
8% dehydration.

The effects of hydration on isometric and isotonic endurance have also
been specifically studied. For example, Torranin et al.

 

37

 

 compared isometric



 

Hydration and the Strength Athlete

 

203

and isotonic endurance in 20 healthy men who had been dehydrated 4% of
body weight, by means of a sauna exposure, to euhydrated conditions. Four
muscle groups were tested by means of hand grip contraction, one-arm curl,
bench press, and leg press exercises. Isometric endurance was assessed as the
length of time a muscle group could maintain a force of 75% of maximal vol-
untary contraction (MVC). Isotonic endurance was assessed as the length of
time that repetitions could be continued, at a rate of 30/minute, with a
weight that was 75% MVC. The results suggested that isometric and isotonic
endurance were reduced by almost 30% when the men were hypohydrated.
It is not clear, however, if the results were associated with hypohydration
alone or if they were due to the combined effects of hypohydration and heat
exposure.

Care must be taken when comparing and interpreting the results of hypo-
hydration studies on muscular strength and endurance because many differ-
ent dehydration procedures are used. Experimental procedures range from
exercise in the heat (or sauna),

 

7,24,29,35

 

 to heat alone (sauna exposure),

 

7,35,37,38

 

and to fluid restriction.

 

30,33,36

 

 Viitasalo et al.

 

39

 

 emphasized the importance of
accounting for the effects of heat alone in studies which assess muscular
strength and hydration. The researchers

 

39

 

 found that although a 3.4% loss of
body weight by sauna exposure contributed to a 7.8% decrease in maximal
isometric strength, dehydration of 2.5% of body weight by diuretics, without
heat exposure, did not affect muscular strength.

It has been suggested that electrolyte shifts, in addition to water loss, may
explain the reductions in strength associated with a number of the dehydra-
tion studies.

 

33

 

 Additional support of this possible mechanism is offered by
Greiwe et al.

 

28

 

 These authors speculate that the lack of significant change in
isometric muscular strength and endurance seen in their study was associ-
ated with a restoration of predehydrated serum Na

 

+

 

 and K

 

+

 

 concentrations.

 

10.7 Supplements and Hydration

 

10.7.1 Protein and Fluid Balance

 

Although it is widely believed in strength training circles that an increased
protein intake, above the recommended dietary allowance (RDA) of 0.8 grams
per kilogram of body weight per day, is of physiological benefit to athletes,
supplementation is probably not necessary for the vast majority of these indi-
viduals.

 

11

 

 The RDA for protein can usually be obtained by consuming a bal-
anced diet which contains a total energy intake of 2500 to 5000 kcals/day for
sedentary and highly active people, respectively. In fact, many Americans
consume more than twice their protein needs, and, due to the considerable
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quantity of food that resistive-trained athletes consume, their diet may con-
tain three or more times the requirement. Supplementation is probably only
needed during periods of rapid growth and development and in individuals
who have extremely poor dietary habits. Despite these facts, and as a result
of unfounded and grandiose advertising campaigns claiming increased
strength gains or muscle mass following protein supplementation, many
strength athletes continue to consume excessive quantities of this nutrient.
Fortunately, it does not appear that diets high in protein are a health hazard,
despite the potential additional demands placed on the kidneys to excrete the
nitrogen load associated with protein metabolism, provided the athlete is
well hydrated. Therefore, it is clear that optimal hydration for strength-train-
ing athletes is important, especially if excessive protein is consumed.

It should also be mentioned that the consumption of high-protein diets is
sometimes used to further potentiate dehydration in athletes attempting to
lose weight for weight classification. A suspected mechanism for water loss
during periods of high protein consumption is probably due to the diuretic
effect of ketone body formation. Ketosis is associated with increased fat
metabolism due to a lack of adequate carbohydrate availability.

 

10.7.2 Amino Acid Supplements and Fluid Balance

 

Another common practice among weightlifters is to ingest megadoses of
individual amino acids. Despite considerable investigation, there are few
documented studies that suggest any ergogenic benefit in amino acid sup-
plementation.

 

40–46

 

 In addition, this practice also increases the likelihood of
developing a variety of complications.

 

47,48

 

 Adverse effects include cramping,
bowel irritation, and diarrhea. The side effects result from the ability of con-
centrated amino acid solutions to draw water out of the vascular, interstitial,
and intracellular spaces and into the intestines. An ultimate consequence of
this is, among other things, a compromise in water balance within the body
and a concomitant increased risk of dehydration. As a result, it is recom-
mended that these supplements be avoided.

 

10.7.3 Creatine Monohydrate

 

Creatine monohydrate supplementation has become very popular among
strength athletes to boost short-term anaerobic performance, enhance recov-
ery, and induce muscular hypertrophy. The energy needed for strength and
resistance types of activity comes from the dephosphorylation of adenosine
triphosphate (ATP) to adenosine diphosphate (ADP), the immediate resynthe-
sis of which is dependent on degradation of phosphocreatine (PCr).

 

49,50

 

 Thus,
the availability of PCr seems to be one of the limiting factors for high-intensity,
short-term muscle work.

 

51

 

 It has been shown that an increase in intramuscular
total creatine (Cr) concentration increased the intramuscular PCr content.

 

52

 

 It
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has been suggested, therefore, that a delay in the onset of muscle fatigue, dur-
ing high-intensity muscle work, may be possible if an athlete follows a regime
of creatine supplementation.

 

53

 

Creatine supplementation of 20 g/day for 5 consecutive days has been
shown to increase the total Cr concentration in human skeletal muscle by 20
to 25%.

 

54–57

 

 The increased Cr, and subsequent PCr, concentration is thought to
be causally related to an increase in anaerobic muscular performance.

 

58

 

 As
with any other form of dietary supplementation, care must be taken to avoid
potential health risks associated with consumption of a supplement.
Although there have been anecdotal reports linking Cr supplementation to
muscle cramping and potential kidney damage,

 

49,57

 

 especially if consumed
when the individual is exposed to heat stress, there is little empirical data to
support this. However, because of this potential risk, it would be prudent for
strength athletes to remain well hydrated if they choose to consume chronic
high doses of creatine supplements.

 

10.8 Maintaining Fluid Balance

 

As has been suggested, there are many consequences of strength training in
a hypohydrated state. Some of these may be performance related, while oth-
ers are health consequences. Regardless of the concern, it is essential that
fluid balance be maintained as completely as possible before, during, and
after strength training. During endurance performance, the opportunities for
fluid replacement may be limited. In this type of activity, post-exercise rehy-
dration may be the most appropriate means of restoring fluid balance. This is
not generally the case during strength training. Because there is no physical
limitation associated with fluid intake during strength training, maintaining
fluid balance does not present a tremendous challenge to the strength athlete
provided it is done with some fundamental knowledge of the factors that
influence hydration.

The primary factors that influence the hydration process are the volume
and composition of the fluid consumed. Four distinct types of beverages
have traditionally been used in hydration studies. Formulas most often
tested are plain water, carbohydrate, carbohydrate electrolyte (frequently
sodium based), and plain electrolyte (sodium) solutions.

Plain, hypotonic water has been suggested as a hydrating agent, but
research has established that it may not be the ideal beverage. Shirreffs

 

59 

 

has
done an excellent review of several studies comparing plain water with
other rehydrating beverage compositions and has summarized the results.
For example, it was demonstrated by Costill and Sparks

 

60

 

 that ingestion of
plain water as a rehydration beverage resulted in a large fall in serum osmo-
lality. This, in turn, resulted in an additional urinary water loss leading to a
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subsequent creation of a negative fluid balance over a 4-hour study. In addi-
tion, it was also reported that when an electrolyte-containing solution
(106 g/L carbohydrate, 22 mmol/L Na

 

+

 

, 2.6 mmol/L K

 

+

 

, 17.2 mmol/L Cl

 

–

 

)
was used as a rehydrating beverage post-exercise, urine output was
reduced and net water balance was returned closer to the pre-exercise level.
In a similar study, Nose et al.

 

61

 

 rehydrated subjects with either plain water
or a weak saline solution, (0.45% sodium), following voluntary dehydration
by an exercise and heat protocol. After 3 hours of recovery, the researchers
determined that plasma volume and total body water were restored to a
greater extent with saline than with water. Likewise, Shirreffs and
associates

 

62

 

 found that drinking a volume of water equivalent to one half to
twice the volume of sweat lost during exercise was not sufficient to achieve
complete rehydration unless accompanied by sodium. The authors con-
cluded that, unless the sodium content of the beverage is sufficiently high
and similar to that found in sweat (between 23 mmol/L and 61 mmol/L),
ingestion of a volume of fluid necessary to restore fluid balance will merely
result in an increased urinary output without restoring hydration to pre-
exercise levels. The results reported by Nielsen et al.

 

63

 

 also support the
importance of sodium. They suggested that recovery from exercise-induced
dehydration was best when sodium, at a concentration of 43 and 128
mmol/L, was added to a carbohydrate solution. These authors go on to say
that the observed plasma volume increase was greater than that seen when
drinks containing additional potassium, at a concentration of 51 mmol/L, or
less electrolytes and more carbohydrate were consumed. Additional confir-
mation of sodium's fundamental role in rehydration comes from the work
of Gonzalez-Alonso et al.

 

64

 

 in which they report that a dilute carbohydrate
electrolyte solution (60 g/L carbohydrate, 20 mmol/L Na

 

+

 

, 3 mmol/L K+,
20 mmol/L Cl

 

–

 

) was significantly more effective in restoring weight loss
(which was used as a index of rehydration) than a caffeinated diet cola or
plain water.

The aforementioned studies establish that fluid balance was better main-
tained when electrolytes were present in the fluid ingested, and it seemed
likely that this effect was due primarily to the presence of sodium in the
drinks. Recent investigations by Greenleaf et al.

 

65 

 

have confirmed the impor-
tance of sodium in stabilization and expansion of plasma volume. Shirreffs

 

59

 

justifies the addition of sodium to rehydration beverages based on two mech-
anistic factors. First, it was suggested that because sodium can stimulate glu-
cose absorption in the small intestine

 

66

 

 and create a large osmotic gradient to
drive the passive process of water absorption from the intestinal lumen, the
rate of absorption and thus rehydration is potentially greater for glucose-
sodium chloride solutions than plain water. A second mechanism discussed
by Shirreffs

 

59

 

 centers on the potential to dilute the plasma and reduce its
osmolality if sweat loss is replaced by large quantities of hypotonic water. It
was suggested that this can reduce the drive to drink, stimulate greater
urine output,

 

61

 

 and lead to a more pronounced negative fluid balance. For a
comprehensive summary of fluid replacement and exercise, the reader is
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encouraged to review the American College of Sports Medicine’s (ACSM)
Position Stand on Exercise and Fluid Replacement, (Appendix K),

 

67

 

 as well as
a current review of the topic by Armstrong and Epstein.

 

68

 

The ACSM position stand emphasizes the following recommendations
regarding the prevention of dehydration:

1. Ingest at least 500 ml (about 17 oz) of fluid in the form of water,
fruit juice, or sports drinks about 2 hours before exercise. This will
allow enough time for urine excretion, which can provide an excel-
lent indication of hydration status. This is discussed in more detail
in the next section.

2. Athletes should continue to consume water at a rate sufficient to
replace all the water lost through sweating during the exercise
session. Change in body weight can be used as a measure of fluid
loss.

3. Fluids ingested should be cooler than room temperature (between
15 and 22°C or 59 to 72°F) and flavored to enhance palatability.

4. Fluids should be readily available and convenient to consume.
5. Carbohydrate (30 to 60 g/hr) and sodium (0.5 to 0.7 g/L of water)

should be consumed during periods of exercise longer than 1 hour
in duration.

 

10.9 Indices of Hydration

 

The most obvious stimulus for fluid replacement is thirst. Greenleaf

 

10

 

 defined
thirst, among other ways, as a desire to drink resulting from a water deficit.
It appears that thirst itself, as an indicator of hydration status, is adequate in
normal, healthy people. If, however, physiological and/or psychological
stress is introduced, thirst no longer provides an adequate stimulus for fluid
replacement. As a result, individuals are likely to drink yet still create a self-
imposed, involuntary water debt. This phenomenon is called involuntary
dehydration.

 

10

 

 For a more complete discussion on the topic of thirst, readers
should consult the reviews of Fitzsimons

 

69 

 

and Greenleaf.

 

10

 

 Because water
intake, as stimulated by a complex interaction of thirst mechanisms, is often
incomplete, athletes should carefully monitor additional indices of hydration
status.

Aside from thirst, monitoring urinary indices of hydration can provide
another practical means of tracking body fluid balance and have been used
extensively by wrestlers, soldiers, and children.

 

70,71

 

 The most commonly used
index of urine concentration is specific gravity. A euhydrated individual is
defined as having a urine specific gravity between 1.013 and 1.029. Likewise,
urine osmolality is also frequently used as an indicator. It is suggested that a
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euhydrated individual has a urine osmolality in the range of 442 to 1052
mOsm/kg.

 

72

 

 In providing some guidelines for using urinary indices of hydra-
tion, Armstrong et al.

 

72

 

 suggest that direct measurements of urinary specific
gravity and osmolality are more sensitive indicators of hydration status and
should be used in laboratory settings when possible. They go on to point out
that urine color may, however, provide a practical and meaningful index in
“real-world” settings. It is recommended that an athlete’s urine color be “very
pale yellow,” “pale yellow,” or “straw colored.” At these colors, urine osmo-
lality and specific gravity will be less than 520 mOsm/kg and 1.014, respec-
tively. However, it cannot be emphasized enough that athletes who
participate in strenuous activity should also monitor their rate of weight loss
for optimal hydration and thus performance.

 

73

 

10.10 Summary

 

Although successful and safe strength training depends on many factors, the
importance of hydration should not be overlooked. Water may be the most
important nutrient to life even though it contains no caloric value. The
approximate 40 L of total body water, stored in the two major compartments,
intracellular and extracellular, is constantly in a state of flux. The compart-
ments function in many capacities including helping to regulate body heat
via the evaporative cooling of sweat. Sweat loss, which can potentially be
over 4000 ml during exercise in warm environments, along with the added
shifting of fluid out of the vascular space and into the interstitial space due to
the increased hydrostatic pressure associated with resistance exercise, can
cause dramatic changes in fluid balance. In the most severe cases, and if left
uncompensated, these changes can lead to dehydration, which can progress
to death.

There is ample evidence to support the important role adequate hydration
plays in long-duration, moderate-intensity exercise. It has been reported that
even a 2% reduction of body weight, leading to a reduction in plasma vol-
ume, can impair endurance performance. It has been suggested that this is
due largely to cardiovascular and thermoregulatory compromise. Strength
athletes have a great potential to dehydrate during exercise due to thermal
stress being combined with a concomitant increase in hydrostatic pressure
that is associated with resistance exercise. This increase in hydrostatic pres-
sure, leading to a reduction in plasma volume, has been shown to be
inversely proportional to the exercise intensity as measured by a percentage
of a 1 repetition maximum lift. This value is similar to the results seen during
other short-term dynamic exercises such as cycling.

The performance-related consequences of dehydration, although inconsis-
tent, have been documented. The results range from no change to a significant
change occurring in measures of elbow flexion or knee extension, isometric
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grip strength, isokinetic strength, and isometric endurance. Interpretation of
these results should include careful analysis of the dehydration procedure
employed. It has been suggested that the method used to dehydrate individ-
uals might contribute to the inconsistency of the results of these studies. Elec-
trolyte shifts, in addition to pure water loss, might help explain reductions in
strength that are associated with dehydration studies.

The health concerns of being hypohydrated are similar for all athletes.
These concerns are often magnified for the strength athlete if protein and/or
creatine are supplemented in the diet. It is recommended that athletes
hydrate with water, fruit juice, or a sports drink before, during, and after
exercise. It is suggested that the fluid be slightly cooler than ambient condi-
tions, flavored, abundant, and easily accessible. It is also recommended that
carbohydrate and sodium be added to the beverage. For practical purposes,
changes in body weight and analysis of urine color can be used as indicators
of athlete hydration status.
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Nutrition and the Strength Athlete

 

11.1 Women and Physical Activity

 

Women have become much more involved in exercise activities in the last 20
years. In 1995, it was projected that approximately 40% of all American
women over the age of 18 performed some type of physical activity.

 

1

 

 While
exercise walking (37%) represented the greatest single percentage of the activ-
ities reported, resistance training also became much more popular during this
time. The enhanced interest in resistance training for women has a great
range. One end of the range involves the health and fitness level; the 1998
American College of Sports Medicine’s position stand recommends that resis-
tance training be performed by all adults to enhance muscular strength and
endurance and ensure overall fitness.

 

2

 

 At the other end of the range is the
inclusion of women’s weightlifting as a world championship event in 1987,
and as an Olympic event at the summer games in Sydney in 2000, with weight
classes of 48, 53, 59, 63, 75, and 75+ kg.

 

3

 

 Therefore, this chapter will deal with
defining resistance training, especially with regard to women, adaptations
that occur following resistance training, and finally, nutritional needs and
concerns of women who perform resistance training.

In examining the performance of resistance training by women and the
nutritional needs of these individuals, we must first remember that while
women have been involved in organized sport for a long time (they indeed
participated in the 1900 Olympic games), it has only been “recently” that
their performance in sport has been recognized. As such, much of the
research literature has used college-aged males as the subject population. In
this chapter I will cite what is known specifically concerning the female ath-
lete, but I have had to draw on the scientific literature in general to present
the entire picture. I do so knowing that further research might show that,
with respect to certain physiological functions, women will respond and
adapt to exercise and training differently than men.

 

11.2 Resistance Training for Women

 

11.2.1 Types of Resistance Training

 

For the most part, four different types of exercises make up resistance train-
ing: isometric training, external resistance training (also called isotonic train-
ing), variable resistance training, and isokinetic training. The main
differences among the four types of exercises have to do with the resistance,
whether or not the resistance is constant or variable, and whether or not the
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forces generated by the contracting muscles are greater than the resistance
or not.

Isometric training is performed when the resistance is constant and the
resistance is greater than the muscular forces produced. An example of this
type of contraction would be an arm curl (or arm flexion) performed against
an immovable counter. Since isometric contractions involve no movement
through a range of motion, they should be performed at various joint angles,
with each contraction held for 3 to 5 seconds and repeated at least 15 to 20
times per session. Isometric training should be performed daily.

Similar to isometric training, with external resistance training the resis-
tance is constant; however, with external resistance training, the resistance is
less than the muscular forces produced, therefore movement of the muscle
occurs and motor performance enhancements occur. While the number of
repetitions and sets will depend on the needs of the individual, a minimum
of one set for each of the major muscle groups is recommended if general fit-
ness is the goal.

 

2

 

 To achieve greater strength gains, however, an athlete may
need to perform multiple sets of the exercises. Generally, 8 to 12 repetitions
are recommended per set to enhance muscular strength and endurance.
However, a lower number of repetitions (6 to 8) with greater resistance may
result in greater gains in muscular strength. Two to three training sessions
per week for each major muscle group are recommended for those interested
in enhancing fitness, while a minimum of three training sessions per week
are recommended to ensure optimal strength gains for athletes. The perfor-
mance of two exercise sessions in a single day has now become more com-
mon, and due to the recovery allowed, two half sessions may indeed elicit
greater strength gains than one complete session.

 

4

 

 External resistance train-
ing exercises can be separated into two components: a concentric compo-
nent, which is generally performed in opposition to the force of gravity, thus
the joint angle decreases and the muscle shortens, and an eccentric compo-
nent, which is generally performed in the direction of gravity, thus the joint
angle increases and the muscle lengthens. Since eccentric contractions move
in the direction of gravity, greater work can generally be performed. How-
ever, eccentric training alone has not been shown to result in any greater
gains than when both eccentric and concentric components are combined,
and performance of eccentric training alone will probably lead to the devel-
opment of delayed-onset muscle soreness and will also require assistance to
perform.

 

4

 

 Therefore, eccentric only training is not recommended.
With variable resistance training, similar to external resistance training, the

resistance is less than the muscular force produced; however, due to the use
of lever arms, cams, or pulley systems, the resistance is altered to match the
force production of the muscle. Motor performance increases similar to those
of external resistance training will occur, but greater strength gains can be
obtained due to the muscle being equally stressed through the range of
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motion. The number of repetitions, sets, and sessions necessary to enhance
muscular strength are similar to that of external resistance training.

Finally, isokinetic training can be performed when using equipment that
allows the muscle to contract at a constant angular velocity. Because the con-
traction is controlled by the angular velocity of the movement, there is in
essence no resistance. With isokinetic training it is possible for the muscle to
exert a maximal force throughout the full range of motion of a movement.
Most isokinetic training devices allow for concentric-only muscle contrac-
tions; thus, the incidence of delayed muscle soreness is greatly reduced. As
with both external and variable resistance training, motor performance
enhancements occur with isokinetic training due to the movement of the joint
through a range of motion. Generally, sets of 1 to 15 contractions at various
velocities of contraction are needed to optimally increase muscular strength.

Other types of activities, such as plyometrics, have been used to enhance
muscular strength and endurance. Greater details on these, and all resistance
training programs, may be found in Chapter 1.

 

11.2.2 Adaptations to Resistance Training

 

In general, a woman has approximately 64% of the total body strength of a
man.

 

5,6

 

 The absolute strength of the upper body of a woman is about 52 to
56% that of a man, while the lower-body strength is about 66 to 72% that of a
man.

 

5–7

 

 However, when relative strength is examined, that is, corrected for
body weight, lower-body strength is generally more similar for the two gen-
ders, while upper-body strength is still greater for men.

 

4,6–8

 

 Like muscular
strength, maximal anaerobic power outputs of women are only about 54 to
66% that of men, and correcting for differences of body composition, phy-
sique, strength, or neuromuscular difference did not remove the significant
difference between the genders.

