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Introduction to the Workshop on the Role of Dietary Supplements for
Physically Active People

Scientific research linking dietary supplements to life span health can be viewed as a relatively
new area of research. In the early part of this century, nutrition sciences and dietary recommendations
were focused on the identification and treatment of nutritional deficiency diseases. Although the Ameri-
can people have been consuming vitamin and mineral supplements for decades, the direct relationship
between diet and health and, therefore, the potential role for nutrients beyond the minimum required to
avoid deficiency, has become apparent only within the last 15 years. The possible roles of other food
components and natural product derivatives in promoting health and preventing disease are also now
being recognized. The publication of the Surgeon General’s Report on Nutrition and Health and the Diet
and Health report from the National Academy of Sciences further highlighted the breadth of understand-
ing of the diet—health relationship. Scientific research on the characterization of the potential roles of
individual nutrients and compounds as dietary supplements has grown dramatically in the 1990’s.

Dietary supplements in the United States are usually defined as comprising plant extracts, en-
zymes, vitamins, minerals, and hormonal products that are available without prescription and may be
consumed in addition to the regular diet. Considerable research on the effects of dietary supplements has
been conducted in Asia and Europe, where plant products have a long tradition of use. The overwhelming
majority of supplements have not been studied scientifically and it is, therefore, important to conduct
research to determine the benefits and risks of promising dietary supplements and to interpret current data
for the public.

One strong and continuing public health message to the American people, based on such scien-
tific information, is that moderate exercise should become a part of their daily lives. Physical activity has
been shown to reduce the risk of cardiovascular disease through its effects on high blood pressure, high
blood cholesterol, diabetes mellitus/insulin resistance, and overweight. Americans need to heed the
advice of health professionals and adopt a more physically active lifestyle that includes a planned exercise
component. This scientific workshop will focus on the role of dietary supplements for physically active
people who are interested in health promotion, in improving their personal performance in recreational
sports, or in general fatigue reduction. The goal of the meeting is to develop a research agenda that will
identify key areas warranting further investigation.

The workshop will bring together specialists in aging, anatomy, child development, clinical
nutrition, cognitive science, dietary supplements, dietetics, endocrinology, exercise physiology, exercise
science, growth and development, kinesiology, medicine, nutrition, nutritional biochemistry, pediatrics,
physiology, sports medicine, and women'’s health issues. These scientists will present reviews of the
current state of scientific knowledge regarding selected dietary supplements and physical activity. Al-
though scientific studies in many of the areas to be addressed in this workshop have often necessarily
included primarily elite athletes, the focus of this workshop is on the more typical healthy person who is
physically active.



GENERAL INFORMATION

Workshop sessions will be held in the Natcher Conference Center (Building 45), National Insti-
tutes of Health, 9000 Rockville Pike, Bethesda, Maryland. Sessions will run from 8:00 a.m. to 5:00 p.m.
on Monday and 8:00 a.m. to 5:30 p.m. on Tuesday. The telephone number for the message center is 301-
496-9966.

CAFETERIA

The cafeteria is located on the lobby level and is open daily from 7:00 a.m. to 3:00 p.m.
CONTINUING EDUCATION CREDIT
For Physicians

The purpose of this workshop is to review current knowledge regarding selected dietary supple-
ments in relation to exercise, in improving performance, and in general fatigue reduction and to develop a
research agenda that will identify key areas warranting further investigation.

The workshop will present in open, public sessions state-of-the-art scientific information regard-
ing dietary supplements and their role in physical activity and will inform the biomedical research and
clinical practice communities as well as the general public of the research recommendations of the

workshop.

The National Institutes of Health is accredited by the Accreditation Council for Continuing
Medical Education to sponsor continuing medical education for physicians.

The National Institutes of Health designates this continuing medical education activity for a
maximum of 17 credit hours in Category I of the Physician’s Recognition Award of the American Medical
Association.

For Dietitians

Participation in this workshop meets the American Dietetic Association’s requirement for con-
tinuing education criteria for 17 credit hours.



SPONSORS

The primary sponsor for this workshop is the NIH Office of Dietary Supplements, in conjunction
with the American Society for Clinical Nutrition and the American Institute of Nutrition. The workshop
is cosponsored by the National Institute on Aging, National Institute of Arthritis and Musculoskeletal and
Skin Diseases, National Institute of Child Health and Human Development, National Institute on Deaf-
ness and Other Communication Disorders, National Institute of Dental Research, National Institute of
Diabetes and Digestive and Kidney Diseases, National Heart, Lung, and Blood Institute, National Insti-
tute of Mental Health, Office of Alternative Medicine, Office of Research on Women’s Health, and the
NIH Division of Nutrition Research Coordination.






THE ROLE OF DIETARY SUPPLEMENTS FOR
PHYSICALLY ACTIVE PEOPLE

June 34, 1996
Natcher Auditorium
National Institutes of Health
Bethesda, Maryland

Monday, June 3, 1996 8:00AM-5:00PM

8:00 Welcome and Introductions
Ruth L. Kirschstein, M.D., Deputy Director
National Institutes of Health, Bethesda, Maryland

Opening Remarks
C. Everett Koop, M.D., Sc.D., Chairman and Founder
Shape Up America!, Bethesda, Maryland

Conference Overview and Issues
Bernadette M. Marriott, Ph.D., Director, Office of Dietary Supplements
National Institutes of Health, Bethesda, Maryland

SESSION I. DETERMINING THE METABOLIC BASIS OF SUPPLEMENTATION
(Each of the following presentations will last 20 min. and be followed by 10 min. of discussion)
Moderator: Janet C. King, Ph.D.
USDA Western Human Nutrition Research Center, San Francisco, California

8:30  Is There a Metabolic Basis for Dietary Supplements?
Steven H. Zeisel, M.D., Ph.D.
University of North Carolina, Chapel Hill, North Carolina

9:00  Physical Activity as a Metabolic Stressor
Edward F. Coyle, Ph.D.
University of Texas at Austin, Austin, Texas

9:30  Overview of Diet and Activity as Modifiers of Growth and Adolescent Development
Alan D. Rogol, M.D., Ph.D.

University of Virginia, Charlottesville, Virginia

10:00 Aging as a Modifier of Metabolism
Robert M. Russell, M.D.
USDA Human Nutrition Research Center on Aging, Tufts Univ., Boston, Massachusetts

10:30 Modifiers of Metabolism: Overnutrition, Undernutrition, and Disease States
F. Xavier Pi-Sunyer, M.D., M.P.H.
St. Luke 5-Roosevelt Hospital Center, Columbia Univ., New York City, New York

11:00 Supplements: Food, Special Formulas, Pills, and Intravenous Infusions
Peggy R. Borum, Ph.D.
University of Florida, Gainesville, Florida



Monday, June 3, 1996 (continued)

11:30  Methodological Issues of Measuring Physical Activity and Physical Fitness When Evaluating the
Role of Dietary Supplements for Physically Active People
William L. Haskell, Ph.D.
Stanford University, Palo Alto, California

12:00 Moderated Discussion and Questions

12:30 Lunch

SESSION II. MACRONUTRIENTS AND AMINO ACIDS
(Each of the following presentations will last 20 min. and be followed by 10 min. of discussion)
Moderator: Gail E. Butterfield, Ph.D., R.D.
Veterans Affairs Medical Center, Palo Alto, California

1:30  Exercise and Protein Supplements
Robert R. Wolfe, Ph.D.
Shriners Burn Institute, Galveston, Texas

2:00  Carbohydrate Supplements as Potential Modifiers of Physical Activity
W. Michael Sherman, Ph.D.
The Ohio State University, Columbus, Ohio

2:30  Lipid Metabolism During Exercise
Samuel Klein, M.D.
Washington University School of Medicine, St. Louis, Missouri

3:00  Fluid and Electrolyte Supplement for Exercise-Heat Stress
Michael N. Sawka, Ph.D.
United States Army Research Institute for Environmental Medicine, Natick, Massachusetts

3:30  Nutritional Effects on Central Fatigue
J. Mark Davis, Ph.D.
Blatt-Center, University of South Carolina, Columbia, South Carolina

4:00  Glutamine and Other Amino Acids as Supplements-A Physiological Case
Michael J. Rennie, Ph.D., FRSE
University of Dundee, Dundee, Scotland
4:30  Moderated Discussion and Questions
5:00 Adjourn
The National Nutritional Foods Association will host a reception in honor of the new NIH Office of

Dietary Supplements from 6.00 p.m. to 7:30 p.m., Monday, June 3 at the Hyatt Regency Bethesda, one
Metro stop from the NIH campus. All conference participants are cordially invited to attend.



Tuesday, June 4, 1996 8:00AM-5:30PM

SESSION III. MINERALS

8:00

8:30

9:00

9:30

(Each of the following presentations will last 20 min. and be followed by 10 min. of discussion)
Moderator: Joanne L. Slavin, Ph.D., R.D.
University of Minnesota, St. Paul, Minnesota

Meeting Optimal Calcium Requirements
Connie M. Weaver, Ph.D.
Purdue University, West Lafayette, Indiana

Magnesium, Zinc, and Chromium
Henry C. Lukaski, Ph.D.
USDA Grand Forks Human Nutrition Research Center, Grand Forks, North Dakota

Iron Nutrition and Exercise
John L. Beard, Ph.D.

Penn State University, University Park, Pennsylvania

Moderated Discussion and Questions

SESSION IV. OTHER SUPPLEMENTS OF POTENTIAL INTEREST FOR THE

10:00

10:20

10:40

11:00

11:20

PHYSICALLY ACTIVE

(Each of the following presentations will last 20 min.)
Moderator: E. Wayne Askew, Ph.D.

University of Utah, Salt Lake City, Utah

The Effect of Physical Activity on Thiamin, Riboflavin and Vitamin B-6 Requirements
Melinda M. Manore, Ph.D., R.D.
Arizona State University, Tempe, Arizona

Does Dietary Creatine Supplementation Have a Role to Play in Exercise Metabolism?
Paul L. Greenhaff, Ph.D.
Queens Medical Center, Nottingham, England

Supplemental Carnitine and Exercise
Eric Brass, M.D., Ph.D.
Harbor UCLA Medical Center, Torrance, California

Effects of Choline on Athletic Performance and Fatigue
Bobby W. Sandage, Jr., Ph.D.
Interneuron Pharmaceuticals, Inc., Lexington, Massachusetts

Selected Herbals and Exercise Performance
Luke Bucci, Ph.D.
Weider Nutrition Group, Salt Lake City, Utah



Tuesday, June 4, 1996 (continued)

11:40 Roundtable Discussion: What is the conclusion for what research is needed?

12:30 - 1:15 LUNCH

SESSION V. ANTIOXIDANTS

1:15

1:45

2:15

2:45

3:15

3:45

4:00

5:30

(Each of the following presentations will last 20 min. and be followed by 10 min. of discussion)
Moderator: Mitchell Kanter, Ph.D.
Quaker Oats Company, Barrington, Illinois

Antioxidants: What Are They and What Role Do They Play in Physical Activity and Health?
Priscilla M. Clarkson, Ph.D.
University of Massachusetts, Amherst, Massachusetts

Exercise and Oxidative Stress: Effect of Vitamin E and Aging
William J. Evans, Ph.D.
Penn State University, University Park, Pennsylvania

Selenium and Other Antioxidant Issues
Carl L. Keen, Ph.D.
University of California at Davis, Davis, California

Physical Exercise and Thiol Homeostasis: Possible Implications

Chandan K. Sen, Ph.D. and Lester Packer, Ph.D.

University of California at Berkeley, Berkeley, California; University of Kuopio, Kuopio,
Finland; University of California at Berkeley, Berkeley, California

Antioxidant Methodology: A Critique
Robert R. Jenkins, Ph.D.
Ithaca College, Ithaca, New York

Moderated Discussion and Questions

Session moderators review of issues followed by general discussion

Janet C. King, Gail E. Butterfield, Joanne L. Slavin, Elden W. Askew, Mitchell Kanter
Discussants: Karl Freidl, DoD; Robert Moore, FDA; Marilyn Schorin, Pepsico International;
William C. Wenger, Bayer Corporation

Adjournment
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Abstracts

The following abstracts of presentations to the workshop, “The Role of Dietary Supplements for Physi-
cally Active People,” were furnished by presenters in advance of the workshop. This book is designed for
the use of the workshop participants and as a pertinent reference document for anyone interested in the
workshop topic. We are grateful to the authors who have summarized their materials and made them
available in a timely fashion.

Bernadette M. Marriott, Ph.D.

Director, Office of Dietary Supplements
Office of Disease Prevention

Office of the Director

National Institutes of Health

Bethesda, Maryland

17
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Is There a Metabolic Basis for Dietary Supplements?

Steven H. Zeisel, M.D., Ph.D.

Dietary supplements that are efficacious must either provide a nutrient that is normally
undersupplied to cells or exert a pharmacologic effect on cellular processes. In the first case, a nutrient is
required by the organism, and a specific concentration of this nutrient results in optimal cell function. For
a dietary supplement to exert a positive effect, normal availability of the supplied nutrient must be subop-
timal. For example, a vitamin supplement increases low intracellular vitamin E levels so that optimal
antioxidant protection is present in the cell. In the second case, the dietary supplement contains a con-
stituent which is normally not required by the cell, but is capable of altering normal cell function. For
example, foxglove contains the drug digitalis, which alters cardiac muscle function so that the force
generated by a muscle contraction is enhanced. This talk focuses on the first example, in which a nutrient
in a supplement corrects suboptimal nutrient concentrations.

The recommended daily intake of a nutrient is calculated based on the needs of the entire popula-
tion. My colleagues and I recommend an amount that should permit optimal cellular function for most
normal people. Because genetic, developmental, environmental, and pathological conditions differ, the
actual nutrient requirements for individuals vary greatly from the recommended dietary intake. In most
cases the recommendation exceeds needs, but it some cases it falls short of requirements. For example,
exercise results in the production of oxygen derivatives that damage cells, and thereby create an increased
demand for dietary antioxidants. Aged individuals produce less vitamin D in their skin and may benefit
from supplemental vitamin D. Individuals with a genetic predisposition to overproduce free radicals
might benefit from an antioxidant supplement. Complex interactions between nutrients in the diet also
alter the requirement for a nutrient in a given individual. For example, a component of an earlier meal
might activate metabolic pathways (such as p450 enzymes) in liver that destroy certain nutrients, thereby
increasing the amount of the needed nutrient that must be ingested. An understanding of how the varia-
tion in nutrient requirements arises can help to identify which individuals are most likely to benefit from
dietary supplements.
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Physical Activity as a Metabolic Stressor

Edward F. Coyle, Ph.D.

Overview

It is becoming increasingly clear that a person’s health and well-being are improved by physical
activity as well as by a nutritious diet. Both physical activity and diet stimulate processes that, over time,
alter the morphological composition and biochemical function of the body. Physical activity and diet are
interrelated in that optimal adaptation to the stress of exercise-training usually requires a diet that is not
lacking in various nutrients. Physical activity should therefore be viewed as providing stimuli that stress
various systems of the body to differing degrees depending upon the type and intensity of exercise.
Furthermore, the progressive adaptations to regular physical activity are very specific in response to the
stress encountered during physical activity.

Definitions

Physical activity is defined as “any bodily movement produced by the contraction of skeletal

muscle.”!

Exercise, a type of physical activity, is defined as “a planned, structured, and repetitive bodily
movement done to improve or maintain one or more components of physical fitness.”

Physical fitness is defined as “a set of attributes that people have or acquire that relates to their
ability to perform physical activity.”

Dietary supplements in the United States are usually defined as comprising plant extracts, en-
zymes, vitamins, minerals, and hormonal products that are available without prescription and are con-
sumed in addition to the regular diet. In the present context, the addition of macronutrients and water to
the diet can also be viewed as supplements.