 

9

 

 When muscular endurance was examined
by the number of contractions to fatigue at 60% of 1 repetition maximum
(1 RM), women performed significantly more elbow flexion repetitions than
did the men; however, there was no difference between the genders in the
number of knee extension contractions performed.

 

6

 

Even though there are indeed anatomical differences between men and
women, such as height, weight, muscle fiber size, and hip to shoulder and
body fat to body weight proportions that lead to the absolute difference in
muscular strength, research to date has shown that resistance training is as
beneficial for women as it is for men, if not more so.

 

4,7,8

 

 Gains in strength can
occur at a similar rate, and, while absolute gains in strength are probably
greater for men, relative gains are similar for men and women. In general,
resistance training by women can lead not only to gains in muscular
strength, but also muscular, metabolic, and body composition adaptations,
with few changes in cardiovascular function. These adaptations occur in
both young and aged women, and for the most part are dependent on total
exercise volume.

 

10
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11.2.2.1 Exercise Performance Adaptations to Resistance Training

 

Increases in muscular strength are almost a universal adaptation to resis-
tance training, independent of age

 

11,12

 

 and body composition.

 

4,8,10,13–22

 

 Like-
wise, anaerobic power and capacity are also increased with resistance
training.

 

14

 

 Little agreement in the literature occurs concerning the influence
of resistance training on aerobic ability (oxygen uptake) where increases

 

4,14,17

 

or no change

 

19

 

 has been demonstrated. The conflict more than likely is due
to the initial ability or fitness level of the subjects in the studies and the inten-
sity and duration of the resistance training exercises.

 

11.2.2.2 Muscular and Bone Adaptations to Resistance Training

 

Even though the muscle fiber size and cross-sectional area of the average
woman is only about 70% that of man’s,

 

6,8,23

 

 resistance training in women has
been shown to increase muscle fiber size of the Type I (slow) and Type IIA
and IIAB (fast) fibers.

 

4,16,20,21,24,25

 

 This increase in muscle fiber size has led to
an increase

 

26

 

 or no change

 

21

 

 in muscle girth. The metabolic enzyme levels in
the different muscle fiber types are similar in women and men; however,
women have greater amounts of intramuscular fat.

 

6,23

 

 Resistance training
has induced a significant increase in the activity of the enzymes cyto-
chrome oxidase and hexokinase, but no changes were observed in the activ-
ity of the enzymes creatine kinase, citrate synthase, phosphofructokinase,
glyceraldehyde phosphate dehydrogenase, and hydroxyacyl CoA dehydro-
genase.

 

25

 

 Resistance training did not cause a change in the capillary density,
nor in the capillary/fiber ratio.

 

25

 

 Training-induced conversions of myosin
heavy chains and enhanced metabolic levels have resulted in conversions of
muscle fibers from Type IIB (II AB) to IIA fibers.

 

4,8,20,21,25

 

Performance of resistance training is associated with an increase in bone
mineral density, possibly the most important adaptation to resistance
training other than increases in muscular strength.

 

27,28

 

 As bone density in
women is generally less than that of men, and because bone density
decreases rapidly immediately postmenopause and then slowly thereaf-
ter, the performance of resistance training may be critical to bone health in
women. Other types of exercises have also been shown to enhance bone den-
sity, such as aerobic exercise and weight-bearing activities; however,
resistance training activities have the greatest impact on bone density,
especially to those bones attached to the active muscles utilized.

 

27

 

 (See
Reference 28 for a further review of the effects of physical activity and
nutrition on bone health.)

 

11.2.2.3 Body Weight and Composition Adaptations to 
Resistance Training

 

Numerous studies have investigated the effects of resistance training on
body weight and composition, with much interest in the decrease in body



 

220

 

Nutrition and the Strength Athlete

 

weight and fat in the obese individual.

 

16–19,26

 

 In general, with resistance train-
ing alone, body weight has been shown not to change significantly

 

21,22

 

 or
increase slightly,

 

7,8

 

 while percent body fat decreases

 

4,7,20–22,29

 

 and fat-free mass
increases.

 

4,7,20–22,29

 

 The magnitude of the decrease in body fat and the increase
in fat-free mass is similar to that in comparably trained men.

 

4

 

 When a caloric
restriction program is added to a resistance training program, obese women
have been shown to conserve a greater percentage of their fat-free mass when
weight loss occurs, through minimal loss,

 

10,16

 

 maintenance

 

17,19

 

 or an
increase

 

16,26

 

 in muscle mass, primarily through hypertrophy of the Type I and
II fibers.

 

16,26

 

11.2.2.4 Serum Lipid Adaptations to Resistance Training

 

In men, resistance training has been shown to decrease LDL-C levels and
increase HDL-C levels in individuals at low risk of cardiovascular disease.

 

30

 

Few studies have been performed on women that examine the serum lipid
adaptations following a resistance training program; therefore, little conclu-
sive information may be given. The three investigations that used a resistance
training program on women for 12 to 20 weeks observed conflicting results;
one showed decreased levels of cholesterol and LDL-C, with increased levels
of HDL-C,

 

29

 

 while the other two observed no change in cholesterol, HDL-C,
and LDL-C levels.

 

18,22

 

 In a population at risk for cardiovascular disease, resis-
tance training did not significantly alter the lipoprotein levels.

 

31

 

 Similarly,
two cross-sectional investigations that examined women who had been resis-
tance training for a period of time (minimum of 9 to 36 months) observed
conflicting results. One of these investigations noted that HDL-C levels and
the total cholesterol:HDL-C ratio were greater in the resistance-trained
women than in the controls, while total cholesterol, triglycerides, and LDL-C
levels and the LDL:HDL ratio were similar for the two populations of sub-
jects.

 

32

 

 The second investigation observed that the HDL-C levels for the
resistance-trained athletes were similar to those of the controls, but less than
those of the runners, while total cholesterol and triglyceride levels were sim-
ilar for all three groups.

 

33

 

 The conflicting results concerning the serum lipid
adaptations to resistance training in women are probably due to differences
in intensity, rest duration, and total exercise volume between the studies
and/or to factors other than exercise training which influence serum lipid
levels that were not controlled sufficiently with these studies. More work in
this area using women as the population is definitely warranted.

 

11.2.2.5 Neuroendocrine Adaptations to Resistance Training

 

Women generally have about one tenth the circulating levels of testosterone
as men.

 

4

 

 Therefore, women tend to have higher pre-exercise growth hormone
levels, while men tend to have higher pre-exercise testosterone levels.

 

8,34

 

 With
moderate-intensity/short-duration rest resistance exercise, greater increases
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in circulating levels of growth hormone were observed in women

 

34,35

 

 than in
men.

 

34

 

 However, following high-intensity/long-duration rest resistance
exercise, minimal increases in growth hormone were observed in both men

 

34

 

and women.

 

34,35

 

 With both types of exercise (moderate-intensity/short-
duration rest and high intensity/long duration rest), circulating testosterone
levels were not increased in the women,

 

34,35

 

 while they were greatly increased
in men.

 

34

 

 Moderate-intensity/short-duration rest resistance exercise also
resulted in elevated levels of serum cortisol

 

35

 

 and somatomedin-C

 

34

 

 in
women. In another series of experiments, 2 months of resistance training
resulted in significantly increased resting serum testosterone levels in
women.

 

36

 

 Following a single bout of resistance exercise (3 sets of 10 reps with
each set to failure of 6 different exercises), testosterone and cortisol increased
in relation to time and lactate levels.

 

36

 

 However, others have observed no dif-
ference in resting testosterone and cortisol in women following 9 weeks of
resistance training.

 

8

 

 More than likely, the differences in these results are again
associated with the initial fitness levels of the subjects and the resistance
training program used.

In response to a survey, a group of resistance-trained athletes (n = 61)
reported a greater incidence of menstrual dysfunction (30%, defined as those
with oligomenorrhea or amenorrhea) than did a control population (13%,
n=56).

 

37

 

 In a subset of the resistance-trained women who had performed in
bodybuilding competitions (n=7), 86% of the women (n=6) were classified as
having menstrual dysfunctions.

 

37

 

 Amenorrhea in athletes has been associ-
ated with many factors, such as body weight, body fat, exercise intensity and
duration, and food quantity and quality/type.

 

38

 

 More than likely, menstrual
dysfunction in athletes is an individual problem per athlete that involves
multiple factors, with no one factor contributing significantly for all ath-
letes.

 

38

 

11.3 Nutritional Needs of Resistance Training for Women

 

Nutrient intake is important for overall health, but also for the full benefits of
a resistance training program to occur for women. Everyday food or energy
intake and that associated with the performance of exercise are therefore both
important.

 

11.3.1 Proper Nutrition During Training

 

As most individuals perform exercise bouts for the sake of training, rather
than for competition, nutrition during the training phase is extremely impor-
tant for the performance of future exercise bouts and the training adaptations,
and thus ultimately to performance in competition. The typical person
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consumes a diet of approximately 40 to 45% carbohydrates; however, the rec-
ommended intake is about 55 to 60%, as would occur if the food guide pyra-
mid (Figure 11.1) were followed. As recommended from the food guide
pyramid, carbohydrate (from bread, cereal, rice, pasta group; vegetable
group; and fruit group) would make up the largest percentage of macronu-
trients, followed by fats (about 25%) and proteins (about 15%). Since, for the
most part, carbohydrates are the preferred fuel during exercise, athletes
should consume at least the minimal amounts of carbohydrates, especially
during periods of resistance training.

 

11.3.1.1 Carbohydrate Utilization and Intake

 

The body has very limited stores of carbohydrates, as glycogen is stored only
in the muscle (approximately 1600 kcal for 70-kg or 150-lb person) and liver
(approximately 280 kcal for a 70-kg person).

 

39

 

 Glucose in the blood (approxi-

 

FIGURE 11.1

 

Food guide pyramid.
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mately 80 kcal for a 70-kg person) provides the only other readily available
source of carbohydrate in the body, though indeed protein can be converted
to carbohydrates.
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 However, once glucose enters the muscle it cannot leave
the muscle and can only be used for energy in that muscle; the available car-
bohydrate stores in the body are much smaller than the total glycogen stores.
That is, carbohydrates stored in the arm cannot be utilized for energy during
exercise involving only the legs.

Due to the limited carbohydrate stores and the usage of carbohydrates dur-
ing physical activity, body carbohydrates must be replaced with dietary car-
bohydrates. In general, physical activities performed at moderate intensity
(70% maximal oxygen uptake, approximately 80% maximal heart rate) for
less than 75 to 90 minutes should not deplete muscle glycogen levels if the
athlete started the activity with normal resting levels of muscle glycogen.

 

40

 

Activities of higher intensity, such as resistance exercise, and activities lasting
a longer duration could indeed lead to depleted carbohydrate stores.
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 In
trained athletes both complex and simple carbohydrates have been shown to
be equally effective in replenishing muscle and liver glycogen during the first
24 hours post exercise.
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 However, complex carbohydrates resulted in more
muscle glycogen stored 48 hours post exercise.
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 Thus, for 24-hour concerns
either type of carbohydrate is appropriate, but for longer-term glycogen syn-
thesis, complex carbohydrates should be consumed. Table 11.1 lists some
food choices that are high and low in carbohydrate content, while also indi-
cating if they contain complex and/or simple carbohydrates.

 

11.3.1.2 Protein Utilization and Intake

 

The goal of most people who perform resistance training is to increase mus-
cular strength and muscle mass. While many individuals try to increase mus-
cle mass by overeating (that is, increasing caloric or energy intake), only 30 to
40% of the weight gained with overeating is fat-free mass, with most of the
weight gained being in the form of fat mass.
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 In order to increase muscle
mass athletes must be in a state of positive nitrogen balance and have all of
the essential amino acids available to them.

There are 20 amino acids that make up the proteins in the body; 8 amino
acids are essential. That is, they must be consumed in the diet (Table 11.2).
Protein can be complete, containing all of the essential amino acids, or incom-
plete, lacking in at least one of the amino acids. Protein can be obtained from
animal and plant sources, with incomplete proteins usually coming from
plant sources (Table 11.3). Individuals who consume animal food generally
have no problems obtaining all of the essential amino acids, while people who
do not consume food from an animal source can obtain all of the essential
amino acids if they choose their food wisely. All of the essential amino acids
can be obtained from plant foods as long as the proper combinations of foods
are consumed. The amino acids methionine and lysine are the two amino
acids most deficient in plant foods, with methionine found only in vegetables
and legumes and lysine found only in grains, nuts, and seeds. Therefore, to
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obtain all of the essential amino acids, vegetarians should combine grains and
legumes, or legumes, nuts and/or seeds. As many women athletes are either
vegetarian or consume very few animal products,

 

46,47

 

 proper combining of
food is critical for optimal muscle development.

While the recommended intake for sedentary individuals is 0.8 g pro-
tein/kg body weight/day or approximately 12 to 15% of their nutrient
intake, a more appropriate intake for individuals performing resistance train-
ing and who want to increase muscle mass would seem to be 1.7 to 1.8 g pro-
tein/kg body weight/day.
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 Further, no evidence has been found that
consuming greater than 2.0 g protein/kg body weight/day would enhance
muscle mass to a greater extent; in fact, excess protein has been shown to be
oxidized and excreted and not stored as lean tissue/muscle mass.
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TABLE 11.1 

 

Examples of Foods High and Low in Carbohydrates (CHO) Composed of 

 

Simple and Complex Carbohydrates

 

% CHO Simple Complex

 

High Carbohydrate Foods

 

Bananas 91 X X
Apple juice  100 X X
Baked potato 91 X
Spaghetti with marinara sauce 75 X
Cheerios 71 X
Nondiet soda  100 X
Jelly beans  100 X
Vegetable stir fry 64 X
Vegetarian baked beans 78 X
Oatmeal 69 X
Pancakes (buttermilk) 79 X
Plain popcorn (air popped) 83 X

 

Low Carbohydrate Foods

 

Cheddar cheese  1
Sliced turkey  3
Spaghetti with Alfredo sauce 44
Scrambled eggs  9
Croissant 44
Sausage pizza 40
Quiche Lorraine 30
Baked beans with beef 54
Cheese manicotti 40
Cream of broccoli soup 39
Guacamole dip 23
Tofu 12

 

Source:

 

 Reprinted, by permission, from Snyder, A. C., Welsh, R. S., and Hanisch, R. J.,
Nutritional concerns of recreational athletes who cross-train, in 

 

Nutrition for the Rec-
reational Athlete,

 

 Jackson, C. G. R. (Ed.), CRC Press, Boca Raton, FL, 1994, chap. 5.



 

Nutritional Concerns of Women Who Resistance Train

 

225

Although the recommended protein intake for those performing resistance
training is greater (at 1.7 to 1.8 g protein/kg body weight/day) than for those
who are sedentary, most athletes already consume this increased amount. A
women weighing 65 kg (143 lbs) who consumed a total of 3000 kcals/day, of
which 15% was protein, would be consuming 450 kcals as protein, or 112.5 g
of protein, or 1.7 g protein/kg body weight/day.

The secretion of numerous hormones, including growth hormone, insulin
and the somatomedins, all anabolic hormones which promote muscular
growth, has been shown to be increased by the consumption of amino acids.
Supplemental amino acids are readily available on the worldwide web, with
hundreds of thousands of sites for amino acids, most of them offering the

 

TABLE 11.2 

 

Essential and Nonessential Amino Acids

 

Essential Amino Acids (must be consumed)

 

Isoleucine Phenylalanine
Leucine Threonine
Lysine Trytophan
Methionine Valine

 

Nonessential Amino Acids (can be produced by body)

 

Alanine Glutamine
Arginine Glycine
Asparagine Histidine
Aspartic acid Proline
Cysteine Serine
Cystine Tyrosine
Glutamic acid

 

TABLE 11.3 

 

Examples of Complete and Incomplete Protein 

 

Food Sources

 

Complete Protein Foods Incomplete Protein Foods

 

Chicken Nuts
Fish Soybeans
Turkey Rice
Beef Kidney beans
Eggs Corn
Dairy Products
Rice and beans
Tofu

 

Source:

 

 Reprinted, by permission, from Snyder, A. C., Welsh,
R. S., and Hanisch, R. J., Nutritional concerns of recreational
athletes who cross-train, in 

 

Nutrition for the Recreational Athlete,

 

Jackson, C. G. R. (Ed.), CRC Press, Boca Raton, FL, 1994, chap 5.
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opportunity to purchase amino acid supplements costing from $0.10 to $3.50
per supplement. However, very little information is known about the affects
of supplemental amino acids on women. Please refer to Chapter 6 for a gen-
eral discussion of amino acid supplements and resistance training.

The literature does appear clear that both protein (at 1.7 to 1.8 g protein/kg
body weight/day or approximately 15% of nutrient intake) and carbohy-
drates (at 60% of nutrient intake) are necessary to maximize muscle growth.
With sufficient levels of energy (carbohydrates) the consumed protein can be
used to synthesize protein and enhance muscle mass within the body. The
sufficient carbohydrate levels should also lead to elevated insulin levels that
will promote the synthesis of protein. In men, further support for this ratio of
protein:carbohydrate intake can be obtained from resting testosterone levels,
which are greatest when the ratio of protein to carbohydrate is 1:4 (or 15 to
60%). Increasing the ratio by either increasing protein intake or decreasing
carbohydrate intake results in reducing testosterone levels.
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 Similar infor-
mation is not available for women.

 

11.3.1.3 Problems Associated with Excess Protein Consumption

 

Excess protein intake can be detrimental to an athlete’s health and should be
avoided whenever possible. Numerous actions are required by the body
when excess protein is consumed. Increased water loss due to excess protein
occurs because proteins require more water to be broken down than either fat
or carbohydrates due to the need to rid the body of the nitrogen attached to
the amino acid. This excess loss of fluid could lead to dehydration. Greater
kidney activity caused by the need to get rid of the nitrogen could result in
increased urinary calcium loss.
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 Since most women are already more prone
to osteoporosis than men because of lack of calcium intake and low bone den-
sity, consuming a diet with excess protein could exacerbate this problem.
Consumption of high-protein foods can also easily lead to the consumption
of high amounts of fat, because high-protein foods tend to contain high
amounts of fats. Therefore, consumption of excess protein may also increase
the risk of coronary artery disease. Thus, excess protein should not be con-
sumed because it is not beneficial in enhancing muscle mass, as pointed out
above, and it could be detrimental to one’s health.

Two problems emerge from the literature pertaining to protein intake and
resistance training. The first is that almost all of the research has been per-
formed on men, and therefore, inferences to women are only extrapolated.
The accuracy of this extrapolation will not be known until further research is
performed which includes women in the subject population. The second
problem is that while many studies have shown enhanced muscle mass and
muscular strength, very few studies have shown that exercise performance,
other than muscular strength, has been enhanced. Again, further work is
needed in this area.
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11.3.1.4 Vitamins and Minerals

 

Following the food guide pyramid and consuming a diet of 60% carbohy-
drates, 25% fat, and 15% protein will generally provide all of the vitamins
and minerals in the proper amount needed. However, the majority of women
fail to consume the recommended quantities of the vitamins — vitamin B

 

6

 

,
vitamin A, and folacin — along with the minerals — iron, calcium, magne-
sium, and zinc.
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 Two of these minerals, iron and calcium, require special
attention in women.

Iron is a component of hemoglobin and myoglobin and as such is impor-
tant for the transportation of oxygen from the lungs to the exercising muscle.
Unfortunately, iron intake is closely tied to the amount of energy and the
types of foods consumed. There are roughly 6 mg of iron in every 1000 kcal
consumed of a balanced diet. As many women athletes consume only 2000 to
2500 kcal (or roughly 12 to 15 mg iron), their iron intake is frequently less than
the recommended intake of 15 mg of iron.

 

38,52

 

 The type of iron is also impor-
tant, as heme iron, found in animal products, is absorbed to a much greater
extent (23%) than is nonheme iron (5%), found in foods from plant origin.
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Consuming heme iron with nonheme iron will enhance the absorption of the
nonheme iron, as will the consumption of ascorbic acid (vitamin C).

 

53 Con-
versely, dietary fiber, tannins (found in tea), and high amounts of calcium
supplements will inhibit the absorption of iron. As many athletes are known
to consume little heme iron in their diet,46,47,52,54 mild cases of iron deficiency,
as shown by low serum ferritin levels, may result.47

Calcium is another extremely important mineral for women in general, and
women athletes in particular. Calcium is used in the body in the transmission
of nerve impulses and in the contraction of muscle fibers, but most impor-
tant, calcium is stored in the body in the bones, making them dense and
strong. Dairy products (milk, cheese, yogurt, ice cream) are the primary
sources of dietary calcium, but calcium can also be obtained by consuming
certain vegetables (broccoli) and some types of fish (oysters, salmon, and sar-
dines). Many women, both athletes and sedentary individuals, fail to con-
sume sufficient quantities of calcium.52 As chronic low calcium intake can
lead to reduced bone growth, women who are at risk of having low bone den-
sity, postmenopausal and secondary amenorrheic women, are at greater risk
of reduced bone density and bone fractures. Two to three servings of dairy
products daily are recommended to ensure proper intake of calcium.

11.3.2 Nutritional Needs of Resistance Exercise for Women

If an appropriate and balanced food intake program is followed, as described
above, resistance exercise should not be limited by the diet. However, to
ensure that the athlete is always prepared for the exercise bout, a few sugges-
tions are offered.