Stress of Physical Activity

As shown in Figure 1, physical activity increases metabolism in the active muscles and other
cells, and in the process of muscle contraction, produces mechanical loading. These processes of altered
metabolism and mechanical loading are key physiological stimuli that serve to alter protein synthesis and
degradation. This forms the basic scheme by which the body produces specific adaptations to exercise
training and thus develops physical fitness. Substrates, obtained from the diet or endogenous production,
supply the energy for metabolism and work and also provide the amino acids for protein synthesis. These
processes are typically regulated by enzymatic activity requiring certain co-factors. Furthermore, all the
steps shown are influenced by humoral factors as well as other effects.
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FIGURE 1.
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The stress of physical activity is typically categorized in two ways: (1) by the metabolic aerobic
stress it places on the cardiovascular system when exercise is performed for several minutes or longer
(Table 1) and (2) by the percentage of the individual’s one-repetition maximum (1RM) for physical
activity involving lifting weights for short periods of time (Table 2). Weightlifting is largely powered by
anaerobic metabolism.

TABLE 1. Classification of Intensity of Aerobic Exercise’
Relative Intensity Absolute Intensity in METS?

Classification % Max Heart % Max VO, or Young Oid

Rate %Heart Rate Reserve RPE® 20-29 years 60-75 years
Very Low <30 <25 <10 <3.0 <2.0
Low 30-49 25-39 10-11 3.04.7 2.0-31
Moderate 50-69 40-59 12-13 4.8-71 3.2-47
High 70-89 60-85 14-15 7.2-10.1 48-6.7
Very High . =90 =85 =16 =102 >6.8
Maximum® 100 100 20 12.0 8.0

®Absolute intensity, measured in metabolic equivalent units (METS), is an approximate mean value for men.
Mean values for women are approximately 1-2 METS lower than those for men.

®Borg Rating of Perceived Exertion—original 7-20 scale.

“Maximum values are mean values achieved during maximal exercise for healthy adults.
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TABLE 2. Classification of Intensity of Weightlifting

Estimated Number of
Intensity Percentage of 1RM Repetitions Possible®
Very Heavy 95-100 1-2
Heavy 90-95 2-6
Moderately Heavy 85-90 3-8
Moderate 80-85 5-10
Moderately Light 75-80 7-12
Light 70-75 10-15
Very Light 65-70 15

*The estimated number of repetitions possible will depend upon the person’s strength to endurance ratio.

Examples of the Stress of Various Types of Physical Activity and the Specific Adaptations

Low-intensity aerobic exercise such as walking (e.g., 25-40 percent VO max) increases metabo-
lism several fold above basal levels, with relatively large increases in free fatty acid mobilization and
oxidation.® The humoral responses are small but physiologically significant, and carbohydrate metabo-
lism is stimulated slightly. Although the cardiovascular stress is mild, it may be sufficient to stimulate
acute and chronic adaptations.

Aerobic exercise performed at moderate to high intensity (50-90 percent VO, max) for 30-60
minutes stimulates a large increase in carbohydrate metabolism and oxidation with a continued stimula-
tion of fat metabolism.> The humoral responses are large and characterized by increases in catechola-
mines and a reduction in insulin. After 1 week or more of chronic exercise training, the exercising
musculature experiences sufficient mitochondrial biogenesis to increase oxidation of fat and carbohydrate
oxidation with a reduced disturbance of cellular homeostasis.** Cardiovascular adaptations include an
increase in plasma volume and stroke volume during exercise.

Moderate to heavy weightlifting stimulates neuromuscular recruitment to very high levels. A
sufficient number of repetitions produces brief alterations in metabolic homeostasis within muscle and a
postcontraction hyperemia. Chronic activity promotes muscle fiber hypertrophy, possibly from the
stretch-overload activation of a promoter of protein synthesis (-actin),® which requires certain humoral
agents.’
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Overview of Diet and Activity as Modifiers of Growth
and Adolescent Development

Alan D. Rogol, M.D., Ph.D.

The normal linear growth of a child is an expression of adequate nutrition and freedom from
major illness; however, there is a remarkable range of what is considered normal. At each growth pe-
riod—infancy, childhood, and adolescence—the growth rate results from the dynamic interplay of nutri-
tion, physical activity, and hormonal processes upon the genetically determined template. Linear growth
velocity decelerates rapidly from 30 cm/year during the first few months of life to approximately 9 cm/
year at age 2 to 7 cm/year at age 5. Linear growth then continues at approximately 5.5 cm/year before
slowing slightly just before puberty (preadolescent “dip”). For an average girl, the growth velocity
increases sharply at approximately age 10, reaches a peak of approximately 10.5 cm/year at age 12, and
decelerates toward zero as epiphyseal fusion occurs around age 15. For males, who follow a typical
growth curve, the pubertal spurt begins around age 12, reaches a peak velocity of 12 cm/year at age 14,
and then decelerates toward zero around age 17. The total growth at puberty is approximately 25 cm for
girls and 28 cm for boys. If one adds the 2 extra years of prepubertal growth for boys, one has the 13 cm
(5+5+3) difference in the mean height between men and women.

The overall contribution of heredity to adult size and body configuration varies with environmen-
tal circumstances, and the two continuously interact throughout the entire period of growth. The genetic
control of the fempo of growth is apparently independent of that for size and configuration.

There has been a secular trend toward additional height and earlier sexual development docu-
mented at least over the past 150 years, with children of average economic status increasing their height
by 1 to 2 cm per decade. During the 20th century, the age of menarche in Western Europe and the United
States has decreased 2 to 3 months per decade, now averaging 12.8 years in middle class communities.!

Infancy

Size at birth is determined more by intrauterine and placental factors and maternal nutrition than
by genetic growth potential. Although length at age 2 and adult height have a correlation coefficient of
0.80, the correlation is but 0.25 at birth, reflecting those factors noted above.> Growth during the first 2
years is characterized by gradual deceleration in both linear growth velocity and rate of weight gain.
Most infants will cross growth percentile lines as they “catch-up” or “lag-down” toward their genetically
determined target.’ In addition, body shape changes toward a more linear one as fat accumulation wanes
and the child becomes more muscular.
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Childhood

Growth during childhood is a relatively stable process as the infancy shifts in growth channel are
complete and the child follows the trajectory previously attained and grows at an average rate of 5 to 6
cm/year.'* During this stage, growth primarily depends on the thyroid hormones, those of the GH/IGF-I
axis and insulin.

Pubertal Growth

The onset of puberty corresponds to a skeletal (biological) age of approximately 11 years in girls
and 13 years in boys.” Most methods for detecting skeletal age use a single radiograph of the left hand
and wrist. On average girls enter and complete each stage of puberty earlier than boys, but there is
significant intra- and interindividual variation in the timing and tempo of puberty. One of the hallmarks of
puberty is the adolescent growth spurt, often preceded by slowing of prepubertal growth, also known as
the “pre-adolescent dip.” Girls gain an average of 25 cm and boys 28 ¢cm during pubertal growth.>” Boys
enter puberty 2 years later than girls; the longer duration of prepubertal growth in combination with
greater peak height velocity results in the average adult height difference of 13 cm between men and
women.

Marked changes in body composition occur during puberty and result in the android and gynoid
patterns of fat distribution in the adult. The hormonal regulation of growth and alterations in body
composition increasingly become dependent on gonadal steroid hormones (driven by central gonadotro-
pin secretion) and a dramatic activation of the GH/IGF-I axis, especially the interaction between them.®
Estrogens either secreted directly or converted peripherally from androgen precursors affect hormonal
secretion of the GH/IGF-I axis and are responsible for skeletal maturation and the ultimate fusion of the
epiphyseal plates.’

Variations of Normal Growth

There is wide variation in the timing and tempo of puberty, even among healthy children. When
one determines the appropriateness of a particular growth velocity, the child’s degree of biological
maturation must be considered. Skeletal or pubertal maturation may be used to determine the child’s
degree of biological development. The bone age is determined as the “mean” of the skeletal ages of a
number of the small bones of the hand and wrist. Pubertal maturation status is based on development of
breasts and pubic hair in girls and pubic hair and genitals in boys. This range of normal variability is
expanded to an even greater degree by alterations in energy intake and expenditure. Although moderate
activity is associated with cardiovascular benefits and favorable changes in body composition, excessive
physical activity during childhood and adolescence may negatively impact growth and adolescent devel-
opment. Sports that emphasize strict weight control in the setting of high energy output are of particular
concern—especially among scholastic wrestlers and female gymnasts and dancers, although selection
criteria for certain body types make selection bias a confounding variable in the assessment of the impact
of training on growth and adolescent development.!®!! One must consider that some of these changes are
transient, at least in the wrestlers. The same markers of growth and body composition that were slowed
during training (in season) were accelerated after the season, permitting “catch-up” to control children
and left no permanent growth reductions. '’
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Perhaps it is important to establish an active lifestyle that may carry over to adult life during the
childhood years because of the later health benefits (lessened coronary artery disease, hypertension,
obesity) rather than for the immediate childhood—adolescent time frame. There are, however, data from a
properly controlled study that indicate that moderate activity does not negatively impact growth and
adolescent maturation in boys.!?
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Aging as a Modifier of Metabolism

Robert M. Russell, M.D.

Background

The 1989 edition of the U.S. Recommended Dietary Allowances (RDAs)
divides adults into two age groups: the younger adults ages 23-50 and
older adults age 51 and older. 1In 1989, the United
States RDA Committee concluded that the data were insufficient to establish separate RDA subdivisions
of healthy older people (for example, those ages 51-70 and age 70 and older).

In the U.S. edition of RDAs, the only micronutrients that account for differences between the
groups ages 23—50 and 51 and older are thiamine, riboflavin, niacin, and iron; that is, the RDAs for
thiamine, riboflavin, niacin, and iron (in females) for people age 51 and older are lower than those for
younger adults ages 23—50. The decrements for thiamine, riboflavin, and niacin are due to low observed
intakes of calories and protein in older adults, and the fact that these nutrients participate in metabolic
processes involving energy expenditure and protein utilization. In the case of iron, the decrement for
females is due to the lack of menstrual periods in the older age group.

It is now recognized that the elderly cannot be regarded simply as older versions of young adults.
Results of experiments performed on younger adults indicate that elderly people have distinctly different
metabolic processes that do not allow for easy extrapolation of nutrient needs. For example, Roberts et al.
have recently shown that elderly people continue to underfeed themselves after a period of enforced
underfeeding, whereas the younger adult immediately increases his or her dietary intake after a period of
enforced underfeeding.

This paper focuses on how age modifies metabolism and requirements for specific vitamins and
minerals, since protein requirements do not appear to change with age (i.e., 0.8 mg/kg body weight is
adequate for both younger and older adults).

Vitamins

Riboflavin

The riboflavin requirement has now been shown to be the same for both young adults and elderly
people. Thus, the lower riboflavin RDA for elderly people is not warranted.

Folate
From a cross-sectional analysis of elderly participants in the Framingham study, the amount of

dietary folate needed to ensure normal blood homocysteine values is approximately twice (400 _g) the
present RDA. This implies a greater need for dietary folate for both younger and elderly adults.
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Vitamin D

1. There is a decreased ability to form previtamin D3 in skin upon ultraviolet light exposure in elderly
people versus young people. Further, there is decreased absorption of vitamin D with age and de-
creased synthesis of 1-25 dihydroxy vitamin D by the kidney upon parathyroid hormone stimulation.

2. It has been shown that significantly less spinal bone loss occurs in elderly women supplemented with
vitamin D (400 i.u./day) than in placebo-treated volunteers. The present RDA for vitamin D (200 i.u.)
is too low.

Vitamin B6

Vitamin B6 requirements for the elderly have been shown to be elevated, although the mechanism
for this is uncertain. The evidence that vitamin B6 requirements are elevated in aging comes both from
depletion/repletion design studies and from epidemiologic studies on the amount of dietary vitamin B6
needed to insure normal blood homocysteine levels.

Vitamin B12

Vitamin B12 requirements may be increased in a large number of elderly people who have
atrophic gastritis. Although most digestive and absorptive functions are well preserved during the aging
process, atrophic gastritis occurs among elderly people with a prevalence of 2050 percent, depending on
how the diagnosis is made. The increased vitamin B12 requirement with aging is due to impaired diges-
tion of cobalamin from food protein from lack of acid pepsin digestion, as well as bacterial uptake of
vitamin B12 in the proximal small intestine.

Given the potentially devastating effects of vitamin B12 deficiency on the nervous system, the
new uncertainties about how best to define vitamin B12 nutritional status and the high prevalence of a
condition (atrophic gastritis) that can affect vitamin B12 metabolism in elderly people, it seems imprudent
to have lowered the 1989 RDA for vitamin B12 in those age 51 and older. Until more data are available,
an RDA of 3.0 g seems safer for elderly people.

Vitamin A

Vitamin A requirements may be lower in the elderly than in younger people because of deceased
clearance of the vitamin by hepatic and other peripheral tissues, and possible increased absorption from
the gastrointestinal tract. There is no evidence that carotenoid metabolism is affected by age.

Minerals
Calcium Absorption

Calcium absorption efficiency falls with advancing age. Studies on calcium supplementation
alone seem to show that calcium intakes of more than 800 mg/day will not result in preservation of bone
mineral. However, in combination with vitamin D supplementation, calcium intakes in the range of 1-1.5

g/day, have been shown to be of benefit in both hip and spine sites (in terms of preservation of bone
mineral).
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Other Minerals

There is no evidence that other mineral requirements (except for lower iron requirements in

postmenopausal females) are different in elderly versus younger individuals.
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Modifiers of Metabolism: Overnutrition, Undernutrition, and Disease States

F. Xavier Pi-Sunyer, M.D., M.P.H.

Human energy expenditure can be divided into three components: basal or resting metabolic rate
(RMR), the thermic effect of food (TEF), and the thermic effect of activity (TEA). The stoichiometric
relationships between oxygen consumption and the heat release that occurs with biologic substrate
oxidations are similar to those seen in chemical combustion. As a result, the rate of energy expenditure
and substrate oxidation can be determined by measuring heat losses (direct calorimetry) or by measuring
oxygen consumption and carbon dioxide production.

RMR has been operationally defined as the calories expended per unit time by a relaxed person
who is in a thermoneutral environment and who has been fasting for 12 to 18 hours. The RMR defines
that energy which is necessary for the basic maintenance of the body. This includes energy utilized for
the movement of the heart and respiratory muscles, for maintenance of ionic gradients between cells and
the body fluids, for synthesis of new protein, and for the maintenance of body temperature. The TEF is
defined as the elevation of metabolic rate occurring after food ingestion. It includes the cost of the
absorption, metabolism, and storage of the food within the body. The TEA is the energy expended with
activity and exercise.

Obesity

The increase of caloric intake over expenditure leads to the accretion of fat and an increase in
weight. The increase in fat is accompanied by a proportional increase in lean body mass. Thus, for every
pound of excess weight added to the body, about two-thirds is fat and one-third is lean. Although the
predominant increase in fat-free mass (FFM) is in muscle, other organs are also involved. It has been
shown that the RMR is related to the FFM. As a result, as individuals gain weight, they increase their
RMR.

On the other hand, what happens to the TEF is more complex. Some studies in obese persons
have shown a decrease in TEF whereas others have not. This is most likely related to the insulin sensitiv-
ity of the subjects. The more insulin resistant an obese individual is, the more trouble he/she will have in
glucose oxidation and disposal, so that postprandial thermogenesis will be decreased. Obese individuals
with normal glucose tolerance will have normal TEF, whereas those with impaired glucose tolerance will
tend to have decreased TEF.

The TEA is increased in obese individuals per unit of activity. That is, for a given activity, obese
persons expend more energy because they are carrying around a greater weight. However, obese persons
tend to be very sedentary, so that they actually are likely to spend fewer minutes per day in any type of
activity.
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Overall, in either room calorimeters or using doubly labeled water in the free-living state, obese
persons expend more total 24-hour energy than age- and sex-matched nonathletic normal weight persons.

Starvation

The best known study of metabolism during starvation was conducted by Ancel Keys and his
coworkers at the University of Minnesota in the late 1940’s. They studied 32 young male volunteers, who
were placed on a diet that provided about two-thirds of their usual calories for 24 weeks. The young men
lost more than 70 percent of their fat and about 24 percent of their FFM. The RMR of these volunteers
decreased by 40 percent after the 24 weeks of starvation. This decreased RMR can be ascribed primarily
to the decrease in lean body mass (LBM). However, the RMR also decreased if expressed per unit of
remaining lean tissue, suggesting that other hormonal changes had an important impact. The TEF also
decreased, partly because smaller meals were being eaten by the subjects, although the influence of
hormonal changes could also have played a role. In addition, TEA decreased, both because the men
moved about much less and were moving a much lighter total body, requiring less work and caloric
output.