Resistance exercise has been shown to utilize great amounts of muscle gly-
cogen in men (Figure 11.2),41–43 with women having a comparable rate of
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decline in glycogen concentration during exercise.55 Therefore, replenishment
of this form of carbohydrate is required before the next exercise bout takes
place. Likewise, depending on the time of day when an athlete performs
his/her resistance exercise, he/she could already be slightly glycogen
depleted. Therefore, if the resistance exercise is to be performed in the early
morning, after an overnight fast, a high-carbohydrate dinner and/or bedtime
snack should be consumed, because just an overnight fast will deplete body
glycogen stores to some extent. A high-carbohydrate snack (bagel and juice)
or liquid meal (Instant Breakfast®, GatorPro®) should be consumed in the
morning to ensure that body glycogen levels are as high as possible. If the
exercise is to be performed at noon or later, high carbohydrate meals and
snacks should be consumed to ensure that the athlete is not hungry during the
resistance exercise and has sufficient body glycogen levels.

When performing resistance exercise programs that last more than 60 minutes,
one should consume carbohydrates, either liquid or solid, during the exercise
to maintain energy supply.56–59 Fluids that have a carbohydrate concentration
of about 6% are great sources of carbohydrates during an exercise bout, as
they are readily absorbed by the body and provide energy.40 Soft drinks and
fruit juices contain approximately 10 to 12% carbohydrates and therefore
need to be diluted for optimal absorption during exercise.60 Chilled fluids are
absorbed faster than fluids that are warm, so slightly chilled fluids should be
consumed whenever possible.60 As consumption of glucose just before or dur-
ing resistance exercise increases circulating levels of insulin (an anabolic hor-
mone), consumption of glucose may also protect muscle from damage by
decreasing the rate of protein breakdown.61 Consumption of carbohydrates
immediately and 1 hour after resistance exercise has also been shown to

FIGURE 11.2
Percent change in muscle glycogen level following exercise with either water or carbohy-
drate consumption. (Adapted from data in Pascoe, D. D., Costill, D. L., Fink, W. L.,
Robergs, R. A., and Zachwieja, J. J., Glycogen resynthesis in skeletal muscle following resis-
tive exercise, Med. Sci. Sports Exerc., 25, 349, 1993.)
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decrease the rate of protein breakdown, and thus maintains or increases a
positive body protein balance.62,63

While carbohydrate, or glycogen, loading has been shown to be effective in
men, whether or not it works in women is now being questioned. Tarnopol-
sky and co-workers48 increased the carbohydrate intake of men and women
from 55 to 60% to 75% for 4 days and then exercised the subjects. While the
men increased both muscle glycogen concentration (41%) and exercise time
(45%), the women had no change in muscle glycogen (0%) and a very small
increase in exercise time (5%). In place of greater amounts of carbohydrate,
the women oxidized more lipids and proteins and less carbohydrates during
the 75% VO2 max exercise than did the men as was evident by their lower RER
values.55 The greater response in the men may have been due to the fact that
they consumed a greater absolute amount of carbohydrate than the women,
though the same relative amount, and possibly an absolute threshold amount
of carbohydrate is necessary to enhance muscle glycogen levels and thus
exercise performance.

Post exercise, muscle glycogen synthesis has been found to be greatest
when a small amount (300 kcal) of carbohydrate and protein is consumed
within the first 2 hours after exercise, though just the consumption of carbo-
hydrates will enhance synthesis somewhat.42,43,64–66 More than likely, the
greater enhancement of glycogen storage with carbohydrate and protein
consumption is due to the greater circulating insulin concentrations,
because both carbohydrates and protein cause insulin release.43 While most
of these investigations were performed on men, women have been found to
have a similar rate of post-exercise muscle glycogen synthesis following
both resistance exercise and aerobic endurance exercise.64 Consumption of
just protein following an exercise bout resulted in much lower rates of mus-
cle glycogen synthesis than did consumption of carbohydrate and protein,
or just carbohydrate.66

Finally, the greatest rate of protein synthesis in women following exercise
occurred when resistance training and swimming training were combined;
but, both swimming alone and resistance exercise alone increased the post-
exercise rate of protein synthesis. The increase, however, was not statistically
significant (Figure 11.3).67 These subjects did not consume any carbohy-
drates or carbohydrates with protein following the exercise bout, which may
have led to different results. Future studies will have to examine the impact
of carbohydrate and protein consumption on glycogen and protein synthesis
post exercise.

11.4 Summary

In recent years resistance training has become more popular with women.
Many beneficial adaptations occur with resistance training, including an
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increase in muscular strength, along with an increase in muscle mass and
bone density. Body weight and composition may also be affected by resis-
tance training, but varied results have occurred. Nutritionally, proper overall
food or energy intake, by following the food guide pyramid, is important to
ensure the muscular adaptations. That is, a carbohydrate intake of approxi-
mately 60% of the calories and a protein intake of about 15% of the calories
(or 1.7 to 1.8 g protein/kg body weight/day) will maximize muscular gains.
Consumption of excess protein does not lead to greater muscular adaptations
and could be detrimental to health. Most women fail to consume the minerals
calcium and iron in proper amounts; thus, care must be taken to ensure that
appropriate intake occurs.
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Nutrition and the Strength Athlete

 

12.1 Introduction

 

Tennis is a popular sport played worldwide and year round by boys, girls,
men, and women. Formats include singles, doubles (same-sex pairs), mixed
doubles (mixed-sex pairs), father–son, father–daughter, mother–son, and
mother–daughter doubles. Tennis is one of the few sports that players can
continue to compete in as they get older. Variables involved in how the game
is played are: different court surfaces (hard court, clay, and grass), indoor vs.
outdoor facilities, and high altitude vs. low altitude. 

Tennis has changed over the past 20 years and dramatically within the last
decade due to advances in equipment and the physical conditioning of tennis
players. Tennis is emerging as a strength sport. The sport has moved from
slow, long rallies with wood racquets to powerful and explosive short rallies
with racquets manufactured with stiffer materials made out of fiberglass,
graphite, boron, titanium, and kevlar. Recent technology has given tennis
players longer racquets, larger racquet heads, wider and lighter frames, and
bigger sweet spots. These new racquet materials and designs have brought
on an ever-increasing power game.

 

1

 

 
In the 1980s, tennis pros Martina Navratilova and Ivan Lendl took advan-

tage of research in sports training, conditioning, and nutrition to enhance
their games.

 

2,3

 

 Since then, tennis players have incorporated strength, flexibil-
ity, endurance, speed, aerobic conditioning, agility, and nutrition into their
regular training routines. Players are stronger, quicker, more agile, and can
hit the ball harder than ever before. Physical training and conditioning pro-
grams for tennis players help to improve stroke technique, achieve better
positioning and movement,

 

4

 

 prevent injuries, rehabilitate injuries faster,
delay fatigue, and recover more rapidly between matches. 

Modern technology and highly conditioned athletes have made tennis a
game of power. The components of power are speed and strength. More spe-
cifically, “power is speed applied to strength.”

 

5

 

 Scientific measurement of
these variables starts with the calculation of work. Work is defined as the
amount of force that can be applied over a distance(d): Work = F 

 

×

 

 d. Power
(P) is defined as the amount of work (W) per unit of time (t): P = W/t. There-
fore, P = (F 

 

×

 

 d)/t or W/t. A high level of power and strength corresponds to
a greater ability to accelerate the body and external objects.

 

6

 

 The elements of
power and muscular strength allow players to accelerate their bodies across
the court and hit the ball with maximum impact.

 

7

 

 Since tennis is increasingly
becoming more of a strength-related sport,

 

8

 

 players must have the ability to
exert muscular forces at high rates of speed; thus, they need more power. In
recent years, a greater emphasis has been placed on strength- and speed-
training programs for recreation and competition.

 

9,10–12
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12.1.1 Energy Systems

 

Nutrient utilization for sport activities depends upon which energy systems
are stressed during the activity (Figure 12.1). All of the macronutrient sub-
strates for utilization which come from carbohydrates, fats, and protein are
used in producing the ATP molecule.

 

13

 

 Time and intensity establish which
systems predominate during activity.

Tennis involves short-term, highly intense, stopping and starting move-
ments interspersed with periods of rest.

 

14

 

 Individual points may require 1 to
25 intense short bursts of energy with periods of submaximal effort between
the intense exertions. During a singles tennis match, a player may exert
between 200 and 600 explosive movements. While the ball is in play, players
are continually accelerating and decelerating. During a point, energy is pro-
vided via the nonaerobic and anaerobic systems.

 

14–18

 

 During high-intensity
intermittent sports, such as tennis, hockey, football, sprinting, interval train-
ing, and strength training, the breakdown of adenosine triphosphate (ATP)
and creatine phosphate (CP) and the degradation of glycogen are the pre-
dominant energy-yielding pathways. At high intensity, if tennis points are
less than 10 seconds, the primary energy system utilized is the nonaerobic
(ATP–CP) system. If the point continues from 10 seconds to 2 or 3 minutes,
the glycolytic/lactic acid system predominates during the tennis rally. The
glycolytic/lactic acid system and the oxygen system aid in ATP resynthesis
between points. Tennis matches usually last from 30 minutes to 2 hours.

 

FIGURE 12.1

 

The interrelationships among energy systems and performance factors in tennis.
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Some can last as long as 4 hours, with few rare matches lasting as long as
6 hours. Certain men’s professional tournaments are played with the best of
three sets out of five and can commonly last 2 to 4 hours or longer. Thus, ten-
nis can be classified as activity which is primarily anaerobic and which can
benefit from strength training.

 

12.1.2 General Requirements for Tennis

 

Tennis requires power, speed, strength, agility, stamina, and skill. The value
of appropriate nutrition is to sustain high levels of moderate to intense train-
ing and competition. Proper nutrition for tennis has the following benefits: 

• It allows players to operate within the nonaerobic and anaerobic
energy systems more comfortably and efficiently

• Players are capable of competing at high intensity for longer peri-
ods of time if the match is extended (nonaerobic and anaerobic
endurance)

• Players will be able to recover more quickly and adequately
between training and competition — which is especially important
if the player has matches on consecutive days

• Dehydration and fatigue are delayed
• Players may achieve and maintain peak performance more quickly

and efficiently.

 

12.2 Calculation of Energy Costs

 

Caloric expenditure varies among individuals and depends on body size,
level of training or conditioning, gender, and age. The intensity of a particular
exercise or sport can be calculated from a person’s metabolic capacity as mea-
sured in METS. One MET (

 

M

 

etabolic 

 

E

 

quivalen

 

T

 

) is defined as the amount
of oxygen that is required per minute under quiet resting conditions and is
equal to 3.5 ml of oxygen consumed per kilogram of body weight per minute
(ml/kg-min).

 

15

 

 An exercise that requires 7.0 METS means that the oxygen
cost of the activity is 7.0 times 3.5 or 24.5 ml/kg-min. MET values have been
identified to estimate calories or energy utilized per hour and have been cal-
culated for tennis. Tennis in general is listed at 7.0 METS, doubles tennis at
6.0 METS, and singles tennis at 8.0 METS.

 

19

 

 The American College of Sports
Medicine has listed tennis at an average of 6.5 METS with a range of 4.0 to
9.0+ METS.

 

20

 

 Energy costs in Calories (kilocalories) per hour can be deter-
mined by multiplying the MET value by kilograms of individual body
weight. In one particular investigation, two different weight individuals
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were compared for approximate kilocalories used during moderate and vig-
orous singles tennis.

 

21

 

 One individual weighed 125 lb and the other 205 lb.
For moderate tennis activity, the 125-lb individual expended 347 kilocalories,
and the 205-lb person expended 565 kilocalories per hour. For vigorous activ-
ity, the kilocalories used for the 125-lb and the 205-lb individuals were 488
and 797 kilocalories, respectively.

 

12.3 Training and Competition Diet

 

The macronutrients carbohydrate, fat, and protein are utilized for energy
during rest and exercise. Time and intensity of the exercise or event will dic-
tate which macronutrients are used. For activities of high intensity and short
duration involving the anaerobic energy system, blood glucose and muscle
glycogen are the primary energy sources. Glycogen is stored in the muscle
and liver. For activities of low intensity and continuous long duration (aero-
bic), fat is the principal fuel used. Plasma fatty acids and intramuscular trig-
lycerides are the forms of fat that are used for energy. Protein is not used as a
primary source of energy during activity as its main role in the body is tissue
synthesis. Amino acids, which are the building blocks of protein, can provide
small amounts of energy in certain situations. However, carbohydrates and
fats are more efficient, and they spare protein from being used as energy.

 

12.3.1 Carbohydrate

 

12.3.1.1 Description of Types

 

Carbohydrate is the most important fuel for strength athletes

 

22 

 

and for
highly intense physical activities.

 

23,24

 

 The principal role of carbohydrate in
human nutrition is to provide energy. There are two main categories of car-
bohydrates: simple and complex. Simple carbohydrates are sugars that can
be further divided into two major groups: monosaccharides (single sugar
molecules) and disaccharides (two monosaccharides combined). The three
major monosaccharides are glucose, galactose, and fructose. Polysaccha-
rides (complex carbohydrates) are known as starches and are formed when
three or more glucose molecules are linked together.

 

24

 

 Blood glucose and
intramuscular stores of glycogen are the two forms of carbohydrates used
for ATP production.

 

12.3.1.2 Carbohydrate Measurement in Tennis

 

Singles tennis is classified as essentially utilizing the nonaerobic energy sys-
tem (ATP–CP) followed closely by the anaerobic system. During exercise,
muscle glycogen and blood glucose are substantial fuels for ATP resynthesis



 

240

 

Nutrition and the Strength Athlete

 

within contracting skeletal muscle.

 

25

 

 Players in tennis matches which lasted
less than 2 hours exhibited increases in blood glucose levels. One study of
Division I college players, reported blood glucose increased at the beginning
of play; then levels remained steady and slightly above the pre-exercise value
throughout play.

 

26

 

 The glucose level declined slightly after 30 minutes of play
but still remained above the pre-exercise value. The players in this study
competed for 85 minutes, which included time for changeovers and data col-
lection. Average time of each point was not calculated. In another study, two
groups of female players, young (15 to 30 years old) and veteran (40 to
51 years old), competed for 120 minutes.

 

27 

 

The average time of each point,
when the ball was in play, was 12  ±  1 seconds vs. out of play for 17  ±  1 sec-
onds. Blood glucose values for both groups increased from pre-exercise to
post-exercise. In another study, eight nationally ranked tennis players com-
peted for 4 hours.

 

18

 

 Pre-match vs. post-match values showed that blood glu-
cose levels dropped by an average of 18 mg/dl. The study only took pre- and
post-samples and did not indicate the time at which blood glucose levels
began to decrease.

 

12.3.1.3 Recommendations

 

In general, athletes should consume 55 to 70% carbohydrates in the diet.
Some recommend that carbohydrate intake for athletes should minimally be
60%.

 

23

 

 Recommendations for athletes involved in heavy endurance-training
programs such as long distance running have been as high as 70%.

 

28

 

 Tennis
players who compete on a frequent basis should ingest between 60 and 65%
carbohydrates. Grandjean reported nutrient intake data for 9 female tennis
Olympic athletes.

 

29

 

 The players consumed 279 grams per day (g/d) and
4.8 grams per kilogram of body weight (g/kg), which was 54% of total
energy. This amount of carbohydrate intake is considered low and tennis
players should increase their carbohydrate intake to 60 to 65%. Sufficient
intake of carbohydrates and energy will provide fuel for the muscles and aid
in the full restoration of muscle and liver glycogen stores. Players can con-
sume complex carbohydrates in the forms of breads such as bagels, crackers,
rice cakes, graham crackers and muffins, pasta, peas, beans such as kidney
and navy, rice, and potatoes.

 

12.3.2 Fat

 

12.3.2.1 Description of Types

 

Fats are another major substrate used for energy during exercise. Fat is stored
in the body as triglycerides within the fat cells, which are called adipocytes.
A small percentage of triglycerides are stored in skeletal muscle and are also
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found circulating in the blood bound to albumin. Triglyceride is simply a
glycerol molecule attached to three fatty acids. The major roles of fat in the
body are:

 

 24,30

 

1. To provide and store energy
2. To protect and insulate the body’s organs
3. To serve as a vitamin carrier and depress hunger
4. To provide essential fatty acids
5. To provide cellular structure.

 

12.3.2.2 Fat Measurement in Tennis

 

Few studies in tennis have researched fat metabolism.

 

27,31

 

 Most studies inves-
tigating fat used as an energy substrate have focused on aerobic endurance
and ultra-endurance activities. Free fatty acids are oxidized mainly during
the rest and low-intensity phases of intermittent exercise. During match play
of 2 hours, a slight increase in serum free fatty acids, pre- and post-match for
young and old players (0.06  ±  0.02 to 0.85  ±  17 mmol·L

 

–1

 

 and 0.27  ±  0.09 to
1.50  ±  0.12 mmol·L

 

–1

 

, respectively) was observed.

 

27

 

 More research is needed
on fat utilization during tennis play. Since tennis can be of moderate intensity
if played recreationally and high intensity if played professionally and com-
petitively, it appears that fat metabolism investigation may be of prime
importance to the sport. This is especially true in the case of prolonged match
play, which can last over 4 hours, and it would be necessary to determine the
extent to which fatty acids contribute energy between points.

 

12.3.2.3 Recommendations

 

Since there is an almost endless supply of fat in body stores, players do not
need to consume extra amounts in the diet. Less than 30% of total caloric
intake of fat is recommended. Strength athletes should consume between 25
and 30%. Diets with a 25% fat intake will allow room for more carbohy-
drates to be consumed. In Grandjean’s study, the 9 female Olympic athletes
had an average fat intake of 68 g/d and 1.2 g/kg body weight, which
accounted for 29% of total energy; this falls within the recommended
range.

 

29

 

 A diet high in fat can hinder carbohydrate intake, and fatigue can
set in more quickly. Foods high in fat include fried foods, butter, creamy
salad dressings, oils, mayonnaise, beef, pork, cheese, cheese sauces, whole
milk, nuts, and potato chips. Complex carbohydrate foods are usually low
in fat. Players should consume low-fat yogurt, skim milk, fruits, vegetables,
bagels, and low-fat muffins.
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12.3.3 Protein

 

12.3.3.1 Description of Types

 

Protein contributes very little energy during exercise. However, protein is
utilized to a greater extent than initially thought and may be due to glycogen
depletion rather than length of the exercise bout.

 

32

 

 Amino acids are the form
of protein that provides energy. Amino acids in excess of those needed to
maintain normal daily physiological functions will be excreted. The primary
amino acids involved in exercise are alanine, glutamine, and the branched-
chain amino acids (BCAA) leucine, valine, and isoleucine. Protein has been
shown to contribute energy during anaerobic conditions.

 

33

 

 Protein utilization
appears to increase during long-lasting interval exercise. When the body’s
carbohydrate reserves become low during exercise, protein breakdown will
occur more frequently. As muscle glycogen is depleted during exercise,
BCAAs enter the muscle and are oxidized. They may also function to donate
an amino group for alanine synthesis from pyruvate. Protein utilization is not
favored as the body must expend energy to pull off the nitrogen groups (an
undesired waste of energy) and form ammonia, a metabolic by-product
thought to be associated with fatigue. 

 

12.3.3.2 Protein Measurement in Tennis

 

Protein utilization in tennis, like fat, has not been well researched. Nationally
ranked tennis players subjected to 4 hours of continuous tournament tennis
showed a 14% decrease in BCAAs.

 

18

 

 Total time of play during the 4-hour
match was 39.26 (±  2.27) minutes. The authors of this study concluded that
most plasma amino acids will decrease during long-lasting interval exercise.
A decrease in BCAAs indicates their involvement in muscle metabolism dur-
ing interval activities.

 

18

 

 More research is required to determine the amount of
amino acid metabolism during highly intense interval activities. Most
research involving amino acid utilization has focused on plasma BCAA
changes during aerobic endurance activities and not during strength or
power events.

 

12.3.3.3 Recommendations

 

Protein requirements for strength athletes are recommended at 1.4 to
1.8 g/kg/d.

 

34

 

 The recommended dietary allowance (RDA) for the general
population is 0.8 g/kg/d.

 

35

 

 The 9 female Olympic tennis athletes in Grand-
jean’s study had an average protein intake of 80 grams per day (g/d) and
1.4 grams per kilogram of body weight (g/kg), providing 15% of total
energy.

 

29

 

 Strength athletes are most concerned with maximizing protein syn-
thesis and minimizing protein catabolism. Ingesting adequate amounts of
carbohydrate can have a protein-sparing effect. Table 12.1 lists gram weights
of protein for some common foods. Players should consume protein in the
forms of meat (beef, poultry, fish), soy analogues, egg whites, milk and
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cheeses, vegetables (green beans and peas, carrots and potatoes), fruits
(bananas, oranges), and starches (macaroni, navy beans, and spaghetti). Play-
ers should specifically choose lean meat (broiled or grilled), cottage cheese,
low-fat cheese, and low-fat milk, which can include frozen yogurt
“smoothies”).

 

12.4 Training and Competition Nutrition

 

12.4.1 Pre-Match Nutrition

 

It is well established that consuming food immediately before exercise, con-
ditioning, training, and competition will not benefit performance.

 

28

 

 Depleted
glycogen stores cannot be immediately replenished by a pre-exercise or pre-
competition meal. However, pre-event meals, if timed appropriately, have
the following benefits:

 

28

 

1. To prevent hypoglycemia (low blood sugar), light-headedness,
physical and mental fatigue

2. To help settle the stomach, absorb gastric juices, and diminish
feelings of hunger

3. To stabilize glycogen stores (liver glycogen) and not adversely
affect the energy supplies (especially with foods that can be stored
as glycogen if they are consumed far enough in advance, usually
4 to 6 hours)

4. To help provide adequate amounts of water for the body.

 

TABLE 12.1 

 

Protein Gram Weights of Common Foods

 

Common Food Portion Size Protein (g)

 

Beef, lean 3 ounces 24
Steak, lean 3 ounces 21
Chicken, breast 3 ounces 26
Egg/egg white 1 7
Milk, skim 1 cup 9
Beans, green 1 cup 2
Potato, baked 1 3
Banana 1 1
Orange 1 1
Bread, wheat 1 slice 3
Macaroni 1 cup 6
Navy beans, cooked 1 cup 14
Spaghetti with meat 1 cup 18
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Water should be consumed within 24 hours of training and competition. If
weight is lost through sweat during an exercise bout, between 8 and
16 ounces of water should be ingested for each pound of body weight lost.
Performance of high intensity and short duration can be diminished if indi-
viduals begin exercise with a fluid deficit.