This study has been replicated (less elegantly) in many other studies around the world on under-
nourished populations. A great deal of information also exists on obese individuals placed on hypocaloric
diets for weight loss. Even at weights that are above the normal, hypocaloric diets will induce a drop in
RMR. This seems to be in proportion to the loss in LBM. In addition, there is an important drop in
nonresting energy expenditure.

Cancer

One of the first manifestations of cancer is loss of weight. This has been primarily ascribed to a
loss of appetite and decreased food intake. The net effect of such a hypocaloric diet is to lower energy
expenditure. Despite the decreased energy expenditure, energy balance is not maintained. As the imbal-
ance continues or exacerbates, severe undernutrition, called cancer cachexia, can result. Some studies
have suggested that cancer patients have an increased RMR. These studies have often expressed RMR as
kcal/kg of weight and compared the cancer patients with normal weight patients. Clearly, however, as
already mentioned above in the Minnesota study, as one loses weight, one loses more fat than LBM.
Since the kcal/kg of fat are much lower than the kcal/kg of LBM, losing proportionally greater fat will
leave an individual with a higher kcal/kg of total weight. Overall, the available evidence suggests that an
increased RMR contributes very little to the loss of weight in cancer patients, whereas decrease in food
intake is key.

Infection

Infections are often manifested by fever. Fever is an elevation of body temperature above normal
to more than 37.5 C and is a marker of inflammation. The infection may be obvious, with pain, redness,
and inflammation at a site, or it may be a fever of unknown origin, such as bacterial endocarditis. In
humans, for each temperature increment of 0.6_C (1_F), RMR increases by approximately 10 percent.
Thus, a considerable increase of energy expenditure can occur with even a mild elevation of temperature.
Cytokines such as tumor necrosis factor, IL-6, and IL-1 have been implicated in this process, probably
working through prostaglandins, and re-setting the hypothalamic thermoregulatory center.
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AIDS

There have been a number of studies suggesting that RMR is elevated in patients with AIDS, and
that this may contribute to their weight loss and eventual demise. The issue is complicated, as with
cancer, in that appetite is also decreased. Also, gastrointestinal symptoms are very prominent in many
patients. Studies to date have generally observed an increase of about 10 percent in RMR in relation to
the LBM, with a great deal of variation. This is probably explained as an infection effect, discussed
above. However, studies of total energy expenditure using doubly labeled water suggest that 24-hour
energy expenditure is decreased, related to the fact that these patients feel very ill and as a result are very
inactive.

Anorexia Nervosa

The weight loss that occurs in anorexia nervosa because of the patients’ unwillingness to eat
appropriate amounts of calories leads to a decrease in RMR, similar to that which occurs in any other
starved individual. However, anorexia nervosa patients are generally overactive, so that their 24-hour
energy expenditure tends to be higher than one would predict on the basis of their RMR.

Rheumatoid Arthritis

Rheumatoid arthritis is an inflammatory disease in which cytokine production is increased. A
recent study has reported that RMR is 12 percent higher in this disease than would be predicted. This is
probably modulated by increased levels of IL-1 beta and TNF-alpha. In contrast, TEA is much lower
because general activity and certainly exercise is greatly decreased in patients with the disease.

Surgery and Trauma

Energy expenditure is increased in response to surgery and trauma. The stress that occurs leads to
increased levels of catecholamines, cortisol, and glucagon. These, particularly catecholamines, are
thermogenic hormones. Also, some cytokine effects lead to fever and anorexia. Energy expenditure
tends to be increased proportionate to the degree of injury. A catabolic response occurs that can rapidly
deplete muscle mass, again mediated by hormonal response to injury.

Pulmonary Disease

Patients with chronic obstructive pulmonary disease and emphysema tend to be very thin. Stud-
ies that have been published on their RMR suggest that it is elevated. This has been ascribed to the
increased energy cost of breathing. TEA is decreased in these patients because of their difficulty breath-
ing. Therefore, generally, their total 24-hour energy expenditure may be low, normal, or high, depending
on the balance between these two conditions.

Diabetes Mellitus

When diabetes is out of control, with high fasting and postprandial blood glucose levels, energy
expenditure is increased above the predicted level for the individual because of an increased RMR. Such
an increased RMR has been ascribed primarily to the protein catabolism that occurs in this condition. The
protein that is broken down needs to be replaced so that protein synthesis can be increased. This in-
creased protein turnover is metabolically costly and raises the energy expenditure, which returns to
normal with diet and drug therapy, as glucose metabolism comes under control.
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Supplements: Food, Special Formulas, Pills,
and Intravenous Infusions

Peggy R. Borum, Ph.D.

Supplement Information Is Confusing

Broadcast and print media, the Internet, product information, and scientific literature frequently
contain statements concerning supplements. The audiences span the full spectrum of demographics, and
yet their common reaction to these statements is that they are receiving mixed messages. The lack of data
needed to address the issues being discussed is one of several sources of confusion that will require great
effort to eliminate. However, one source of confusion could be greatly reduced today if each statement
concerning supplements always defined specific parameters, which should be available from the study on
which the statement is based. Elimination of this source of confusion requires that the creators of all
types of information concerning supplements define these parameters or that their audiences ignore
information that does not include the needed definitions.

Compounds Are Presented to the Body in Many Ways

The same chemical compound may be both a nutrient and a drug. Niacin has long been recog-
nized as an important nutrient in the diet that has been added to fortified flour, has been a component of
daily vitamin pills, and has been used as a medication in many patients. Although all these uses of niacin
are often termed supplementation, their effects on the recipient are not the same.

At the beginning of this century, compounds were presented to the body in the form of food.
With the discovery of the critical role of micronutrients in metabolism and the devastating deficiency
diseases that result when the diet does not contain them in adequate quantities, vitamin supplements
began to be presented to a large number of recipients. Complete liquid formulas for infants not receiving
breast milk and complete liquid low-residue formulas for the space program were developed. Using this
technology, researchers developed complete formulas and new enteral methods of presentation using
tubes for patients who for medical reasons could not consume a diet in the usual manner. Today, mes-
sages from the public media suggest benefits for many healthy adults who consume some of these com-
plete formulas as a supplement to their usual diet. During the last third of this century, special formulas
and administration techniques were developed to permit total parenteral nutrition for many years in
individuals whose gastrointestinal tract either was nonfunctional or had been surgically removed. Thus
dietary compounds or nutrients are being presented to the body in many ways.

A growing body of data suggests that a compound required in the diet at a certain quantity to
prevent well-described deficiency diseases may be presented to the body in higher quantities to prevent or
to treat other undesired conditions. Therefore, the compound of interest has been added (in quantities
greater then frequently consumed by healthy populations) to presentations known as functional foods,
megadose vitamins, complete formulas for specific diseases, oral drugs, and intravenous drugs.

Table 1 lists the different modes of presentation used to “supplement” a recipient with compound
C. Clearly the same compound is being presented by different routes, in different matrices, and in
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different quantities to recipients who are in different physiological states. However, each of these presen-
tations has been termed C supplementation. It is not surprising that statements concerning C supplemen-
tation based on these different presentations of C and the accompanying different effects on the recipient

do indeed give their audiences mixed messages.

TABLE 1. Different Presentations of Compound C to the Body

Mode Route Matrix Quantity Example

Cf Enteral Very complex Dietary quantities Food

Cs Enteral Simple Dietary quantities Daily vitamins

Ce Enteral Complex Dietary quantities Complete formula

Cp Parenteral Simple Dietary quantities Parenteral nutrition

Ctf Enteral Very complex >Dietary quantities Functional food

Cts Enteral Simple >Dietary quantities Daily vitamin with C*

Cte Enteral Complex >Dietary quantities Formula with C*

Ctp Parenteral Simple >Dietary quantities Parenteral nutrition with C* and IV drug

Note: C = Compound under investigation; C* = Elevated concentration of compound

Warning: Extrapolation of data from one presentation of a compound to the body to predict the result of
another presentation of a compound to the body may be harmful to your heaith.

~_ o

Carnitine

This discussion is applicable to many compounds, but because my colleagues and I have studied
carnitine for nearly 25 years, it is used for illustrative purposes. Carnitine biosynthesis in the body
requires two essential amino acids and several essential micronutrients. Dietary carnitine is found pre-
dominately in animal products and is known to facilitate beta-oxidation of long chain fatty acids by
transporting the fatty acids into the mitochondrial matrix where the enzymes of beta-oxidation are lo-
cated. However, many other functions of carnitine are being investigated, and some of these may be more
critical to many recipients receiving carnitine supplementation than its role in facilitating fatty acid
oxidation. Exogenous carnitine is not required by healthy adults to maintain health and thus is not
considered an essential nutrient. However, carnitine is being vigorously investigated as a conditionally
essential nutrient because exogenous carnitine does appear to be required during certain physiological
conditions such as during the newborn stage and during a variety of pathologies. The evidence that
carnitine is a conditionally essential nutrient for the newborn led infant formula manufacturers more than
a decade ago to add carnitine at concentrations found in breast milk to formula not containing endogenous
carnitine. However, none of the parenteral nutrition solutions available in the United States and fre-
quently used in preterm neonates contains carnitine. Vegan diets contain little or no carnitine. The typical
U.S. diet contains less than 5 mg/day of carnitine, but many patients receive 100 mg/kg per day of exog-
enous carnitine. Pharmaceutical grade carnitine is commercially available in the United States for both
enteral and parenteral administration. The Internet and the print media currently advertise a multitude of
products that contain carnitine with the suggestion that carnitine supplementation is beneficial to many
different types of people. A large portion of these advertisements suggest that carnitine will either enable
the recipient to lose weight or to improve physical performance.
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Route of Presentation

A compound presented to the body via the gastrointestinal tract will be absorbed by a completely
different mechanism than one presented to the body intravenously. However, other differences in metabo-
lism of the compound may occur if the orally ingested compound is metabolized by enterocytes or
metabolized during its first pass through the liver. Several amino acids that are not essential in an oral
diet become essential during parenteral nutrition. Drugs administrated orally or intravenously do not
demonstrate the same pharmacokinetics with both routes of administration.

Matrix of Presentation

The absorption and metabolism of a compound may be significantly altered by the presence or
absence of other compounds. There are many well-documented examples of the absorption of a micronu-
trient being decreased or increased by the chemical composition of the liquid consumed with the micronu-
trient. For example, the iron in a serving of liver will be absorbed quite differently from the iron in a
vegan diet. Also, the iron in an iron supplement capsule will be absorbed quite differently if it is taken at
breakfast with a cup of tea or with a glass of orange juice. Food, complete formulas for specific disease
states, and oral pills clearly present a compound to the body in very different matrices. However, the data
from one of these presentations are frequently used to suggest what should be expected from one of the
other presentations.

Quantity of Compound Presented

Carnitine is transported across the gastrointestinal tract by both active and passive processes, and
the percentage of carnitine absorbed versus excreted is greatly modified by the quantity being presented
to the gastrointestinal tract. In addition, metabolism of carnitine by the enterocytes appears to be altered
by the quantity of carnitine being presented. A large number of studies have evaluated the potential
beneficial effect of carnitine on symptoms such as anemia and exercise tolerance in renal patients on
hemodialysis. Many questions remain unanswered including what quantity of carnitine should be pre-
sented. Some investigators have used quantities greater than those consumed in the diet of most popula-
tions with reasonably beneficial results, whereas other investigators have found that quantities closer to
the amount consumed in the diet by many healthy populations to be more beneficial. However, the data
from one of these presentations are frequently used to suggest what should be expected from one of the
other presentations.

Purity of Compound Presented

If a 1-gram capsule of carnitine is not pure, there are two obvious potential problems. The
recipient is not receiving the needed 1 gram of carnitine and is receiving an unknown compound, which
may cause harm. Most recipients assume that any compound being administered to them is pure. For
pharmaceutical grade compounds, there are required documented quality control checks to support that
assumption, but these checks do not exist for compounds that are not pharmaceutical grade. As with
many other compounds, the nonpharmaceutical grade carnitine products have been shown to vary widely
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in purity from 100 percent pure to undetectable levels. With some products, the capsules within a single
bottle show varying levels of purity. However, statements concerning the supplementation of a com-
pound such as carnitine often do not include any reference to the purity of the compound being used.

Physiological State of Recipient

One reason that compounds are presented to recipients in different quantities and matrices and by
different routes is that the physiological states of the recipients differ; therefore, so do their needs. Even
if one assumes that the preterm neonate, the child with an inborn error of metabolism, the renal patient on
hemodialysis, and the weekend athlete would all benefit from exogenous carnitine, one would not expect
their needs or their metabolism of the supplemented carnitine to be the same. However, the data from a
recipient in one physiological state are frequently used to suggest what should be expected from supple-
mentation of a recipient in a very different physiological state.

Suggested Approach

The following recommendation could be implemented today by the creators of all information
concerning supplements.

Any statement concerning supplementation with a compound should define route of presen-
tation, matrix of presentation, quantity of compound, purity of compound, and physiologi-
cal condition of the recipient.
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Methodological Issues of Measuring Physical Activity and Physical Fitness
When Evaluating the Role of Dietary Supplements for
Physically Active People

William L. Haskell, Ph.D.

Dietary supplements may be used by physically active people to increase their physical perfor-
mance (physical fitness), improve their health, or reduce the potential negative consequences of physical
activity (injury, suppressed immune function, etc.). To appropriately assess these effects, it is essential
that reliable and accurate measures of physical activity, physical fitness, and health-related outcomes be
used. All of these outcomes are complex entities consisting of a number of different characteristics or
components that need to be differentially considered depending on the specific scientific/clinical ques-
tions being addressed. This presentation focuses on some of the key issues that need to be considered in
the measurement of physical activity and physical fitness when the effects of dietary supplements in
physically active people are assessed.

Physical Activity

Physical activity is a very complex and not easily measured set of behaviors. Numerous different
approaches have been used to assess physical activity or change in activity in studies where health and
performance status are the primary outcomes. Most frequently used are self-reported surveys, but other
measures have included job classification, behavioral observation, motion sensors, and physiologic
markers. The strength of the relation between physical activity and health or performance is highly
dependent on the effectiveness of the measurements used. Of particular concern is the accuracy and
reliability of the measurements of physical activity and their appropriateness for documenting the primary
outcome of the study. The methods used for measuring various aspects of physical activity have become
highly developed, but still need additional standardization for use with specific populations, especially in
older persons, women, and ethnic minorities.

Whether one assesses the effects of dietary supplements on exercise performance, the effects of
dietary supplements on the positive or negative health consequences of exercise, or the interaction of
dietary supplementation and exercise on health or performance parameters, it is critical to carefully define
and measure the exercise characteristic(s) of interest. These characteristics include the total amount or
volume of exercise performed and the intensity, frequency, and duration of each bout or combined bouts.

Amount

When dietary supplementation is considered, the total amount of activity performed, expressed as
the total amount of energy expended (kilo joules or kilo calories) is likely one of the more important
characteristics to assess accurately. The requirements for certain dietary constituents may be related to a
person’s total energy expenditure and thus closely tied to body size and the total amount of activity
performed. There are increasing data indicating that some of the health benefits of exercise are related to
total energy expenditure during exercise performed at moderate intensity or higher. Total activity or
energy expenditure has been measured by questionnaires such a diary or recall and by doubly labeled
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water. Questionnaires can be used for large groups of subjects over extended periods of time but lack
precision in estimating the energy expenditure for an individual. Doubly labeled water appears quite
accurate and reliable for estimating total energy expenditure over days or weeks, but is limited in use by
high isotope costs and expensive analysis equipment.