 

36 

 

Complex carbohydrates should be consumed prior to training or competi-
tion but care should be taken that the consumption is not immediately prior
to activity. The amount of time remaining before the event dictates the
amount of food that should be ingested. If there are 4 or more hours between
matches or training, players can consume large meals composed mainly of
carbohydrates and small amounts of protein. If the time between is 2 to
4 hours, a smaller meal is needed comprised of breads (bagels and pita
bread), vegetables, and fruit juices. A liquid meal or a sports drink can also
be consumed during this time. Within 1 to a half hour of the event, players
should ingest smaller snacks consisting of fruits (oranges, bananas), breads
(crackers or slice of bread), and water. Carbohydrates should not be ingested
within a half hour of the activity. Simple sugars, such as those found in non-
diet soft drinks, candy, and large amounts of fruit juices should be avoided.

 

12.4.2 Nutrition and Hydration During Match Play 

 

Tennis is played in a variety of climatic settings. Players often compete out-
doors in sweltering conditions. Heat cramps, heat exhaustion, and heat
stroke are major concerns for players who compete in high humidity and hot
environments. During competition and training, fluid and carbohydrate
intake will help to maintain hydration, prevent thermal injury, maintain oxi-
dation of carbohydrates if glycogen depletion occurs, and delay fatigue. The
American College of Sports Medicine has published guidelines for fluid
replacement during exercise:

 

 36

 

1. Individuals should eat a balanced diet and consume adequate
amounts of fluid within 24 hours of the event.

2. Individuals should drink about 500 ml of fluid about 2 hours prior
to training/competition.

3. During the event, athletes need to drink early and at regular inter-
vals in order to compensate for sweat loss.

4. Fluids should be cooler than ambient temperature (15 to 22°C or
59 to 72ºF).

5. Carbohydrates and/or electrolytes should be added in appropriate
amounts to a fluid replacement solution for events lasting longer
than 1 hour.

6. For events lasting longer than 1 hour, carbohydrates should be
consumed at a rate of 30 to 60 grams per hour; solutions should
contain 4 to 8% carbohydrates.
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7. Incorporating sodium in the rehydration solution is recommended
for activities lasting longer than 1 hour.

Limited scientific information is available for guidelines for ingesting an
appropriate fluid replacement beverage during intermittent exercise.

 

37

 

 Water
has been suggested as the best nutrient for exercise lasting less than 60 min-
utes, but sport nutritionists have increasingly recommended that benefits can
occur with a diluted carbohydrate/electrolyte beverage. After 60 minutes,
the purpose of consuming carbohydrates in a fluid replacement drink is to
maintain blood glucose levels, enhance carbohydrate oxidation, increase the
desire to drink, replace the amount of fluid lost through sweat, and replace
electrolytes. Ingestion of carbohydrate becomes increasingly important as
exercise is prolonged. Carbohydrate (CHO) feedings are beneficial during
activities involving high-intensity intermittent exercise. In tennis there are
conflicting reports as to whether carbohydrate fluid replacement drinks are
beneficial. Two studies have reported that there may not be any benefit to
performance through the consumption of commercially available fluid
replacement drinks. In the first study, 12 competitive tennis players com-
pleted two 3-hour-long tennis matches during which they consumed 200 ml
every 15 min

 

–1

 

 of either a 7.5% carbohydrate (7.5 g CHO

 

·

 

100 ml

 

–1

 

) solution or
a water placebo.

 

38

 

 The ambient temperature was 27°C. Players completed a
performance test: serve velocity, and a 183-meter shuttle run before and after
each match. The study determined that there was no apparent benefit in
including a CHO fluid replacement drink during 3 hours of tennis play for
performance and fluid balance. In the second study, 16 tournament players
participated in a 4-hour-long interrupted tennis match with 30 minutes of
rest after 150 min.

 

39 

 

The authors investigated the metabolic and ergogenic
effects of carbohydrate and caffeine concentrations in commercially available
beverages. A group of four male or female subjects played against each other
in a round-robin format. The environmental conditions on the trial days were
28 ± 2°C and 42 ± 4% humidity. On three separate test dates, the players con-
sumed either a placebo, a carbohydrate beverage, or a caffeine drink at court
changeover and during the rest period, which was a 30-minute break after
the second match. Players were tested on hitting accuracy, running speed,
and perception. The authors concluded that CHO supplementation
improved tennis-specific running speed but had no ergogenic effect on
improving tennis performance. Caffeine improved glucose homeostasis, but
did not have any effect on energy metabolism during continuous match play. 

In contrast to the aforementioned research, two studies have reported that
carbohydrate supplementation had performance-enhancing effects for ten-
nis.

 

40,41

 

 In the first study, on three separate occasions, 10 tennis players
(5 males, aged 21 to 32 years and 5 females, aged 30 to 40 years) performed
2 hours of simulated tournament tennis.

 

40

 

 The players had either no fluids
(NF), a carbohydrate polymer drink (CHO), or water (W). Body weight,
blood glucose levels, the Sargent jump test (power), and a tennis skills test
were conducted before and after the 2 hours of tournament play. The tennis
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was played indoors at 23 to 25°C. Fluids were supplied prior to and through-
out the tournament for the CHO and W trials at 15- to 20-minute intervals.
Changes in body weight were more pronounced for the NF situation (–2.7%)
compared to CHO (–0.4%) and W (–1.1%). Players who ingested CHO
showed an 8.9% increase in plasma glucose, compared with a decrease of
11.6% and 7.3% in trials W and NF, respectively. The Sargent jump test
showed relatively no change for the W trial, a 10.8% decrease for NF, and an
11.6% increase for CHO. After 2 hours of play, CHO displayed a slight
decrease in skill performance compared with a 16.3% decrease with W and
an 8.3% decrease with NF. The authors concluded that ingesting a CHO fluid
can enhance athletic competition parameters, decrease errors in skill perfor-
mance, and maintain fluid balance. 

The second study

 

41

 

 that showed CHO ingestion improved tennis perfor-
mance involved 13 well-trained male tennis players (20 ± 1 years old). Twice
at a 2-week interval, the players performed a 20-minute warm-up, followed
by the Leuven Tennis Performance Test (LTPT,  ±  50 minutes), a 70-meter
shuttle run, 30 minutes of rest, and then a standardized 2-hour strenuous
training session. After the training session, the LTPT and shuttle run were
again administered to determine pre- and post-training changes. Perfor-
mance was determined by evaluating the percentage of errors, ball velocity,
distance to the sideline and baseline, first and second serve (followed by
returning five balls programmed by a ball machine), and tactical strategies
constituting match play: neutral, defensive, and offensive situations. During
the entire protocol, the players ingested a solution containing 0.7 g
CHO/kg/body wt/hr or an equal amount of a placebo drink (water) that
was artificially sweetened and colored. A velocity-precision index was cre-
ated to calculate the quality of a shot, which combines velocity and place-
ment. Pretest scores were similar for both CHO and the placebo. During the
testing protocol, the shuttle run and tennis performance for the first service
and defensive rallies decreased in the placebo group. The first service, per-
centage of errors, and the quality of shots decreased more (p<0.05) in placebo
than in the CHO group. There was no change for CHO or the placebo trails
on stroke performance for the second serve, neutral rallies, and volleys. The
researchers concluded that ingesting a CHO supplement during prolonged
strenuous tennis play positively affects tennis performance for the first serve
and in defensive situations.

Further research is needed for CHO replacement with either a lower CHO
concentration and/or a high CHO concentration in more humid and hotter
environments. Since maintaining blood glucose levels may not be needed via
CHO replacement drinks, there are other benefits that tennis players may
gain from consuming a carbohydrate fluid replacement drink during pro-
longed match play. These benefits might include inducing a player’s desire
to drink, preventing heat

 

 

 

cramps,
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 and delaying fatigue.
Players can consume carbohydrates in the liquid and solid forms (fruits

and energy bars) during match play, which are easily accessible due to the
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regular court changeovers. During changeovers, tennis players can also take
advantage of ingesting fluids on a regular basis. Players should not wait until
they are thirsty because the thirst mechanism is an unreliable indicator of
fluid needs. Once thirst sets in, the athlete is already partially dehydrated.

 

12.4.3 Post-Match Nutrition

 

The post-match meal is important to replenish muscle and liver glycogen
stores, rehydrate, and replace electrolytes lost during exercise. Athletes who
participate in repeated and frequent exercise may require a fast carbohydrate
recovery.
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 Within the first 2 hours after exercise, muscle glycogen resynthesis
has been found to be enhanced the most.
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 Players should consume carbohy-
drates as quickly as possible after training or competition. Higher rates of
synthesis have been shown to occur when smaller carbohydrate meals (0.4 g
CHO/kg body weight) are consumed more frequently beginning immedi-
ately after exercise and every 15 minutes for 4 hours.
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 The recommended
amount of carbohydrate replenishment is 1.5 g/kg body weight immediately
and 2 hours after exercise. An athlete weighing 150 pounds could consume
between 50 and 102 g/kg body weight. No additional benefits of glycogen
restoration within the initial post-exercise hours occur when the consump-
tion rate is doubled from 1.5 to 3.0 g/kg body weight.
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A balanced diet stress-
ing high carbohydrates, especially those with a high glycemic index (GI),
seem to replenish glycogen stores the best and the quickest.
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 Table 12.2 dis-
plays common foods that have high and low mean glycemic values.
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 Glu-
cose and sucrose are the forms of carbohydrate to choose for replenishment
after exhaustive exercise. Fructose has a low glycemic response, and its con-
sumption has been shown to result in lower rates of muscle glycogen resyn-
thesis. After the first 24 hours of recovery, athletes should resume their
normal high-carbohydrate diet. Nutritionally complete meals, which include
complex CHO, fats, and protein, will also help to repair tissue damage and
synthesize muscle protein.

 

12.5 Vitamins, Minerals, and Supplements

 

Research on the effects that vitamins, minerals, and supplements may have
on tennis players is limited. Fifty-five percent of 9 Olympic-level athletes sur-
veyed reported routine use of supplements.

 

29

 

 There are 13 known vitamins
that are classified as either fat-soluble or water-soluble. Vitamins A, D, E, and
K are the fat-soluble vitamins. The water-soluble vitamins are: B

 

1 

 

(thiamine),
B

 

2

 

 (riboflavin), B

 

6 

 

(pyridoxine), B

 

12 

 

(cobalamin), biotin, folic acid, niacin, pan-
tothenic acid, and vitamin C. Twenty-two elements have been identified as
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minerals. Minerals are a part of vitamins, enzymes, and hormones and are
located throughout the body in fluids, muscles, and connective tissues. 

Excessive vitamin consumption will not enhance performance; however,
vitamin deficiencies will decrease performance. Vitamin and mineral supple-
ments will not cause increases in strength or aerobic endurance, prevent ill-
ness or injuries, build muscles, or provide energy.

 

22

 

 Recently, however,
vitamin E and creatine have been identified as nutrients that may enhance
tennis performance.
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 Vitamin E serves as an antioxidant to prevent cell dam-
age. Vitamin E is found in green leafy vegetables, whole wheat bread, nuts,
peanut butter, margarines, and shortenings. The RDA is 7 to 13 mg. Creatine
is purported to increase muscle size, muscle strength, improve athletic per-
formance, and cause a quicker recovery time from intense muscle fatigue.
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Creatine may be beneficial to activities of high intensity and short duration.
Benefits of creatine use have been reported to:

 

51

 

• Increase gains in strength performance (1 repetition maximum RM)
• Enhance peak power during isokinetic exercise
• Improve concentric and eccentric power, amplify vertical jump

performance
• Increase maximal exercise capacity
• Improve single effort (6 second to 30 seconds) and/or repetitive

sprint performance (recovery 30 sec to 5 min)

 

TABLE 12.2 

 

Common Foods With a Mean High Glycemic Index (GI)

 

Common Food Mean GI Glycemic Value

 

White bread* 100 High
Shredded wheat 97 High
Rice, white 83 ± 9 High
Potato, russett, baked 135 ± 2 High
Banana 79 ± 7 High
Raisins 93 High
Glucose 138 ± 3 High
Whole grain rye 58 Low
Buckwheat 74 Low
Potato, sweet 70 Low
Cherries 32 Low
Plum 34 Low
Milk, skim 46 Low
Yogurt 52 Low
Fructose 30 Low

 

* Foods are proportionally adjusted so that white bread has an
equivalent of 100.

 

Source:

 

Adapted from Jenkins, D. A., Wolever, T. M. S., Jenkins,
A. L., Josse, R. G., and Wong, G. S., The glycaemic response to
carbohydrate foods, 

 

Lancet, 2, 388, 1984.
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The sprint, power, vertical jump performance, and repetitive sprint perfor-
mance enhancement would be of most interest to tennis players. However,
side effects of creatine may be cramping, dehydration, water retention, and
fatigue. Professional tennis players who used creatine have reported over-
heating and the inability to cool down during a tennis match.52 Extreme care
should be utilized when creatine is used because heat illnesses are a major
concern for tennis players. Supplements are not necessary if the athlete con-
sumes a well-balanced diet; however, many athletes do not know what a
well-balanced diet is and may have poor eating habits. Athletes who know
that nutrition is lacking and who decide to take vitamin or mineral supple-
ments should consume a multivitamin with no more than 150% of the RDA
for any particular nutrient.

12.6 Travel

Tennis players often travel to tournament sites regionally, nationally, and
internationally. Eating nutritious meals while traveling can be difficult. It is
very easy and inexpensive to eat at fast food or convenience stores if proper
choices are made. Some guidelines for the traveling athlete are:

1. Prepare for the trip by determining nutritional goals in advance.
Choose hotels with refrigerators and cooking facilities.

2. Select locations that are close to restaurants, supermarkets, and
health food stores.

3. Take a food supply and, if possible, a cooler to store fruits and
drinks.

4. High-fat foods found in restaurants include fried foods, regular
salad dressings, oily dressings, high-fat desserts, creamed cottage
cheese, high-fat cheeses, gravy, and cream sauces. Limit or avoid
consumption of these high-fat foods.

5. Supermarkets, delicatessens, and health food stores can make
healthy lunches or snacks to order and offer a variety of fruits,
meats, and salad combinations.

6. Drink water, milk (skim or low-fat), and fruit juices.
7. Avoid alcohol and caffeine because they are diuretics and will lead

to fluid loss.
8. Breakfast choices can include bagels and toast with low-fat or fat-

free creams, jellies, oatmeal, cold cereal, pancakes, french toast or
waffles with syrup, fresh fruit, and low-fat or nonfat yogurt.
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9. Lunch can consist of roast beef, ham, chicken, or turkey sandwiches
with low-fat mayonnaise and/or mustard, green leaf or fruit salads,
non-cream or broth-based soups, baked potatoes, and fresh fruit.

10. For dinner, choices can be spaghetti or other pastas with tomato
sauce, meat (roast beef, baked fish, or chicken and turkey), bread,
crackers, rice, potatoes, vegetables, green leaf or fruit salad, fresh
fruit, and low-calorie desserts.

11. Be clear and assertive about meeting nutritional needs. Do not
abandon good eating habits because of boredom or be influenced
by what others are eating.

12.7 Summary

Technological advances in tennis racquets and better physical conditioning
of participants have increased the power and speed at which the sport of ten-
nis is played. Strength, speed, and proper nutrition are essential components
for the demands of tennis. Power and strength are important for most types
of sports performance. Nutrient intake for sport activities depends upon
which energy systems are primarily utilized during the activity. All sub-
strates are used in producing ATP for energy. Time and intensity determine
which systems are most activated. During tennis, energy is provided mainly
by the ATP–CP or phosphagen system and the glycolytic/lactic acid system.
Thus, the nutritional requirements for tennis are similar to those for athletes
who strength train. A balanced diet emphasizing complex carbohydrates and
low fat is the best choice for strength athletes. Adequate and appropriate
intake of the macronutrients and fluids will enhance performance. Carbohy-
drate beverage supplementation may enhance tennis performance by sus-
taining blood glucose levels and encouraging players to drink, which helps
to prevent dehydration. The requirements of travel need not include poor
dietary choices which would diminish performance.
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March 1998

 

Current Comment from the American College of Sports Medicine

 

Youth Strength Training 

 

Fitness training has traditionally emphasized aerobic exercise such as run-
ning and cycling. More recently, the importance of strength training for both
younger and older populations has received increased attention, and a grow-
ing number of children and adolescents are experiencing the benefits of
strength training. Contrary to the traditional belief that strength training is
dangerous for children or that it could lead to bone plate disturbances, the
American College of Sports Medicine (ACSM) contends that strength train-
ing can be a safe and effective activity for this age group, provided that the
program is properly designed and competently supervised. It must be
emphasized, however, that strength training is a specialized form of physical
conditioning distinct from the competitive sports of weightlifting and pow-
erlifting in which individuals attempt to lift maximal amounts of weight in
competition. Strength training refers to a systematic program of exercises
designed to increase an individual's ability to exert or resist force.

Children and adolescents can participate in strength training programs
provided that they have the emotional maturity to accept and follow direc-
tions. Many seven and eight-year-old boys and girls have benefitted from
strength training, and there is no reason why younger children could not par-
ticipate in strength-related activities, such as push-ups and sit-ups, if they
can safely perform the exercises and follow instructions. Generally speaking,
if children are ready for participation in organized sports or activities — such
as Little League baseball, soccer, or gymnastics — then they are ready for
some type of strength training.
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The goal of youth strength training should be to improve the musculoskel-
etal strength of children and adolescents while exposing them to a variety of
safe, effective, and fun training methods. Adult strength training guidelines
and training philosophies should not be imposed on youngsters who are ana-
tomically, physiologically, or psychologically less mature. Strength training
should be one part of a well-rounded fitness program that also includes
endurance, flexibility, and agility exercises.

Properly designed and competently supervised youth strength training
programs may not only increase the muscular strength of children and ado-
lescents, but may also enhance motor fitness skills (sprinting and jumping)
and sports performance. Preliminary evidence suggests that youth strength
training may also decrease the incidence of some sports injuries by increasing
the strength of tendons, ligaments, and bone. During adolescence, training-
induced strength gains may be associated with increases in muscle size, but
this is unlikely to happen in prepubescent children who lack adequate levels
of muscle-building hormones. Although the issue of childhood obesity is
complex, youth strength training programs may also play an important role
in effective weight loss strategies.

There is the potential for serious injury if safety standards for youth
strength training such as competent supervision, qualified instruction, safe
equipment, and age-specific training guidelines are not followed. All youth
strength training programs must be closely supervised by knowledgeable
instructors who understand the uniqueness of children and have a sound
comprehension of strength training principles and safety guidelines (e.g.,
proper spotting procedures). The exercise environment should be safe and
free of hazards, and all participants should receive instruction regarding
proper exercise technique (e.g., controlled movements) and training proce-
dures (e.g., warm-up and cool-down periods). A medical examination is
desirable, though not mandatory, for apparently healthy children who want
to participate in a strength training program. However, a medical examina-
tion is recommended for children with known or suspected health problems.

A variety of training programs and many types of equipment — from rub-
ber tubing to weight machines designed for children — have proven to be
safe and effective. Although there are no scientific reports that define the opti-
mal combinations of sets and repetitions for children and adolescents, one to
three sets of six to fifteen repetitions performed two to three times per week
on nonconsecutive days have been found to be reasonable. Beginning with
one set of several upper and lower body exercises that focus on the major
muscle groups will allow room for progress to be made. The program can be
made more challenging by gradually increasing the weight or the number of
sets and repetitions. Strength training with maximal weights is not recom-
mended because of the potential for possible injuries related to the long
bones, growth plates, and back. It must be underscored that the overriding
emphasis should be on proper technique and safety — not on how much
weight can be lifted.
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Proper training guidelines, program variation and competent supervision
will make strength training programs safe, effective, and fun for children.
Instructors should understand the physical and emotional uniqueness of
children, and, in turn, children should appreciate the benefits and risks asso-
ciated with strength training. If appropriate guidelines are followed, it is the
opinion of ACSM that strength training can be an enjoyable, beneficial, and
healthy experience for children and adolescents.
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Note:

 

 The following has been excerpted from the full position stand so that
only the section on strength training has been reproduced. The full position
stand, including the references, can be found both in Medicine & Science in
Sports & Exercise as noted in the summary and on the ACSM web site
(http://www.acsm.org). 

 

Medicine & Science in Sports & Exercise

 

®

 

Volume 30, Number 6
June l998

 

Position Stand

 

The Recommended Quantity and Quality of Exercise for Developing and 
Maintaining Cardiorespiratory and Muscular Fitness, and Flexibility in 
Healthy Adults

 

This pronouncement was written for the American College of Sports Medi-
cine by: Michael L. Pollock, Ph.D., FACSM (Chairperson), Glenn A. Gaesser,
Ph.D., FACSM (Co-chairperson), Janus D. Butcher, M.D., FACSM, Jean-Pierre
Després, Ph.D., Rod K. Dishman, Ph.D., FACSM, Barry A. Franklin, Ph.D.,
FACSM, and Carol Ewing Garber, Ph.D., FACSM.