Intensity

Intensity of an activity can be described in both absolute and relative terms. In absolute terms,
intensity usually is expressed as either the increase in energy expenditure required to perform the activity
or the force produced by the muscle contraction. The intensity of endurance activity usually is expressed
in units of oxygen or converted to a measure of heat (calories) or a measure of energy expenditure
(joules). The force of the muscle contraction is usually measured by how much weight is being moved or
the force exerted against an immovable object. In relative terms, the intensity of the activity is expressed
in relation to the capacity of the person performing the activity. For energy expenditure, the intensity
usually is expressed as a percent of the person’s aerobic power (percent of maximal oxygen uptake).
Intensity is an important characteristic of exercise because certain performance changes are highly related
to intensity of activity, including increases in aerobic power in response to endurance training and muscle
strength in response to resistance training. Utilization of carbohydrate, fat, and protein as energy sub-
strate during exercise is substantially influenced by the intensity of the exercise relative to the person’s
capacity. Also, intensity of activity is a major factor contributing to overuse injuries. High-intensity
exercise can be measured accurately and reliably by a variety of questionnaires, heart rate monitors, and
for certain types of exercise by motion sensors or accelerometers. Doubly labeled water does not provide
accurate information on the “intensity profile.”

Physical Fitness

To define more accurately the outcomes of physical activity programs for improving health rather
than maintaining or enhancing physical or athletic performance, the concept of performance-related
fitness versus health-related fitness has evolved. Although it has been proposed that there is a clear
separation between the health- and performance-related components of physical fitness, this is clearly not
always the case. For example, cardiorespiratory endurance and muscle strength are highly important
components of both. In Figure 1, the contribution of each of the components to health- and performance-
related fitness is qualitatively rated.

This figure is designed to show that most components of physical fitness contribute to both
performance and health status. The magnitude of the contribution of any one component will depend on
the specific objective. When the effects of dietary supplementation on “physical fitness” are evaluated or
when an interaction between supplementation and fitness is being investigated, the various components to
be included as dependent variables need to be considered. As discussed by other conference speakers,
there is some evidence, or at least claims by numerous athletes and the general public, that nutrition
supplementation enhances various components of fitness, especially muscle strength and endurance,
muscle power, and aerobic power.
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FIGURE 1. Components of Physical Fitness and Their Relation to Physical Performance and Health

Components of Fitness
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High Medium Low Low Medium High

1 | Cardiorespiratory Endurance | ]
| | Skeletal Muscle Endurance | i
| Skeletal Muscle Strength |- l

| ———— Skeletal Muscle Power | |
[—1I Speed | l
f oo — | Flexibility [~ |
| —1 Agility | o
| e | Balance | -
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| I Body Composition | |

Note: The magnitude of the contribution will vary depending on the specific sport or activity
being performed or the specific measure of health being considered.

Cardiorespiratory Endurance

The “gold standard” or criterion measure of cardiorespiratory fitness is maximal oxygen uptake
or aerobic power (VO, max). Measured in healthy persons during large muscle, dynamic activity such as
walking, running, or cycling, it is primarily limited by the oxygen transport capacity of the cardiovascular
system. The most accurate assessment of VO, max is determined by measuring expired air composition
and respiratory volume during maximal exertion. This procedure requires relatively expensive equip-
ment, highly trained technicians, and time and cooperation from the subject, all of which make it difficult
to use in large-scale studies.

Because the interindividual variation in mechanical and metabolic efficiency is quite low in adults
during activities that do not require much skill such as walking or running on a motor-driven treadmill or
cycling on a stationary ergometer, oxygen uptake can be quite accurately estimated from the rate of work
(speed, grade, and resistance). Thus, VO, max can be estimated from the peak exercise intensity during a
maximal exercise test without measuring respiratory gases. This procedure requires the use of an accu-
rately calibrated exercise device, careful adherence to a specific protocol, and good cooperation by the
subject.

Having a subject perform any maximal test to assess cardiorespiratory fitness carries a substantial
burden for both the subject and examiner. The burden for the subject includes time, effort, and risk. To
reduce this burden, various submaximal exercise testing protocols have been developed and used in
numerous observational and intervention studies for evaluating the relationship of physical activity,
cardiovascular fitness, and cardiovascular health. In most protocols, the estimate of cardiovascular fitness
is made from the heart rate response to a set workrate or workloads and data from the submaximal
response are used to extrapolate to a predicted VO, max.

Another approach to assessing cardiorespiratory fitness has been the use of field testing, where
subjects usually perform a walk, jog, or run of a specified time or distance and their performance is
converted to an estimate of VO, max or aerobic power . In many cases, these tests require maximal or
near-maximal effort by the subject and thus have not been used for older persons or those at increased risk
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for cardiovascular disease. The advantage is that large numbers of subjects can be tested rapidly at low
cost, but to obtain an accurate evaluation, subjects must be willing to exert themselves and know how to
set a proper pace.

Muscle Endurance

Muscle endurance is specific to each muscle group, whereas cardiorespiratory endurance is
general (i.e., not specific to any muscle group). Few tests for use in the general population are pure
measures of muscle endurance, as most tests of muscular endurance are also tests of muscle strength.
Tests of muscular endurance and strength include situps, pushups, bent arm hang, and pullups. These
tests need to be properly administered and may not discriminate well in some populations (e.g., pullups
are not good for many populations because a percentage of those tested will have 0 scores). Few labora-
tory tests of muscle endurance have been developed. Such tests usually involve having the subject
perform a series of contractions at a set percentage of maximal strength and at a constant rate until the
person can no longer continue at that rate. The total work performed or the test duration is used as a
measure of muscle endurance.

Muscle Strength

Muscle strength can be measured during performance of either static or dynamic muscle contrac-
tion. Like muscle endurance, strength is very specific to the muscle group, so the testing of one group
(e.g., using hand grip) does not provide accurate information about the strength of other muscle groups.
Thus, to be effective, strength testing must involve at least several major muscle groups, including the
upper body, trunk, and lower body. Standard tests have included the bench press, leg extension, and
biceps curl using free weights. The heaviest weight a person can lift only one time through the full range
of motion is considered the person’s maximum strength.

Flexibility

Flexibility is a difficult component to measure accurately and reliably because it is specific to the
joint being tested; no one measure provides a satisfactory index of an individual’s overall flexibility.
Field testing of flexibility frequently has been limited to the sit-and-reach test, which is considered to be a
measure of lower back and hamstring flexibility. Other tests have been used to determine the flexibility
of the shoulder, hip, knee, and ankle. The criterion method for measuring flexibility in the laboratory is
goniometry, which is used to measure the angle of the joint at both extremes in the range of motion.

Balance, Agility, and Coordination

There are no generally accepted standard techniques for measuring balance, agility, and coordina-
tion, especially in older persons. Field methods have included various “balance stands” (one foot stand
with eyes open, and with eyes closed; standing on a narrow block, etc.) and “balance walks” on a narrow
line or rail. In the laboratory, computer-based technology is now being used to evaluate balance measured
on an electronic force platform or by analysis of a videotape of the subject walking. Agility or coordina-
tion is measured most frequently using a field test such as an agility walk or run, and while in the labora-
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tory, coordination or reaction/movement time is determined using electronic signaling and timing devices.
More test development is needed to establish norms using standardized tests for the measurement of
balance, agility, and coordination of older persons.

Body Composition

In most population-based studies that have provided information on the relation between physical
activity and morbidity or mortality, body composition has been estimated by measuring body height and
weight and calculating body mass index (weight/height*). The preferred method for determining fat and
lean body mass in exercise training studies has been hydrostatic or underwater weighing. This method
has been considered the criterion for estimating fat and lean body mass in clinical studies, but it lacks
accuracy in some populations, including older persons. Various anthropometric measurements (i.e.,
girths, diameters, and skinfolds) have been used to calculate percent body fat with varying degrees of
accuracy and reliability. Usually the measurements and prediction equations are age and sex specific and
the equations need to be quadratic rather than linear to reduce individual estimation errors. Data now
exist demonstrating that the distribution of body fat, especially accumulation in the abdominal area, as
well as total body fat is a significant risk factor for cardiovascular disease and diabetes. The magnitude of
this abdominal or central obesity has been determined by the waist-to-hip circumference ratio or by new
electronic methods that can image regional fat tissue. New technologies that have been used to determine
body composition include total body electrical conductivity; bioelectrical impedance; magnetic resonance
imaging, which has the potential for assessment of regional body composition; and duel photon
absorptiometry. None of these new procedures has yet produced data that have influenced our understand-
ing of the relation between physical activity and morbidity or mortality, but the procedures have substan-
tial potential to provide new information on how changes in physical activity along with the use of dietary
supplementation effects body composition.
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Exercise and Protein Supplements

Robert R. Wolfe, Ph.D.