 

SUMMARY

 

ACSM Position Stand on The Recommended Quantity and Quality of
Exercise for Developing and Maintaining Cardiorespiratory and Muscular
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Fitness, and Flexibility in Adults. 

 

Med Sci. Sports Exerc

 

., Vol. 30, No. 6, pp.
975-991, 1998.

 

The combination of frequency, intensity, and duration of chronic exercise has
been found to be effective for producing a training effect. The interaction of
these factors provides the overload stimulus. In general, the lower the stim-
ulus the lower the training effect, and the greater the stimulus the greater the
effect. As a result of specificity of training and the need for maintaining mus-
cular strength and endurance, and flexibility of the major muscle groups, a
well-rounded training program including aerobic and resistance training,
and flexibility exercises is recommended. Although age in itself is not a lim-
iting factor to exercise training, a more gradual approach in applying the
prescription at older ages seems prudent. It has also been shown that aerobic
endurance training of fewer than 2 d·wk

 

–1

 

, at less than 40-50% of V·O

 

2

 

R, and
for less than 10 min

 

–1

 

 is generally not a sufficient stimulus for developing
and maintaining fitness in healthy adults. Even so, many health benefits
from physical activity can be achieved at lower intensities of exercise if fre-
quency and duration of training are increased appropriately. In this regard,
physical activity can be accumulated through the day in shorter bouts of
10-min durations.

In the interpretation of this position stand, it must be recognized that the
recommendations should be used in the context of participant’s needs, goals,
and initial abilities. In this regard, a sliding scale as to the amount of time
allotted and intensity of effort should be carefully gauged for the cardiores-
piratory, muscular strength and endurance, and flexibility components of the
program. An appropriate warm-up and cool-down period, which would
include flexibility exercises, are also recommended. The important factor is to
design a program for the individual to provide the proper amount of physical
activity to attain maximal benefit at the lowest risk. Emphasis should be
placed on factors that result in permanent lifestyle change and encourage a
lifetime of physical activity.

 

Introduction

 

Many people are currently involved in cardiorespiratory fitness and resis-
tance training programs and efforts to promote participation in all forms of
physical activity are being developed and implemented (242). Thus, the need
for guidelines for exercise prescription is apparent. Based on the existing evi-
dence concerning exercise prescription for healthy adults and the need for
guidelines, the American College of Sports Medicine (ACSM) makes the fol-
lowing recommendations for the quantity and quality of training for devel-
oping and maintaining cardiorespiratory fitness, body composition,
muscular strength and endurance, and flexibility in the healthy adult:
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Muscular Strength and Endurance, Body Composition, and Flexibility

 

1. Resistance training: Resistance training should be an integral part of an
adult fitness program and of a sufficient intensity to enhance strength, mus-
cular endurance, and maintain fat-free mass (FFM). Resistance training
should be progressive in nature, individualized, and provide a stimulus to all
the major muscle groups. One set of 8-10 exercises that conditions the major
muscle groups 2-3 d·wk

 

–1

 

 is recommended. Multiple-set regimens may pro-
vide greater benefits if time allows. Most persons should complete 8-12 rep-
etitions of each exercise; however, for older and more frail persons
(approximately 50-60 yr of age and above), 10-15 repetitions may be more
appropriate.

2. Flexibility training: Flexibility exercises should be incorporated into the
overall fitness program sufficient to develop and maintain range of motion
(ROM). These exercises should stretch the major muscle groups and be per-
formed a minimum of 2-3d·wk

 

–1

 

. Stretching should include appropriate static
and/or dynamic techniques.

 

Exercise Prescription for Muscular Strength and Muscular Endurance

 

The addition of resistance/strength training to the position statement results
from the need for a well-rounded program that exercises all the major muscle
groups of the body. Thus, the inclusion of resistance training in adult fitness
programs should be effective in the development and maintenance of mus-
cular strength and endurance, FFM, and BMD. The effect of exercise training
is specific to the area of the body being trained (10,75,216). For example, train-
ing the legs will have little or no effect on the arms, shoulders, and trunk
muscles, and 

 

vice versa

 

 (216). A 10-yr follow-up of master runners who con-
tinued their training regimen, but did no upper body exercise, showed main-
tenance of V·O

 

2

 

max and a 2-kg reduction in FFM (197). Their leg
circumference remained unchanged, but arm circumference was significantly
lower. These data indicate a loss of muscle mass in the untrained areas. Three
of the athletes who practiced weight training exercise for the upper body and
trunk muscles maintained their FFM. A comprehensive review by Sale (216)
documents available information on specificity of training.

Specificity of training was further addressed by Graves et al. (97). Using a
bilateral knee extension exercise, these investigators trained four groups:
group A, first half of the ROM; group B, second half of the ROM; group AB,
full ROM; and a control group that did not train. The results clearly showed
that the training result was specific to the ROM exercised, with group AB get-
ting the best full range effect. Thus, resistance training should be performed
through a full ROM for maximum benefit (97,142).
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Muscular strength and endurance are developed by the progressive over-
load principle, i.e., by increasing more than normal the resistance to move-
ment or frequency and duration of activity (50,69,75,109,215). Muscular
strength is best developed by using heavier weights (that require maximum
or near maximum tension development) with few repetitions, and muscular
endurance is best developed by using lighter weights with a greater number
of repetitions (18,69,75,215). To some extent, both muscular strength and
endurance are developed under each condition, but each loading scheme
favors a more specific type of neuromuscular development (75,215). Thus, to
elicit improvements in both muscular strength and endurance, most experts
recommend 8-12 repetitions per set; however, a lower repetition range, with
a heavier weight, e.g., 6-8, repetitions may better optimize strength and
power (75). Because orthopaedic injury may occur in older and/or more frail
participants (approximately 50-60 yr of age and above) when performing
efforts to volitional fatigue using a high-intensity, low-to-moderate repetition
maximum (RM), the completion of 10-15 repetitions or RM is recommended.
The term RM refers to the maximal number of times a load can be lifted
before fatigue using good form and technique.

Any magnitude of overload will result in strength development, but
heavier resistance loads to maximal, or near maximal, effort will elicit a sig-
nificantly greater training effect (75,109,156,158,215). The intensity and vol-
ume of exercise of the resistance training program can be manipulated by
varying the weight load, repetitions, rest interval between exercises and sets,
and number of sets completed (75). Caution is advised for training that
emphasizes lengthening (eccentric) contractions, compared with shortening
(concentric) or isometric contractions, as the potential for skeletal muscle
soreness and injury is increased particularly in untrained individuals (8,125).

Muscular strength and endurance can be developed by means of static (iso-
metric) or dynamic (isotonic or isokinetic) exercises. Although each type of
training has its advantages and limitations, for healthy adults, dynamic resis-
tance exercises are recommended as they best mimic everyday activities.
Resistance training for the average participant should be rhythmical, per-
formed at a moderate-to-slow controlled speed, through a full ROM, and with
a normal breathing pattern during the lifting movements. Heavy resistance
exercise can cause a dramatic acute increase in both systolic and diastolic
blood pressure (150,157), especially when a Valsalva maneuver is evoked.

The expected improvement in strength from resistance training is difficult
to assess because increases in strength are affected by the participant’s initial
level of strength and their potential for improvement (75,102,109,171). For
example, Mueller and Rohmert (171) found increases in strength ranging
from 2% to 9% per week depending on initial strength levels. Also, studies
involving elderly participants (73,74) and young to middle-aged persons
using lumbar extension exercise (198) have shown greater than 100%
improvement in strength after 8-12 wk of training. Although the literature
reflects a wide range of improvement in strength with resistance training pro-
grams, the average improvement for sedentary young and middle-aged men
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and women for up to 6 months of training is 25-30%. Fleck and Kraemer (75),
in a review of 13 studies representing various forms of isotonic training,
reported an average improvement in bench press strength of 23.3% when
subjects were tested on the equipment with which they were trained and
16.5% when tested on special isotonic or isokinetic ergometers (six studies).
These investigators (75) also reported an average increase in leg strength of
26.6% when subjects were tested with the equipment that they trained on (six
studies) and 21.2% when tested with special isotonic or isokinetic ergometers
(five studies). Improvements in strength resulting from isometric training
have been of the same magnitude as found with isotonic training
(29,75,96,97).

In light of the information reported above, the following guidelines for
resistance training are recommended for the average healthy adult. A mini-
mum of 8-10 exercises involving the major muscle groups (arms, shoulders,
chest, abdomen, back, hips, and legs) should be performed 2-3 d·wk

 

–1

 

. A min-
imum of 1 set of 8-12 RM or to near fatigue should be completed by most par-
ticipants; however, for older and more frail persons (approximately 50-60 yr
of age and above), 10-15 repetitions may be more appropriate. These recom-
mendations for resistance training are based on three factors. First, the time
it takes to complete a comprehensive, well-rounded exercise program is
important. Programs lasting more than 60 min per session appear to be asso-
ciated with higher dropout rates (186). Also, Messier and Dill (165) reported
that the average time required to complete 3 sets of a weight-training pro-
gram was 50 min compared with only 20 min for 1 set. Second, although
greater frequencies of training (29,75,91) and additional sets or combinations
of sets and repetitions may elicit larger strength gains (18,50,75,109), the dif-
ference in improvement is usually small in the adult fitness setting. For the
more serious weight lifter (athlete), a regimen of heavier weights (6-12 RM)
of 1-3 sets using periodization techniques usually provides greater benefits
(75). Third, although greater gains in strength and FFM can be attained when
using heavy weights, few repetitions (e.g., 1-6 RM), and multiple set regi-
mens, this approach may not be suitable for adults who have different goals
than the athlete. Finally, from a safety standpoint, these types of programs
may increase the risk of orthopaedic injury and precipitation of a cardiac
event in middle-aged and older participants (43,199)

Research appears to support the minimal standard that is recommended
for the adult fitness/health model for resistance training. A recent review by
Feigenbaum and Pollock (72) clearly illustrated that the optimal frequency of
training may vary depending on the muscle group. For example, Graves
et al. (98) found that 1 d·wk

 

–1

 

 was equally as effective in improving isolated
lumbar extension strength as training 2 or 3 d·wk

 

–1

 

. DeMichele et al. (51)
found 2 d·wk

 

–1

 

 of torso rotation strength training to be equal to 3 d·wk

 

–1

 

 and
superior to 1 d·wk

 

–1

 

. Braith et al. (29) found that leg extension training
3 d·wk

 

–1

 

 elicited a greater effect than exercising 2 d·wk

 

–1

 

. Others have found
that chest press exercise 3 d·wk

 

–1

 

 showed a greater improvement in strength
than 1 or 2 d·wk

 

–1

 

 (72). In summary, it appears that 1-2 d·wk

 

–1

 

 elicits optimal
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gains in strength for the spine and 3 d·wk

 

–1

 

 for the appendicular skeletal
regions of the body. Also, the 2 d·wk

 

–1

 

 programs using the arms and legs
showed 70-80% of the gain elicited by the regimens using a greater frequency.

In the same review mentioned above, Feigenbaum and Pollock (72) com-
pared eight well-controlled studies and found that no study showed that
2 sets of resistance training elicited significantly greater improvements in
strength than 1 set and only one study showed that a 3-set regimen was better
than 1 or 2 sets. Berger (18) using the bench press exercise found 3 sets to elicit
a 3-4% greater increase in strength (

 

P

 

 < 0. 05) than the 1- or 2-set groups. None
of the studies reported was conducted for more than 14 wk; thus, it is possible
that various multiple set programs may show greater strength gains when
conducted over a longer time span. Program variation may also be an impor-
tant factor in improving resistance training outcomes but must be verified by
additional research (75). Considering the small differences found in the vari-
ous programs relating to frequency of training and multiple versus single-set
programs, the minimal standard recommended for resistance training in the
adult fitness setting seems appropriate for attaining most of the fitness and
health benefits desired in fitness and health maintenance programs.

Although resistance training equipment may provide better feedback as to
the loads used along with a graduated and quantitative stimulus for deter-
mining an overload than traditional calisthenic exercises, calisthenics and
other resistive types of activities can still be effective in improving and main-
taining muscular strength and endurance (86,109,195).
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Note:

 

 The following has been excerpted from the full position stand so that
only the section on strength training has been reproduced. The full position
stand, including the references, can be found both in 

 

Medicine & Science in
Sports & Exercise

 

 as noted in the summary and on the ACSM web site
(http://www.acsm.org). 

 

Medicine & Science in Sports & Exercise

 

®

 

Volume 30, Number 6
June 1998

 

Position Stand

 

Exercise and Physical Activity for Older Adults

 

This pronouncement was written for the American College of Sports Medi-
cine by: Robert S. Mazzeo, Ph.D., FACSM (Chair), Peter Cavanagh, Ph.D.,
FACSM, William J. Evans, Ph.D., FACSM, Maria Fiatarone, Ph.D., James Hag-
berg, Ph.D., FACSM, Edward McAuley, Ph.D., and Jill Startzell, Ph.D.

 

Summary

 

ACSM Position Stand on Exercise and Physical Activity for Older Adults.

 

Med. Sci. Sports. Exerc.

 

, Vol. 30, No. 6, pp. 992-1008, 1998.
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By the year 2030, the number of individuals 65 yr and over will reach 70 mil-
lion in the United States alone; persons 85 yr and older will be the fastest
growing segment of the population. As more individuals live longer, it is
imperative to determine the extent and mechanisms by which exercise and
physical activity can improve health, functional capacity, quality of life, and
independence in this population. Aging is a complex process involving many
variables (e.g., genetics, lifestyle factors, chronic diseases) that interact with
one another, greatly influencing the manner in which we age. Participation in
regular physical activity (both aerobic and strength exercises) elicits a num-
ber of favorable responses that contribute to healthy aging. Much has been
learned recently regarding the adaptability of various biological systems, as
well as the ways that regular exercise can influence them.

Participation in a regular exercise program is an effective interven-
tion/modality to reduce/prevent a number of functional declines associated
with aging. Further, the trainability of older individuals (including octo- and
nonagenarians) is evidenced by their ability to adapt and respond to both
endurance and strength training. Endurance training can help maintain and
improve various aspects of cardiovascular function (as measured by maxi-
mal V·O

 

2

 

, cardiac output, and arteriovenous O

 

2

 

 difference), as well as
enhance submaximal performance. Importantly, reductions in risk factors
associated with disease states (heart disease, diabetes, etc.) improve health
status and contribute to an increase in life expectancy. Strength training helps
offset the loss in muscle mass and strength typically associated with normal
aging. Additional benefits from regular exercise include improved bone
health and, thus, reduction in risk for osteoporosis; improved postural stabil-
ity, thereby reducing the risk of falling and associated injuries and fractures;
and increased flexibility and range of motion. While not as abundant, the evi-
dence also suggests that involvement in regular exercise can also provide a
number of psychological benefits related to preserved cognitive function,
alleviation of depression symptoms and behavior, and an improved concept
of personal control and self-efficacy.

It is important to note that while participation in physical activity may
not always elicit increases in the traditional markers of physiological per-
formance and fitness (e.g., V·O

 

2

 

max , mitochondrial oxidative capacity,
body composition) in older adults, it does improve health (reduction in dis-
ease risk factors) and functional capacity. Thus, the benefits associated with
regular exercise and physical activity contribute to a more healthy, indepen-
dent lifestyle, greatly improving the functional capacity and quality of life
in this population.
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Introduction

 

Aging is a complex process involving many variables (e.g., genetics, lifestyle
factors, chronic diseases) that interact with one another, greatly influencing
the manner in which we age. Participation in regular physical activity (both
aerobic and strength exercises) elicits a number of favorable responses that
contribute to healthy aging. Much has been learned recently regarding the
adaptability of various biological systems, as well as the ways that regular
exercise can influence them.

Although it is not possible to be all-inclusive regarding the influence of
exercise and physical activity on aging, this position stand will focus on five
major areas of importance. These topics include: (i) cardiovascular responses
to both acute and chronic exercise; (ii) strength training, muscle mass, and
bone density implications; (iii) postural stability, flexibility, and prevention of
falls; (iv) the role of exercise on psychological function; and (v) exercise for
the very old and frail.

It is estimated that by the year 2030 the number of individuals 65 yr and
over will reach 70 million in the U.S. alone; persons 85 yr and older will be
the fastest growing segment of the population. Thus, as more individuals live
longer, it is imperative to determine the extent and mechanisms by which
exercise and physical activity can improve health, functional capacity, quality
of life, and independence in this population.

 

Strength Training

 

Loss of muscle mass (sarcopenia) with age in humans is well documented.
The excretion of urinary creatinine, reflecting muscle creatine content and
total muscle mass, decreases by nearly 50% between the ages of 20 and 90 yr
(238). Computed tomography of individual muscles shows that after age 30,
there is a decrease in cross-sectional areas of the thigh, decreased muscle den-
sity, and increased intramuscular fat. These changes are most pronounced in
women (96). Muscle atrophy may result from a gradual and selective loss of
muscle fibers. The number of muscle fibers in the midsection of the vastus lat-
eralis of autopsy specimens is significantly lower in older men (age 70-73 yr)
compared with younger men (age 19-37 yr) (121). The decline is more marked
in Type II muscle fibers, which decrease from an average of 60% in sedentary
young men to below 30% after the age of 80 yr (113), and is directly related to
age-related decreases in strength.

A reduction in muscle strength is a major component of normal aging. Data
from the Framingham (100) study indicate that 40% of the female population
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aged 55-64 yr, 45% of women aged 65-74 yr, and 65% of women aged 75-84 yr
were unable to lift 4.5 kg. In addition, similarly high percentages of women
in this population reported that they were unable to perform some aspects of
normal household work. It has been reported that isometric and dynamic
strength of the quadriceps increases up to the age of 30 yr and decreases after
the age of 50 yr (116). An approximate 30% reduction in strength between 50
and 70 yr of age is generally found. Much of the reduction in strength is due
to a selective atrophy of Type II muscle fibers. It appears that muscle strength
losses are most dramatic after the age of 70 yr. Knee extensor strength in a
group of healthy 80 yr old men and women studied in the Copenhagen City
Heart Study (40) was found to be 30% lower than a previous population
study (7) of 70 yr old men and women. Thus, cross-sectional as well as longi-
tudinal data indicate that muscle strength declines by approximately 15% per
decade in the 6th and 7th decade and about 30% thereafter (40,84,114,161).
While there is some indication that muscle function is reduced with advanc-
ing age, the overwhelming majority of the loss in strength results from an
age-related decrease in muscle mass.

 

Strength and functional capacity.

 

 The decline in muscle strength associ-
ated with aging carries with it significant consequences related to functional
capacity. A significant correlation between muscle strength and preferred
walking speed has been reported for both sexes (12). A strong relationship
between quadriceps strength and habitual gait speed in frail institutionalized
men and women above the age of 86 yr supports this concept (63). In older,
frail women, leg power was highly correlated with walking speed, account-
ing for up to 86% of the variance in walking speed (13). Leg power, which
represents a more dynamic measurement of muscle function, may be a useful
predictor of functional capacity in the very old. This suggests that with the
advancing age and very low activity levels seen in institutionalized patients,
muscle strength is a critical component of walking ability.

 

Protein needs and aging.

 

 Inadequate dietary protein intake may be an
important cause of sarcopenia. The compensatory response to a long-term
decrease in dietary protein intake is a loss in lean body mass. Using the cur-
rently accepted 1985 WHO (242) nitrogen-balance formula on data from four
previous studies, the combined weighted averages yielded an overall protein
requirement estimate of 0.91 ± 0.043 g-kg

 

–1

 

-d

 

–1

 

. The current Recommended
Dietary Allowance (RDA) in the United States of 0.8 g-kg

 

–1

 

-d

 

–1

 

 is based on
data collected, for the most part, on young subjects. Recent data (29) suggest
that the safe protein intake for elderly adults is 1.25 g-kg- 1 -d- 1. On the basis
of the current and recalculated short-term nitrogen-balance results, a safe rec-
ommended protein intake for older men and women should be set at 1.0-
1.25 g of high quality protein-kg

 

–1

 

-d

 

–1

 

. As discovered in one study, approxi-
mately 50% of 946 healthy free-living men and women above the age of 60 yr
living in the Boston, Massachusetts area consumed less than this amount of
protein, and 25% of the elderly men and women in this same survey con-
sumed less than 0.86 g and less than 0.81 g protein-kg

 

–1

 

-d

 

–1

 

, respectively (85).
A large percentage of homebound older adults consuming their habitual
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dietary protein intake (0.67 g mixed protein-kg

 

–1

 

-d

 

–1

 

 have been shown (26) to
be in negative nitrogen-balance.

 

Energy metabolism.

 

 Daily energy expenditure declines progressively
throughout adult life (146). In sedentary individuals, the main determinant
of energy expenditure is fat-free mass (185), which declines by about 15%
between the third and eighth decade of life, contributing to a lower basal met-
abolic rate in older adults (37). Twenty-four hour creatinine excretion (an
index of muscle mass) is closely related to basal metabolic rate at all ages
(238). Nutrition surveys of those over the age of 65 yr show a very low energy
intake for men (1400 kcal/d; 23 kcal/kg/d). These data indicate that the pres-
ervation of muscle mass and the prevention of sarcopenia can help prevent
the decrease in metabolic rate. Body weight increases with advancing age up
to 60 yr, and an age-associated increase in relative body fat content has been
demonstrated by a number of investigators. The increased body fatness
results from a number of factors, but chief among them are a declining meta-
bolic rate and activity level coupled with an energy intake that does not
match this declining need for calories (190).

In addition to its role in energy metabolism, age-related skeletal muscle
alterations may contribute to such age-associated changes as reduction in
bone density (17,209,214), insulin sensitivity (110), and aerobic capacity (67).
For these reasons, strategies for preserving muscle mass with advancing age,
as well as for increasing muscle mass and strength in the previously seden-
tary elderly, may be an important way to increase functional independence
and decrease the prevalence of many age-associated chronic diseases.