Optimal muscle strength and function lie at the heart of almost all athletic endeavors. However,
within that broad context, considerable differences exist in the goals of training that are dependent on the
particular sport. For example, in weight lifting, muscle size and strength are most important. In distance
running, on the other hand, not only is endurance the major goal, but also increased muscle size is a
detriment because of the extra body weight. Goals may differ even within a general sport category. Thus,
weightlifting may be done for power lifting, which is judged by the amount of weight lifted; for body
building competition, in which appearance is most important; or for conditioning for another sport, in
which case the goal depends on the particular sport. Consequently, it must be recognized that the re-
sponse of muscle protein to all possible types of training, as well as to the protein supplements in these
various circumstances, may be diverse. Unfortunately, sufficient data do not exist to distinguish the
diverse responses in different types of exercise. Furthermore, the responses of trained versus untrained
subjects may differ, but current data are insufficient for resolving this issue also.

It is impossible to form a consensus position regarding the benefit of protein/amino acid supple-
ments in exercise training. Apparently credible review articles have been written extolling the benefits of
specific supplements,' whereas others have dismissed the use of all protein/amino acid supplements as
being “worthless.” Determining whether supplements provide any benefit has probably been hampered
by the failure to select appropriate endpoints for evaluation of a positive effect. However, studies focused
at a more basic level have failed to agree on the response of protein metabolism in exercise, and thus the
metabolic basis for protein. Therefore, it has been shown that whereas nitrogen balance may become
negative on a fixed protein intake at the onset of an endurance-training program,’ urea production is not
stimulated during exercise, regardless of the level of protein intake.*

An often ignored but important complication of dietary studies is the level of energy intake.
Thus, during training the effectiveness of a given amount of protein intake to spare endogenous protein
will be affected by the level of energy intake.® Because of these and other complications, studies at the
whole body level have not yielded a clear picture of the need for, or response to, dietary protein/amino
acid supplements. Consequently, this issue needs to be examined at the tissue level.

Both muscle protein breakdown and synthesis are increased in response to exercise in untrained
subjects.® Thus, muscle protein turnover is increased by exercise, and there may be a relation between
muscle protein turnover and strength. Amino acid intake further stimulates muscle protein turnover after
exercise. The effect of amino acids after exercise is greater than the stimulatory effect of amino acids on
muscle protein synthesis when given at rest.” These data suggest that not only may the exact composition
and amount of a supplement be important, but also the timing of the intake of the supplement in relation
to the performance of exercise factors must be considered in designing future studies to evaluate the
efficiency of supplements.

In summary, an elevated rate of muscle protein breakdown occurs in a variety of forms of exer-
cise in untrained subjects, providing the rationale for protein supplements when training. On the other
hand, evidence demonstrating an unequivocal beneficial effect of supplements is lacking, thereby docu-
menting the need for further studies in this area in which physiologically significant, quantifiable end-
points are evaluated.
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Carbohydrate Supplements as Potential Modifiers
of Physical Activity”

W. Michael Sherman, Ph.D.

The energy required for physical activity requiring a low amount of effort that can be maintained
for hours is provided primarily by the metabolism of fat. The energy required for physical activity
requiring a moderately high amount of effort that can be maintained for 90—120 minutes is provided by
the metabolism of both fat and carbohydrate. The energy required for physical activity requiring intense
effort lasting 60 seconds is provided by the anaerobic metabolism of muscle glycogen and blood glucose.

Muscle glycogen can be reduced and fatigue can occur while one is engaging in 30—75 minutes of
intermittent physical activity requiring very intense effort. Also, fatigue will occur for moderately high
physical activity lasting longer than 90 minutes when muscle glycogen and blood glucose reach low
levels, are lowered by some amount, or reach some critical threshold. Physical activity requiring a low
effort can last for hours, and fatigue is more likely to be related to dehydration, hyperthermia, orthopedic
problems, or boredom.

Under normal conditions, protein is metabolized in very small amounts during exercise and the
capacity for the oxidation of protein will rarely determine performance capability. Additionally, under
normal circumstances, body fat stores are almost always adequate to support long-duration exercise of
moderate and high intensities; thus, fat availability rarely determines performance capability. On the
other hand, the levels of bodily carbohydrates play an important role in the level of physical activity that
can be maintained at moderate and moderately high intensities. Thus, it is important to replenish bodily
carbohydrate reserves to maintain their concentration at “optimal” levels.

Normalization of bodily carbohydrate stores between sessions of physical activity is at minimum,
essential to “optimally” influence training and performance capabilities. Bodily carbohydrate reserves
can most likely be recovered in 24 hours after moderately high-intensity physical activity provided
between 500—600 g of carbohydrate are consumed over the 24 hours following the activity (i.e., 7-10 g
carbohydrate/kg body weight). On the other hand, it is likely that bodily carbohydrate reserves can be
recovered in 24 hours after moderate-intensity physical activity, provided that about 300-350 g of carbo-
hydrate are consumed over the 24 hours after the activity (i.e., 5 g carbohydrate/kg body weight).

Recovery of bodily carbohydrate reserves is apparently affected by the glycemic index of the
consumed carbohydrate. It appears that carbohydrates that produce a high glycemic index and insulin
response promote more rapid recovery of carbohydrate reserves than do those carbohydrates that produce
a low glycemic index and insulin response.

Carbohydrate that is ingested before and during exercise provides an alternate source of muscle
fuel that can support moderate and moderately high-intensity physical activity. Concurrently, the inges-
tion of carbohydrate at these times reduces the mobilization and oxidation of fats. Importantly, this
reduction in the metabolism of fats does not impair performance; rather, the provision of the ingested
carbohydrate usually improves performance.

*Adapted in part from: Coyle, EF. Substrate utilization in active persons. In: New dimensions in carbohydrates. A
symposium sponsored by the American Society for Clinical Nutrition, Inc., and the Sugar Association, Washington,
DC, December 1993.
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Although the training endurance athlete and the athlete who trains intensely using intermittent
exercise will necessarily rely on adequate carbohydrate consumption to optimize training and thereby
performance capability, the recreational athlete can most likely undertake leisure-time physical activity by
consuming a healthy diet (less than 30 percent of energy from fat, 12—15 percent of energy from protein,
and the balance of energy from carbohydrate). Nevertheless, both types of sportspersons must assure
adequate hydration and minimize environmental stress during physical activity. Table 1 provides more
specific information on carbohydrate supplementation and physical activity.

TABLE 1. Summary of Perspectives on Carbohydrate Supplementation and Physical Activity

For Recreational Athletes

¢ Consume a healthy diet that contains less than 30 percent of energy as fat, 10~12 percent of energy as
protein and the balance as carbohydrate.

¢ During exercise that produces sweating, consume fluid to avoid dehydration—the fluid can contain
carbohydrate to enhance palatability and enhance fluid consumption.

For Endurance Athletes

* Presumably to optimize daily training that should result in improved performance, consume 500-600 g
carbohydrate/day (7-10 g carbohydrate/kg body weight) of moderate to high glycemic foods, or
supplement foods with carbohydrate beverages.

* During the hours before endurance exercise limited by carbohydrate availability, consume 4-5 g
carbohydrate/kg body weight 3—4 hours before exercise or consume up to 2 g carbohydrate/kg body
weight 1-2 hours before exercise.

¢ During endurance exercise limited by carbohydrate availability, consume 0.1 to 0.2 g carbohydrate/kg body
weight per 15-20 minutes intervals of a solution containing between 5-10 percent carbohydrate.

¢ During the hours after endurance exercise, consume carbohydrate immediately and at 2-hour intervals
after exercise or consume as much as 1.2 g carbohydrate/kg body weight per 15 minutes for 4 hours.

For Sprinting Athletes

* Maintain at least normal body carbohydrate reserves by consuming 5-8 g of carbohydrate/kg body
weight/day.

* Ingest carbohydrate-containing beverages during intermittent exercise such as soccer and ice hockey.
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The above perspectives probably apply to all sportspersons regardless of age, gender, or
ethnicity. There is the suggestion that women have a lower capability to increase muscle glycogen
compared with men and that phases of the menstrual cycle influence carbohydrate and fat metabolism,;
however, these perspectives require much additional research before they can be accepted as principles.

Very little research exists on the applicability o