 

Strength training.

 

 Strength conditioning is generally defined as training in
which the resistance against which a muscle generates force is progressively
increased over time. Muscle strength has been shown to increase in response
to training between 60 and 100% of the 1 RM (129). Strength conditioning
results in an increase in muscle size, and this increase in size is largely the
result of an increase in contractile protein content.

It is clear that when the intensity of the exercise is low, only modest
increases in strength are achieved by older subjects (8,115). A number of stud-
ies have demonstrated that, given an adequate training stimulus, older men
and women show similar or greater strength gains compared with young
individuals as a result of resistance training. Two to threefold increases in
muscle strength can be accomplished in a relatively short period of time (3-4
mo) in fibers recruited during training in this age population (71,72).

Heavy resistance strength training seems to have profound anabolic effects
in older adults. Progressive strength training improves nitrogen-balance,
which greatly improves nitrogen retention at all intakes of protein, and for
those on marginal protein intakes, this may mean the difference between con-
tinued loss or retention of body protein stores (primarily muscle). A change
in total food intake or, perhaps, selected nutrients, in subjects beginning a
strength-training program can affect muscle hypertrophy (150).

Strength training may be an important adjunct to weight loss interventions
in the elderly. Significant increases in resting metabolic rate with strength
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training have been associated with a significant increase in energy intake
required to maintain body weight in older adults (29). The increased energy
expenditure included increased resting metabolic rate and the energy cost of
resistance exercise. Strength training is, therefore, an effective way to increase
energy requirements, decrease body fat mass, and maintain metabolically
active tissue mass in healthy older people. In addition to its effect on energy
metabolism, resistance training also improves insulin action in older
subjects (152).

Regularly performed aerobic exercise has positive effects on bone health in
healthy, postmenopausal women (77,163). The effects of a heavy resistance
strength training program on bone density in older adults can offset the typ-
ical age-associated declines in bone health by maintaining or increasing bone
mineral density and total body mineral content (164). However, in addition
to its effect on bone, strength training also increases muscle mass and
strength, dynamic balance, and overall levels of physical activity. All of these
outcomes may result in a reduction in the risk of osteoporotic fractures. In
contrast, traditional pharmacological and nutritional approaches to the treat-
ment or prevention of osteoporosis have the capacity to maintain or slow the
loss of bone but not the ability to improve balance, strength, muscle mass, or
physical activity.

 

Recommendations.

 

 In summary, it is clear that the capacity to adapt to
increased levels of physical activity is preserved in older populations. Regu-
larly performed exercise results in a remarkable number of positive changes
in older men and women. Because sarcopenia and muscle weakness may be
an almost universal characteristic of advancing age, strategies for preserving
or increasing muscle mass in the older adult should be implemented. With
increasing muscle strength, increased levels of spontaneous activity have
been seen in both healthy, free-living older subjects and very old and frail
men and women. Strength training, in addition to its positive effects on insu-
lin action, bone density, energy metabolism, and functional status, is also an
important way to increase levels of physical activity in the elderly.
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Note:

 

 The following is the summary from the full position stand. The full
position stand, including the references, can be found both in 

 

Medicine & Sci-
ence in Sports & Exercise

 

 as noted in the summary and on the ACSM web site
(http://www.acsm.org). 

 

American College of Sports Medicine Position Stand

 

Osteoporosis and Exercise

 

Summary

 

American College of Sports Medicine Position Stand on Osteoporosis and
Exercise. 

 

Med. Sci. Sports Exerc., 

 

Vol. 27, No. 4, pp. i-vii, 1995.

 

Osteoporosis is a disease characterized by low bone mass and microarchitec-
tural deterioration of bone tissue leading to enhanced bone fragility and a
consequent increase in fracture risk. Both men and women are at risk for
osteoporotic fractures. However, as osteoporosis is more common in females
and more exercise-related research has been directed at reducing the risk of
osteoporotic fractures in women, this Position Stand applies specifically to
women. Factors that influence fracture risk include skeletal fragility, fre-
quency and severity of falls, and tissue mass surrounding the skeleton. Pre-
vention of osteoporotic fractures, therefore, is focused on the preservation or
enhancement of the material and structural properties of bone, the preven-
tion of falls, and the overall improvement of lean tissue mass. The load-bear-
ing capacity of bone reflects both its material properties, such as density and
modulus, and the spatial distribution of bone tissue. These features of bone
strength are all developed and maintained in part by forces applied to bone
during daily activities and exercise. Functional loading through physical
activity exerts a positive influence on bone mass in humans. The extent of this
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influence and the types of programs that induce the most effective osteo-
genic stimulus are still uncertain. While it is well-established that a marked
decrease in physical activity, as in bedrest for example, results in a profound
decline in bone mass, improvements in bone mass resulting from increased
physical activity are less conclusive. Results vary according to age, hormonal
status, nutrition, and exercise prescription. An apparent positive effect of
activity on bone is more marked in cross-sectional studies than in prospec-
tive studies. Whether this is an example of selection bias or differences in the
intensity and duration of the training programs is uncertain at this time. It
has long been recognized that changes in bone mass occur more rapidly with
unloading than with increased loading. Habitual inactivity results in a
downward spiral in all physiologic functions. As women age, the loss of
strength, flexibility, and cardiovascular fitness leads to a further decrease in
activity. Eventually older individuals may find it impossible to continue the
types of activities that provide an adequate load-bearing stimulus to main-
tain bone mass.

Fortunately, it appears that strength and overall fitness can be improved at
any age through a carefully planned exercise program. Unless the ability of
the underlying physiologic systems essential for load-bearing activity are
restored, it may be difficult for many older women to maintain a level of
activity essential for protecting the skeleton from further bone loss. For the
very elderly or those experiencing problems with balance and gait, activities
that might increase the risk of falling should be avoided. There is no evidence
at the present time that exercise alone or exercise plus added calcium intake
can prevent the rapid decrease in bone mass in the immediate postmeno-
pausal years. Nevertheless, all healthy women should be encouraged to exer-
cise regardless of whether the activity has a marked osteogenic component in
order to gain the other health benefits that accrue from regular exercise.
Based on current research, it is the position of the American College of Sports
Medicine that: 1. Weight-bearing physical activity is essential for the normal
development and maintenance of a healthy skeleton. Activities that focus on
increasing muscle strength may also be beneficial, particularly for non-
weight-bearing bones. 2. Sedentary women may increase bone mass slightly
by becoming more active but the primary benefit of the increased activity
may be in avoiding the further loss of bone that occurs with inactivity. 3.
Exercise cannot be recommended as a substitute for hormone replacement
therapy at the time of menopause. 4. The optimal program for older women
would include activities that improve strength, flexibility, and coordination
that may indirectly, but effectively, decrease the incidence of osteoporotic
fractures by lessening the likelihood of falling.
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Note:

 

 The following has been excerpted from the full position stand so that
only the two summary sections have been reproduced. The full position stand,
including the references, can be found both in 

 

Medicine & Science in Sports &
Exercise

 

 as noted and on the ACSM web site (http://www.acsm.org). 

 

American College of Sports Medicine Position Stand

 

Reference: 

 

Medicine and Science in Sports and Exercise

 

, Volume 15, Number
1, 1983, pp. ix-xiii.

 

Proper and Improper Weight Loss Programs

 

 Millions of individuals are involved in weight reduction programs. With the
number of undesirable weight loss programs available and a general miscon-
ception by many about weight loss, the need for guidelines for proper weight
loss programs is apparent.

 Based on the existing evidence concerning the effects of weight loss on
health status, physiologic processes and body composition parameters, the
American College of Sports Medicine makes the following statements and
recommendations for weight loss programs.

 For the purposes of this position stand, body weight will be represented
by two components, fat and fat-free (water, electrolytes, minerals, glycogen
stores, muscular tissue, bone, etc.):

1. Prolonged fasting and diet programs that severely restrict caloric
intake are scientifically undesirable and can be medically dangerous.

2. Fasting and diet programs that severely restrict caloric intake result
in the loss of large amounts of water, electrolytes, minerals, glyco-
gen stores, and other fat-free tissue (including proteins within fat-
free tissues), with minimal amounts of fat loss.
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3. Mild calorie restriction (500-1000 kcal less than the usual daily
intake) results in a smaller loss of water, electrolytes, minerals, and
other fat-free tissue, and is less likely to cause malnutrition.

4. Dynamic exercise of large muscles helps to maintain fat-free tissue,
including muscle mass and bone density, and results in losses of
body weight. Weight loss resulting from an increase in energy
expenditure is primarily in the form of fat weight.

5. A nutritionally sound diet resulting in mild calorie restriction cou-
pled with an endurance exercise program along with behavioral
modification of existing eating habits is recommended for weight
reduction. The rate of sustained weight loss should not exceed 1 kg
(2 lb) per week.

6. To maintain proper weight control and optimal body fat levels, a
lifetime commitment to proper eating habits and regular physical
activity is required.

Therefore, a desirable weight loss program is one that:

1. Provides a caloric intake not lower than 1200 kcal·d

 

–1

 

 for normal
adults in order to get a proper blend of foods to meet nutritional
requirements. (

 

Note:

 

 this requirement may change for children,
older individuals, athletes, etc.).

2. Includes foods acceptable to the dieter from the viewpoints of
sociocultural background, usual habits, taste, cost, and ease in
acquisition and preparation.

3. Provides a negative caloric balance (not to exceed 500-1000 kcal·d

 

–1

 

lower than recommended), resulting in gradual weight loss with-
out metabolic derangements. Maximal weight loss should be
l kg·wk

 

–1

 

.
4. Includes the use of behavior modification techniques to identify

and eliminate dieting habits that contribute to improper nutrition.
5. Includes an endurance exercise program of at least 3 d/wk, 20-30

min in duration, at a minimum intensity of 60% of maximum heart
rate (refer to ACSM Position Statement on the Recommended
Quantity and Quality of Exercise for Developing and Maintaining
Fitness in Healthy Adults, 

 

Med. Sci. Sports

 

 10:vii, 1978).
6. Provides that the new eating and physical activity habits can be

continued for life in order to maintain the achieved lower body
weight.
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Selected Web Sites

 

American College of Sports Medicine 
http://www.acsm.org

American Journal of Clinical Nutrition
www.faseb.org/ajcn

Center for Nutrition in Sport and Human Performance at the University of
Massachusetts

http://www.umass.edu/cnshp/index.html

Gatorade Sports Science Institute
http://www.gssiweb.com

National Library of Medicine: MEDLINE
www.nlm.nih.gov
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List of Nutrients

 

Arsenic Nickel
Biotin Other trace elements
Boron Pantothenic Acid
Calcium Phosphorus
Carbohydrates Phytochemicals
Carnitine Potassium
Carotenoids Protein
Chloride Riboflavin
Choline Selenium
Chromium Silicon
Copper Sodium
Energy Thiamin
Fiber Vanadium
Fluoride Vitamin A
Folate Vitamin B

 

12

 

Iodine Vitamin B

 

6

 

Iron Vitamin C
Lipids Vitamin D
Magnesium Vitamin E
Manganese Vitamin K
Molybdenum Zinc
Niacin
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May 1998

 

Current Comment from the American College of Sports Medicine 

 

Vitamin and Mineral Supplements and Exercise

 

People who engage in physically active lifestyles are frequently targets of
advertisements proclaiming the need for vitamin and mineral supplements.
These advertisements presume that athletes, ranging from international com-
petitors to week end participants in recreational activities, are at risk of devel-
oping nutritional deficiencies and subsequent impairments in performance
and health.

Surveys of athletes indicate the success of these advertisements; the preva-
lence of use of vitamin and mineral supplements is widespread. Estimates
indicate that more than 50% of elite, female endurance athletes and about
40% of non-elite male athletes regularly consume vitamin and mineral sup-
plements. Use of daily supplements is also prevalent among other groups of
athletes as 56% of male and 33% of female high school and collegiate athletes
report using vitamin and mineral supplements. Consumption of these sup-
plements, however, is not limited to athletes; results of the National Health
and Nutrition Examination Survey (1976-1980) indicate that a considerable
fraction of women (25%) and men (16%) ingest vitamin and mineral supple-
ments daily. Proponents of vitamin and mineral supplementation argue that
daily consumption of these supplements enhances performance, provides a
source of energy and prevents illness and injury. Scientific evidence to sup-
port these claims is lacking.

Physical activity may increase the need for some vitamins and minerals.
However, the increased requirement generally can be attained by consuming
a balanced diet based on a variety of foods. Individuals at risk for low
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vitamin and/or mineral intake are those who consume a low energy diet for
extended periods of time. These individuals are at risk of developing a mar-
ginal, subclinical nutrient deficiency. Although vitamin and mineral supple-
mentation may improve the nutritional status of an individual who
consumes marginal amounts of nutrients and may enhance the physical per-
formance of those athletes with overt nutrient deficiencies, there is no scien-
tific evidence to support the general use of vitamin and mineral supplements
to improve athletic performance. The increased energy intake of physically
active individuals should provide the additional vitamins and minerals
needed if a wide variety of foods is included in the diet.

Estimates of nutrient requirements for physically active people are based
on population standards. Commonly used estimates are the recommended
daily allowance (RDA) and the estimated safe and adequate daily dietary
intake (ESADDI). These estimates are calculated to meet the needs of nearly
all members of the U.S. population, with the exception of pregnant women
and people with medical problems. Although population standards, such as
RDA and ESADDI, were not derived for individuals participating in strenu-
ous physical activity, they provide a reasonable approximation of the vitamin
and mineral needs of physically active people.

 

Vitamins

 

Vitamins are essential organic compounds that function as regulators of pro-
tein, carbohydrate and fat metabolism. Although vitamins are necessary to
transform the potential energy in food to chemical energy for work, they are
not direct sources of energy.

Scientific evidence for an ergogenic benefit of vitamin supplements in indi-
viduals who consume a well-balanced diet is lacking. Furthermore, any
improvement in physical performance attributed to vitamin supplement use
in an adequately nourished individual is likely the result of a placebo effect.

A recent issue is the use of antioxidant vitamins to enhance performance
and promote health. These vitamins include vitamins C and E, along with
beta carotene (a precursor of vitamin A). Preliminary evidence suggests a
potential, indirect, beneficial effect of supplementation with these vitamins
on performance by reducing skeletal muscle damage and enhancing some
aspects of immune function. These provocative findings await confirmation
in well-designed clinical trials.
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Minerals

 

Minerals are inorganic elements and act as cofactors for enzymes that influ-
ence all aspects of energy metabolism. Minerals are not sources of energy.
Mineral nutritional status may be impaired among individuals who restrict
their energy intake for performance or aesthetic reasons. In particular, girls
and women participating in ballet, gymnastics and endurance running may
be prone to inadequate intakes of calcium and iron. Low dietary calcium may
increase the risk of stress fractures in athletes. Although it is not known if
supplemental calcium will enhance performance, additional calcium, prefer-
ably from food, may be beneficial in achieving optimal peak bone mass in
girls and young women and reducing bone loss in the elderly.

Reduced body iron status may alter physical performance. Among female
athletes, decreased serum ferritin, an index of body iron stores, is common,
but anemia is infrequent (5%). Decreased body iron stores may be attributed
to low iron intake or increased iron loss due to menstruation, gastrointestinal
bleeding, and sweating. Supplemental iron is beneficial in improving iron
status of athletes with reduced body iron stores and improving endurance
performance of anemic athletes. The effects of iron supplementation on per-
formance of non-anemic athletes is equivocal.

 

Foods With High Vitamin and Mineral Content

 

As physically active individuals seek to maximize essential nutrient intakes,
proper food selection is necessary. In some cases, foods that have a high con-
tent of minerals are also significant sources of B vitamins. Some examples of
readily available foods that contribute significantly to the individual’s vita-
min and mineral requirements are summarized below:

 

Minerals B Vitamins Vitamins A, C & E

 

Beef, lean Beef, lean Carrots
Pork, lean Pork, lean Milk, skim
Chicken, skinless Chicken Peanuts
Tuna, water-packed Tuna Orange juice
Kidney beans Refried beans Broccoli
Milk, skim Milk, skim Spinach
Yogurt Yogurt Strawberries
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Effects of Vitamin and Mineral Supplementation

 

Indiscriminate use of vitamin and mineral supplements in individuals with-
out nutrient deficiency can result in detrimental effects. Chronic ingestion of
large doses of ascorbic acid can produce physiologic disturbances. Some
examples include renal stone formation, decreased coagulation time, eryth-
rocyte hemolysis, and gastrointestinal disturbances. It was recently sug-
gested that the iron-overload induced cardiac deaths of three athletes may
have been precipitated by megadose supplements of vitamin C. Thus, a
genetic predisposition among some individuals to develop iron overload
should limit daily vitamin C ingestion to 500 milligrams. Similarly, luxuriant
intakes of supplemental zinc will induce a secondary copper deficiency and
decrease high density lipoprotein cholesterol concentrations. 

Among otherwise well-nourished individuals, long-term consumption of
vitamin and mineral supplements in amounts exceeding RDA or ESADDI can
result in adverse effects on other nutrients. Thus, vitamin and mineral supple-
ment usage should be viewed judiciously, if at all, in healthy individuals.

 

Conclusion

 

Because of their interest in maximizing performance, athletes may seek to use
dietary supplements to gain competitive advantages. However, the athletes
should be aware of the following critical points:

• Performance will not be improved if individuals consuming nutri-
tionally adequate diets use nutritional supplements.

• Only athletes with a defined nutrient deficiency or deficiencies will
benefit from supplementation of the limiting nutrient(s).

• Concerns about the nutritional adequacy of an individual’s diet
should be evaluated by a registered dietitian experienced in coun-
seling athletes.

• Athletes should consume a diet that includes a variety of foods to
optimize vitamin and mineral intakes rather than use nutritional
supplements.

• Use of megadoses of vitamins and minerals is not recommended
because of potential adverse interactions among nutrients and tox-
icity.

• Physically active people who intermittently use vitamin and min-
eral supplements as a prophylaxis should use a product that does
not exceed the RDA or ESADDI for essential nutrients.
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Written for the American College of Sports Medicine by Henry C. Lukaski, Pli.D.,
FACSM (Chair); Emily Haymes, Ph.D., FACSM; and Mitch Kanter, Ph.D.,
FACSM. The contribution of Kristin Ewing, LRD, is gratefully acknowledged.

Current Comments 

 

are official statements by the American College of 
Sports Medicine concerning topics of interest to the public at-large.

Street Address: 401 W. Michigan St., Indianapolis, IN 46202-3233 USA
Mailing Address: P.O. Box 1440, Indianapolis, IN 46206-1440 USA

Telephone: (317) 637-9200; FAX: (317) 634-7817

[Used with permission.]
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Appendix I

 

Note:

 

 The following is the introductory summary from the full position
stand. The full position stand, including the references can be found both in

 

Medicine & Science in Sports & Exercise

 

 as noted and on the ACSM web site
(http://www.acsm.org).

 

American College of Sports Medicine Position Stand

 

Reference: 

 

Medicine and Science in Sports and Exercise

 

, Volume 19, Number
5, 1987, pp. 534-539.

 

The Use of Anabolic/Androgenic Steroids in Sports

 

Based on a comprehensive literature survey and a careful analysis of the
claims concerning the ergogenic effects and the adverse effects of anabolic-
androgenic steroids, it is the position of the American College of Sports Med-
icine that:

1. Anabolic-androgenic steroids in the presence of an adequate diet
can contribute to increases in body weight, often in the lean mass
compartment.

2. The gains in muscular strength achieved through high-intensity
exercise and proper diet can be increased by the use of anabolic-
androgenic steroids in some individuals.

3. Anabolic-androgenic steroids do not increase aerobic power or
capacity for muscular exercise.

4. Anabolic-androgenic steroids have been associated with adverse
effects on the liver, cardiovascular system, reproductive system,
and psychological status in therapeutic trials and in limited
research on athletes. Until further research is completed, the poten-
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tial hazards of the use of the anabolic-androgenic steroids in ath-
letes must include those found in therapeutic trials.

5

 

.

 

The use of anabolic-androgenic steroids by athletes is contrary to
the rules and ethical principles of athletic competition as set forth
by many of the sports governing bodies. The American College of
Sports Medicine supports these ethical principles and deplores the
use of anabolic-androgenic steroids by athletes.

This document is a revision of the 1977 position stand of the American Col-
lege of Sports Medicine concerning anabolic-androgenic steroids (4).
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April 1999

 

Current Comment from the American College of Sports Medicine 

 

Anabolic Steroids

 

The use of drugs to enhance strength and endurance has been observed for
thousands of years. Today, individuals, including adolescents, continue to
employ a variety of drugs, such as anabolic steroids, in hope of improving
their athletic performance and appearance. Anabolic steroids are not mood
altering immediately following administration. Instead, the appetite for
these drugs has been created predominantly by our societal fixations on win-
ning and physical appearance.

Anabolic steroids are synthetic versions of the primary male sex hormone,
testosterone. Testosterone, produced primarily by the testes, is responsible
for the masculinization and muscle growth during male adolescence. Ana-
bolic steroids are administered primarily in the oral and injectable forms, and
needle sharing has been reported, especially among adolescents. These drugs
are usually obtained from black market sources, which often include distrib-
utors of other illegal drugs.

Individuals who use anabolic steroids, particularly those experienced in
weight training, will experience increases in strength and muscle signifi-
cantly beyond those observed from training alone. Regardless, the use of ana-
bolic steroids is not without negative consequences. First, steroid use is
illegal and in violation of state and federal laws. Second, it’s considered
cheating! To protect the health of the athletes and to maintain the spirit of fair
competition, virtually all organizations overseeing athletic competitions,
including the National Federation of State High School Associations, oppose
the use of anabolic steroids. However, many adolescents who use anabolic
steroids do not participate in school-sponsored sports. Third, adolescent
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steroid users are exposing themselves to potentially serious health problems
during the physically and emotionally vulnerable period when their own
hormonal cycles are changing. Physical health concerns associated with ste-
roid use include liver and heart disease, and stroke, while physiological
effects consist of drug dependence and increased aggression.

In females, anabolic steroids have been associated with a number of
adverse effects, some of which appear to be permanent even when drug use
is stopped. These include menstrual abnormalities, deepening of voice,
shrinkage of breasts, male-pattern baldness, and an increase in sex drive,
acne, body hair, and clitoris size. Younger steroid users, both male and
female, are at risk of permanently halting their linear growth, which could
result in shorter stature than nature had intended.

It is becoming increasingly obvious that anabolic steroid use is not just con-
fined to collegiate, professional, and Olympic athletes. There is a growing
body of evidence that high school and even junior high school students are
using steroids.

Lifetime prevalence rates for steroid use among male adolescents generally
range between 4 and 12 percent, and between .5 and 2 percent for female ado-
lescents. A review of national-level studies of adolescent steroid use shows a
mixed trend between 1989 and 1996. In one national study using 1989 steroid
usage rates for males and females as a benchmark, a significant decline in use
occurred between 1989-1996. However, since 1991, steroid use by males, as
measured by 2 of 3 national surveys, has been generally stable. Furthermore,
since 1991, data from these same three national surveys point to a significant
increase in anabolic steroid use among adolescent females. The 1995 Youth
Risk and Behavior Surveillance System showed that of 9th to 12th graders in
public and private high schools in the U.S., 4.9% of males and 2.4% of females
have used anabolic steroids at least once in their lives. Based on 1995 esti-
mates of high school students, these prevalence rates translate to approxi-
mately 375,000 adolescent males and 175,000 female steroid users. It should
also be noted that the use of anabolic steroids by adolescents is not limited to
the United States. Studies in Canada, South Africa, England, and Sweden
have reported overall levels of steroid use for high school-age students simi-
lar to those in the United States.

Only a partial profile can be created to characterize the adolescent steroid
user. Steroid users are more likely to be males and to use other illicit drugs,
alcohol, and tobacco. Student athletes are also more likely than non-athletes
to use steroids; football players, wrestlers, weightlifters, and bodybuilders
have significantly higher prevalence rates than students in other activities.
However, the effects of age, race, gender, and grade level on steroid use are
not fully understood. In addition, several other areas, such as academic per-
formance and socioeconomic status, require further investigation before
associations can be made with a reasonable degree of confidence.

During the past decade, several strategies have been employed to fight
anabolic steroid use among adolescents. These activities have focused prima-
rily on the passage of federal and state laws prohibiting the use of anabolic
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steroids, as well as the implementation of numerous prevention, education,
and intervention programs. Only a handful of high schools have elected to
employ drug tests as a deterrent to steroid use, most likely because of the pro-
hibitive costs of such tests (~$120/test). While law enforcement has had some
impact, it is not the complete answer, especially given the rise in steroid use
among adolescent females. Prevention programs need to be multifaceted. A
consistent message against steroid use needs to come from parents, teachers,
and coaches on a continual basis. Adolescents need to learn refusal skills as
well as to be provided with the latest and most accurate information on
sports nutrition, strength training, conditioning, and the use of supplements.
Most importantly, young people need a strong moral and ethical compass
that establishes clear boundaries that will not be crossed in pursuit of victory.

 

Written for the American College of Sports Medicine by Charles E. Yesalis, Sc.D.,
FACSM (Chair) and Michael S. Bahrke, Ph.D., FACSM.

Current Comments 

 

are official statements by the American College of
Sports Medicine concerning topics of interest to the public at-large.

Street Address: 401 W. Michigan St., Indianapolis, IN 46202-3233 USA
Mailing Address: P.O. Box 1440, Indianapolis, IN 46206-1440 USA

Telephone: (317) 637-9200; FAX: (317) 634-7817

[Used with permission.]
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Note:

 

 The following is the summary from the full position stand. The full
position stand, including the references, can be found both in 

 

Medicine & Sci-
ence in Sports & Exercise

 

 as noted in the summary and on the ACSM web site
(http://www.acsm.org). 

 

Medicine & Science in Sports & Exercise

 

®

 

Volume 28, Number 1
January 1996

 

Position Stand

 

Exercise and Fluid Replacement

 

This pronouncement was written for the American College of Sports Medi-
cine by Victor A. Convertino, Ph.D., FACSM (Chair); Lawrence E. Armstrong,
Ph.D., FACSM; Edward F. Coyle, Ph.D., FACSM; Gary W. Mack, Ph.D.;
Michael N. Sawka, Ph.D., FACSM; Leo C. Senay, Jr., Ph.D., FACSM; and
W. Michael Sherman, Ph.D., FACSM.

 

Summary

 

American College of Sports Medicine. Position Stand on Exercise and
Fluid Replacement. 

 

Med Sci.

 

 

 

Sports Exerc., 

 

Vol. 28, No. 1, pp. i-vii, 1996.

 

 

It is the position of the American College of Sports Medicine that adequate
fluid replacement helps maintain hydration and, therefore, promotes the



 

292

 

Nutrition and the Strength Athlete

 

health, safety, and optimal physical performance of individuals participating
in regular physical activity. This position statement is based on a comprehen-
sive review and interpretation of scientific literature concerning the influence
of fluid replacement on exercise performance and the risk of thermal injury
associated with dehydration and hyperthermia. Based on available evidence,
the American College of Sports Medicine makes the following general recom-
mendations on the amount and composition of fluid that should be ingested
in preparation for, during, and after exercise or athletic competition:

1. It is recommended that individuals consume a nutritionally bal-
anced diet and drink adequate fluids during the 24-h period before
an event, especially during the period that includes the meal prior
to exercise, to promote proper hydration before exercise or compe-
tition.

2. It is recommended that individuals drink about 500 ml (about 17
ounces) of fluid about 2 h before exercise to promote adequate
hydration and allow time for excretion of excess ingested water.

3.

 

During 

 

exercise, athletes should start drinking early and at regular
intervals in an attempt to consume fluids at a rate sufficient to
replace all the water lost through sweating (i.e., body weight loss),
or consume the maximal amount that can be tolerated.

4. It is recommended that ingested fluids be cooler than ambient
temperature [between 15° and 22°C (59° and 72°F)] and flavored
to enhance palatability and promote fluid replacement. Fluids
should be readily available and served in containers that allow
adequate volumes to be ingested with ease and with minimal inter-
ruption of exercise.

5. Addition of proper amounts of carbohydrates and/or electrolytes
to a fluid replacement solution is recommended for exercise events
of duration greater than 1 h since it does not significantly impair
water delivery to the body and may enhance performance. During
exercise lasting less than 1 h, there is little evidence of physiological
or physical performance differences between consuming a carbo-
hydrate–electrolyte drink and plain water.

6. During intense exercise lasting longer than 1 h, it is recommended
that carbohydrates be ingested at a rate of 30-60 g·h

 

–1

 

 to maintain
oxidation of carbohydrates and delay fatigue. This rate of carbo-
hydrate intake can be achieved without compromising fluid deliv-
ery by drinking 600-1200 ml·h

 

–1

 

 of solutions containing 4-8%
carbohydrates (g·100 ml

 

–1

 

). The carbohydrates can be sugars (glu-
cose or sucrose) or starch (e.g., maltodextrin).

7. Inclusion of sodium (0.5-0.7 g·1

 

–1

 

 of water) in the rehydration solu-
tion ingested during exercise lasting longer than 1 h is recom-
mended since it may be advantageous in enhancing palatability,



 

Appendix K

 

293

promoting fluid retention, and possibly preventing hyponatremia
in certain individuals who drink excessive quantities of fluid. There
is little physiological basis for the presence of sodium in an oral
rehydration solution for enhancing intestinal water absorption as
long as sodium is sufficiently available.
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 Rest period
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risk of growth hormone, 148
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 Proteins
dietary supplements

adverse effects, 204
anabolic agents, 120, 122
growth hormone levels, 64
hydration status, 204
intake recommendations for resistive-

training programs, 67
muscle function, 63

immune system, 180
metabolic profile, 57
nutritional needs of females, 223, 225
protein synthesis role and classification, 

35–36
tennis competition diet, 242
uptake and growth hormone, 145

Anabolic agents, 120–126
Anabolic/androgenic hormones

dehydroepiandrosterone and 
androstenedione, 151–153

growth hormone, 145–149
insulin-like growth factor system, 

149–151
steroids, 139–144
testosterone, 135–139

Anabolic–androgenic steroids (AAS)
adverse affects and risks, 143–144
ACSM recommendations, 285–289
concepts, 139–140
growth hormone synergism, 147
popularity, 134
strength and muscle mass effects, 141–143
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testicular atrophy, 137
testosterone analogs, 135
types, 140–141

Anabolism, 150
Anaerobic metabolism, 54–57, 
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Metabolism

Androgen receptor (AR), 138, 152
Androgen-responsive elements (AREs), 138
Androstenedione, 151, 152
Angular specificity, 10
Animal sources, proteins, 36
Antibiotics, 84
Antioxidants, 83, 87, 183–184, 187
AR, 

 

see

 

 Androgen receptor
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 Androgen-responsive elements
Arginine, 121, 146
Arginine/lysine supplements, 64
Arginine/ornithine/lysine supplements, 64
Ascorbic acid, 

 

see

 

 Vitamin C
Athletes

copper intake, 108–109
dietary zinc intake, 106
iron intake, 99, 100
protein requirements, 37–38

ATP, 

 

see

 

 Adenosine triphosphate

 

B

 

B group vitamins, 182–183
Ballistic resistance training, 12
Basic strength exercises, 14
BCAA, 

 

see

 

 Branched-chain amino acids
BD, 

 

see

 

 1,4-Butanediol
Bed rest, 272
Bench press, 162, 168, 264
Beverages, 58
Binding proteins, 149
Bioavailability, 136, 149
Black market, 146
Blood pressure, 169
Body fat, 220
Body hydration, terminology, 199
Body weight, 161, 165, 219–220
Bodybuilding 

energy metabolism and resistance training 
demands, 33–34

frequency of training sessions, 17–18
growth hormone, 146
iron 

intake, 99–100

status and resistance exercise, 105
protein requirements, 65

Bone mineral density, 88–89, 139, 219, 270
Boron, 112, 125–126
Branched-chain amino acids (BCAA), 180, 

242
Bulking up, 77
1,4-Butanediol (BD), 123

 

γ
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C

 

Caffeine, 126, 245
Calcium

dietary supplements and bone loss, 281
function, deficiency, and toxicity, 88–90
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training, 227
urinary excretion and excess protein 

consumption, 226
vitamin D interactions, 83

Caloric restriction, 77, 180–181, 220, 
273–274

Cancer, 90, 183, 144
Carbohydrate drinks, 206, 207, 292
Carbohydrate restriction program (CRP), 59
Carbohydrates

creatine effect and ingestion, 161
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immune system, 179
metabolic profile, 55
resistance training

intake recommendations, 66
nutritional needs of females, 222–223, 

224, 228
role for athletes, 57–62
use and ATP synthesis, 33
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tennis competition diet, 239–240, 
244–247

Cardiorespiratory fitness, 259–264
Cardiovascular system, 143–144, 266
Catabolism, 121, 142
Catecholamines, 185, 186
CD4+/CD8+ ratio

coenzyme Q
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protein deficiency, 180
vitamin A, 184

Cellular immunosurveillance, 177, 178
Cellular swelling, 168
Central nervous system, 143
Cholesterol, 45, 135–136, 220
Chromium, 90, 109–111
Chromium picolinate, 110
Classical model of periodization, 5–6
Coenzyme Q
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Competition diets, 239
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 Carbohydrates
Computed tomography, 267
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Immune system

Dietary supplements
anabolic agents

amino acids, 120–122
herbs and plant-based substances, 
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-hydroxybutyric acid, 122–123
minerals, 125–126

carbohydrates, 58–59
claims, 90
effects, 282
energy delivery enhancers, 126
hydration status, 203–205
industry, 75–77
iron and bodybuilding, 99–100
nutritional consideration for strength 

athletes, 47–48
proteins

exercise performance, 62–64
nutritional needs of females, 225–226

thermogenic agents, 126–127
use by weightlifters, 78
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 Caloric restriction
Diets, competitive, 

 

see

 

 Competitive diets
Digestion, 39
Dihydrotestosterone (DHT), 136, 137, 138
DNA–RNA transcription, 138
Dosing protocol, 77, 160, 164–165
Drinks, water source, 200
DTH, 

 

see

 

 Delayed-type hypersensitivity
Dual energy X-ray absorptiometry (DEXA), 

112, 161

 

E

 

Eating habits, 274
Eccentric exercise

external resistance training, 217
dietary intervention and immune 

response, 187
weight-training programs, 4, 10, 17

Electrolyte beverage, 245
Electrolytes, 203
Elite athletes, 18
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-Endorphin, 185, 186
Endurance

carbohydrate requirements, 60
cardiorespiratory and muscular fitness 

guidelines, 262
measures, 201–203
older adults to physical activity, 266
plasma volume shifts, 200–201
weight-training programs, 17, 19

females, 218
zinc supplements, 108

Energy
cost calculation, 238
delivery enhancers, 126
fat, 44
performance relationships in tennis, 

237–238
resistance training

metabolism, 33–35,  269, 270
substrate depletion and demands, 33, 

34 
sources, 39

Environments, hot, 201, 246
Enzymes, 105–105, 219
Ephedrine alkaloids, 126
Ergogenic aids, 141, 185–186
ESADDI, 

 

see

 

 Estimated safe and adequate 
daily dietary intake

Essential/nonessential amino acids, 35–36, 
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 Amino acids
Estimated safe and adequate daily dietary 

intake (ESADDI), 280, 282
Estradiol, 137
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Euglycemic clamp technique, 160–161
Euhydration, 199, 

 

see also
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Excretion, 101, 110, 164, 200
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also
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creatine accumulation, 161
growth hormone, 146
iron absorption, 100–101
performance and adaptation to resistance 

training, 219
protein supplements and performance, 

62–64
weight-training programs

order, 15–16
selection, 14–15

Explosive movements, 237
External resistance training, 217, 

 

see

 

 

 

also

 

 
Resistance training

Extracellular volume, 198
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FA, 
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 Fatty acids
Falling risks, 266, 272
Fasting, 273
Fat

dietary for strength athletes, 44–47
excess and protein consumption, 226
intake and immune response, 186–187
metabolic profile, 56
tennis competition diet, 240–241
use and ATP synthesis, 33

Fat-free mass (FFM)
cardiorespiratory and muscular fitness 

guidelines, 261, 263
energy metabolism in older adults, 269
growth hormone, 147

resistance training in females, 220
testosterone replacement therapy, 139

Fat-soluble vitamins, 80–84, 
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carbohydrate consumption, 39
tennis competition diet, 241, 248
weight-training programs, 15, 17
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Fatty acids (FA)
classification, 44–45
dietary supplements, 125, 179 
growth hormone, 145
metabolic profile, 56

Females, 100, 106–107, 267–268, 288
FFM, 

 

see

 

 Fat-free mass
Fish oils, 179
Flexibility training guidelines, 261
Fluid balance, 203–207, 244
Fluid replacement, 291–293
Fluids, chilled, 228
Folate, 182–183
Folic acid, 82, 87
Follicle-stimulating hormone (FSH), 136, 

137
Food guide pyramid, 222
Foods, 200, 281
Force–velocity curve, 19
Fractures, 271, 
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Free fatty acids, 241, 
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 Fatty acids
Free radicals, 182, 183, 
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Antioxidants
Frequency, 17, 263
Fructose, 61
FSH, 

 

see

 

 Follicle-stimulating hormone

 

G

 

GBL, 

 

see

 

 

 

γ

 

-Butyrolactone
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 Growth hormone
GHD, 
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 Growth hormone deficiency
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see

 

 Growth hormone-releasing 
hormone

GI, 

 

see

 

 Glycemic Index
Ginseng, 186
Glomerular filtration, 169, 170
Glucose, 61, 160, 228, 240
Glutamine, 121, 180
Glutamo-oxacetate transaminase (GOT), 

104
Glycemic Index (GI), 38–39, 40, 247, 248
Glycogen

limiting factor and exercise performance, 
58, 59

glutamine dietary supplements, 121
resistance training

carbohydrate consumption, 40–42, 66
depletion and demands, 33, 34, 35
nutritional needs of females, 223
optimizing recovery, 60–62

requirement for females, 228
tennis competition diet, 247

Glycogen synthase, 61
Glycogenesis, 61
Glycolysis, 33, 55
Glycolytic pathway, 16, 17
GnRH, 

 

see

 

 Gonadotropin-releasing 
hormone

Goals, 7, 15, 256
Gonadotropin-releasing hormone (GnRH), 

136, 139
GOT, 

 

see 

 

Glutamo-oxacetate transaminase
Government regulation, 76, 120
Growth hormone (GH)

anabolic–androgenic hormones, 146, 147, 
148–149
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-hydroxybutyric acid dietary 
supplements, 123

immune system, 185, 186
protein supplements, 62–63

amino acids, 64
responses and exercise selection for 

weight-training programs, 14
resistance training

carbohydrate–protein 
supplementation, 43

females, 220
Growth hormone deficiency (GHD), 148
Growth hormone-releasing hormone 

(GHRH), 145
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Hct, 

 

see

 

 Hematocrit
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High-density lipoproteins
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Heat-shock proteins (HSP), 138
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Hemoglobin (Hb), 101, 102, 103, 104, 105
Herb dietary supplement, 123–125
Hexokinase, 219
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-Hydroxybutyric acid (GHB), 122–123
Hydration status

ACSM recommendations, 291–293
body terminology, 199
indices, 207–208
maintaining fluid balance, 205–207
match play in tennis, 244–247
measures of muscular strength and 

endurance, 201–203
plasma volume shifts, 200–201
supplements, 203–205
water, 198–199
water balance, 199–200

Hydrogenation process, 45
Hydrostatic pressure, 201
Hydrostatic weighing, 111
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-Hydroxy-
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-methylbutyrate (HMB), 
124–125, 186

Hyperhydration, 199
Hypertrophy

cycle, 6
insulin-like growth factor, 150
promotion and protein, 37
weight training, 11, 14–15, 17, 20
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Hypothalamic–pituitary–gonadal axis 
(HPG), 136, 137, 139, 143

Hypovolemia, 200–201
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IGF, 

 

see

 

 Insulin-like growth factor
Immune system

common nutritional ergogenic aids, 
185–186

dietary intervention, 186–188
nutrition, 178–185
resistance conditioning, 176–178

stimulation by vitamin C, 85
Immunoenhancement, 181
Immunoglobulins, 182
Immunosuppression, 179, 180
Immunosurveillance, 184, 186
Indices of hydration, 207–208
Infections, 181
Inflammation, 176, 179
Injuries, 256, 263
Inosine, 126
Insulin

creatine supplementation, 160
growth hormone, 147
insulin-like growth factor anabolic 

activity comparison, 150
resistance training, 41, 43, 61, 270 

Insulin-like growth factor (IGF)
anabolic effects, 150
concepts, 149–150
growth hormone effects, 145
recombinant human replacement therapy, 

150–151
resistance training, 43, 221

Intensity, 12
Interleukin, 180, 183, 184
Interstitial volume, 198
Intracellular volume, 198
Involuntary hydration, 207
Iron

deficiency, 76
dietary supplement, 89
exercise and training responses, 100–101
immune system, 181–182, 187
nutritional status, 98–100
reduced status and dietary 

supplementation, 281
resistance training studies, 101–105
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Isokinetic exercise, 19, 107, 162, 218
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hydration status, 202–203
performance and carbohydrate 
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weight-training programs, 10
zinc supplements, 108
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 Low-density lipoproteins
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creatine supplementation, 161, 165, 
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dehydroepiandrosterone, 151
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growth hormone, 146

Leg power, 261, 268
Leukocytes, 176, 177, 181
Leukocytosis, 177
Leuven Tennis Performance Test (LTPT), 

246
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LH, 

 

see

 

 Luteinizing hormone
Libido, 139, 143
Life expectancy, 152, 266
Lipids

blood and creatine supplementation, 
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immune system, 179–180
profile and anabolic–androgenic steroids 

risks, 144
resistance training, 56, 220
role of dietary, 45–46

Lipolysis, 56
Lipoprotein lipase (LPL), 46
Liquid supplements, 61
Liver, 107, 140, 144
Load, 11–12, 20
Loading, 150, 164, 229, 271
Long-term supplementation, 164–169
Low-density lipoproteins (LDL), 220
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Luteinizing hormone (LH), 136

Lymphocytes, 176, 177, 179, 181
Lysine, 223
Lysine/arginine supplements, 63
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Macronutrients, 179–181, 239
Macrophages, 176, 179, 181
Magic pill, 145
Magnesium, 90, 182, 187
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 Mean corpuscular hemoglobin 
concentration

Mean corpuscular hemoglobin (MCH), 101, 
102
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concentration (MCHC), 101, 102

Meat, 37
Menopause, 89
Menstrual dysfunction, 221
Metabolic demands, 33–35
Metabolic profile, 54–57
Metabolic rate, 269–270
Metabolic tracer, 65
Metabolic water, 200
Metabolism, 15, 37, 136–137, 158–159
Methionine, 223
METS, 238
Micronutrients, 75, 181–185, 239
Milos of Crotona, 3
Minerals, 125–126, 181–182, 187, 
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amino acid supplementation, 63
anabolic–androgenic steroids effects, 

141–143



 

302

 

Nutrition and the Strength Athlete

 

fiber adaptations and female resistance 
training, 219

fitness, 259–264
growth hormone, 147
injury-induced damage, 177
older adults, 267, 269
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external resistance training in females, 
217
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measures, 201–203
training volume, 13

Mutations, 183
MVC, 

 

see

 

 Maximum voluntary contraction
Myosin, 219
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Natural killer (NK) cells, 177–178, 179, 181
Neural adaptations, 11
Neuroendocrine adaptations, 220–221
Nitrogen

anabolic–androgenic steroids, 140
balance

anabolic–androgenic steroids effects, 
142

creatine supplementation, 168
nutritional needs of females, 223
older adults, 268–269
studies, 64–65, 66

dietary protein in strength athletes, 37, 38
growth hormone, 147

NK, 

 

see

 

 Natural killer cells
Nonlinear model, 6
Nonperiodized training, 6–7, 8–9
Novice weightlifting, 65, 

 

see also 
Weightlifting

Nutrients
energy-yielding in resistance training

carbohydrates, 57–62
metabolic profile, 54–57
protein, 62–66
recommendations, 66–67

list, 277
Nutrition

females
adaptations, 218–221
needs, 221–229
physical activity, 216 
types, 216–218

immune system, 178–185
intake and resistance training, 1
strength athletes

carbohydrate, 38–44
fat, 44–47
metabolic demands of resistance 

training, 33–35
other concerns, 47–48
protein, 35–38

tennis athletes 
calculation of energy costs, 238–239
energy systems, 237–238
general requirement, 238
hydration during match play, 244–247
post-match, 247
pre-match, 243–244
training and competition diet, 239–243
travel, 249–250
vitamins, minerals, and supplements, 

247–249
Nutritional status, 98–100

O

OKG, see Ornithine-α-ketoglutarate
Olympic weightlifting, 14, 18, 64
Oral steroids, 140, see also 

Anabolic–androgenic steroids
Ornithine, 122
Ornithine-α-ketoglutarate (OKG), 122
Ornithine/arginine supplements, 63
γ-Oryzanol, 123
Osmolality, plasma, 200
Osteoporosis, 88, 266, 270, , 271–272
Overload, 262
Overuse injuries, 176
Oxidation, 56
Oxidative phosphorylation, 56
Oxygen, 14

P

Pain, 143
Peaking phase, 6
Peliosis hepatitis, 144
Performance

carbohydrate supplements 
beverage, 58–59
match play in tennis, 245–246
restriction, 59–60
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impairment and vitamin B6 deficiency, 82, 

86
protein supplements, 62–64
resistance training, 1
vitamin/mineral supplements, 76, 79, 80

tennis competition diet, 248
weight-training programs, 15, 16

Periodization, 2, 7–10
Phagocytosis, 179, 181
Phosphagen, 17, 34
Phosphate, 83
Phosphocreatine

depletion and resistance-training 
demands, 33, 34, 35

function, 159
synthesis and creatine supplementation, 

163
Phosphorylation, 159
Physical activity

ACSM guidelines for older adults, 
265–270

immune system role, 177
Physiological benefits, physical activity, 266
Plant-based dietary supplements, 123–125
Plant sources, proteins, 36, 223
Plasma, zinc levels, 107
Plasma volume, 198, 200–201, 206
Plyometric Power System, 20, 218
Polysaccharides, 239, see also Carbohydrates
Polysaturated fatty acids, 179–180, see also 

Fatty acids
Polyunsaturated fatty acids (PUFA), 45, 

46–47, see also Fatty acids
Post-match nutrition, 247, see also 

Nutrition, tennis athletes
Power, calculation, 236
Power phase, 6, 16
Pregnenolone, 136
Pre-match nutrition, 243–244, see also 

Nutrition, tennis athletes
Progressive overload, 3–4, 262
Prohormones, 151–153
Prolactin, 185, 186
Prostaglandins, 182, 184
Prostrate cancer, 139
Protein

aging and needs, 268–269
associated problems of excess 

consumption, 226

carbohydrate consumption and hormonal 
responses, 42

dietary for strength athletes, 35–38
fluid balance, 203–204
immune system, 180
metabolic profile, 57
resistance training

intake recommendations, 66
nutritional needs of females, 223–226, 

229, 230
role for athletes, 62–66

synthesis 
anabolic–androgenic steroids, 140, 142
creatine supplementation, 168
growth hormone, 147
load relationship, 12

tennis competition diet, 242–243
Psychological effects, steroids, 142–143, 144
PUFA, see Polyunsaturated fatty acids
Pyridoxine, see Vitamin B6

R

Range of motion (ROM), 261, 262
RDA, see Recommended daily allowance
Recombinant human growth hormone 

(rhGH), 145, 146, 147, 148
Recombinant human insulin-like growth 

factor (rhIGF), 150–151
Recommendations

dietary and resistive training, 66–67
resistance training in older adults, 270
tennis competition diet

carbohydrates, 240
fat, 241
protein, 242–243

vitamins/mineral uptake, 91
Recommended daily allowance (RDA)

iron, 98, 100
protein, 37, 65, 203, 268–269
vitamin/minerals supplements, 78
zinc, 106

Recovery
injury and growth hormone, 145
resistance training, 1, 7

glycogen, 41, 60–62
Recreational training, 7, 165
Red cells, 101
Rehabilitation training, 7
Rehydrate, 199
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Rehydrating fluids, 201
Rehydration, 205, 292–293, see also 

Hydration status
Relaxation time, 163
Repetition maximum (RM), 262, 263, 269
Repetition speed, 19–20
Repetitions

external resistance training in females, 217
load relationship, 11
rest periods, 17
volume relationship, 13
youth strength training, 256

Replacement therapy, 152
Reproductive system, , 143
Resistance training

acute program variables
exercise order, 15–16
exercise selection, 14–15
frequency, 17–18
load, 11–12
muscle action, 7, 10–11
repetition speed, 19–20
rest periods, 16–17
volume, 12–14

basic principles, 2–7
bone mineral density, 89
boron, 112
carbohydrate consumption 

after, 41–43
before and during, 39–41

cardiorespiratory and muscular fitness 
guidelines, 261, 263

chromium supplements, 110–111
creatine supplementation, 162–163, 164
growth hormone, 146
β-hydroxy-β-methylbutyrate dietary 

supplements, 124
immune system role, 176–178
insulin-like growth factor, 149
iron status, 100, 101, 102, 104–105
metabolic profile, 54–57
nutritional needs of females, 221–229
types for females, 216–218
vitamin needs, 79–80

Respiratory tract infection, 181
Rest periods, 16–17, 33
Reticulocytes, 101
Retinol, see Vitamin A
rhGH, see Recombinant human growth 

hormone

rhIGF, see Recombinant human insulin-like 
growth factor

Risks
anabolic–androgenic steroids, 143–144, 

285–286, 288
dehydration and amino acid 

supplementation, 204
dehydroepiandrosterone, 153
growth hormone, 148–149
vitamin/minerals supplementation, 77

RM, see Repetition maximum
Roid rage, 144
ROM, see Range of motion
Runners, 186

S

Sarcopenia, age-associated, 134, 146, 267, 
268

Sarcoplasm, 159
Saturated fatty acids (SFA), 44, 46–47, see 

also Fatty acids
Scavengers, 183, see also Antioxidants; Free 

radicals
Selenium, 182, 187
Selye’s General Adaptation Syndrome 

Model, 5
Sertoli cells, 136
Serum ferritin (sFerr), 101, 102, 103, 104
Serum iron (SI), 102, 104
Sex-hormone binding globulin (SHBG), 136
SFA, see Saturated fatty acids
sFerr, see Serum ferritin
SHBG, see Sex-hormone binding globulin
Shock, see Alarm
Short-term supplementation, 160–163, see 

also Creatine
SI, see Serum iron
Side effects, creatine supplements, 169–170
Simple carbohydrates, 223, 224, 239, see also 

Carbohydrates
Single-joint exercises, 14
Single-set programs, 13, 264
Sodium, 207, 292–293
Somatic growth, 145
Somatomedin C, see Insulin-like growth 

factor
Somatopause, 148
Somatotropin, see Growth hormone
Soreness, muscle, 187
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SPAI, see Steroid–Protein Activity Index
Specific gravity, 207–208
Speed training, 236
Squats, 59, 162, 163
Staleness, 5
Sterility, 143
Steroids, 178, see also Anabolic/androgenic 

steroids
Steroid–Protein Activity Index (SPAI), 140
Storage

carbohydrate and nutritional needs of 
females, 223

creatine supplementation, 159, 160–161, 
164

iron and absorption link, 98
Strength

dynamic and eccentric exercise, 10
performance and carbohydrate 

restriction, 59
resistance training guidelines 

cardiorespiratory and muscular fitness, 
262–264

older adults, 269
rest periods, 16

Strength phase, 6
Strength training

anabolic–androgenic steroids effects, 
141–143

dehydroepiandrosterone effects, 151, 152
energy metabolism, 74
iron status, 104, 105
older adults, 269–270
plasma volume shifts, 201
vitamin needs, 80

vitamin C megadoses, 86
youth, 255–257

Stress fractures, 89
Stress hormones, 121
Sunlight, 83
Supercompensation, 60–62
Superhydrate, 199, see also Hydration status
Superoxide dismutase, 109
Supervision, youth strength training, 256
Supplements, see Dietary supplements
Sweat

zinc levels, 107
fluid loss and muscular exertion, 201
iron loss, 101
magnesium loss and immune system, 182
water loss, 199

Swimming, 109
Synergism, 122, 147

T

T-cell proliferation, 187
Tennis, 238–239, see also Nutrition, tennis 

athletes
Testicular atrophy, 137
Testing, steroid, 289
Testosterone

boron dietary supplements, 125–126
carbohydrate–protein supplement 

consumption, 43
concepts, 135
dehydroepiandrosterone, 151, 152
dietary fats, 46
exercise selection for weight-training 

programs, 14
immune system, 185–186
meat consumption, 37
mechanism of action, 137–138
metabolism and transport, 136–137
resistance training in females, 220, 221
synthesis and regulation, 135–136

Testosterone replacement therapy (TRT), 
138–139, 140

TfR, see Transferrin receptor
Therapeutic index (TI), 140
Thermogenic agents, 126–127
Thermoregulation, 200
Thiamin, see Vitamin B1

Thyroid hormone, 147
TI, see Therapeutic index
TIBC, 103
α-Tocopherol, see Vitamin E
Toxicity

ephedrine alkaloids, 125
some ingredients in vitamin/mineral 

formulations, 76–77
vitamin A, 81, 83, 84
vitamin B1, 81, 86
vitamin B6, 81, 86
vitamin B12, 82, 86
vitamin C, 82
vitamin D, 81, 83
vitamin E, 81, 83
vitamin K, 81, 84

Trace minerals
chromium, 109–111
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copper, 108–109
iron, 98–105
other, 111–112
zinc, 105–108

Training periods, 6
Trans fatty acids, 45, see also Fatty acids
Transcellular water, 198
Transferrin, 101, 102, 103
Transferrin receptor (TfR), 102, 103
Transferrin saturation, 102, 103
Transmembrane transport, 179
Transport

creatine, 158
testosterone, 136–137

Travel, 249–250
Tribulis terrestris, 123
Triglycerides

fat storage, 240
lowering and polyunsaturated fatty acids, 

45
metabolic profile, 56
resistance training

depletion, 46
females, 220
muscle and demands, 33, 34, 35

TRT, see Testosterone replacement therapy
Tumorigenesis, 150, 151
Tumors, 144
Type II muscle fibers, 39, 219

U

Untrained individuals, 11, 13
Upper body exercises, 261
Urinary indices of hydration, 207
Urine

creatine excretion, 164
iron loss and resistance training, 101
magnesium loss and immune system, 182
output and fluid balance maintenance, 

206
water excretion, 200
zinc excretion and exercise, 107

V

Vanadium, 111, 112, 125
Vanadyl sulfate, 112
Variable resistance training, 217–218
Variation, weight training, 4–7
Vegetarians, 180

Velocity-precision index, 246
Very-low-density lipoproteins (VLDLs), 46, 

169
Vitamers, 83, see also Vitamin E
Vitamin A, 80, 81, 83, 184
Vitamin B1, 81, 86
Vitamin B6, 81, 86, 183
Vitamin B12, 86–87, 183
Vitamin C

function, deficiency, and toxicity, 82, 
85–86

immune system, 184–185, 187
megadose effects, 282

Vitamin D, 81, 83, 183
Vitamin E

function, deficiency, and toxicity, 83–84
immune system, 184, 185, 187
tennis competition diet, 248

Vitamin K, 81, 84
Vitamins/minerals, see also Individual 

entries
exercise and ACSM recommendations, 

279–283
immune system, 182–185
nutritional needs of females, 227
strength training

calcium, 88–90
dietary supplement and concerns, 

90–91
dieting risks, deficiencies, and 

supplement use, 78
energy metabolism, 74
fat-soluble, 80–84
general background, 75
industry, 75–77
information sources and reasons for 

supplements, 79
magnesium, 90
recommendations, 91
water-soluble, 84–88
weight gain/weight loss practices, 77

supplements and tennis competition diet, 
247–249

VLDLs, see Very-low-density lipoproteins
Volume, 3–4, 12–14

W

Walking, 216
speed, 268

Water, 198–200, 205–206, 244
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Water-soluble vitamins, 81–83, 84–88, see 
also Vitamins

Web sites, 79, 275
Weight

gain/loss, 47, 77, 100
loss

dehydration, 201
improper and proper loss, 273–274
resistance training in older adults, 

269–270
youth strength training, 256

Weight training, 3, 110
Weightlifters

anabolic–androgenic steroids, 142
cardiorespiratory and muscular fitness 

guidelines, 261–262

frequency and weight-training programs, 
18

β-hydroxy-β-methylbutyrate dietary 
supplements, 124

periodized training, 7
plasma volume shifts, 201
youth strength training, 256

Wrestlers, 100

Y

Yohimbine, 123–124

Z

Zinc, 106–108, 182, 187


	1..pdf
	2..pdf
	3..pdf
	4..pdf
	5..pdf
	6..pdf
	7..pdf
	8..pdf
	9..pdf
	10..pdf
	11..pdf
	12..pdf
	13..pdf
	14..pdf
	15..pdf
	16..pdf
	17..pdf
	155106.pdf
	155106_001.pdf
	155106_002.pdf
	155106_003.pdf
	155106_004.pdf
	155106_005.pdf
	155106_006.pdf
	155106_007.pdf
	155106_008.pdf
	155106_009.pdf
	155106_010.pdf
	155106_011.pdf
	155106_012.pdf
	155106_013.pdf
	155106_014.pdf
	155106_015.pdf
	155106_016.pdf
	155106_017.pdf
	155106_018.pdf
	155106_019.pdf
	155106_020.pdf
	155106_021.pdf
	155106_022.pdf
	155106_023.pdf
	155106_024.pdf
	155106_025.pdf
	155106_026.pdf
	155106_027.pdf
	155106_028.pdf
	155106_029.pdf
	155106_030.pdf
	155106_031.pdf
	155106_032.pdf
	155106_033.pdf
	155106_034.pdf
	155106_035.pdf
	155106_036.pdf
	155106_037.pdf
	155106_038.pdf
	155106_039.pdf
	155106_040.pdf
	155106_041.pdf
	155106_042.pdf
	155106_043.pdf
	155106_044.pdf
	155106_045.pdf
	155106_046.pdf
	155106_047.pdf
	155106_048.pdf
	155106_049.pdf
	155106_050.pdf
	155106_051.pdf
	155106_052.pdf
	155106_053.pdf
	155106_054.pdf
	155106_055.pdf
	155106_056.pdf
	155106_057.pdf
	155106_058.pdf
	155106_059.pdf
	155106_060.pdf
	155106_061.pdf
	155106_062.pdf
	155106_063.pdf
	155106_064.pdf
	155106_065.pdf
	155106_066.pdf
	155106_067.pdf
	155106_068.pdf
	155106_069.pdf
	155106_070.pdf
	155106_071.pdf
	155106_072.pdf
	155106_073.pdf
	155106_074.pdf
	155106_075.pdf
	155106_076.pdf
	155106_077.pdf
	155106_078.pdf
	155106_079.pdf
	155106_080.pdf
	155106_081.pdf
	155106_082.pdf
	155106_083.pdf
	155106_084.pdf
	155106_085.pdf
	155106_086.pdf
	155106_087.pdf
	155106_088.pdf
	155106_089.pdf
	155106_090.pdf
	155106_091.pdf
	155106_092.pdf
	155106_093.pdf
	155106_094.pdf
	155106_095.pdf
	155106_096.pdf
	155106_097.pdf
	155106_098.pdf
	155106_099.pdf
	155106_100.pdf
	155106_101.pdf
	155106_102.pdf
	155106_103.pdf
	155106_104.pdf
	155106_105.pdf
	155106_106.pdf
	155106_107.pdf
	155106_108.pdf
	155106_109.pdf
	155106_110.pdf
	155106_111.pdf
	155106_112.pdf
	155106_113.pdf
	155106_114.pdf
	155106_115.pdf
	155106_116.pdf
	155106_117.pdf
	155106_118.pdf
	155106_119.pdf
	155106_120.pdf
	155106_121.pdf
	155106_122.pdf
	155106_123.pdf
	155106_124.pdf
	155106_125.pdf
	155106_126.pdf
	155106_127.pdf
	155106_128.pdf
	155106_129.pdf
	155106_130.pdf
	155106_131.pdf
	155106_132.pdf
	155106_133.pdf
	155106_134.pdf
	155106_135.pdf
	155106_136.pdf
	155106_137.pdf
	155106_138.pdf
	155106_139.pdf
	155106_140.pdf
	155106_141.pdf
	155106_142.pdf
	155106_143.pdf
	155106_144.pdf
	155106_145.pdf
	155106_146.pdf
	155106_147.pdf
	155106_148.pdf
	155106_149.pdf
	155106_150.pdf
	155106_151.pdf
	155106_152.pdf
	155106_153.pdf
	155106_154.pdf
	155106_155.pdf
	155106_156.pdf
	155106_157.pdf
	155106_158.pdf
	155106_159.pdf
	155106_160.pdf
	155106_161.pdf
	155106_162.pdf
	155106_163.pdf
	155106_164.pdf
	155106_165.pdf
	155106_166.pdf
	155106_167.pdf
	155106_168.pdf
	155106_169.pdf
	155106_170.pdf
	155106_171.pdf
	155106_172.pdf
	155106_173.pdf
	155106_174.pdf
	155106_175.pdf
	155106_176.pdf
	155106_177.pdf
	155106_178.pdf
	155106_179.pdf
	155106_180.pdf
	155106_181.pdf
	155106_182.pdf
	155106_183.pdf
	155106_184.pdf
	155106_185.pdf
	155106_186.pdf
	155106_187.pdf
	155106_188.pdf
	155106_189.pdf
	155106_190.pdf
	155106_191.pdf
	155106_192.pdf
	155106_193.pdf
	155106_194.pdf
	155106_195.pdf
	155106_196.pdf
	155106_197.pdf
	155106_198.pdf
	155106_199.pdf
	155106_200.pdf
	155106_201.pdf
	155106_202.pdf
	155106_203.pdf
	155106_204.pdf
	155106_205.pdf
	155106_206.pdf
	155106_207.pdf
	155106_208.pdf
	155106_209.pdf
	155106_210.pdf
	155106_211.pdf
	155106_212.pdf
	155106_213.pdf
	155106_214.pdf
	155106_215.pdf
	155106_216.pdf
	155106_217.pdf
	155106_218.pdf
	155106_219.pdf
	155106_220.pdf
	155106_221.pdf
	155106_222.pdf
	155106_223.pdf
	155106_224.pdf
	155106_225.pdf
	155106_226.pdf
	155106_227.pdf
	155106_228.pdf
	155106_229.pdf
	155106_230.pdf
	155106_231.pdf
	155106_232.pdf
	155106_233.pdf
	155106_234.pdf
	155106_235.pdf
	155106_236.pdf
	155106_237.pdf
	155106_238.pdf
	155106_239.pdf
	155106_240.pdf
	155106_241.pdf
	155106_242.pdf
	155106_243.pdf
	155106_244.pdf
	155106_245.pdf
	155106_246.pdf
	155106_247.pdf
	155106_248.pdf
	155106_249.pdf
	155106_250.pdf
	155106_251.pdf
	155106_252.pdf
	155106_253.pdf
	155106_254.pdf
	155106_255.pdf
	155106_256.pdf
	155106_257.pdf
	155106_258.pdf
	155106_259.pdf
	155106_260.pdf
	155106_261.pdf
	155106_262.pdf
	155106_263.pdf
	155106_264.pdf
	155106_265.pdf
	155106_266.pdf
	155106_267.pdf
	155106_268.pdf
	155106_269.pdf
	155106_270.pdf
	155106_271.pdf
	155106_272.pdf
	155106_273.pdf
	155106_274.pdf
	155106_275.pdf
	155106_276.pdf
	155106_277.pdf
	155106_278.pdf
	155106_279.pdf
	155106_280.pdf
	155106_281.pdf
	155106_282.pdf
	155106_283.pdf
	155106_284.pdf
	155106_285.pdf
	155106_286.pdf
	155106_287.pdf
	155106_288.pdf
	155106_289.pdf
	155106_290.pdf
	155106_291.pdf
	155106_292.pdf
	155106_293.pdf
	155106_294.pdf
	155106_295.pdf
	155106_296.pdf
	155106_297.pdf
	155106_298.pdf
	155106_299.pdf
	155106_300.pdf
	155106_301.pdf
	155106_302.pdf
	155106_303.pdf
	155106_304.pdf
	155106_305.pdf
	155106_306.pdf



